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“Scientific” Principle1 
 

 

Keep wondering. 
 

Life does not add up, 
Take its measure 
But leave an inch 
For whatsoever. 

 

 

 
1 Excerpt from a poem written by the author in November 2017. 
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Abstract 

Stress can exert marked and potentially long-lasting effects on an individual’s biology, 

behaviour, cognition, and emotion. Contrary to prevailing views, however, facing a stressor 

does not necessarily engender negative consequences. There are a number of factors that 

modulate the stress response. Control is one such factor that has been extensively studied yet 

merits further examination. Experiments in animals have established divergent effects of 

stressor controllability: whereas a lack of control over a stressor typically entails symptoms of 

learned helplessness (i.e., anxiety, passivity), the experience of control appears protective. 

Translational research has confirmed that this modulation is also evident in humans. However, 

this research is methodologically heterogeneous and has largely been focused on uncontrollable 

stress and its relevance for the aetiology of depression (a disorder with symptoms 

conspicuously resembling those of learned helplessness). The reported benefits of controllable 

stress, in contrast, have thus far mainly been addressed in animal research that aimed at 

delineating the underlying neurobiological processes. In this regard, findings highlight changes 

in brain circuits involving the dorsal raphe nucleus and ventromedial prefrontal cortex.  

 Although continued endeavours to better understand the aetiology of mental disorders 

such as depression are certainly needed, there has come a paradigm shift away from disease-

oriented approaches. Researchers have increasingly examined factors that keep individuals 

mentally healthy despite severe stress exposure. Furthermore, the emerging field of resilience 

research is now working to shed light on the mechanisms that underlie the relationship between 

protective factors and a good mental health outcome.  

 Against this backdrop, this dissertation is dedicated to further investigating stressor 

controllability effects and their neural correlates in humans. In study 1, a translational paradigm 

was developed that closely resembles the established animal design and tracks the effects of 

controllable and uncontrollable stress in humans on a behavioural, affective, and cognitive 

level. In study 2, this paradigm was then modified to study the direct neural correlates of 

stressor controllability, testing for parallels with findings from animal research.  

 The results of both studies provide further evidence that control is a powerful modulator 

of the immediate stress response and subsequent functioning. Study 1 highlights 

controllability-dependent effects on decision-making and study 2 describes neural activation 

patterns consistent with the animal literature. Specifically, the ventromedial prefrontal cortex 

was differentially activated depending on stressor controllability. Furthermore, recruitment of 

this brain region was associated with the participants' subjective feeling of helplessness. 
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 With reference to the results, special attention is paid in the discussion to the positive 

effects of experiencing control and its relevance to resilience research. If the experience of 

control is accompanied by an internalization of a belief in high agency, which in turn has a 

positive effect on future stress reactions, it could constitute a resilience mechanism. There are 

already many approaches that capitalize on the role of objective or perceived controllability in 

the prevention and treatment of mental illness. However, the effectiveness of these approaches 

seems to depend, among other things, on contextual factors. For example, poverty represents 

an environment that affords little opportunity for proactive coping, precluding the usefulness 

of high perceived control. In consideration of these and other relevant factors, future research 

on stressor controllability should be conducted in more direct collaboration between animal 

and human researchers, incorporate perspectives from developmental psychology, and pay 

attention to more diversity in samples. 
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Zusammenfassung 

Stress kann deutliche und potenziell lang anhaltende Auswirkungen auf die Biologie, das 

Verhalten, die Kognition und die Emotionen einer Person haben. Entgegen der 

vorherrschenden Meinung führt die Konfrontation mit einem Stressor jedoch nicht 

zwangsläufig zu negativen Konsequenzen. Es gibt eine Reihe von Faktoren, welche die 

Stressreaktion modulieren. Kontrolle ist ein solcher Faktor, der bereits viel getestet wurde, aber 

noch weiter untersucht werden sollte. In Tierexperimenten wurden unterschiedliche Effekte 

der Stressorkontrollierbarkeit festgestellt: während ein Mangel an Kontrolle über einen 

Stressor typischerweise Symptome erlernter Hilflosigkeit (d.h. Angst, Passivität) nach sich 

zieht, scheint die Erfahrung von Kontrolle schützend zu sein. Translationale Forschung konnte 

bestätigen, dass diese Modulation auch beim Menschen zu beobachten ist. Allerdings ist diese 

Forschung methodisch heterogen und hat sich weitgehend auf unkontrollierbaren Stress und 

seine Relevanz für die Ätiologie der Depression (einer psychischen Erkrankung mit 

Symptomen, die auffällig denen der erlernten Hilflosigkeit ähneln) konzentriert. Der berichtete 

Nutzen von kontrollierbarem Stress hingegen wurde bisher hauptsächlich in der Tierforschung 

untersucht, die darauf abzielte, die zugrunde liegenden neurobiologischen Prozesse zu 

beschreiben. Diesbezügliche Befunde weisen auf Veränderungen in den Hirnschaltkreisen hin, 

die den dorsalen Raphe-Kern und den ventromedialen präfrontalen Kortex einschließen.  

 Obwohl fortgesetzte Bemühungen, die Ätiologie psychischer Störungen wie der 

Depression besser zu verstehen, sicherlich notwendig sind, hat sich ein Paradigmenwechsel 

weg von krankheitsorientierten Ansätzen vollzogen. Forscher untersuchen zunehmend 

Faktoren, die Individuen trotz schwerer Stressbelastung psychisch gesund erhalten. Darüber 

hinaus arbeitet das aufstrebende Feld der Resilienzforschung nun daran, die Mechanismen zu 

beleuchten, die dem Zusammenhang zwischen Schutzfaktoren und einem guten psychischen 

Gesundheitszustand zugrunde liegen.  

 Vor diesem Hintergrund widmet sich diese Dissertation der weiteren Untersuchung von 

Stressor-Kontrollierbarkeitseffekten und deren neuronalen Korrelaten beim Menschen. In 

Studie 1 wurde ein translationales Paradigma entwickelt, das dem etablierten Tierdesign 

möglichst nah kommt und die Auswirkungen von kontrollierbarem und unkontrollierbarem 

Stress beim Menschen auf verhaltensbezogener, affektiver und kognitiver Ebene untersucht. In 

Studie 2 wurde dieses Paradigma dann modifiziert, um die direkten neuronalen Korrelate der 

Kontrollierbarkeit von Stressoren zu untersuchen und auf Parallelen zu Erkenntnissen aus der 

Tierforschung zu testen.  
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 Die Ergebnisse beider Studien liefern weitere Belege dafür, dass Kontrolle einen 

starken Modulator der unmittelbaren Stressreaktion und der nachfolgenden Funktionsweise 

darstellt. Studie 1 hebt kontrollierbarkeitsabhängige Effekte auf die Entscheidungsfindung 

hervor und Studie 2 beschreibt neuronale Aktivierungsmuster, die mit der Tierliteratur 

übereinstimmen. Insbesondere wurde der ventromediale präfrontale Kortex in Abhängigkeit 

von der Kontrollierbarkeit des Stressors differenziell aktiviert. Außerdem war die Rekrutierung 

dieser Hirnregion mit dem subjektiven Gefühl der Hilflosigkeit der Teilnehmer assoziiert. 

 Unter Bezugnahme auf die Ergebnisse wird in der Diskussion besonderes Augenmerk 

auf die positiven Effekte von Kontrollerleben gelegt und die Relevanz für die 

Resilienzforschung unterstrichen. Wenn die Erfahrung von Kontrolle mit der Verinnerlichung 

eines Glaubens an eine hohe Handlungsfähigkeit einhergeht, welcher sich wiederum positiv 

auf zukünftige Stressreaktionen auswirkt, könnte dies einen Resilienzmechanismus darstellen. 

Es gibt bereits viele Ansätze, die sich die Rolle der objektiven oder wahrgenommenen 

Kontrollierbarkeit für die Prävention und Behandlung psychischer Erkrankungen zunutze 

machen. Die Wirksamkeit dieser Ansätze scheint jedoch unter anderem von kontextuellen 

Faktoren abzuhängen. In Anbetracht dieser und anderer relevanter Faktoren sollte zukünftige 

Forschung zur Stressorkontrollierbarkeit in direkterer Zusammenarbeit zwischen Tier- und 

Humanforschern durchgeführt werden, Perspektiven aus der Entwicklungspsychologie 

einbeziehen und auf mehr Diversität in den Stichproben achten. 
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      “Times of stress are also times that are signals for growth, and 
if we use adversity properly, we can grow through adversity.” 

 – Abraham J. Twerski 

1. Introduction 

 Imagine the world is in a pandemic and you are forced to stay at home and work from 

there. You are trying to finish your dissertation, but property management has set up a noisy 

construction site and begun the lengthy process of renovating the flat above you. The 

intermittent drilling and hammering prove quite stressful and you struggle to maintain focus. 

Now imagine you were one of the construction workers. You do not mind the noise very much, 

it might even be satisfying to you, an indicator of all the hard work you are getting done: so, 

the louder the better really. If it starts to get a bit tiring, you simply switch off your drill and 

take a five-minute break. 

 This example illustrates how controllability over a stressor can exert divergent effects 

on the corresponding appraisal and response. On the one hand, the lack of control over an 

aversive event can induce increased anxiety, passivity, and prove deleterious to cognitive 

functioning (Datta & Arnsten, 2019; Maier & Seligman, 2016; Overmier & Seligman, 1967). 

On the other hand, the experience of control is considered protective and may reduce 

susceptibility to future uncontrollable stressors (Amat et al., 2010; Hartley et al., 2014; Maier 

& Seligman, 2016). Whereas uncontrollable stress has been discussed extensively as a 

significant trigger for psychopathology (Fassett-Carman et al., 2019; Pryce et al., 2011; 

Volpicelli et al., 1999; Wadsworth, 2015), more recently, researchers have shifted focus and 

begun investigating mechanisms which keep individuals mentally healthy, despite severe stress 

exposure (Kalisch et al., 2015, 2017; Masten, 2007; Russo et al., 2012). In this context, control 

represents a promising factor. Indeed, in a series of studies, animal researchers have already 

made substantial progress in delineating the neurobiological mechanisms which underlie the 

beneficial effects of control experience (Grizzell et al., 2020; Maier & Seligman, 2016; Worley 

et al., 2018). The mechanistic knowledge gleaned from their research can be used for 

interventions aimed at preserving mental health in the face of stress. But efforts to translate 

animal research on stressor controllability to humans must precede such undertakings. 

Numerous studies have successfully translated findings on uncontrollable stress (Abramson et 

al., 1978; Hiroto & Seligman, 1975; Pryce et al., 2011) and, likewise, research on control 

indicates that the effects hold across species (Amat et al., 2010; Grizzell et al., 2020; Hartley 

et al., 2014; Henderson et al., 2012). However, studies are rather heterogeneous in their 

methods and explicit investigations of the neural underpinnings of stressor controllability 
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effects in humans remain few and far between. Any treatments applied in the clinical context 

should be firmly based on sound theoretical foundations (Ioannidis, 2004). Hence, further 

translational research is required and should especially address the neural mechanisms 

implicated in stressor controllability in humans.  

 

1.1 Stress and Controllability 

 In order to provide a comprehensive introduction to stressor controllability, this section 

first outlines the concept of stress before discussing controllability in more detail. 

 

1.1.1 Stress and its Effects 

 Stress permeates many different research disciplines and has increasingly become a 

popular subject (McEwen & Akil, 2020; Robinson, 2018). Hans Selye, considered the father 

of stress research, is often reported to have said: “Stress in health and disease is medically, 

sociologically, and philosophically the most meaningful subject for humanity that I can think 

of” (Robinson, 2018, p. 334; Szabo et al., 2012, p. 472). Despite an abundance of publications, 

or perhaps precisely because of this, no consensus has yet been reached on how to define stress 

(American Psychological Association; APA; 2017). Already in 1984, Lazarus and Folkman 

suggested conceptualizing stress as “a rubric for many variables and processes” (p. 12). Levine 

(2005) also considered it a “composite, multidimensional concept” (p. 940) and identified three 

subclasses, of which, he argued, existing definitions covered but a part. Specifically, he listed 

the stressor, its processing by designated systems, and the resulting response, which work 

together interactively. In line with this, Cohen et al. (2016) more recently made the following 

suggestion: 

We propose that stress be viewed broadly as a set of constructs representing stages in a 

process by which environmental demands that tax or exceed the adaptive capacity of 

an organism occasion psychological, behavioral, and biological responses that may 

place persons at risk for disease. (p. 456) 

 On a neurobiological level, stress involuntarily sets in motion a series of processes that 

trigger the fast-acting sympathetic-adreno-medullar (SAM) axis and also mobilize the slower 

hypothalamus-pituitary-adrenal (HPA) axis (Godoy et al., 2018; Wadsworth et al., 2019). 

While the SAM system quickly prompts the release of catecholamines, such as noradrenaline, 

the HPA axis culminates in the secretion of glucocorticoids, such as cortisol (Chrousos, 2009; 

Godoy et al., 2018). The organism is immediately put into a state of preparedness for adaptive 
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action. This state is reflected, e.g., in adjusted hormone levels, an accelerated heart rate, 

elevated blood pressure (Chrousos, 2009), and dilated pupils (Pedrotti et al., 2014) – all of 

which therefore serve as indicators of stress reactivity. Through highly coordinated interaction 

and designated feedback loops, the two systems achieve an adaptive regulation of the biological 

stress response (Joëls & Baram, 2009). More precisely, the organism is called to action quickly 

but once the stress abates, a recovery to baseline levels is initiated equally swiftly to preserve 

resources. By contrast, a sustained stress response observed under chronic stress conditions is 

commonly associated with pathophysiological processes and pervasive disorders (McEwen, 

2008).  

 The described neurobiological processes compel the organism to show a particular 

behaviour. Specifically, an acute stressor generally induces a fight, flight, or freeze response 

(Cannon, 1929; Ly et al., 2017; Wadsworth et al., 2019). Broadly speaking, the organism enters 

a state of heightened awareness which may go along with increases in certain cognitive 

functions such as attention and memory (Beste et al., 2013; Degroote et al., 2020; Goldfarb et 

al., 2019; Yuen et al., 2009) and decreases in others (Shields et al., 2016). In fact, human 

research is rarely concerned solely with the behavioural consequences of stress exposure (see 

Ly et al., 2017 for an exception), but rather studies these in conjunction with assessments of 

cognitive functions (Lupien et al., 2007; Shields et al., 2016), which tend to be in focus. Animal 

researchers, however, operate under certain constraints (their subjects generally do not supply 

self-report data) and have made it their business to derive highly detailed behavioural data. To 

delineate the stress response in terms of behaviour, cross-species indices that are frequently 

investigated comprise reaction time (RT; Shields et al., 2019), startle responses (Deuter et al., 

2012; Herten et al., 2016), passivity (Ly et al., 2017), escape behaviour (Maier & Seligman, 

2016), social interaction, exploration, reward seeking (Gururajan et al., 2019), and navigation 

(Brown et al., 2020). 

 Psychologically, acute stress gives rise to changes in mood and affective state (Bolger 

et al., 1989; Giles et al., 2014). Typically, participants report feeling less positive and more 

fearful, angry, or depressed in response to an aversive event (Giles et al., 2014; Hammen, 2005; 

Lieberman et al., 2015). Since the self-report forms the principal measurement, psychological 

read-outs following stress exposure are exclusively examined in human research. The focus on 

subjective appraisal is also reflected in the psychological conceptualization of stress. Only an 

event which the individual perceives both as threatening and as exceeding their resources for 

adaptive coping is considered stressful (Lazarus & Folkman, 1984). Summarizing the 

psychological determinants, Lupien et al. (2007) state that a significant (physiological) stress 
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response is typically induced by situations that are novel, unpredictable, uncontrollable, or 

include an element of social-evaluative threat (e.g., negative feedback from peers). They 

distinguish between absolute stressors as real threats that should elicit a significant stress 

response in everyone (e.g., existential threats), and relative stressors whose stressfulness is 

implicit and individually interpreted in light of their novelty, unpredictability, 

uncontrollability, etc. (e.g., a job interview). Relative stressors can be milder in nature and may 

not always trigger the hard-wired biological reactions that are automatically activated when 

survival is at stake. The great variability in what individuals perceive as stressful may offer an 

explanation for sometimes divergent physiological and emotional stress responses (Campbell 

& Ehlert, 2012). Furthermore, psychological stressors in particular have been associated with 

considerable inter-individual differences in responding (Kirschbaum & Hellhammer, 1989; 

Orem et al., 2019; Rohleder et al., 2003). 

 Indeed, a number of studies have also highlighted the positive effects of stress. For 

example, Degroote et al. (2020) reported enhanced concentration following exposure to a 

psychosocial stressor, indicated by greater speed and accuracy in an attention test. Similarly, 

Beste et al. (2013) could demonstrate stress-related increases in processing efficiency in a dual-

task. Yuen et al. (2009) found that acute stress can facilitate working memory via specific 

neurobiological processes. There is also evidence that stress boosts associative and item 

memory, provided that the aversive stimulation occurs directly before or after encoding, 

respectively (Goldfarb et al., 2019). Researchers have tried to integrate findings on stress-

induced memory-enhancement by reconceptualizing stressful experiences as teaching signals 

for the brain that promote learning (Trapp et al., 2018). Finally, a recent study was able to show 

improvements in emotion regulation following stress exposure, albeit only in men (Langer et 

al., 2020).  

 However, the vast majority of studies has linked stress with rather negative outcomes. 

For example, in the context of learning and decision-making, stress is generally associated with 

diminished flexibility and, in turn, the use of suboptimal strategies (Leder et al., 2013; Otto et 

al., 2013; Schwabe & Wolf, 2013; Smeets et al., 2019). Schwabe and Wolf (2009) 

demonstrated that exposure to an acute stressor prompted habitual action selection over a more 

deliberate approach in a subsequent decision-making task. In a recent study, participants were 

asked to run on a treadmill either wearing light clothing or heavy firefighter gear. The heat 

stress induced in the latter group led them to commit significantly more errors in a learning 

task, highlighting the implications for real-life decision-making under high stakes (Coehoorn 

et al., 2020). In general, severe or traumatic stress is commonly discussed as a trigger for 
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psychopathology (Hammen, 2005; McLaughlin et al., 2020). Furthermore, even exposure to 

milder stressors, so-called daily hassles, was shown to be a significant predictor of affective 

disorders such as anxiety, obsessive-compulsive disorder, and depression (Asselmann et al., 

2017). Shields et al. (2017) also reported a negative relationship between the frequency of 

relatively common stressful life events and memory performance. In today’s increasingly fast-

paced, interconnected world, the negative consequences of stressor exposure are recognized as 

a matter of societal concern (APA, 2020; Houtman et al., 2007; Techniker Krankenkasse, 

2016).  

 

1.1.2 Modulating the Stress Response 

 Overall, stress has been discussed both as a detriment to normal functioning as well as 

a promoter in certain contexts. Several factors have been identified which appear to modulate 

the stress response and the short and long-term effects of stress. A widely accepted notion is 

that stressors can represent useful signals which ready the organism for adaptive action, but 

can be harmful if very severe, highly frequent, prolonged (McEwen, 2000, 2008), or when 

occurring during a sensitive phase in development (Lupien et al., 2009). Improvements in 

cognitive functions have generally been observed under conditions of mild stress, but, however, 

not under extreme exposure (Sandi, 2013). This differential effect is best captured in an 

inverted U-shape relationship, i.e., stress-related arousal enhances beneficial processes, but 

only up to a certain point. Beyond this point, levels of stress become too high and are instead 

associated with deleterious effects (Sapolsky, 2015). Mild stressors imply that the individual 

has ample resources to overcome the “challenge”, whereas severe stress is taxing to such a 

degree that it effectively shuts down the system, leaving little room for active coping. 

Nevertheless, recurrent exposure to mild stressors can bring about dire consequences 

comparable to a single severe stressor (Asselmann et al., 2017; Kanner et al., 1981). 

Considering the amount of energy required to prepare the organism for adaptive stress 

responding, it becomes clear that repeated stress encounters can prove extremely draining. 

Furthermore, without sufficient time to recuperate, stress reactions may become chronic. Bruce 

McEwen coined the term “allostatic load” to describe the amount of physiological “wear and 

tear” that results from dealing with repetitive or prolonged stress and predisposes the organism 

to disease (McEwen, 2000; McEwen & Stellar, 1993, p. 2094). To sum it up, stress can be both 

good and bad and the goal should not be to prevent its occurrence altogether, but rather to tune 

it to optimal levels (Sapolsky, 2015).  
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 In this dissertation, control is discussed as the lever with which stress may be adjusted 

in order to prevent psychopathology and to promote resilience. Control represents a modulating 

factor which has been extensively studied in both animal and human stress research. Studies 

have shown that individuals react in markedly different ways to a stressor, depending on 

whether they have control over it or not (Bhanji et al., 2016; Bollini et al., 2004; Henderson et 

al., 2012). Control is commonly thought to mitigate the negative effects of stress, whereas a 

lack of control appears to exacerbate them (Maier & Seligman, 2016). There are, however, 

many intricacies in the literature on stressor controllability, not least concerning the question 

of how control can and should be operationalized. 

 

1.1.3 The Many Forms of Control 

 Control has evolved as a central construct in stress research; however, it comes in many 

guises which should be clearly distinguished. Steptoe and Poole (2016) helpfully differentiate 

behavioural control, perceived control, cognitive control, and self-control.  

 If an individual effectively prevents, reduces, or terminates aversive stimulation 

through direct action, this is generally termed behavioural or instrumental control (Haggard, 

2017). Behavioural control is most readily manipulated in experiments and represents a more 

objective form of control. Researchers have typically compared different subject groups, one 

of which could learn an action which modified the stressor, while another had no such action 

at its disposal (Maier & Seligman, 2016; Wanke & Schwabe, 2019). In most cases, the 

instrumental response affected the stressor in a deterministic manner. However, studies in the 

field of decision-making have also employed probabilistic designs in which the likelihood of 

action-outcome contingencies differs across stimuli or experimental blocks (Dorfman & 

Gershman, 2019).  

 Perceived control describes the “belief in one’s ability to exert control over situations 

or events in order to gain rewards and avoid punishments” (Ly et al., 2019, p. 2) which, 

arguably, should align with the objectively given possibilities for control but has been shown 

to deviate (Ajzen, 2002; Wanke & Schwabe, 2019; Yon et al., 2020). Individual variation in 

perceived control may arise from differences in generalized control beliefs. In this context, the 

literature discusses the concepts of “perceived self-efficacy” (Bandura, 1977) and “locus of 

control” (Rotter, 1966; Lefcourt, 1982). They describe two trait-like qualities of an individual: 

the belief in one’s capacity to carry out behaviours necessary to meet current situational 

demands and the degree to which an individual ascribes control over their life outcomes to 
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themselves (internal) versus to external circumstances, respectively. Both concepts are used to 

explain differences in how individuals deal with stressful events (Bandura et al., 1988; 

Roddenberry & Renk, 2010; Schönfeld et al., 2017), with high perceived self-efficacy and a 

more internal locus of control generally found to be favourable (Brown et al., 2016; Náfrádi et 

al., 2017; Zlomuzica et al., 2015). 

 Beyond the objective and subjective controllability of events, cognitive control is a 

construct which frequently crops up, especially in studies investigating stress effects on 

cognitive functions. Steptoe and Poole (2016) discuss it mainly as an individual’s capacity to 

control their reactions in an effort to cope, but cognitive control more commonly refers broadly 

to executive functions such as attention, inhibition and memory, which facilitate information 

processing and adaptive behaviour (Botvinick & Braver, 2015). More precisely, cognitive 

control processes operate in a top-down framework, overriding reflexive behaviour in favour 

of more goal-directed action. However, such higher-order cognition is computationally 

demanding (Kool et al., 2017) and harder to maintain under stress. Accordingly, many 

researchers could show that acute stress induces a switch from goal-directed strategies to 

habitual learning (Otto et al., 2013; Radenbach et al., 2015; Schwabe & Wolf, 2009).  

 Self-control describes a construct akin to cognitive control. The term generally 

encompasses processes such as self-regulation, self-discipline, willpower, suppression of 

impulses, and delay of gratification (Duckworth, 2011). More so than cognitive control, it is 

often related to emotion regulation (Paschke et al., 2016; Tice & Bratslavsky, 2000). Across 

studies, greater self-control has been tied to more favourable long-term life outcomes, e.g., 

health and financial prosperity (Moffitt et al., 2011). Steptoe and Poole (2016) suggest that 

self-control enables certain stress coping mechanisms whereby fewer stressors are 

encountered, potential threats rendered less likely to manifest, and more beneficial appraisal 

responses facilitated.

 Crucially, these different aspects of control are not independent from one another. 

According to models from reinforcement learning (Ly et al., 2019; Moscarello & Hartley, 

2017), control beliefs can be understood to arise from the cumulative prior experiences of the 

individual. More precisely, judgments about the controllability of a situation are inferred 

through the experience of contingency. If an action reliably leads to a particular outcome, the 

individual can reasonably assume that their action is instrumental in bringing about the 

outcome. In other words, they perceive themselves to be actively exerting control and feel a 

“sense of agency” (Haggard, 2017). This experience will in turn inform how the individual 

handles similar situations in the future. If they consistently experience that their actions are 
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consequential, they will come to estimate their agency as generally high, irrespective of the 

specific situation. Moscarello and Hartley (2017) posit that a recurrent experience of control 

consequently leads to more proactive behaviour, whereas repeatedly experiencing a lack of 

control produces reactive behaviour. Ly et al. (2019) discuss the role of disturbed 

controllability perceptions in psychopathology. They emphasize that perceived control does 

not always correspond perfectly to the possibilities of instrumental control that a particular 

environment actually affords. For instance, depression is characterized by reduced perceived 

control and feelings of helplessness (Liu et al., 2015), while pathological gambling is 

associated with unrealistically high and therefore problematic levels of perceived control 

(Orgaz et al., 2013). It follows that perceived control specifically presents a potential target for 

treatments.  

 

1.2 Generalization Processes of Stressor Controllability 

 Research on reinforcement learning has greatly advanced our understanding of the 

mechanistic underpinnings of control beliefs. Established frameworks that view perceived self-

efficacy and locus of control as stable trait-like characteristics have been expanded to include 

an account of how they are formed (Ly et al., 2019; Moscarello & Hartley, 2017). According 

to this perspective, these constructs are inherently experience-dependent and therefore 

potentially shapeable. In the context of stress processing, animal research has been particularly 

useful in elucidating the role of control and its neurobiological correlates. The following 

sections provide an overview of this research, detailing how experiences of controllable and 

uncontrollable stress may engender fairly stable control beliefs. 

 

1.2.1 Learned Helplessness and the Aetiology of Depression 

 Over 50 years ago, Maier and Seligman (1967; 2016) began to study the effects of 

uncontrollable stress, and their work laid the foundation for what is now one of the dominant 

animal models of depression (Pryce et al., 2011; Vollmayr & Gass, 2013). They focused on 

instrumental control which they operationalized as the ability to terminate an aversive stimulus. 

Although Maier and Seligman were, at least initially, most interested in seeing how a lack of 

control may manifest itself, they developed an experimental design that allowed the study of 

both controllable and uncontrollable stress. Their so-called “triadic design” compares three 

subject groups, one exposed to escapable electric foot shocks (controllable stress), one 

subjected to inescapable shocks (uncontrollable stress), and a control group not exposed to any 
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stress (Figure 1). Each of the animals that can terminate the stressor, e.g., by turning a wheel, 

is yoked to an animal that cannot escape the aversive stimulation. This setup ensures an equal 

number, duration, and overall pattern of shocks in both groups such that effects of 

controllability can be cleanly separated from effects of stress. 

 

Figure 1  

The Triadic Design 

 
Note. From “Rodent Models of Depression: Learned Helplessness Using a Triadic 
Design in Rats” by Drugan, 2001, Current Protocols in Neuroscience, 14(1), 
Supplement 8.10B.4 (https://doi.org/10.1002/0471142301.ns0810bs14). Original 
graphic from “Behavioral depression produced by an uncontrollable stressor: 
Relationship to norepinephrine, dopamine, and serotonin levels in various regions of 
rat brain” by Weiss et al., 1981, Brain Research Reviews, 3(2), p. 173. Copyright 
1981 by Elsevier/North-Holland Biomedical Press.  
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 In a series of such experiments, animals showed increased passivity, anxiety and 

neophobia, along with reduced social interaction and food intake in response to inescapable 

stress (Maier & Seligman, 2016). Accordingly, lack of control over a stressor appeared to 

exacerbate its effects. The most striking finding, however, was that in animals that had been 

exposed to uncontrollable stress this experience appeared to generalize. Following the 

induction of uncontrollable stress, the animals failed to escape from a stressor they could easily 

have terminated (Maier & Seligman, 2016; Overmier & Seligman, 1967; Seligman & Maier, 

1967). Termed “learned helplessness” (LH), this phenomenon held true across a variety of 

species, such as dogs (Seligman & Maier, 1967), rats (Drugan, 2001), and fish (Padilla et al., 

1970), but also humans (Hiroto & Seligman, 1975). Early translational research revealed that 

participants were susceptible to developing helplessness even if the subsequent task was of a 

different modality, e.g., a cognitive problem following an uncontrollable physical stressor 

(Miller & Seligman, 1975). Whereas subjects appeared to recover with time, the experience of 

another uncontrollable stressor, shortly after the first, seemed to consolidate the effect and 

render the subject helpless in the longer term (Lucas et al., 2014; Seligman & Maier, 1967). 

 Due to the striking resemblance between the symptoms of LH and depression, these 

findings proved a promising starting point for a better understanding of the aetiology of 

depression in humans (Henkel et al., 2002; Henn & Vollmayr, 2005; Pryce et al., 2011; 

Vollmayr & Gass, 2013). Phenomenologically, major depressive disorder is characterized by 

persistent feelings of sadness, emptiness, hopelessness and/or the loss of interest or pleasure. 

Additional symptoms may include changes in weight and sleep pattern, agitation or retardation, 

fatigue, diminished concentration, feelings of worthlessness, guilt, and suicidal ideation 

(American Psychiatric Association, 2013). Owing to these symptoms, individuals suffering 

from depression experience severe distress and disruptions in various areas of life, e.g., 

relationships or work. This is reflected in recent statistics that rank depressive disorders 

amongst the leading causes for disability (Friedrich, 2017; James et al., 2018). In recognition 

of the parallels to LH, the view gained traction that experiencing a lack of control may evoke 

a generalized expectation of low control over the environment, accompanied by feelings of 

helplessness and hopelessness, which can eventually culminate in full-blown clinical 

depression (Miller & Seligman, 1975; Pryce et al., 2011; Vollmayer & Gass, 2013). Many 

researchers reported findings that tie in well with the general idea. A recent example comes 

from Soral et al. (2021) who observed that the longer participants experienced incontingency 

between their actions and the outcomes, the less intentional binding (a measure of implicit 

sense of agency) they subsequently showed. This finding is thus consistent with the notion that 
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the experience of a lack of control can propagate, leading to changes in control beliefs. In 

another study, uncontrollability appraisals of recent negative life events were found to be 

associated with symptoms of depression (Fasset-Carman et al., 2019).  

 Although other theories have criticized and expanded the LH model of depression (e.g., 

incorporating inter-individual differences in attributional style; Abramson et al., 1978), it 

remains prominent and relevant. 

 

1.2.2 Stress Immunization Through the Experience of Control 

 The past years have seen a steady rise in the prevalence of major depression worldwide, 

prompting calls to intensify research on treatments and prevention (Steffen et al., 2020). In this 

regard, studies on LH offer not only insights into the aetiology of the condition, but also starting 

points for treatments if viewed from a different angle. Whereas a lack of control was associated 

with highly unfavourable stress responding, the experience of control appeared to mitigate 

stress effects. In fact, many researchers observed a beneficial effect of control experience over 

a stressor, e.g., on activity and escape behaviour (Maier & Seligman, 2016), executive control 

functions (Henderson et al., 2012), fear extinction (Baratta et al., 2007; Hartley et al., 2014), 

and persistence through setbacks (Bhanji et al., 2016). Lucas et al. (2014) noted that, while it 

takes only a single experience of controllable stress for rats to show operational controllability 

(i.e., successful escape from a stressor), further training can additionally lead to “emotional 

controllability” (i.e., reduced fear responding). They suggest that it is this latter construct which 

is most predictive of active and successful stress coping. Perhaps emotional controllability in 

animals can be likened to a consolidated belief in agency as described previously. In general, 

findings across animal studies indicate that the effects of controllable stress last for at least a 

period of days, if not months (Amat et al., 2006, 2010; Maier & Watkins, 2010). Hence, 

researchers concluded that the experience of control conferred a protective effect, akin to a 

“stress immunization” (SI; Maier & Seligman, 2016).  

 In order to harness this knowledge for effective interventions, the underlying 

mechanisms needed to be better understood. 

 

1.2.3 Neurobiological Mechanisms of Stressor Controllability Effects 

 Taking advantage of the possibilities for high-resolution imaging offered by animal 

models, Maier and Watkins (2005, 2010) tracked the neurobiological basis of stressor 

controllability effects. Research had already shown that the fight/flight response appeared to 
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be mediated by the dorsal periaqueductal grey (dPAG; Amat et al., 1998; Bandler & Depaulis, 

1991; Deakin & Graeff, 1991), while the amygdala mediated fear/anxiety (Davis, 1992; Kim 

& Jung, 2006). In response to inescapable stress, subjects subsequently displayed inhibited 

dPAG function and enhanced amygdala activation (Graeff et al., 1996). Based on these 

findings, the researchers uncovered a key role of the dorsal raphe nucleus (DRN), a relatively 

small structure located on the midline of the brainstem (Maier & Watkins, 2005). The DRN is 

strongly connected with both cortical and subcortical regions as it supports serotonergic 

innervation (Ishimura et al., 1988; Ren et al., 2018). More specifically, it has inhibitory 

projections to the dPAG and provides excitatory input to the amygdala (Graeff et al., 1996; 

Figure 2a) and therefore presented a candidate most likely involved in LH and SI circuits.  

 Grahn et al. (1999) employed in vivo microdialysis to study serotonin levels in the DRN 

in live animals subjected to escapable and inescapable stress. They observed a general increase 

in serotonin levels upon stress onset, but while levels dropped in the escapable condition once 

the animal had detected control, they remained elevated after inescapable stress. Although the 

DRN has inhibitory autoreceptors that function in a self-regulatory capacity to limit 

serotonergic activity, these appear desensitized and effectively disabled under very high levels 

of serotonin (Maier & Seligman, 2016). Exposure to inescapable stress evidently produces such 

a large increase in serotonin that the autoreceptors are down-regulated, leading to a 

sensitization of the DRN serotonergic neurons, which can last for several days (Maier & 

Seligman, 2016; Rozeske et al., 2011; Figure 2b). In line with this, studies on LH had found 

previously that symptoms proved quite long-lasting (Lucas et al., 2014).  

 In search of the mechanism that caused serotonin levels to drop rapidly upon detection 

of control, Maier and colleagues reasoned that cortical regions must be involved. After all, 

these receive somatomotor and somatosensory input and can perform the complex 

computational processes necessary for registering instrumental control (Fuster, 2015; Maier & 

Seligman, 2016). Since the DRN mainly receives cortical projections from the ventromedial 

prefrontal cortex (vmPFC; Peyron et al., 1997), this brain region was therefore targeted. More 

specifically, glutamatergic neurons from the prelimbic region of the vmPFC synapse on 

GABAergic interneurons in the DRN (Maier & Seligman, 2016). The vmPFC thus inhibits 

serotonergic neurons in the DRN (Figure 2c). To confirm the hypothesis that the vmPFC is 

selectively activated under escapable stress, exerts top-down control over the DRN and thus 

attenuates the stress response, Baratta et al. (2009) conducted an experiment using retrograde 

tracers. They injected these into the DRN and watched them trace back, eventually labelling 

all cell bodies in the vmPFC that project to the DRN. With the labels in place, the group 
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assessed the neuronal activation of the projecting neurons in response to escapable shock, 

inescapable shock, or no shock. As expected, only escapable shock activated projections from 

the vmPFC to the DRN. Critically, this signalling pathway was shown to be necessary for the 

protective effect of control to manifest (Amat et al., 2005). Taking it further, experiments could 

demonstrate that direct activation of this pathway via a pharmacological agent, prevented the 

animal from showing the typical passivity otherwise displayed under inescapable stress (Amat 

et al., 2008, 2016).   

 

Figure 2  

Neurobiological Underpinnings of Stressor Controllability 

   

        

Note. a) Stress triggers serotonergic projections from the DRN to the amygdala and dPAG, 
exciting the former and inhibiting the latter. Negative feedback loops constrain the magnitude 
of serotonergic output from the DRN. b) Inescapable stress shuts down the autoreceptors within 
the DRN, resulting in increased serotonergic output and correspondingly enhanced stress 
responding in the amygdala and dPAG. c) Upon detection of control, the vmPFC sends 
excitatory input via glutamatergic projections to GABAergic interneurons within the DRN. In 
turn, these inhibit serotonergic cells and thereby constrain the stress response. DRN = dorsal 
raphe nucleus; dPAG = dorsal periaqueductal grey; vmPFC = ventromedial prefrontal cortex;  
5-HT = Serotonin. Adapted from “Learned helplessness at fifty: Insights from neuroscience” 
by Maier & Seligman, 2016, Psychological Review, 123(4), p. 356 
(https://doi.org/10.1037/rev0000033). Copyright 2016 by American Psychological 
Association. 
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 To summarize, these discoveries represent major steps in charting the mechanisms of 

LH and SI. A number of studies have successfully translated findings on stressor controllability 

to humans on a cognitive-behavioural level (Hartley et al., 2014; Henderson et al., 2012) and 

there is emerging evidence for the involvement of the vmPFC and amygdala also in humans 

(Kerr et al., 2012; Salomons et al., 2015; Wang & Delgado, 2021). Despite this, human research 

on the neurobiological underpinnings still lags behind – especially with regard to SI. 

 

 Given that stressor controllability has been shown to be critically implicated in the 

development of depression and other mental disorders (Fassett-Carman et al., 2019; Pryce et 

al., 2011; Wadsworth, 2015), a better understanding of the mechanisms involved can 

substantially aid efforts for treatment and prevention. The latter in particular has received 

growing attention among researchers in recent years. While for many years studies mainly 

examined risk factors and the processes by which these translate into disease, research today is 

increasingly health-oriented as protective factors and resilience mechanisms have moved into 

focus (Kalisch et al., 2015, 2017; Malhi et al., 2019; Masten, 2018). 
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1.3 Resilience 

 The past three decades have witnessed an exponential rise in scientific publications 

addressing issues around resilience (Figure 3). Nevertheless, discussions on how to define and 

operationalize this construct are still ongoing. 

 

Figure 3  

Results on “Resilience” per 100,000 Citations in PubMed from 1990-2020 

 
Note. The proportion of publications on resilience for each year was obtained through “PubMed 
by Year” (Sperr, 2016), searching for the keyword “resilience”. 
 

 Broadly speaking, resilience refers to a good mental health outcome following an 

encounter with a stressor or adverse life event (Kalisch et al., 2017; Malhi et al., 2019; Masten, 

2007). Across several studies that examined responses to adversity, the results showed that a 

significant proportion of participants remained unaffected by stress (Cohen et al., 2019; 

Galatzer-Levy et al., 2018). In his seminal work on grief and trauma, Bonanno (2004) 

concluded that resilience is often the most common response. Indeed, many studies tracking 

the course of health and dysfunction following events such as a terrorist attack (Bonanno et al., 

2006; Durodié & Wainwright, 2019), military deployment (Bonanno et al., 2012; Yurgil et al., 

2021), natural catastrophes (Bryant et al., 2014; Lowe et al., 2015; Schwind et al., 2019), 
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maltreatment in childhood (Miller‐Graff & Howell, 2015), or the loss of a loved one (Bonanno 

et al., 2002) showed stable trajectories or maintained mental health for the majority of 

participants. That is not to say, of course, that such events do not cause considerable disruption 

and suffering to a great number of people.  

 In search of predictors of resilience, research identified different factors including 

hardiness (Kobasa et al., 1982; Maddi, 2013), optimism (Carver et al., 2010), social support 

(Cobb, 1976; Ozbay et al., 2007), and grit (Tang et al., 2021). Based on these findings, different 

self-report scales emerged that essentially summarize the degree to which an individual 

possesses these relevant components as a measure of resilience (Connor & Davidson, 2003; 

Wagnild & Young, 1993).  

 Across studies, resilience has not only been discussed as resistance to adversity, but 

also in terms of a “bouncing back” (its literal meaning; Merriam-Webster, 2021) or quick 

recovery of mental health after stress exposure (Smith et al., 2008). Whereas the absence of a 

response to a stressor seems favourable, many would expect at least a slight temporary 

deviation from baseline levels (Infurna & Luthar, 2018). The magnitude of change may be 

influenced by features of the stressor, as previously mentioned, but a resilient response is 

generally characterized by a rapid return to baseline levels (Kalisch et al., 2017). Furthermore, 

resilience has been discussed in terms of adaptation (APA, 2012) and even thriving in response 

to adversity (Carver, 1998). The concepts of both post-traumatic growth (Tedeschi et al., 1998) 

and psychosocial gains (Mancini, 2019) describe the individual as better off after a stressor, 

beyond the recovered baseline levels. 

 Although resilience has often been conceptualized as a stable trait that can be captured 

by questionnaire (Schultze-Lutter et al., 2016), the terms resistance, recovery, adaptation, and 

growth all suggest a comparison between pre- and post-stressor levels which a cross-sectional 

self-report study can hardly afford. Furthermore, questionnaire scores may also confound 

different constructs that entail distinct contributions to resilience. 

 In order to establish a framework for future resilience research, an international group 

of scientists has recently put forward a position paper (Kalisch et al., 2017). They define 

resilience as “the maintenance or quick recovery of mental health during and after exposure to 

significant stressors” (p. 786) and they rebuff the claim that it constitutes merely the opposite 

of vulnerability. After all, resilient and vulnerable phenotypes are not necessarily mutually 

exclusive, but often co-present within the same disorder (Zannas & West, 2014). Moreover, 

they highlight that resilience should not be viewed as an innate disposition but rather as the 

result of a “dynamic process of adaptation to the given stressful life circumstances” (p. 786), 
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and which may, therefore, be subject to change. It is thus explicitly operationalized as an 

outcome to be measured by contrasting participant data before and after an adverse event. 

Previously discovered variables and predispositions that have been shown to be predictive of 

resilience are grouped under the umbrella term “resilience factors”. In general, this definition 

advocates for more longitudinal studies to go beyond phenomenological research and to 

investigate the mechanisms that translate the identified factors into high or low resilience 

(Kalisch et al., 2015, 2017). Recent forays into the neural and molecular processes of stress 

resilience provide promising contributions for a more causal understanding of resilience in 

response to adversity (Feder et al., 2019; Karatsoreos & McEwen, 2013; Osório et al., 2017; 

Russo et al., 2012). 

 In this respect, the effects of stressor controllability and especially the associated 

neurobiological changes merit further investigation. As outlined previously, control (in its 

many forms) represents a powerful modulator of the stress response (Steptoe & Poole, 2016) 

and researchers have begun elucidating the mechanisms through which more persistent beliefs 

in agency (perceived self-efficacy and locus of control) manifest (Moscarello & Hartley, 2017) 

and affect mental health (Ly et al., 2019). Research on the neurobiological level strongly 

implicates the vmPFC, DRN, as well as stress-related brain regions such as the amygdala and 

their interactions (Maier & Seligman, 2016). However, these findings are largely constrained 

to the animal domain and human research has thus far mainly focused on the negative 

consequences of experiencing a lack of control, not the beneficial effects of being in control. 

Therefore, framing research on stressor controllability in a resilience context could bring a 

much-needed change in perspective and foster understanding of how we can utilize control to 

optimize stress responding and, in turn, promote mental health. 
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2. Methods 

 This section outlines two methods relevant to this dissertation: functional magnetic 

resonance imaging (fMRI) and translational research. While the former was used in the second 

study, the latter provides a framework in which both studies can be discussed. 

 

2.1 Functional Magnetic Resonance Imaging 

 Building on conventional magnetic resonance imaging (MRI), fMRI was developed 

about 30 years ago as a neuroimaging technique to measure brain activation (Bandettini, 2012; 

Kwong et al., 1992; Ogawa et al., 1992). The method capitalizes on the finding that neuronal 

activation is coupled to cerebral blood flow (Ogawa et al., 1990a). When neurons are firing, 

their energy demand increases, triggering a surge in blood flow to the activated brain area in 

order to provide the required glucose and oxygen to support neuronal functioning (Huettel et 

al., 2014). Thus, variation in blood oxygenation in the brain may serve as an (indirect) indicator 

of changes in activation (Ekstrom, 2010). Specifically, fMRI targets the difference in magnetic 

susceptibility of oxygenated and deoxygenated blood. While the former is non-magnetic or 

diamagnetic, the latter evidently has paramagnetic properties that can alter magnetic resonance 

images (Ogawa et al., 1990a,b). In a proof-of-concept study, Ogawa et al. (1990b) successfully 

demonstrated in vivo assessment of the blood oxygenation level-dependent (BOLD) signal. 

 The typical signal shape in response to an intense but brief period of neural stimulation 

has been formalized in the canonical haemodynamic response function (HRF; Buckner, 1998; 

Soares et al., 2016). It is characterized by an initial dip in BOLD signal reflecting the sudden 

draining of oxygen as neurons begin to fire, followed by a steep rise in signal due to the influx 

of oxygenated blood to the activated region. Once neuronal firing ceases, the signal drops and 

temporarily even reaches values below the baseline (negative undershoot). Because there is a 

time lag between the onset of neuronal firing and the increase in cerebral blood flow, fMRI has 

lower temporal resolution compared to other neuroimaging methods such as 

electroencephalography (EEG; Bunge & Kahn, 2009). Nonetheless, it offers a non-invasive 

technique for obtaining images with high spatial resolution (Bandettini, 2009; Huettel et al., 

2014) and has therefore become well-established in the neuroscientific community. 

 In order to study task-dependent brain activation, the start of the experiment is 

synchronized with the fMRI sequence (Poldrack et al., 2011). Thus, by matching the time 

course of measurement and presentation of stimuli, the BOLD signal for different experimental 
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conditions can later be extracted and contrasted. In short, fMRI permits the detection and 

localization of task-based brain activation (Logothetis, 2008; Soares et al., 2016). 

 

2.2 Translational Research 

 Translation describes the “carrying across” of findings from basic science to the clinical 

or community context (Austin, 2018; Fang & Casadevall, 2010). The phrase “from bench to 

bedside” is commonly associated with translational research (Woolf, 2008), but fails to capture 

the many phases of the essentially iterative process. According to Christopher Austin, the 

director of the US National Academy for Advancing Translational Sciences (NCATS): 

NCATS’ definition of translation is broad and inclusive: translation is the process of 

turning observations in the laboratory, clinic and community into interventions that 

improve the health of individuals and the public — from diagnostics and therapeutics 

to medical procedures and behavioural changes. This definition is intentionally holistic 

with regard to directionality, stage of intervention development and modality. (2018; 

p. 455) 

 

 Based on a systematic literature review, Fort et al. (2017) describe the five phases of 

translational research (T0-T4; Figure 4) on which there is increasing consensus. T0 

encompasses mainly basic research, e.g., animal studies, the discoveries and ideas of which are 

subsequently tested in humans in phase T1. The bridge from basic science to clinical 

applications spans to phase T2, which involves assessment in patients. Phases T3 and T4 cover 

the implementation and dissemination of research advances in routine practice as well as the 

evaluation of outcomes and effectiveness at the population level. This final stage may inform 

research in phase T0 by highlighting potential novel targets and mechanisms which merit 

further investigation (Venniro et al., 2020). 
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Figure 4  

The Five Phases of Translational Research 

 
Note. Adapted from “Unraveling the autoimmune translational research process layer by 
layer“ by Blumberg et al., 2012, Nature Medicine, 18(1), p. 37 
(https://doi.org/10.1038/nm.2632). Copyright 2012 by Nature America, Inc. 
 

 In response to an overall enthusiastic embracing of translational research, some have 

voiced concerns that basic science may take a back seat (Fang & Casadevall, 2010). However, 

most researchers acknowledge that a successful translational pipeline requires a concerted 

interdisciplinary effort (Mace & Critchfield, 2010; Marantz et al., 2020; Petscher et al., 2020).  
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3. Scientific Objective of this Dissertation 

 A body of research has shown that controllability is a highly relevant factor in 

processing and responding to stressors (Maier & Seligman, 2016), which can have a long-term 

impact on mental health (Pryce et al., 2011; Wadsworth, 2015). In particular, the experience of 

a lack of control over an adverse event can engender a generalized belief of low agency, which 

in turn can prevent the person from actively dealing with future difficulties (Moscarello & 

Hartley, 2017). Instead, they may show resignation and, in the worst case, develop clinical 

depression (Liu et al., 2015; Ly et al., 2019). By contrast, learning that one’s actions are 

consequential in obtaining a goal, e.g., to terminate a stressor, appears very protective (Amat 

et al., 2010; Wang & Delgado, 2021).  

 These divergent effects of stressor controllability are described in the literature on LH 

and SI, respectively. Since much of the human research draws on earlier animal experiments, 

the work is essentially translational. In view of this, it should be noted that despite the many 

years of research, certain gaps remain. Although human research largely corroborates results 

from animal models, it is rather heterogeneous in its methodology, highlighting a need for more 

thorough translations. Furthermore, studies have mainly been concerned with the negative 

effects of uncontrollable stress. The increasing focus on protecting and maintaining mental 

health presents a welcome opportunity to expressly target the positive effects of control on 

stress processing in the context of resilience. Moreover, only a few studies have so far looked 

at the neurobiological mechanisms of stressor controllability in humans. This dissertation 

therefore has the following objectives: 

 

(1) Considering that many of the human studies investigating LH are not explicitly 

translational in design, a more deliberate transfer of established animal paradigms to 

humans seems useful. The first aim therefore is to develop a translational design to 

further examine the effects of uncontrollable stress in humans. More specifically, the 

experimental setup should be firmly based on the established triadic animal design, 

allowing more direct comparisons. At the same time, the wealth of both animal and 

human research to date should be reviewed in detail so that obvious species-related 

differences and questions of feasibility can be addressed with due clarity and care. In 

the end, the resulting paradigm should provide a flexible tool for future translational 

research. 
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(2) The second aim is to expand our understanding of the neurobiological processes 

involved in SI in humans. Based on the newly developed translational paradigm, an MR 

compatible adaptation should be employed which allows the investigation of the neural 

correlates of stressor controllability in humans. In particular, the focus is on 

controllability-dependent differences in the processing of acute stress. 

 

 The empirical studies included in the next sections predominantly reflect the T1 phase 

of translational research, in which findings from animal research are translated to humans. 

Although the studies are therefore more concerned with the methodological and 

neurobiological aspects of stressor controllability, they were conducted in light of recent 

endeavours to identify resilience mechanisms (Kalisch et al., 2015, 2017). The relevance of 

controllability for stress resilience and more specifically the contribution of these two studies 

to more applied research is therefore addressed in the discussion. Closely related and currently 

ongoing projects are likewise drawn upon to emphasize the many future research directions 

and potential applications around controllability. 
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4. Empirical Studies 

4.1 Study 1: A Translational Paradigm to Study the Effects of Uncontrollable Stress in 

Humans2,3 

  

 
2 Publication reference: Meine, L. E.*, Schüler, K.*, Richter-Levin, G., Scholz, V., & Wessa, 
M. (2020). A Translational Paradigm to Study the Effects of Uncontrollable Stress in 
Humans. International journal of molecular sciences, 21(17), 6010. 
https://doi.org/10.3390/ijms21176010. *Both authors contributed equally to this work. 
 
3 Please note that the order of sections and certain formatting has been changed to enhance 
readability and ensure consistency in this dissertation, respectively. 
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4.1.1 Summary of Study 1 

Theories on the aetiology of depression in humans are intimately linked to animal research on 

stressor controllability effects. However, explicit translations of established animal designs are 

lacking. In two consecutive studies, we developed a translational paradigm to study stressor 

controllability effects in humans. In the first study, we compared three groups of participants, 

one exposed to escapable stress, one yoked inescapable stress group, and a control group not 

exposed to stress. Although group differences indicated successful stress induction, the 

manipulation failed to differentiate groups according to controllability. In the second study, we 

employed an improved paradigm and contrasted only an escapable stress group to a yoked 

inescapable stress group. The final design successfully induced differential effects on self-

reported perceived control, exhaustion, helplessness, and behavioural indices of adaptation to 

stress. The latter were examined in a new escape behaviour test which was modelled after the 

classic shuttle box animal paradigm. Contrary to the LH literature, exposure to uncontrollable 

stress led to more activity and exploration; however, these behaviours were ultimately not 

adaptive. We discuss the results and possible applications in light of the findings on learning 

and agency beliefs, inter-individual differences, and interventions aimed at improving 

resilience to stress-induced mental dysfunction. 
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4.1.2 Introduction 

 “Don’t stress over what you can’t control.”—a common piece of advice that seems 

easier said than done. In fact, empirical evidence shows that lack of control over a situation 

makes it all the more stressful (Steptoe & Poole, 2016). Human stress theories, as well as 

extensive animal research, have suggested and compellingly demonstrated how controllability 

over an aversive event significantly modulates the corresponding reaction and appraisal (Maier 

& Seligman, 2016). 

 In human research, stressor controllability has thus far mostly been discussed in the 

context of depression pathogenesis, referring to the theory of LH (Maier & Seligman, 2016; 

Pryce et al., 2011; Seligman & Maier, 1967). The experience of uncontrollable stress induces 

a failure to escape aversive stimulation, alongside increased passivity and anxiety, overall 

termed LH. In the 1960s, Seligman and Maier (1967) developed the triadic design which 

compares three groups of subjects, one exposed to escapable electric shocks, another exposed 

to inescapable shocks, and a third group not receiving any aversive stimulation. Importantly, 

animals in the inescapable stress group are yoked to animals in the escapable condition, in 

order to ensure that both groups receive precisely the same number, duration, and overall 

pattern of shocks. Thus, the effects of controllability can be separated from mere stress effects. 

Subjects are subsequently tested in a novel environment, which exposes them to easily 

escapable shocks (shuttle box paradigm; Chourbaji et al., 2005; Overmier & Seligman, 1967; 

Seligman & Maier, 1967). Results consistently showed that, in contrast to the other groups, 

animals which had previously experienced inescapable stress, now failed to escape. Fifty years 

of research more thoroughly investigating this finding revealed that animals showed symptoms 

of greater passivity, reduced social interaction, neophobia, and decreased food intake in 

response to inescapable stress (Maier & Seligman, 2016)—behaviours mirrored in the 

symptoms of anxiety and depression in humans (Pryce et al., 2011). Indeed, studies in humans 

linked the lack of control over a stressor with increased subjective stress (Bollini et al., 2004), 

anxiety (Havranek et al., 2016), pain intensity perception (Bräscher et al., 2016), deficits in 

selective attention (Henderson et al., 2012), and impaired fear extinction learning (Hartley et 

al., 2014). 

 It has been pointed out previously that “LH is a proven translational concept” (Pryce et 

al., 2011, p. 244). In fact, as early as the 1970s, researchers applied the triadic design to humans, 

subjecting groups of university students to either controllable noise, uncontrollable noise, or 

no noise (Hiroto, 1974; Hiroto & Seligman, 1975). Thornton and Jacobs (1971) employed 

electric shocks to induce differential effects of stressor controllability. Importantly, these early 
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translations stayed close to the animal triadic design, focusing on proper yoking and even 

incorporating a test akin to the shuttle box. In particular, researchers assessed participants’ 

success in terminating noise bursts by moving a lever from side to side (Alloy et al., 1984; 

Hiroto, 1974; Hiroto & Seligman, 1975). Exploiting the possibility for more complex cognitive 

testing, modifications of the triadic design were introduced which required participants to solve 

more demanding cognitive tasks in order to terminate aversive stimulation (Bongard, 1995; 

Hiroto & Seligman, 1975). With the advent of more powerful neuroimaging tools, studies also 

investigated the neural correlates of stressor controllability in humans, focusing more on group 

differences during stress exposure rather than on subsequent affective, cognitive, or 

behavioural assessments. Promising findings suggest modulations in event-related potentials 

(Diener et al., 2009; Reznik et al., 2017), in activation in e.g., the vmPFC (Kerr et al., 2012) 

and the amygdala (Salomons et al., 2015), as well as in connectivity measures (Bräscher et al., 

2016). Human researchers have veered in different directions to study particular aspects 

potentially implicated in or altered by stressor controllability. However, there still remains a 

gap in translational experimental study designs that incorporate the triadic stress induction 

design as well as measures assessing stressor controllability effects on affect, cognition, and 

behaviour. Whereas animal research can boast established, well-standardized paradigms 

(Chourbaji et al., 2005), human studies are largely heterogeneous concerning their 

experimental setup and the outcome variables they investigate. To illustrate this, stressors 

ranged from physical stimuli, i.e., electric shocks (Hartley et al., 2014; Havranek et al., 2016), 

thermal stimulation (Bräscher et al., 2016; Salomons et al., 2015), and loud sounds (Bollini et 

al., 2004; Henderson et al., 2012) to video clips of snakes (Kerr et al., 2012) and unsolvable 

reasoning tasks (Bauer et al., 2003). Probably for reasons of feasibility, many studies opted for 

a within-subject design, rather than comparing three groups according to the triadic design. 

Salomons et al. (2015) omitted a control group which did not receive any aversive stimulation, 

contrasting instead only two groups. Diener et al. (2009) employed a forewarned design, i.e., 

participants in the controllable stress group were able to completely avoid stressful stimulation 

which led to imperfect yoking between conditions. 

 This lack of standardized procedures hampers ongoing efforts to fully characterize the 

mechanistic underpinnings of how stressor controllability modulates our response to stress and 

its consequences on behaviour, affect, and cognition. Because individuals’ affect and cognitive 

functioning can be more readily assessed in humans than in animals, human research has 

mainly focused on self-report and cognitive tasks to assess effects of stressor controllability. 

In contrast, animal studies mostly rely on behavioural read-outs. Therefore, broader analyses 
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of stressor controllability effects in humans appear useful in strengthening translational 

approaches. 

 To this end, we sought to fill the gap in translational studies using a paradigm which 

more closely translates the established triadic animal design, and which provides a feasible 

means to investigate stressor controllability effects in humans on an affective, cognitive, and 

behavioural level. In two consecutive studies, we developed, validated, and adapted an 

experimental paradigm to study stressor controllability effects in humans. In the first study, we 

compared three experimental groups: (1) an escapable stress group exposed to controllable 

stress (EC), (2) a yoked group exposed to uncontrollable stress (YC), and (3) a control group 

without stress exposure (CC). Our main hypotheses were related to effects of stressor 

controllability (and not stress, per se), however, we included a control group to validate our 

stress-induction procedure with respect to both the mere stress effects as well as effects of 

stressor controllability (manipulation check). In order to characterize these effects on multiple 

response levels, we assessed RT and subjective ratings on helplessness, exhaustion, and 

frustration during stress exposure, as well as post stressor changes in affect, escape behaviour, 

and working memory. With respect to the manipulation check, we verified that EC and YC 

rated the stressor as aversive and that perceived control ratings differentiated the three groups, 

with CC reporting highest perceived control, followed by EC, and YC rating lowest perceived 

control. 

 Many studies have reported detrimental effects of acute stress on e.g., affect 

(Eckenrode, 1984; Jacobs et al., 2007) and cognition (Otto et al., 2013; Shields et al., 2016) in 

humans. Therefore, we expected both stress-exposed groups (EC and YC) to differ from CC in 

indices assessed during the stress exposure phase (subjective ratings, RT) as well as in 

subsequently measured affect, escape behaviour, and working memory. Our hypotheses were 

as follows: First, with respect to assessments during stress exposure, we expected YC to report 

highest exhaustion, frustration, and helplessness and show longest RT, followed by EC, then 

CC. Second, related to subsequent (post stress) measurements, we expected YC to show a 

greater increase in depressive symptoms, anxiety, and negative mood as well as a greater 

decrease in positive mood compared to EC. As CC was not exposed to stress, we expected no 

change in affective state in this group. For the escape behaviour test (comprising a stress-free 

exploration phase and subsequent exposure to a familiar stressor with the possibility to escape), 

we expected YC to show less exploration behaviour, fewer successful escapes from stress, and 

less efficiency in escaping stress compared to EC. Based on the animal literature, we expected 

CC to fall in between YC and EC with respect to successful escapes and escaping efficiency. 
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Furthermore, we hypothesized that YC would perform worst in the working memory test, 

followed by EC, with CC scoring highest. 

 Although group differences indicated successful stress induction in the first study, the 

manipulation failed to differentiate groups according to controllability-related effects on 

subsequent measurements of affect, cognition, and escape behaviour. In the second study, we 

therefore employed an improved paradigm, comparing EC and YC only, and testing the same 

hypotheses described above. In particular, we examined subjective ratings of helplessness and 

exhaustion (omitting frustration due to time constraints), RT, changes in affect, and escape 

behaviour. Due to time constraints, working memory was not assessed in this study.  

 

4.1.3 Methods 

Study 1: Initial Paradigm 

 Participants. A total of N = 87 healthy participants aged 18–40 took part. Recruitment 

included a semi-structured telephone interview similar to the Structured Clinical Interview for 

Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV axis I disorders (SCID-I) to 

ensure that participants had no current or lifetime DSM-IV axis I disorders. Because the study 

involved a reading task, we excluded individuals with dyslexia. The complex laboratory setup 

during parallel testing of multiple participants in the second testing session (see “Procedure” 

in the next section) led us to constrain recruitment to right-handed individuals only. Further 

exclusion criteria comprised poor German language skills, current pregnancy, cardiac 

problems, tinnitus, and any other circumstances putting participants at risk during the stress 

induction procedure. Two participants broke off testing and three were excluded from analysis 

because of faulty experiment setup, poor German skills, and figuring out the experimental 

manipulation, respectively. Another two were excluded because health risks came up and they 

did not complete testing. All remaining participants were randomly assigned to three 

experimental groups: (1) EC (n = 27, age: M = 23.48, SD = 3.74, 56% female), (2) YC (n = 26, 

age: M = 25, SD = 4.26, 58% female), and (3) CC (n = 27, age: M = 25.85, SD = 4.3, 56% 

female). The study was approved by the ethics committee of the Institute of Psychology, 

Johannes Gutenberg University Mainz (2017-JGU-psychEK-003, 26/5/2017) and was 

conducted in accordance with the declaration of Helsinki. All participants provided written 

informed consent and were remunerated with 40 EUR. 
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 Procedure. Participants attended two testing sessions. In the first session, they were 

provided with information on the study and planned procedures were explained briefly. We 

then assessed demographic variables and other questionnaires (not reported here) via the online 

platform Social Science Survey (Leiner et al., 2019). In addition, working memory was 

measured using the German version of the Wechsler Adult Intelligence Scale (Petermann, 

2012). Finally, participants completed a test of alertness which is part of the Tests of 

Attentional Performance battery (Zimmermann & Fimm, 2002). The first session lasted 2 h. 

The second session was conducted in small groups of up to three participants—all assigned to 

the same experimental condition (EC/YC/CC). Participants were seated at their own desks, 

with walls restricting their field of view to their respective computer screens. We reminded 

participants that our research aimed at better understanding how individuals deal with stress. 

Therefore, they would be exposed to stressful stimulation in some of the tasks (CC was exposed 

to stress during the escape behaviour test; see page 32). Concerning stress induction (see the 

following section), EC and YC were told they could terminate the stressor, whereas CC 

participants were informed that they could effectively shorten trials to finish the task quicker. 

All participants were informed that their participation was voluntary and that they could stop 

the experiment at any time. First, participants reported their current mood, levels of anxiety, 

and depression (pre-stress assessment). Next, we calibrated shock intensity and participants 

underwent the stress induction procedure. This was followed by a post stress assessment of 

affect, a test of escape behaviour, and a reading span task. Finally, YC participants were 

debriefed and informed that—contrary to instruction—their responses had had no effect on 

stress durations. They subsequently re-consented. The second session also lasted 2 h. 

 

 Stress Induction. EC and YC were subjected to escapable or yoked inescapable 

aversive stimulation, respectively. The stressor consisted of electric shocks combined with 

intermittent 100ms white noise bursts at 85dB. Shocks were administered via a Digitimer 

DS7A current stimulator through an electrode attached to the back of the participant’s left hand. 

Acoustic noise was conveyed via Sennheiser HD 380 Pro headphones. At the beginning of data 

collection, we employed a decibel meter to verify our decibel threshold and to ensure 

participants’ safety. While the acoustic stressor was the same across participants, electric 

shocks were individually calibrated. After determining the threshold of perception, shock 

intensity was increased in 0.5 mA increments. Participants were able to administer shocks 

themselves by pressing a button. They rated each shock on a continuous paper-pencil scale 

with four anchors: “barely perceptible”, “unpleasant”, “very unpleasant”, and “really painful”. 
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We encouraged participants to give honest responses by emphasizing natural diversity in 

stimulus perception. Upon reaching a shock intensity that the participant rated as very 

unpleasant, but not painful (approx. 7–7.5 out of 10), the calibration process was stopped. 

Shock intensity was maintained at this established threshold throughout the session. One-to-

one yoking of EC and YC participants ensured equal number of shocks and duration of white 

noise across both groups. 

 Participants underwent 40 trials of stress exposure and were instructed to terminate 

aversive stimulation by pressing the space bar. In each trial, they received four shocks during 

six seconds of intermittent noise before a cue prompted them to react. For EC, stressful 

stimulation was immediately stopped if a response was given within one second after cue onset. 

In case of missing or late responses, aversive stimulation continued up to a maximum of 15 s. 

Trials otherwise ended upon stressor termination and were followed by an inter-trial interval 

lasting one second ±250 ms jitter. For each YC participant, the stress duration was 

predetermined based on the responses of the yoked EC participant. Moreover, cue onset was 

shifted forward in time such that YC participants experienced continued aversive stimulation 

regardless of their reaction. We uniformly distributed cue onsets within four seconds to one 

second before the yoked EC participant’s reaction, which determined the end of stress 

exposure. This resulted in aversive stimulation stopping immediately or soon after button press 

in some trials but continuing for a few seconds in others. Thus, YC participants perceived the 

termination of the stressor as arbitrary and outside of their control. Notwithstanding this group-

specific manipulation, our yoking ensured equal stress duration across EC and YC. CC received 

no aversive stimulation, but shock intensity was nevertheless calibrated. For better 

comparability, CC participants performed the task with the electrode attached and wearing 

headphones. 

 This experiment was implemented in Python 2.7 (Van Rossum & Drake, 2010), using 

mainly functionalities of the PsychoPy package (Peirce et al., 2019). Figure 1 illustrates the 

stress induction procedure. 
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Figure 1  

Stress induction in study 1 

 
Note. One trial; EC participant successfully terminated aversive stimulation. 

 

 Measurements.  

 Ratings and RTs during Stress Exposure. During the stress induction, we tracked 

participants’ RTs, and, after every 10th trial, they supplied ratings to the following questions: 

(1) How aversive do you find the stressor? (2) How much control do you have over the task? 

(3) How exhausted do you feel? (4) How frustrated do you feel? (5) How helpless do you feel? 

We used a Likert scale ranging from 1 (not at all) to 7 (very). Note that we asked participants 

to rate perceived control over the task, not the stressor. This enabled us to compare ratings 

between all groups, including CC. 

 Pre-Post Affect Questionnaires. Approximately 10 min before and immediately after 

stress induction, participants completed two different questionnaires assessing state anxiety 

and depression, positive affect, and negative affect. The State-Trait Anxiety-Depression 

Inventory (STADI; Laux et al., 2013) consists of two sub scales for which excellent internal 

consistencies have been reported: anxiety (Cronbach’s α = 0.90) and depression (Cronbach’s 

α = 0.87; Geue et al., 2016). We used the STADI total score as an indicator of global state 

anxiety and depression. In addition, we examined total scores of the two subscales of the 

Positive and Negative Affect Schedule (PANAS; Krohne et al., 1996) as indicators of positive 



4.1.3 Methods 

 32 

(PANASpos; Cronbach’s α = 0.85) and negative affect (PANASneg; Cronbach’s α = 0.86), 

respectively. 

 Escape Behaviour Test. Highlighting our translational approach, we designed a new 

task inspired by the animal shuttle box paradigm (Chourbaji et al., 2005; Seligman & Maier, 

1967; Seligman, 1972). This task assesses passivity and anxiety—behaviours commonly 

observed following uncontrollable stress in animal studies. After previous exposure to electric 

foot shocks, animals are placed in a two-compartment environment in which they, again, 

receive shocks. They can escape by shuttling from one compartment to the other, jumping a 

small barrier (Chourbaji et al., 2005). Specifically, the task requires some complexity (e.g., a 

two-way shuttle) in order to observe LH effects. Our escape behaviour test (Figure 4a) focused 

on translating important features of the shuttle box paradigm: free exploration of an open space 

without stress exposure, exposure to a familiar stressor, termination of this stressor through the 

participant’s action, and sufficient complexity of the escape task to observe LH effects. A 

15 × 15 grid was displayed on-screen, which participants were instructed to navigate, using the 

arrow keys. Their location was marked by a lighter shading of the respective grid cell. Four 

“safe spaces” were hidden at random locations on the grid and lit up green if encountered. As 

subjects had to learn these four random safe locations, we were able to include the element of 

task complexity, necessary to observe LH effects. Participants were informed that exposure to 

a stressor was possible, but no further instructions were given. They completed a total of five 

trials, starting in the middle of the grid each time. Trials started with a ten-second stress-free 

phase in which participants could freely explore the grid. In a subsequent stress phase, EC and 

YC encountered the familiar aversive stimulation, whereas CC experienced this stressor for the 

first time. Stress exposure lasted either until the trial ended after a maximum of 20 s or until 

the participant moved onto a safe space. Safe space locations remained the same throughout 

the task. Based on animal research, we chose three measures as indicators of proactive escape 

behaviour: (a) exploration—number of unique spaces visited within the stress-free phase; (b) 

escape rate—number of escapes, i.e., successful termination of the stressor by finding a safe 

space; and (c) efficiency—number of escapes in relation to the amount of activity (sum of 

moves within time spent on the task). Higher scores indicate less efficient behaviour. 

 Working Memory. To assess working memory performance, we used a reading span 

task (von der Malsburg, 2015). Reading span tasks are established measures of working 

memory capacity (Conway et al., 2005; Daneman & Carpenter, 1980). In short, participants 

were instructed to memorize and later recall single words which appeared in between unrelated 

sentences. For each sentence, participants indicated via button press whether or not it made 
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sense. We employed partial-credit load scoring, which is frequently used in working memory 

research. The partial-credit load score represents the sum of correctly recalled elements, 

allowing for little spelling mistakes (for a detailed description, see Conway et al., 2005). 

Both the escape behaviour task and the reading span task were implemented in Python 2.7 (van 

Rossum & Drake, 2010). 

 

 Statistical Analysis. We performed a priori comparisons to verify that groups did not 

differ in sex, age, alertness, or working memory IQ. To assess differences in sex distribution, 

we computed a chi-square test. For all other comparisons, we employed one-way ANOVAs 

with group as the between-subject factor, or a Kruskal–Wallis test, if more appropriate. We 

then examined reported stressor aversiveness and perceived control as manipulation checks for 

our stress induction and manipulation of stressor controllability, respectively. To account for 

changes in ratings over trials, we conducted separate two-way repeated measures ANOVA 

(rmANOVA) with group (stressor aversiveness: EC, YC; perceived control: CC, EC, YC) as 

the between-subject factor and time (10th, 20th, 30th, 40th trial) as the within-subject factor. 

Using one-way ANOVA or a Kruskal–Wallis test, we separately investigated group differences 

in measurements assessed under acute stress (helplessness, exhaustion, frustration, and RT). 

To account for family-wise error due to the many dependent variables, we applied Bonferroni 

correction. Next, we investigated stress- and controllability-related effects on subsequently 

(post stress) measured dependent variables (changes in affective state, escape behaviour, and 

working memory). We analysed changes in affective state (global STADI score, PANASpos, 

PANASneg) from pre to post stress induction, using rmANOVAs with group as the between-

subject factor and time (pre, post) as the within-subject factor. To investigate escape behaviour 

indices, we computed scores for exploration, escapes, and efficiency. Since we focused on 

group differences in exploration during the stress-free phase and in escapes and efficiency 

during the stress phase, we employed one-way ANOVA or a Kruskal–Wallis test for these 

analyses. In a final step, we investigated partial-credit load scores as indicators of working 

memory, using one-way ANOVA. We also applied Bonferroni correction to account for 

multiple dependent variables in our investigation of stress- and controllability-related effects 

on subsequently (post stress) measured dependent variables. Only corrected significance levels 

are reported. 

 In general, we used box plots to check for outliers. We excluded only extreme outliers 

(values above third quartile plus three times the interquartile range (IQR) or below the first 

quartile minus three times IQR). Furthermore, we set our level of significance at p = 0.05. For 
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rmANOVAs, we applied Greenhouse–Geisser correction in case of non-sphericity. Post hoc 

comparisons were assessed using paired t-tests, with Holm–Bonferroni correction (Holm, 

1979) applied for multiple testing. Effect sizes are reported as partial η2 (Cohen, 1973) for 

ANOVAs and η2H for Kruskal–Wallis tests (Tomczak & Tomczak, 2014). Further analyses 

including time and sex effects are reported in the supplemental material. Data were analysed 

in R (version 3.6.2; R Core Team, 2019) using the “rstatix” (Kassambara, 2020), “afex” 

(Singmann et al., 2020), and “lsmeans” package (Lenth, 2016) mainly. 

 

Study 2: Improved Paradigm 

 Participants. A total of 122 healthy participants aged 18–41, were recruited using the 

software ORSEE (Greiner, 2015) and they took part in testing sessions in the Mainz Behavioral 

and Experimental Laboratory (MABELLA) at Johannes Gutenberg University Mainz. Due to 

time constraints, we decided to use this facility, which offers automated recruitment and allows 

simultaneous testing of up to 25 participants. Exclusion criteria comprised current or lifetime 

mental disorder, poor German language skills, and hearing problems. In total, 106 participants 

provided complete data; six participants, however, were excluded because they reported current 

or lifetime mental disorders. The remaining sample consisted of N = 100 participants, who 

were randomly assigned to two experimental groups, an EC (n = 62, M = 22.77 years, SD = 

3.99, 53% female) and a YC (n = 38, M = 24.26 years, SD = 4.2, 58% female). To allow the 

analysis of inter-individual differences within EC, more participants were assigned to this 

group. However, we were unable to collect a sufficiently large sample (N > 80) within the 

duration of this project and such analyses also lie beyond the scope of this article. The unequal 

group sizes were considered in the statistical analysis (see “Statistical Analysis” on page 36). 

Because the stressfulness of the aversive stimulation had been successfully established in study 

1, we did not include a control group this time. Study 2 specifically aimed at improving the 

experimental manipulation of stressor controllability and was expected to result in distinct 

read-outs for EC and YC. EC was tested first, and we used their average stress durations during 

the stress induction for pseudo-yoking (see “Stress Induction” on page 35 for details). The 

study was approved by the ethics committee of the Institute of Psychology, Johannes 

Gutenberg University Mainz (2017-JGU-psychEK-003, 26/5/2017) and it adhered to the 

declaration of Helsinki. All participants provided written informed consent and were 

remunerated with 9 EUR/hour. 
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 Procedure. Participants attended a 1.5 h group testing session, including up to 25 

people. First, they filled in online questionnaires pertaining to demographic variables and 

current wellbeing. Following this, participants completed a pre-stress assessment of affect. The 

procedure was shorter but overall equivalent to study 1, i.e., participants then (1) underwent a 

stress induction, during which they rated perceived stressor aversiveness, controllability, 

exhaustion, and feelings of helplessness; (2) they reported their post stress affect; and (3) 

performed the escape behaviour test. Upon completion of the session, YC participants were 

debriefed and they re-consented. 

 

 Stress Induction. The stress induction procedure differed from the setup described in 

study 1 (see page 29) in a number of features. We were interested in seeing whether acoustic 

noise alone might serve to induce significant stress. In contrast to electric shocks, noise requires 

a less involved experimental setup and can be presented more readily. The acoustic noise used 

in study 1—verified by decibel meter—was delivered over AKG K81 DJ headphones. 

Three different cues (circle, triangle, square) were included in the button-press task, each 

displayed equally often across 60 trials. Participants were instructed to match one of three 

buttons to each cue. They were told to figure out the correct button–cue combination which 

would stop aversive stimulation. Using a trial-and-error approach, they were bound to initially 

give some wrong responses and experience continued stress exposure. This served to enhance 

EC’s perception of action–outcome contingencies and enhance participants’ feeling of control. 

In EC, correct responses immediately terminated the stressor, whereas incorrect or slow 

responses led to continued aversive stimulation up to a maximum of ten seconds. However, in 

order to further increase perceived control and the experience of shortened stress durations in 

EC, we decreased the maximum stress duration by 500 ms after every 15th trial. In YC, 

participants’ responses had no effect on the stressor because stress durations were 

predetermined through pseudo-yoking. Specifically, the stress duration for each trial was set to 

the average obtained from EC. Additionally, we randomly shuffled mean durations to enhance 

the perception of arbitrary stress durations in YC. Pseudo-yoking is well-established in animal 

designs (Hadad-Ophir et al., 2017; Lucas et al., 2014) and more practical in group testing 

sessions. All other parameters (response limit in EC, shift of cue onsets in YC) were the same 

as in study 1. 

 

 Measurements. During stress induction, participants’ RTs were measured. After every 

15th trial, participants rated stressor aversiveness, perceived controllability, exhaustion, and 



4.1.3 Methods 

 36 

feelings of helplessness (four ratings each). Immediately before and after stress induction, 

participants completed the PANAS and STADI questionnaires. After stress exposure, 

participants performed the escape behaviour test (see page 32). However, the task was 

improved by several modifications. Participants completed two blocks with five trials each. To 

condense the task, we shortened the free exploration phase to five seconds and the stress phase 

lasted up to five seconds or until a safe space was found. In addition, the participant’s position 

was reset to the middle space at the beginning of each new phase. Thus, we could directly 

compare behaviour during free exploration and stress exposure. Following the last trial of the 

first block, safe spaces were set to new random locations on the grid for the duration of the 

second block. Hence, participants were required to search anew for the safe places. This 

modification served to introduce a lack of control element. We sought to examine whether 

previous stressor controllability experience would lead to divergent reactions. We did not 

assess participants’ working memory in this study. 

 

 Statistical Analysis. We performed a priori comparisons to verify that groups did not 

differ in sex, age, or level of education using a chi-square test, a t-test for independent samples, 

and the Wilcoxon rank sum test, respectively. As in study 1, we then examined stressor 

aversiveness and controllability ratings to ascertain successful stress induction and 

manipulation of stressor controllability. For analysis of group differences during acute stress 

exposure (helplessness, exhaustion, and RT), we used t-tests for independent samples to 

compare means. As in study 1, we applied Bonferroni correction to account for family-wise 

error. Next, we conducted separate rmANOVAs with group as the between-subject factor and 

time (pre, post) as the within-subject factor to analyse changes in affective state (global STADI 

score, PANASpos, PANASneg) from pre to post stress induction by group. Finally, as in 

study 1, we calculated exploration, escapes, and efficiency scores in the escape behaviour test. 

Exploration during the stress-free phase was analysed using rmANOVA with group as the 

between-subject factor and block (1, 2) as the within-subject factor. We computed escapes and 

efficiency across trials and examined only data pertaining to the stress phase, thus, employing 

rmANOVAs with group as the between-subject factor and block as the within-subject factor. 

Again, we corrected for family-wise error in our analysis of transfer stress effects during 

subsequent assessments, using Bonferroni correction. 

 As in study 1, we excluded extreme outliers and set our level of significance at p = 0.05. 

For rmANOVAs, we applied Greenhouse–Geisser correction. If residuals markedly deviated 

from normality, we employed a robust rmANOVA using the WRS2 package (Mair & Wilcox, 
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2020) and reported the effect size measure suggested by Algina et al. (2005). In general, we 

accounted for unequal group sizes by confirming the results using robust rmANOVA. Post hoc 

comparisons were assessed using paired t-tests, with Holm–Bonferroni correction (Holm, 

1979) applied for multiple testing. Effect sizes are reported as partial η2 (Cohen, 1973) for 

ANOVAs, η2H for Kruskal–Wallis test (Tomczak & Tomczak, 2014), and Cohen’s d (Cohen, 

1988) for t-tests. Further analyses including time and sex effects are reported in the 

supplemental material. As in study 1, analyses were conducted in R (version 3.6.2; R Core 

Team, 2019). 

 

4.1.4 Results 

Study 1: Results of the Initial Paradigm 

 A Priori Group Comparisons and Manipulation Check. We observed no a priori group 

differences with respect to sex, working memory IQ, and alertness. However, groups differed 

significantly in age (X2 = 6.52, df = 2, p < 0.05, η2H = 0.06) (Table 1). We identified two outliers 

which we excluded from subsequent analyses. Because of missing data, we compared stressor 

aversiveness ratings between 26 EC participants and 23 YC participants only. Both groups 

equally rated the stressor as very aversive (global M = 5.74; F(1, 47) = 0.48, p = 0.49, 

partial η2 = 0.01), suggesting successful stress induction (Figure 2a). We observed no 

significant habituation or sensitization effects, rather aversiveness ratings remained near-

constant over trials (F(3, 141) = 0.97, p = 0.38, partial η2 = 0.02 (Greenhouse–Geisser 

corrected, ε = 0.64)). Perceived control varied significantly between all three groups 

(F(2, 74) = 29.67, p < 0.001, partial η2 = 0.45; all post hoc comparisons: p < 0.001) with CC 

reporting highest control, followed by EC, and YC reporting lowest control (Figure 2b). There 

was an effect of time (F(3, 222) = 3.47, p < 0.05, partial η2 = 0.04 (Greenhouse–Geisser 

corrected, ε = 0.63)), reflecting a slight decrease in perceived control across trials. See the 

supplemental material for analysis of sex differences (Supplement 6). 
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Table 1  

A priori group comparisons in study 1 

Variable 
Group 

Statistical Test p Effect Size 
EC YC CC 

n1 27 26 27    

Sex  

(% Female) 
56 58 56 Chi-Squared 0.984 X2 = 0.03 

Mean Age 

(SD) 

23.48 

(3.74) 

25 

(4.26) 

25.85 

(4.3) 
Kruskal–Wallis <0.05 η2H = 0.06 

Mean 

Working 

Memory IQ 

(SD) 

100.89 

(9.55) 

104.58 

(11.53) 

104.3 

(13.99) 

One-Way 

ANOVA 
0.45 

Partial η2 = 

0.02 

Mean 

Alertness 

(SD) 

45.3 

(6.31) 

43.96 

(6.99) 

42.11 

(6.31) 

One-Way 

ANOVA 
0.24 

Partial η2 = 

0.04 

1Note. N = 80. 

 

 Ratings and RTs during Acute Stress Exposure. Analysis of helplessness ratings 

indicated a significant effect of group (X2 = 26.18, df = 2, p < 0.001, η2H = 0.33), but post hoc 

comparisons showed significant differences only between stress and control, with both EC and 

YC reporting greater helplessness compared to CC (EC vs. CC and YC vs. CC: p < 0.001). A 

comparison of EC and YC did not reach significance (p = 0.12), but we noted differences in 

the expected direction (Figure 2c). Similarly, analysis of mean exhaustion ratings supplied 

during stress exposure revealed a significant effect of group (F(2, 75) = 10.24, p < 0.001, 

partial η2 = 0.21). However, post hoc comparisons showed significant differences only between 

stress and control with higher ratings in both EC and YC compared to CC (EC vs. CC: p < 0.001 

and YC vs. CC: p < 0.01). EC and YC did not differ (p = 0.37) (Figure 2d). Regarding 

frustration, we also noted significant group differences (X2 = 16.75, df = 2, p < 0.001, 

η2H = 0.20), but post hoc comparisons showed that only YC and CC differed significantly 

(p < 0.001), whereas EC vs. CC and EC vs. YC comparisons revealed only a trend effect (both 
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p = 0.07). As anticipated, YC reported greatest frustration, followed by EC, and then, CC 

(s. Supplemental Figure S1). 

 One CC participant who did not react to any cue and one EC outlier were excluded 

from RT analysis. We observed an effect of group (F(2, 73) = 4.98, p < 0.01, partial η2 = 0.12). 

As expected, CC was fastest, followed by EC, with YC being slowest (Figure 2e). However, 

post hoc comparisons were not significant for EC vs. CC (p = 0.10) and EC vs. YC (p = 0.26). 

The difference between YC and CC was significant at p < 0.01. See the supplemental material 

for analysis of changes across trials and sex differences (Supplement 7). 

 

 Affective State, Escape Behaviour, and Cognitive Performance during Subsequent 

 (Post Stress) Assessment. 

 Changes in Affective State. Two participants per group were missing data on depressive 

state and anxiety and had to be excluded from this analysis. Additionally, we removed one 

outlier who reported extremely high depressive state and anxiety before stress exposure. There 

was no significant effect of group (F(2, 68) = 0.49, p = 0.62, partial η2 = 0.01) on state of 

depression and anxiety, but we observed a significant effect of time (F(1, 68) = 9.38, p < 0.01, 

partial η2 = 0.12). This reflected an increase in depressive symptoms and anxiety from pre to 

post stress induction. Following correction for family-wise error, there was no significant 

interaction of group x time (F(2, 68) = 3.02, p = 0.39, partial η2 = 0.08) on depressive symptoms 

and anxiety (Figure 3a). With respect to negative mood, ratings from four participants were 

missing and were thus, excluded from analysis. We observed a significant interaction of 

group x time on negative mood (F(2, 68) = 6.27, p < 0.05, partial η2 = 0.16), reflecting an 

increase in negative mood across stress groups (EC and YC), albeit only significant in EC. CC, 

rather, showed a decrease in negative mood, though this was not significant (Figure 3b). With 

regard to positive mood, there was no significant effect of group (F(2, 75) = 0.29, p = 0.75, 

partial η2 = 0.008), but a significant effect of time (F(1, 75) = 42.39, p < 0.001, 

partial η2 = 0.36). Positive mood decreased from pre to post stress induction across groups 

(Figure 3c). No interaction of group x time emerged (F(2, 75) = 0.39, p = 0.68, 

partial η2 = 0.01). For analysis of sex differences see Supplement 8. 

 Escape Behaviour. We investigated exploration during the stress-free phase, i.e., the 

number of unique spaces visited per minute. Results revealed no group differences (X2 = 2.60, 

df = 2, p = 0.27, η2H = 0.002) (s. Supplemental Figure S2). Next, we compared the total sum of 

successful escapes during the stress phase between groups and found no significant differences 

(X2 = 0.95, df = 2, p = 0.62, η2H = −0.01) (s. Supplemental Figure S3). Finally, we examined 
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behavioural efficiency as the quotient of moves per minute and sum of escapes across trials. 

Again, no significant group differences emerged (X2 = 1.54, df = 2, p = 0.46, η2H = −0.006) 

(Supplemental Figure S4). The striking lack of group differences in escape behaviour was 

contrary to our hypotheses. For analysis of sex differences see Supplement 8. 

 Working Memory. We analysed working memory in terms of partial-credit load in the 

reading span task. Four participants had missing data and had to be excluded from analysis. 

We observed significant group differences in partial-credit load scores (F(2, 71) = 6.67, 

p < 0.05, partial η2 = 0.16). Contrary to our hypothesis, EC performed significantly worse than 

CC (p < 0.01). The differences between EC and YC (p = 0.11) as well as CC and YC (p = 0.11) 

were not significant (s. Supplemental Figure S5). For analysis of sex differences see 

Supplement 8. 
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Figure 2  

Ratings and reaction times during stress induction in study 1 and 2 
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Study 2: Results of the Improved Paradigm 

 A Priori Group Comparisons and Manipulation Check. We observed no a priori group 

differences in sex, age, or level of education (Table 2). One participant had missing stressor 

aversiveness data and was excluded from this analysis. EC and YC both rated the stressor as 

very aversive (global M = 5.38; F(1, 95) = 0.007, p = 0.93, partial η2 = 0.0004; Figure 2f). 

There was a trend effect of time, reflecting a slight increase in reported aversiveness over trials 

(F(3, 285) = 2.59, p = 0.07, partial η2 = 0.03 (Greenhouse–Geisser corrected, ε = 0.74)). Groups 

differed significantly with respect to perceived control (F(1, 96) = 16.23, p < 0.001, 

partial η2 = 0.14), with YC showing lower ratings, as hypothesized (Figure 2g). There was a 

significant effect of time on controllability ratings, indicating a decrease over trials 

(F(3, 288) = 6.70, p < 0.001, partial η2 = 0.07 (Greenhouse–Geisser corrected, ε = 0.84)). 

Contrary to study 1, EC participants were required to figure out for themselves how to exert 

control and terminate the aversive stimulation. We examined rates of correct performance to 

assess whether this was in line with our intended manipulation. Aside from eight participants 

with rates below 30%, EC participants performed tolerably well (M = 0.60, SD = 0.49). We 

ascertained that participants with low performance did not substantially affect subsequent 

analyses before we decided to include them. For analysis of sex differences see Supplement 9. 

 

Table 2  

A priori group comparisons in study 2 

Variable 
Group 

Statistical Test p Effect Size 
EC YC 

n1 62 38    

Sex (% Female) 53 58 Chi-Squared 0.80 X2 = 0.06 

Mean Age (SD) 22.77 (3.99) 24.26 (4.2) t-test 0.08 d = −0.36 

Mean Level of 

Education (SD) 
7.84 (1.43) 8.03 (1.55) 

Wilcoxon Rank 

Sum 
0.51 r = 0.07 

1Note. N = 100. 

  



4.1.4 Results 

 43 

 Ratings and RTs during Acute Stress Exposure. YC reported significantly greater 

feelings of helplessness compared to EC (t(96) = −2.90, p < 0.01, −d = 0.60; Figure 2h). 

Analysis of exhaustion ratings revealed no significant group difference (t(96) = −1.62, p = 0.11, 

d = −0.34; Figure 2i). EC reacted significantly faster than YC and a large effect was indicated 

(t(96) = −6.67, p < 0.001, d = −1.38; Figure 2j). See the supplemental material for analysis of 

changes across trials and sex differences (Supplement 10). 

 

 Affective State and Escape Behaviour during Subsequent (Post Stress) Assessment. 

 Changes in Affective State. We observed a trend for significant group differences 

(F(1, 96) = 3.09, p = 0.08, partial η2 = 0.03) with respect to combined depressive state and 

anxiety. YC displayed overall higher scores compared to EC. There was an increase in scores 

from pre to post stress exposure across groups (F(1, 96) = 11.13, p < 0.01, partial η2 = 0.10) 

but no interaction of group x time (F(1, 96) = 0.14, p = 0.71, partial η2 = 0.001; Figure 3d). 

With regard to negative mood, we observed a significant difference between groups 

(F(1, 96) = 7.10, p < 0.01, partial η2 = 0.07). YC showed higher negative mood scores both at 

pre- and post-stress exposure. Both groups reported an increase in negative mood from pre to 

post stress exposure (F(1, 96) = 8.83, p < 0.01, partial η2 = 0.08). We found no interaction of 

group x time on negative mood (F(1, 96) = 0.08, p = 0.78, partial η2 = 0.0008; Figure 3e). EC 

and YC did not differ in relation to positive mood (F(1, 96) = 0.08, p = 0.77, partial η2 = 0.003) 

but there was a significant effect of time (F(1, 96) = 25.72, p < 0.001, partial η2 = 0.21), 

indicating a decrease in positive mood from pre to post stress exposure in both groups. Again, 

there was no interaction between group x time (F(1, 96) = 0.30, p = 0.58, partial η2 = 0.003; 

Figure 3f). Thus, we observed no evidence of differential change in affective state related to 

controllability. For analysis of sex differences see Supplement 11. 
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Figure 3  

Changes in affective state from pre to post stress induction in study 1 and 2 

 
Note. (a) Depressive symptoms and anxiety in study 1. (b) Negative mood in study 1. (c) 
Positive mood in study 1. (d) Depressive symptoms and anxiety in study 2. (e) Negative mood 
in study 2. (f) Positive mood in study 2. Error bars denote standard error (*p < 0.05, 
**p < 0.01, ***p < 0.001). 
 

 Escape Behaviour. We analysed stress-free exploration behaviour and observed no 

significant effect of group (F(1, 96) = 0.74, p = 0.39, partial η2 = 0.008). A significant effect of 

block indicated an increase in exploration from block 1 to block 2 across groups 

(F(1, 96) = 48.58, p < 0.001, partial η2 = 0.34). There was no interaction of group x block 

(F(1, 96) = 0.70, p = 0.40, partial η2 = 0.007; Figure 4b). Analysis of escape rates revealed an 

interaction of group x block, but this effect did not survive correction for family-wise error 
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(F(1, 96) = 5.11, p = 0.16, partial η2 = 0.05) (Figure 4c). Finally, investigation of escaping 

efficiency, i.e., the trade-off between level of activity and escape rate, showed a significant 

interaction of group x block (F(1, 91) = 12.38, p < 0.001, partial η2 = 0.12). Whereas EC and 

YC did not differ in efficiency in block 1 (p = 0.51), YC showed significantly less efficient 

behaviour in block 2 compared to EC (p < 0.01). While the behaviour of YC participants 

represented a considerable performance decrement (block 1 vs. block 2: p < 0.01), participants 

in EC even improved slightly from block 1 to block 2, albeit not statistically significant 

(p = 0.51; Figure 4d). For analysis of sex differences see Supplement 11. 

 

Figure 4  

Escape Behaviour Test – setup and results 

 
Note. (a) Escape behaviour test (one block). (b) Exploration during the stress-free phase in 
the escape behaviour test by group and block. Both groups explored more in block 2 
compared to block 1; we observed no interaction effects. (c) Escapes from stress in the 
escape behaviour test by group and block. EC escaped the stressor more often in block 2 
compared to block 1, whereas no such improvement was evident in YC. Despite that, the 
interaction of group x block did not survive family-wise error correction. (d) Interaction 
effect of group x block on efficiency in the escape behaviour test. Whereas EC and YC did 
not differ in efficiency in block 1, YC showed significantly less efficient behaviour (higher 
scores) in block 2 compared to EC. Error bars denote standard error. Only significant effects 
are indicated (*p < 0.05, **p < 0.01, ***p < 0.001).  
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4.1.5 Discussion 

 In two consecutive studies, we developed and validated a translational paradigm to 

induce controllable and uncontrollable stress in humans and examined the effects of this 

manipulation on affective state, escape behaviour, and working memory. We hypothesized that 

exposure to uncontrollable stress would lead to longer RT; higher ratings of helplessness, 

exhaustion, and frustration; greater increase in negative affect; less efficient escape behaviour; 

and poorer working memory performance compared to controllable stress. In study 1, we 

included a control group which was not exposed to any aversive stimulation and served to 

establish the stressfulness of our stressor. 

 In study 1, participants in both stress groups (EC and YC) perceived equally the stressor 

as very aversive and showed no habituation over trials. As expected, our results demonstrated 

a robust stress effect, evidenced by higher levels of exhaustion, frustration, greater increases in 

depressive symptoms, anxiety, and negative mood in both EC and YC compared to CC. 

However, stress effects were not evident with regard to working memory performance and 

escape behaviour. EC performed worst in the working memory task, but we had hypothesized 

YC would show the lowest scores. As working memory has previously been found to be 

impaired by acute stress (Shields et al., 2016) and lack of control (Wanke & Schwabe, 2019), 

this contradictory result may reflect problems with our manipulation of stressor controllability. 

Perhaps, EC experienced greater strain due to higher task demands compared to YC during the 

stress induction. Correspondingly, EC reported feeling slightly more exhausted than YC, albeit 

not statistically significant. Indeed, analysis of group differences only partly supported our 

hypotheses with respect to stressor controllability effects. Even though a manipulation check 

indicated differential effects on perceived control as hypothesized, stress effects were evidently 

not exacerbated by lack of control. Observed group differences across read-outs were largely 

limited to stress groups vs. control, while direct comparisons between EC and YC yielded few 

significant results. This suggests that the manipulation of stressor controllability was not 

successful. It is of note though that longer RTs and greater frustration and helplessness in YC 

compared to EC were in line with our hypotheses. The paradigm used in study 1, thus, provided 

a promising basis upon which to improve in study 2. 

 Two features of the stress induction procedure specifically seemed to be likely 

candidates for modification. First, our design required EC participants to endure a certain 

amount of aversive stimulation, until the cue signalled the option to terminate the stressor. 

Thus, they experienced similar lack of control to YC, at least in the beginning of trials. Other 

studies have circumvented this issue by employing a forewarned design which allows 
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participants to completely avoid aversive stimulation (Diener et al., 2009). However, as we 

were specifically interested in studying how control experience may moderate stress effects, 

reducing stress exposure in EC was not an option. Stress constitutes a pervasive fact of life 

(Chmitorz et al., 2020a; Kalisch et al., 2017) from which it is hard to escape. This rings true, 

especially in today’s society, where we are increasingly expected to multitask, show 

proficiency in a variety of subjects, and to shoulder ever more responsibility. Therefore, the 

study of factors or mechanisms which may moderate stress effects presents a more ecologically 

valid avenue of research than promoting total stress avoidance. Moreover, this feature of the 

paradigm represents an important parallel to commonly used animal designs and serves the 

purpose of translational research (Chourbaji et al., 2005). 

 Second, given that EC participants could easily achieve perfect performance on the 

button-press task, they hardly ever experienced aversive stimulation up to the maximum 

duration of 15 s. Therefore, they lacked a negative reference to compare to successfully 

shortened stress durations in trials in which they responded fast enough. A large body of research 

on learning and decision-making emphasizes the importance of action–outcome contingencies 

(Huys & Dayan, 2009; Moscarello & Hartley, 2017). By reacting to novel stimuli and observing 

the consequences, individuals can infer the level of control they have over the respective 

outcome. An outcome that is contingent on an action results in a high-agency estimate, whereas 

a non-contingent outcome is suggestive of low controllability and thus fosters a belief in low 

agency (Moscarello & Hartley, 2017). It becomes clear, therefore, that the experience of both 

reward and punishment (or a lack of reward) is critical (Guitart-Masip et al., 2012). In study 2, 

we aimed at facilitating the observation of contingency of the outcome (stress stops vs. stress 

continues) on the action (button press vs. miss), thereby enhancing perceived control in EC. We 

expected that such a modification would suffice to render the manipulation of stressor 

controllability more successful, i.e., lead to significant differences in read-outs between EC and 

YC. Note that stressfulness of the aversive stimulation was established in study 1; hence, 

study 2 did not include a control group and the investigation of stressor aversiveness ratings 

was, thus, perfunctory only. 

 Results of study 2 on stressor aversiveness ratings were in line with study 1. As 

hypothesized, YC participants reported feeling less in control than EC participants. Not 

surprisingly, this EC group reported slightly lower perceived control compared to EC in 

study 1. Contrary to study 1, EC participants in study 2 were required to figure out through trial 

and error which of three possible buttons to press to terminate the stressor. They were, thus, 

bound to initially give some wrong responses and experience continued stress exposure which 
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may have dampened perceived control. On the whole, however, the group difference in 

perceived control reflected a considerably larger effect compared to study 1. This suggests that 

enhancing action–outcome contingencies crucially improved our manipulation of stressor 

controllability. Robust group differences in the expected direction were now evident, with YC 

showing longer RTs and higher ratings of exhaustion and helplessness. These findings point to 

crucial improvements in the manipulation of stressor controllability. In line with study 1, 

however, stressor controllability did not differentially affect changes in affective state. Results 

on pre to post stress induction depressive state, anxiety, and positive and negative mood 

highlight the overall negative effect that stress exerts on an individual’s affective state. While 

the two groups were not perfectly comparable in their negative mood scores before stress 

induction, it seems that stress here generally overrode any putative differences with respect to 

perceived control. Taken together, the findings from study 1 and 2 suggest that self-reported 

affective state—while certainly a valid measure with respect to stress reactivity—may not be 

the most sensitive indicator of differential control experience. It would have been interesting 

to have also investigated effects on working memory, but no such measurement was included 

in study 2. Substantial group differences in the escape behaviour test further corroborate the 

notion that objective, performance-based indices are better discriminated. YC showed 

behavioural patterns markedly different from EC, as both, again, tried to escape aversive 

stimulation in the grid-navigation task. However, EC and YC showed differences specifically 

in efficiency rather than in the more conventional measurements of exploration and escape rate. 

Although we did observe a tendency for differential escaping, the analysis of efficiency as the 

trade-off between level of activity and escape rate proved to be more sensitive. Differences 

between groups are clearly linked to the introduction of an element of lack of control 

represented by the unannounced relocation of safe spaces following the first five trials 

(block 1). Whereas EC seemed to recover quite quickly and even improved their escape rate 

from block 1 to block 2, YC showed considerable performance decrements. Based on a large 

body of LH research (Maier & Seligman, 2016), we had anticipated that YC participants would 

show rather passive, resigned behaviour in response to renewed stress exposure. Despite their 

efforts, YC participants were not very successful in escaping the stressor. They ineffectively 

squandered resources for strategic thought on frantic searches of the grid. In fact, studies 

investigating learning and decision-making have demonstrated how stress renders individuals 

less able to critically evaluate potential actions and consequences in order to best achieve a 

present goal (Brown et al., 2020; Otto et al., 2013; Radenbach et al., 2015; Voon et al., 2017). 
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Similarly, studies have linked impulsive behaviour to stress history and psychopathology 

(Fineberg et al., 2014; Ousdal et al., 2018). 

 Individual differences have long been the focus of research on stress and control. 

Schönfeld et al. (2017) recently discussed dimensional effects of self-efficacy on stress 

response, noting that high subjective control beliefs are not always beneficial. Bollini et al. 

(2004) showed that locus of control moderated the association between perceived control over 

a stressor and related cortisol output. Generally, we did not have a sufficient sample size to 

investigate variation in the individual stress response or to explore moderating factors, nor was 

this our focus. We would be interested in examining individual differences in future studies. In 

study 2, we have included a larger number of EC participants to address the finding that not all 

EC participants were successful in escaping the stressor, even though it was objectively 

possible. However, the assessment of a sufficient number of participants (N > 80) was not 

possible within the duration of the project. Psychopathology research increasingly focuses on 

individual differences (Bzdok & Meyer-Lindenberg, 2018). For instance, most individuals do 

not develop post-traumatic stress disorder following a single exposure to trauma. In fact, a 

traumatic event alone is seldom sufficient to induce clinical symptoms; more often, it is a 

combination of a traumatic event and additional risk factors (Richter-Levin et al., 2019). To 

address individual differences in response to traumatic stress, recent research in rodents 

suggests incorporating individual predispositions and behavioural profiling (Richter-Levin et 

al., 2019). 

 Future studies could use our paradigm to investigate clinical populations, seeing as LH 

is widely considered a key concept in the aetiology of depression. Nonetheless, research on the 

mechanisms underlying LH is largely limited to the animal domain. Uncontrollable stress 

affects individuals across a variety of species (Pryce et al., 2011) and has detrimental effects 

on a broad spectrum of functions (Steptoe & Poole, 2016). Yet, differences in the experimental 

design of animal and human studies remain a challenge for translational research (Hooijmans 

& Ritskes-Hoitinga, 2013). In this study, we successfully developed a translational paradigm 

to investigate effects of uncontrollable stress in humans. In keeping with early translational 

studies (Alloy et al., 1984; Hiroto & Seligman, 1975; Thornton & Jacobs, 1971), the design 

unifies several essential features of the animal triadic design, i.e., use of a physical stressor, 

yoking of stress exposure, the operationalization of control in terms of stressor termination, not 

prevention, a relatively simple task by which to exert control, and the assessment of escape 

behaviour (Chourbaji et al., 2005). However, our paradigm critically expands read-outs to 

encompass affective state, cognitive performance, and behaviour. Although we did not observe 
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robust group differences in changes in affective state and did not assess cognitive performance 

in study 2, our paradigm allows flexible testing of a range of read-outs. Naturally, stress effects 

in animal research are commonly assessed through behavioural indices after stress induction. 

Consequently, early translational studies focused on examining behavioural read-outs (Alloy 

et al., 1984; Hiroto & Seligman, 1975; Thornton & Jacobs, 1971), emulating the rather simple 

tasks employed in animal research (Chourbaji et al., 2005; Overmier & Seligman, 1967; 

Seligman & Maier, 1967). Making use of modern methods, recent research has largely 

concentrated on cognitive read-outs (Hartley et al., 2014; Henderson et al., 2012; Otto et al., 

2013). Our escape behaviour test translates indices traditionally used in animal studies (e.g., 

exploration and escape rate) to humans. However, considering that a certain level of complexity 

strengthens compliance and induces interesting variance in the data, our task markedly differs 

from early setups. Translational research often involves finding the sweet spot between 

rigorously imitating the original animal paradigm and allowing for obvious differences 

between species. With this in mind, the design of our escape behaviour test permits back-

translation into animals. It, thus, contributes to bridging the gap in translational research 

between animal models and clinical practice (Gururajan et al., 2019; Mak et al., 2014). 

 This gap is particularly evident in research on stressor controllability. Animal 

researchers have, for a long while, shifted focus from investigation of LH to studying the 

experience of control. In a series of experiments (Amat et al., 2010; Baratta et al., 2008; Maier 

& Seligman, 2016; Maier & Watkins, 2005), they could show compellingly that experience of 

control over a stressor protects against the negative consequences of later uncontrollable stress. 

Neurobiologically, this SI is thought to reflect persistent changes in pathways connecting the 

vmPFC with the dorsal raphe nucleus (Maier & Seligman, 2016). With increasing mechanistic 

insight, researchers have already started to develop pharmacological interventions to enhance 

perceived control (Amat et al., 2008, 2016). However, it remains unclear how these findings 

translate to humans, as only a few studies have examined the neural underpinnings. Wanke and 

Schwabe (2019) examined the effects of stressor controllability on working memory 

performance using an fMRI design to elucidate differential effects on a neural level. They 

report that perceived control, in contrast to objective control, altered prefrontal activation 

during the memory task. Unpublished work from our own group (see empirical study 2) showed 

increased vmPFC activation under controllable stress compared to uncontrollable stress—a 

finding that ties in with animal research. 

 In general, studies now increasingly focus on investigating putative protective factors 

and mechanisms which keep individuals mentally healthy, despite considerable stress exposure 
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(Kalisch et al., 2017). Our paradigm is well-suited to investigate both LH and SI. Observed 

group differences—especially in the escape behaviour test—lend support to control experience 

as a potent resilience mechanism. 

 There are, however, some limitations to consider. First, our results are based on a 

sample of healthy, rather well-educated, and relatively young adults. This was a necessary 

constraint to establish the paradigm. Future studies should investigate stressor controllability 

effects in more diverse samples and populations of increased vulnerability to LH, e.g., 

depressed patients. Second, while we verified that there was no difference in alertness as a 

baseline assessment of RT in study 1, no such a priori group comparison was conducted in 

study 2. Therefore, it is not clear whether participants in EC and YC showed inherently 

different baseline RT. Nevertheless, given the high degree of homogeneity of the sample, in 

terms of demographic variables, this should not pose a major limitation to interpreting the 

results. Third, we did not examine physiological or endocrine indicators of stress reactivity. 

Such measurements could offer additional mechanistic insight into stressor controllability 

effects. For instance, stress typically evokes an increase in cortisol and heart rate (Dickerson 

& Kemeny, 2004). Physiological assessment could easily be incorporated in the experimental 

setup and would constitute further improvement to the paradigm. Fourth, as human research 

allows the analysis of self-report data, we asked participants to supply various ratings. 

However, in the context of the triadic design, it is not a trivial task to phrase instructions in a 

way that allows comparison of all three groups. Especially, the question of perceived control 

proved difficult. CC was not exposed to aversive stimulation which made the omission or 

rephrasing of some instructions necessary. We ensured comparability of perceived control 

ratings through equal phrasing of the item across groups (“How much control do you have over 

the task?”) at the cost of specifically asking EC and YC how much control they perceived over 

the termination of the stressor. Given that LH refers specifically to control over a stressor, our 

choice of phrasing may represent a serious drawback. However, true to the classic animal 

literature, we manipulated stressor controllability, not task controllability. Even if the 

assessment of perceived control was not ideal, we should still be able to infer that the observed 

group differences were due to our manipulation of stressor controllability. If comparing only 

EC and YC, future studies should explicitly assess perceived control over the stressor. Fifth, 

stressor controllability effects may vary, in respect to duration and intensity of stress induction 

as well as the length of time elapsed between exposure and subsequent assessment. In this 

regard, translating animal protocols proves near impossible. Stress research on humans is 

subject to thorough ethical scrutiny, as is research on animals. However, animal stress 
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induction paradigms are often in the order of days or weeks (Lucas et al., 2014), either because 

prolonged stress exposure is critical to the study subject (e.g., chronic antidepressant effects; 

Dulawa & Ren, 2005; Yin et al., 2016) or because it is more ecologically valid. For instance, 

chronic stress is commonly discussed as a precursor to disorders such as depression and anxiety 

(Lupien et al., 2018). Hence, animal models that are constrained to acute stress exposure may 

not fully capture the underlying mechanisms (Gururajan et al., 2018). Even if human research 

cannot easily employ a prospective design to study the long-term effects of experimentally 

induced controllable and uncontrollable stress, future studies could vary the time interval 

between stress exposure and outcome tests. It may be the case that control experience requires 

some processing before it exerts full effects on affective state, cognition, and behaviour. Note 

that our paradigm was not designed to induce a pathological state of LH which would clearly 

be unethical. Nonetheless, we were able to show that manipulation of stressor controllability, 

using a simple acoustic noise stressor, was effective in inducing significant effects in a very 

healthy sample. In a next step, it would be interesting to examine clinical populations and 

employ this paradigm to advance our knowledge of how control is implicated in mechanisms 

of both disease and resilience. 

 

Conclusion 

 Translational research is essential to assess the extent to which animal findings replicate 

in humans. We developed and validated a new stress paradigm that translates the animal LH 

protocol to human research. Our final manipulation robustly induced differential effects in 

behaviour, but we did not observe effects on changes in affective state, and putative differences 

in cognitive performance remain to be tested. An independent study incorporating affective 

state measurements as well as cognitive and behavioural tasks would certainly be useful. Our 

paradigm shows promise as a feasible and flexible way to study the different effects of 

controllable and uncontrollable stress on various levels. Future studies could employ a further 

improved version of our design to promote clarification of the mechanisms by which control 

experience moderates our reaction to and appraisal of stressful events. Such research serves to 

improve our understanding of the aetiology of mental disorders and opens up new perspectives 

on resilience mechanisms. Applications might also inspire back-translation, thus, fostering 

fruitful and necessary synergies between human and animal research. 
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4.1.6 Supplement 

 

Figure S1  

Frustration ratings under acute stress exposure in study 1 

 
Note. Frustration ratings during acute stress exposure by 
group. Error bars denote standard error. 
 

Figure S2  

Exploration in the escape behaviour test by group in study 1 

 
Note. Exploration during the stress-free phase in the escape 
behaviour test by group. Error bars denote standard error. 
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Figure S3  

Escapes from stress in the escape behaviour test by group in study 1 

 
Note. Escapes from stress in the escape behaviour test by 
group. Error bars denote standard error. 
 

Figure S4  

Efficiency under stress in the escape behaviour test by group in study 1 

 
Note. Efficiency under stress in the escape behaviour test 
by group. Error bars denote standard error. 
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Figure S5  

Working memory by group in study 1 

 
Note. Working memory following the stress induction by 
group. Error bars denote standard error. 
 

 Considering that the paradigms described in study 1 and study 2 represent the 

development of a new design, we report exploratory analyses of time and sex effects on ratings 

and RT under acute stress. We conducted separate repeated measures ANOVA with group 

(study 1: EC, YC, CC; study 2: EC, YC) and sex (male, female) as between-subject factor and 

time (ratings: 10th, 20th, 30th, 40th trial; RT: 1-40 trials) as within-subject factor. Furthermore, 

we explored sex differences in subsequent assessments, i.e., in respect of changes in affective 

state, escape behaviour, and working memory. Results are reported in the following 

paragraphs. We hope that these additional analyses will be useful to future applications. 

 

Supplement 6 

Effects of sex on stressor aversiveness ratings and perceived control in study 1 

 Men reported lower stressor aversiveness compared to women (F(1, 45) = 14.70, 

p < .001, partial η2 = 0.25). Concerning perceived control, no significant sex differences 

emerged (F(1, 72) = 2.71, p = .10, partial η2 = 0.04). However, we observed a significant three-

way-interaction between group x sex x time on perceived control (F(6, 213) = 4.27, p < .01, 

partial η2 = 0.11 (Greenhouse-Geisser corrected, ε = 0.65), s. Figure S6 below). 
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Figure S6  

Perceived control ratings by group and sex across trials 

 
Note. Boxplots split by group (CC, EC, YC) and sex across trials showing perceived 
control ratings. 
 

Supplement 7 

Effects of time and sex under acute stress exposure in study 1 

 Helplessness ratings remained constant over time (F(3, 216) = 0.45, p < .62, 

partial η2 = 0.006 (Greenhouse-Geisser corrected, ε = 0.59)). Exhaustion ratings slightly 

increased (F(3, 216) = 4.29, p < .05, partial η2 = 0.06 (Greenhouse-Geisser corrected, ε = 0.63)). 

Concerning frustration, we observed a significant interaction of group x time (F(6, 216) = 3.00, 

p < .05, partial η2 = 0.08 (Greenhouse-Geisser corrected, ε = 0.80)). This finding reflected 

increased frustration over time in YC, whereas ratings stayed relatively constant in CC and EC. 

In respect of RT, there was an effect of time (F(39, 2652) = 3.49, p < .001, partial η2 = 0.05 

(Greenhouse-Geisser corrected, ε = 0.40)), RTs decreased sharply in the first few trials.  

 Analysis of helplessness ratings revealed a group x sex interaction (F(2, 72) = 5.82, 

p < .01, partial η2 = 0.14). Whereas men and women did not differ in reported helplessness in 

CC, men rated less helplessness in both EC and YC, with ratings markedly differing between 

sexes especially in EC. We also observed a significant interaction effect of group x sex on 

exhaustion ratings (F(2, 72) = 5.77, p < .01, partial η2 = 0.14). Men in both EC and YC reported 

less exhaustion compared to women, whereas, in CC, women reported less exhaustion. Across 
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groups, men reported less frustration compared to women (F(1, 72) = 9.35, p < .01, 

partial η2 = 0.12). No sex effects were found for RT (F(1, 68) = 0.87, p = .35, partial η2 = 0.01). 

 

Supplement 8 

Effects of sex on subsequent assessment in study 1 

 Overall, men reported lower combined depressive state and anxiety compared to 

women (F(1, 65) = 10.11, p < .01, partial η2 = 0.14). Concerning negative mood, men also 

displayed lower scores compared to women (F(1, 65) = 14.32, p < .001, partial η2 = 0.18). With 

regard to positive mood, a trend for sex differences emerged (F(1, 72) = 3.27, p = .07, 

partial η2 = 0.04). No sex differences were evident for indices of escape behaviour or working 

memory.  

 

Supplement 9 

Effects of sex on stressor aversiveness ratings and perceived control in study 2 

 We observed a three-way-interaction between group x sex x time on stressor 

aversiveness ratings (F(3, 279) = 3.80, p < .05, partial η2 = 0.04 (Greenhouse-Geisser corrected, 

ε = 0.77); s. Figure S7 below). No sex differences emerged for perceived control ratings 

(F(1, 94) = 1.55, p = .22, partial η2 = 0.02).  
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Figure S7  

Stressor aversiveness ratings by group and sex across trials 

 

Note. Boxplots split by group (EC, YC) and sex across trials showing stressor aversiveness 
ratings. 
 

Supplement 10 

Effects of time and sex under acute stress exposure in study 2 

 Helplessness ratings decreased over time in both groups (F(3, 282) = 9.20, p < .001, 

partial η2 = 0.09 (Greenhouse–Geisser corrected, ε = 0.88)). There was a significant effect of 

time on exhaustion (F(3, 282) = 6.95, p < .001, partial η2 = 0.07 (Greenhouse–Geisser 

corrected, ε = 0.77)). Across groups, reported exhaustion increased, then decreased again 

(s. Figure S8 below). There was no significant effect of trial on RT (F = 0.96, p = .57, 

δR =  0.25). 

 No effects of sex were observed on helplessness ratings (F(1, 94) = 0.90, p = .35, 

partial η2 = 0.01) but men reported less exhaustion compared to women (F(1, 94) = 9.43, 

p < .01, partial η2 = 0.09). RTs did not differ between men and women. 
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Figure S8  

Exhaustion ratings over trials split by group (EC, YC) 

 

 

Supplement 11 

Effects of sex on subsequent assessment in study 2 

 Concerning depressive state and anxiety, no sex differences emerged (F(1, 94) = 0.13, 

p = .71, partial η2 = 0.001). We observed a three-way-interaction between group x sex x time 

on negative mood ratings (F(1, 93) = 8.74, p < .01, partial η2 = 0.09; s. Figure S9 below). There 

was a sex x time interaction on positive mood (F(1, 94) = 5.28, p < .05, partial η2 = 0.05), 

reflecting less decrease in positive mood in men compared to women. 

 With regard to exploration in the escape behaviour test, we observed a significant 

sex x block interaction (F(1, 94) = 4.99, p < .05, partial η2 = 0.05). Men showed a greater 

increase in exploration from block 1 to block 2 compared to women. Even so, men did not 

escape the stressor more often than women — there was no significant difference in escape 

rate (F(1, 94) = 2.50, p = .12, partial η2 = 0.03). Analysis of efficiency revealed a significant 

sex x block interaction (F(1, 89) = 5.73, p < .05, partial η2 = 0.06). Whereas, men became 

slightly more efficient over blocks, women behaved less efficiently in block 2 compared to 

block 1. 
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Figure S9  

Changes in negative mood from pre to post stress exposure by group and sex 

 

Note. Boxplots split by group (EC, YC) and sex across 
mood assessments (pre- and post-stress exposure) showing 
differential changes in negative mood. 
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4.2 Study 2: Don’t Stress, It’s Under Control: Neural Correlates of Stressor 

Controllability in Humans4,5 

  

 
4 Publication reference: Meine, L. E., Meier, J., Meyer, B., & Wessa, M. (2021). Don’t 
Stress, It’s Under Control: Neural Correlates of Stressor Controllability in Humans. bioRxiv. 
https://doi.org/10.1101/2021.03.30.437657 
 
5 Please note that certain formatting has been changed to ensure consistency in this 
dissertation. 
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4.2.1 Summary of Study 2 

Animal research has repeatedly shown that experience of control over an aversive event can 

protect against the negative consequences of later uncontrollable stress. Neurobiologically, this 

effect is assumed to correspond to persistent changes in the pathway linking the vmPFC and 

the dorsal raphe nucleus. However, it remains unclear to what extent these findings translate to 

humans. During functional magnetic resonance imaging, we subjected participants to 

controllable and uncontrollable aversive but non-painful electric stimuli, as well as to a control 

condition without aversive stimulation. In each trial, a symbol signalled whether participants 

could terminate the stressor through correct performance in a button-matching task or whether 

the stressor would be randomly terminated, i.e., uncontrollable. Along with neural responses, 

we assessed participants’ accuracy, reaction times, and heart rate. To relate neural activations 

and subjective experience, we asked participants to rate perceived control, helplessness, and 

stress. Results were largely in line with our hypotheses. The vmPFC was generally deactivated 

by stress, but this effect was attenuated when participants could terminate the stressor 

compared to when their responses had no effect. Furthermore, activation in stress-responsive 

regions, including the bilateral insula, was reduced during controllable trials. Under 

uncontrollable stress, greater vmPFC recruitment was linked to reduced feelings of 

helplessness. An investigation of condition-dependent differences in vmPFC connectivity 

yielded no significant results. Our findings further corroborate animal research and emphasize 

the role of the vmPFC in controllability-dependent regulation of stress responses. Based on the 

results, we discuss future directions in the context of resilience research and mental health 

promotion. 
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4.2.2 Introduction 

 The reaction to and appraisal of an aversive event is closely linked to actual or perceived 

control over the event (Steptoe & Poole, 2016). Specifically, animal studies have compellingly 

demonstrated that uncontrollable stress induces a failure to escape aversive stimulation and 

increases anxiety (Chourbaji et al, 2005; Maier & Seligman, 2016; Overmier & Seligman, 

1967). This finding has been formalized in the prominent theory of learned helplessness which 

posits that a passive response to an inescapable stressor may generalize and thus render the 

individual helpless in the face of subsequent aversive stimulation, even if they could escape it 

(Maier & Seligman, 2016; Overmier & Seligman, 1967). In contrast, the experience of control 

over a stressor was shown to be protective. Animals that could terminate aversive stimulation 

were not susceptible to subsequent uncontrollable stress, as evidenced by e.g., lack of freezing 

(Amat et al., 2010; Maier & Seligman, 2016). To harness the potential of this latter effect, its 

underlying neurobiological mechanisms have already been delineated in animals (Amat et al., 

2005, 2006, 2008; Baratta et al., 2008; Maier & Seligman, 2016; Maier & Watkins, 2010). The 

results suggest that sensitization of a pathway connecting the DRN with the amygdala might 

explain the symptoms of LH. Building on these findings, the researchers targeted the vmPFC 

as a cortical input structure to the DRN. They describe how the potential for control registers 

in the vmPFC which then inhibits the DRN via glutamatergic projections to GABAergic 

interneurons. In turn, serotonergic signalling from the DRN to the amygdala (and other stress-

related regions) is reduced. Because changes in the vmPFC-DRN pathway persist, the 

individual appears immunized against later uncontrollable stress.  

Since the first findings on differential effects of stressor controllability in animals 

emerged, researchers have investigated translations to humans, placing particular focus on LH 

(Abramson et al., 1978; Taylor et al., 2014; Thornton & Jacobs, 1971; see also empirical 

study 1). Consequently, the effect of uncontrollable stress has long been discussed in terms of 

depression pathogenesis (Pryce et al., 2011). More recently, Henderson et al. (2012) could 

show a beneficial effect of control over a noise stressor on executive control functions. 

Similarly, Hartley et al. (2014) noted improvements in fear extinction following the experience 

of control over a stressor. Despite this, only few studies have addressed stressor controllability 

effects on a neural level in humans. A direct test of the model put forward by Maier and 

Seligman (2016), using neuroimaging techniques, proves difficult due to the small size of the 

DRN (Kranz et al., 2012). Existing studies therefore tend to focus on the vmPFC and stress-

related brain regions.  In the context of pain processing, Salomons et al. (2015) described 

increased vmPFC-amygdala connectivity under controllable pain and Bräscher et al. (2016) 
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reported a pain-inhibiting function of the dorsolateral prefrontal cortex for controllable heat 

stimuli. Kerr et al. (2012) examined participants’ response to aversive videos which could 

either be avoided or not. They showed that vmPFC activity increases under anticipation of 

control and exerts an inhibitory effect on the amygdala. In line with this, Cremers et al. (2020) 

reported greater vmPFC efficiency in participants who could avoid mild shocks compared to 

another group who could not. A very recent study showed that vmPFC activation was 

predictive of recovered active avoidance behaviour following passivity under uncontrollable 

stress (Wang & Delgado, 2021). Others observed diminished stress effects on the vmPFC only 

if threats were both controllable and predictable (Wood et al., 2015). Using a fear conditioning 

paradigm, Wanke & Schwabe (2020) directly contrasted instrumental control with passive 

extinction and found more pronounced fear reduction in the former condition. However, they 

noted increased activation of the vmPFC under uncontrollable stress, but not under 

instrumental control. Another recent study showed the expected decrease in activation of 

threat-responsive brain regions when participants could terminate mild electric shocks, 

however, they observed no involvement of the vmPFC (Limbachia et al., 2021). 

Inconsistencies in results may at least in part be explained by differences in experimental 

designs (e.g., between- vs. within-subject) and the type of stressor used (e.g., electric shocks, 

thermal stimulation, noise, or social-evaluative stress). Many have studied aversive stimuli 

which are signalled by a cue and can be avoided (Cremers et al., 2020; Diener et al., 2009; Kerr 

et al., 2012; Wanke & Schwabe, 2020). However, we feel that researchers should also 

investigate controllability-dependent responses in human behaviour and brain function under 

acute stress. Since stress describes an omnipresent fact of life, and its avoidance may not be 

possible under all circumstances, the study of factors or mechanisms that can alleviate stress 

effects certainly presents an ecologically valid research endeavour.  

In the present study, we therefore aimed at further elucidating the neural correlates of 

control over acute stress in humans. We chose a within-subject design to maximize 

comparability of conditions and focus on immediate effects of controllability, as opposed to 

effects on post-stress read-outs. To this end, we conducted an event-related fMRI experiment 

in which participants were subjected to controllable stress, uncontrollable stress, and a baseline 

condition without aversive stimulation. Along with neural activation, performance and RTs 

were assessed and heart rate was recorded. To allow associations between neurophysiological 

results and participants’ subjective experience, they also supplied ratings on perceived control, 

helplessness, and stress. We expected to observe effects of both stress and controllability on 

outcomes of interest. Specifically, we hypothesized that, compared to baseline, participants 
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would react more slowly, make more errors, report higher stress ratings, show enhanced 

activation of stress-related brain regions (e.g., amygdala, insula), and elevated heart rate under 

stress (controllable and uncontrollable). Concerning stressor controllability, we expected faster 

and more accurate responses, higher ratings of perceived control, but lower stress and 

helplessness ratings, greater vmPFC activation along with reduced activation in stress-

activated regions, and lower heart rate in controllable compared to uncontrollable experimental 

trials. As DRN imaging in humans remains a challenge (Kranz et al., 2012), we only anticipated 

to observe controllability-dependent differences in vmPFC-amygdala functional connectivity. 

 

4.2.3 Methods 

Participants 

 52 participants aged 19-30 took part in this study. Prior to data collection, all were 

screened for acute or chronic physical diseases as well as current or past DSM-IV axis I 

disorders using a semi-structured telephone interview similar to the SCID-I. We included only 

healthy participants who were fluent in German, MR compatible, right-handed, reported a body 

mass index (kg/m2) between 18.5 and 26, had no history of mental disorders, and took no 

psychopharmaceuticals. To prevent adverse health effects of our stress induction procedure, 

we confirmed that participants were neither pregnant, nor suffering from critical cardiac 

problems, or diagnosed with migraine. Seven participants were excluded from analysis: one 

broke off testing, two figured out the experimental manipulation (see manipulation check in 

the results section for details), one reported stimulus electrode malfunctioning, and three rated 

stressor aversiveness very low (< 25/100 in more than half the runs), also suggesting electrode 

malfunction/loosening. The remaining sample consisted of 45 participants (47% female, age: 

M = 24.64, SD = 3.05). For fMRI analyses, another participant was disregarded due to 

excessive motion (> 2mm translation, > 2° rotation between volumes) and a further two were 

excluded because of data storage problems (missing data). 

This study was approved by the ethics committee of the Institute of Psychology, 

Johannes Gutenberg-University, Mainz, Germany (2017-JGU-psychEK-003, 26/5/2017), and 

was conducted according to the Declaration of Helsinki.  

 

Procedure 

 Participants attended a 2 h MRI session. Upon arrival, they received information on 

the study along with a brief overview of procedures and provided written informed consent. 
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Participants then completed a questionnaire on stress experiences and current well-being and 

entered the scanner. Inside the scanner, electric stimuli were calibrated, and participants 

underwent the stress induction procedure. During the stress induction, their heart rate (i.e., 

beats per minute; BPM) was tracked at a sampling rate of 50 Hz using a MR-compatible pulse-

oximeter with an infrared emitter fixed to the participant’s left index finger. Participants were 

remunerated with 10€/hour or – if preferred – received course credit.  

 

Stress induction 

Stress was induced through individually calibrated intermittent double electric stimuli 

(two stimuli 20 ms apart every 1000 ± 250 ms for the duration of the stress phase). These were 

administered via Digitimer DS7A current stimulator through an electrode attached to the 

participant’s right ankle. After determining the perception threshold, stimulus intensity was 

increased in 0.5 mA increments. Participants rated each stimulus on a scale with four anchors: 

“barely perceptible”, “unpleasant”, “very unpleasant”, and “really painful”. We emphasized 

natural diversity in stimulus perception and encouraged honest responses. Calibration 

concluded with the participant reaching a very unpleasant, yet not painful intensity (5-6 out of 

10; M = 5.33, SD = 0.58). This level was maintained for the duration of the experiment. To 

avoid startle responses and movement, participants were familiarized with the intermittent 

pattern of the electric stimuli. In contrast to distinct single stimuli, the relatively high-frequency 

stimulation represented a more continuous stress phase. 

In an event-related fMRI design, adapted from a behavioural experiment (empirical 

study 1), participants underwent four runs, each comprising 12 controllable stress (CON) trials, 

12 uncontrollable stress (UNCON) trials, and 6 baseline trials without aversive stimulation 

(Figure 1). For each run, we created a pseudorandomized trial sequence using optseq2 

(Dale, 1999; http://surfer.nmr.mgh.harvard.edu/optseq/) to consider slow changes in 

haemodynamic responses. Optseq2 effectively decorrelates regressors by shifting the inter-trial 

interval (ITI). In each trial, participants first saw a symbol indicating the trial type (! for CON, 

? for UNCON, and a dot for baseline trials; 1500 ms) before a fixation cross appeared and 

aversive stimulation set in. Participants received intermittent electric stimuli for 4000 ms 

before a cue (circle, square, or triangle; distributed equally within condition and run) prompted 

them to press a corresponding button (index, middle, or ring finger of the right hand) to 

terminate the stimulation. Button presses were registered on a Current Designs response pad 

with four buttons of which participants were instructed to use only three. A feedback phase 

(3000 ms) followed, then a variable ITI (1000-6000 ms; M = 2000 ms, SD = 1280). In CON 
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trials, correct responses given within 1000 ms immediately terminated electric stimuli with a 

happy smiley appearing on-screen. Responses that were incorrect or too slow led to continued 

stimulation throughout the feedback phase in which a sad smiley was displayed. In UNCON 

trials, positive feedback (i.e., termination of electric stimuli) was randomly given in 50% of 

trials, irrespective of the participant’s response. Baseline trials corresponded to CON trials 

excluding the aversive stimuli. Before the first run, participants completed a 12-trial stress-free 

training phase in which they learned the correct cue-button assignment (counterbalanced across 

participants), showing at least 80% correct performance. They were told that, in CON trials, 

stressor termination directly depended upon their response, whereas, in UNCON trials, it was 

up to chance. Nonetheless, we explicitly instructed participants to respond as quickly and 

correctly as possible in all trials. 
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Figure 1  

Stress induction paradigm 

  
Note. In controllable stress trials, participants’ response to a cue was instrumental for 
stressor termination. In uncontrollable stress trials, aversive stimulation was 
terminated randomly in 50% of trials, irrespective of participants’ response. Trials 
without stress served as baseline. 
 

At the end of each run, participants indicated how stressed they had felt in each 

condition and – only for CON and UNCON – how much control over the stressor they had 

perceived and how helpless they had felt. Additionally, following the eighth CON and UNCON 

trial of each run, they rated stressor aversiveness. A scale from 0 (not at all) to 100 (very) in 

increments of 5 was used. 

Given our manipulation, participants should have received on average more electric 

stimuli in UNCON (50% negative feedback) compared to CON trials (potentially 0% negative 

feedback). However, to ensure equal exposure, we extended the stress-phase prior to the cue in 

CON trials using a trial-by-trial approach. Specifically, correct responses in CON trials were 

tracked and the corresponding time required to match negative feedback in UNCON trials 



4.2.3 Methods 

 70 

(6 x 3000 s in each run) was divided up and added to subsequent CON trials in a systematic 

fashion so as to make it barely noticeable. Other studies have followed a similar approach 

(Diener et al., 2009). Immediately after they had left the scanner, we asked participants if they 

had noticed any differences in the total number of electric stimuli between conditions. 

This experiment was programmed in Python 2.7 (Van Rossum & Drake, 2010), using 

mainly the PsychoPy package (Peirce et al., 2019). 

 

FMRI data acquisition and preprocessing 

Structural and fMRI data were acquired using a 3T Siemens Trio Scanner with a 32-

channel head coil.  First, T2*-weighted echo-planar images were obtained with a multiband 

sequence (axials co-planar with anterior-posterior commissure, 4 runs with 480 volumes and 

60 slices per volume each, slice thickness = 2.5 mm, distance factor = 0%, FOV = 210 mm, 

voxel size = 2.5 mm isotropic, TR = 1000 ms, TE = 29 ms, flip angle = 56°, multiband 

acceleration factor = 4). Structural scans were acquired using a high-resolution T1-weighted 

magnetization-prepared rapid-acquisition gradient echo (MPRAGE) sequence (sagittal 

orientation, slice thickness = 0.8 mm, distance factor = 50%, FOV = 260 mm, voxel 

size = 0.8 mm isotropic, TR = 1900 ms, TE = 2.54 ms, flip angle = 9°). We applied 

generalized autocalibrating partially parallel acquisitions (GRAPPA) with an acceleration 

factor of 2 for parallel imaging. T1 origin was subsequently reoriented to the anterior 

commissure to improve normalization during preprocessing. Data were preprocessed and 

analysed using Statistical Parametric Mapping (SPM12; The Wellcome Centre for Human 

Neuroimaging, London, UK; https://www.fil.ion.ucl.ac.uk/spm/software/spm12) running on 

MATLAB R2017b (The MathWorks Inc., Natick MA, USA; 

https://www.mathworks.com/products/matlab.html). To allow for signal equilibration, the first 

four volumes of each functional scan were discarded as dummy volumes. Images were 

realigned to the mean functional image using a 6-parameter rigid body transformation, then 

coregistered to the individual structural scan, normalized to Montreal Neurological Institute 

(MNI) space with resampling to 3 mm isotropic voxel size, and finally spatially smoothed with 

a Gaussian kernel of 6 mm full-width at half-maximum. Successful coregistration and 

normalization were verified through visual inspection. 
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Analysis approach 

Behavioural data were processed and analysed in R (version 3.6.2; R Core Team, 2019). 

First, we checked for outliers and excluded runs with extreme values (above the third quartile 

plus three times the IQR or below the first quartile minus three times the IQR; Kassambara et 

al., 2020). The few instances where we excluded data are described in the respective results 

sections. Next, we constructed linear mixed-effects models (LMEMs; Brauer & Curtin, 2018) 

based on the tutorial referenced in Singmann & Kellen (2019), using the afex package 

(Singmann et al., 2020). To confirm that stressor aversiveness and perceived control did not 

differ between conditions or over runs, we set up models with condition and run as fixed effects, 

including an interaction term. Given that condition and run were nested within participants, we 

incorporated by-participant random intercepts, random slopes for condition and run, and an 

interaction term to capture random variation. Models testing for condition-dependent 

differences in outcome measurements (stress and helplessness ratings, RTs, correct responses, 

BPM) comprised the same random effects. However, only condition was included as a fixed 

effect because we were not focused on time-dependent changes. For RTs and correct responses 

trial-by-trial data could be used. Hence, the latter was analysed using a generalized LMEM, 

appropriate for binary dependent variables (i.e., correct/incorrect). We began by fitting each 

model with the maximal random effects structure in order to minimize Type I error (Barr et al., 

2013). We applied the “bobyqa” optimizer and set the number of model iterations to 10,000. If 

a model failed to converge or represented a singular fit, we pruned the random effects structure 

until the model converged without warnings. More precisely, we first removed correlations 

between random intercepts and random slopes, then random slopes themselves. All final 

models included participant-level random intercepts (see the supplement for details on final 

models). We verified that effects held across the maximal and reduced model. For post-hoc 

comparisons, we used the emmeans package (Lenth, 2020) and employed Holm-Bonferroni 

correction. Additionally, we applied Bonferroni correction to account for multiple dependent 

variables in our investigation of controllability-related effects. Only corrected significance 

levels are reported. We describe model details as suggested by Meteyard and Davies (2020) 

and state denominator degrees of freedom with decimals as recommended by Brauer & Curtin 

(2018). 

With regard to the fMRI data, we followed SPM’s two-level general linear modelling 

approach to investigate effects of stress and controllability, focusing on the indicator 

(anticipation-phase) and subsequent fixation phase. We decided to disregard the feedback 

phase because the procedure employed to match stress durations across CON and UNCON 
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trials resulted in slightly different trial structures making the feedback phase potentially less 

comparable. The first-level model comprised six regressors: indicator (CON, UNCON, 

baseline) and fixation (CON, UNCON, baseline), each modelled using the onset and length of 

the event (1500 ms and 4000 ms, respectively) convolved with the haemodynamic response 

function. Additionally, six parameters were included as nuisance regressors to account for any 

variance associated with motion (the Supplemental Figure S1 visualizes the model design 

matrix). The high pass filter cut-off period was set to 128 s Two contrasts were computed at 

the participant level, each for indicator and fixation: stress (CON + UNCON) versus baseline 

and CON versus UNCON. We also examined the inverse contrasts. The resulting beta images 

were then subjected to a second-level flexible factorial model comprising condition and the 

individual participant factor. Main effects of stress were assessed at the whole-brain level. 

Family-wise error (FWE) correction was performed for voxel-level inference at a threshold of 

alpha = 0.01 and a cluster-extent threshold of 10 voxels. Controllability effects were 

investigated in the same manner, however, for the fixation phase, we restricted analyses to our 

a priori defined regions of interest (ROIs) – the vmPFC and the bilateral amygdala 

(SVC = small volume correction). The vmPFC mask was taken from Bhanji et al. 

(Supplement 1 from Delgado et al., 2016) and the left and right amygdala mask was created 

based on the Harvard-Oxford brain atlas (Desikan et al., 2006), including only voxels with at 

least a 25% tissue probability. For the ROI analysis, FWE-correction was performed for voxel-

level inference using a threshold alpha = 0.05. Peak voxel locations were labelled using the 

automated anatomical labelling toolbox (AAL3; Rolls et al., 2020). 

In light of the animal research findings on controllability-dependent connections 

between the vmPFC, DRN and its output-regions (e.g., amygdala), we also examined 

differences in vmPFC connectivity under CON versus UNCON (see Supplement 13 for 

details).  

Finally, we extracted parameter estimates from the vmPFC region more activated under 

CON compared to UNCON. Specifically, we output beta weights for CON and UNCON 

regressors for each participant and each run. Firstly, this served to more thoroughly address 

what might be driving the observed effect, i.e., differences in activation or deactivation or 

possibly a mixture of both. Secondly, it enabled us to examine links between vmPFC activation 

and ratings (stress and helplessness) for each condition separately. To this end, mean centered 

beta weights and an interaction term of beta weight and condition were added as fixed effects 

to the previously constructed LMEMs investigating stress and helplessness ratings. 
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4.2.4 Results 

Manipulation check 

 First, we compared average stress durations between CON and UNCON conditions. A 

t-test indicated imperfect yoking: participants had experienced on average slightly longer stress 

phases in CON compared to UNCON trials (t(44) = 6.33, p < .0001, d = 1, CON-UNCON 

stress duration difference: M = 1.73 s, SD = 1.83). Two participants reported receiving more 

electric stimuli in CON compared to UNCON trials, effectively noticing this imbalance. They 

were thus excluded from analysis. To account for the mismatch and its varying magnitude 

between participants, we included random slopes for the CON-UNCON stress duration 

difference in subsequent LMEMs. All results remained unchanged. We assessed stressor 

aversiveness ratings (Figure 2a) and observed no differences between conditions, participants 

generally rated the electric stimuli as aversive (global M = 63.75; F(1, 264.15) = 2.16, 

p = .143). There was a small decrease in ratings over runs, indicating slight habituation to the 

stressor (F(1, 44.12) = 11.66, p = .001). No interaction of condition x run was indicated 

(F(1, 264.15) = 0.53, p = .469). In line with our manipulation, participants perceived 

significantly more control in CON compared to UNCON trials (F(1, 44.24) = 104.04, 

p < .0001). These differences became more pronounced over runs with ratings increasing for 

CON, but decreasing for UNCON (F(1, 217.75) = 6.08, p = .014; Figure 2b). Detailed model 

results can be found in the supplemental material (Supplemental Tables S1 and S2). 

 
Figure 2  

Manipulation checks 

 
Note. (a) across conditions, participants rated the stressor as very aversive with only slight 
habituation over runs. (b) They reported perceiving significantly more control for controllable 
stress (CON) trials compared to uncontrollable stress (UNCON) trials. This effect became 
slightly more pronounced over runs. Error bars denote within-subject standard errors.  
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Ratings, RT, accuracy, and heart rate  

Participants’ stress ratings were significantly higher for stress compared to baseline 

trials (F(2,44.12) = 36.41, p < .0001; CON vs. baseline and UNCON vs. baseline: p < .0001), 

however, there was no difference between CON and UNCON (p = .423; Figure 3a). As 

expected, helplessness ratings were lower for CON compared to UNCON (F(1, 40.65) = 34.03, 

p = .001; Figure 3b). For the analysis of RTs, one run from one participant was excluded as an 

outlier due to extremely short RTs. Participants responded faster in CON compared to both 

UNCON and baseline trials (F(2, 4743.88) = 84.02, p < .0001; CON vs. UNCON: p = .001 and 

CON vs. baseline: p < .0001). RTs were slightly shorter under UNCON compared to baseline 

(p = .014; Figure 3c). Concerning correct responses, data from one participant and one run each 

from four other participants were excluded from analysis because they demonstrated extremely 

low performance. In general, participants showed high accuracy (M = 0.87, SD = 0.14), but 

differences across conditions emerged (X2 = 27.96, df = 2, p < .0001; Figure 3d). Performance 

was significantly better under stress compared to baseline (CON vs. baseline: p < .0001; 

UNCON vs. baseline: p = .007). Accuracy was slightly higher in CON compared to UNCON 

trials (p = .035). In terms of heart rate, data from one participant and one run each from two 

other participants were excluded from analysis because their BPM represented extreme 

deviations from the sample mean, probably reflecting recording equipment issues. Participant’s 

heart rate differed across conditions (F(2, 375.83) = 7.01, p = .001; Figure 3e). It was 

significantly higher under CON compared to baseline (p = .001), though differences in absolute 

values were small. No differences in BPM were observed between CON and UNCON or 

UNCON and baseline (both contrasts: p = .580). The supplemental material contains detailed 

model results (Supplemental Tables S3-S7). 
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Figure 3  

Ratings, RT, accuracy, and heart rate 

 
Note. (a) subjectively rated stress levels were higher for stress trials compared to baseline. (b) 
Participants reported feeling less helpless under controllable stress (CON) compared to 
uncontrollable stress (UNCON). (c) Reaction times were fastest in controllable trials, followed 
by uncontrollable trials, then baseline. (d) accuracy was generally highest in controllable trials, 
followed by uncontrollable trials, then baseline. (e) Heart rates were higher under controllable 
stress compared to baseline, but no differences emerged between controllable and 
uncontrollable trials. Error bars denote within-subject standard errors. 

 

Neuroimaging results 

To examine effects of stress during anticipation and fixation, we contrasted stress 

(CON+UNCON) and baseline trials. During fixation we observed increased activation in e.g., 

the anterior and posterior insula (peak voxel: -32 24 8, Z > 8, pFWE_ROI < .001, 2313 voxels and 

-34 -20 16, Z > 8, pFWE_ROI < .001, 362 voxels, respectively; Figure 4a), the left postcentral 

gyrus, and the supplementary motor area (SMA; Figure 4b; see Table 1 for all clusters). Areas 

less activated under stress compared to baseline included the right paracentral lobule 

(Figure 4c), the right postcentral gyrus, the right inferior occipital gyrus, the left fusiform gyrus 

(Figure 4d), and the hippocampus among others (Table 1). During anticipation, similar clusters 

of significant BOLD response changes emerged (Supplemental Table S9). 
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Table 1  

Brain activations associated with stress during fixation 

Region MNI coordinates Z pFWE # voxels 

Stress > Baseline               

Insula L -34 -20 16 > 8 < .001 2313 

    -32 24 8 > 8 < .001 362 

  R 36 -16 14 > 8 < .001 169 

Postcentral gyrus L -18 -42 70 > 8 < .001 231 

Supramarginal gyrus R 48 -28 26 > 8 < .001 570 

Rolandic Operandum R 54 2 6 > 8 < .001 1258 

Supplementary motor 

area L -6 -12 70 > 8 < .001 457 

Lobule IV, V of Vermis   0 -54 -2 > 8 < .001 114 

Middle cingulate gyrus L -8 -4 40 7.29 < .001 415 

Cerebellum R 20 -32 -24 6.94 < .001 21 

Precentral gyrus L -46 -2 56 5.93 < .001 25 

Baseline > Stress               

Paracentral lobule R 8 -34 70 > 8 < .001 3766 

Inferior occipital gyrus R 38 -66 -10 > 8 < .001 4912 

Fusiform gyrus L -22 -84 -8 > 8 < .001 1907 

  L -40 -50 -18 5.96 < .001 49 
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Postcentral gyrus L -50 -20 56 > 8 < .001 1858 

Superior parietal gyrus L -20 -58 62 6.48 < .001 86 

 L  -22 -80 48 5.92 < .001 39 

temporal pole: superior 

temporal gyrus R 40 18 -28 6.35 < .001 85 

Superior temporal gyrus R  64 -22 6 5.69 < .001 10 

Superior frontal gyrus, 

medial R 6 62 0 5.98 < .001 50 

 
R 12 60 28 5.68 < .001 23 

Superior temporal gyrus R 58 -2 -6 5.94 < .001 52 

Hippocampus R 30 -12 -18 5.89 < .001 41 

  L -30 -8 -20 5.88 < .001 20 

Angular gyrus L -46 -70 28 5.84 < .001 71 

Lingual gyrus L -14 -64 -4 5.78 < .001 23 

Middle occipital gyrus L -26 -84 38 5.50 < .001 15 

Precuneus L -8 -60 62 5.40 < .001 10 

Only maxima of clusters significant at pFWE < .01, whole-brain corrected with a cluster-

defining threshold of p = .001 and at least 10 voxels are reported; smoothness of 

FWHM = 9.0 x 8.9 x 8.8 mm, volume of 1885.4 resels. L = left; R = right; MNI = Montreal 

Neurological Institute. 
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Figure 4  

Stress effects 

 
Note. The differential contrast Stress > Baseline revealed activation in e.g., (a) the bilateral 
insula, (b) the supplementary motor area and premotor cortex. The inverse contrast 
(Baseline > Stress) yielded significant clusters in e.g., (c) the paracentral lobule, (d) fusiform 
and parahippocampal gyrus. Thresholded T-maps overlaid with the MNI 152 template. 

 

 To investigate effects of controllability during fixation, we contrasted CON trials with 

UNCON trials and restricted our analyses to our ROIs, the vmPFC and the amygdala. The 

CON > UNCON contrast yielded a significant cluster in the left vmPFC with two local maxima 

(peak voxel: -6 36 -8, Z = 4.78, pFWE_ROI = .004 and -12 44 -6, Z = 4.68, pFWE_ROI = .007, 

respectively, 169 voxels; Figure 5a; Figure 6a). No significant clusters emerged in the bilateral 

amygdala. An additional exploratory whole-brain analysis revealed no sizeable suprathreshold 

clusters. The inverse contrast indicated less activation of stress-activated areas, i.e., the insula 

(Figure 5b), as well as the cingulate gyrus, hippocampus, fusiform gyrus, motor and visual 

cortices under CON compared to UNCON (Table 2). A ROI analysis restricted to the bilateral 

amygdala also revealed a significant cluster with two local maxima in the right amygdala (peak 

voxel: 26 -2 -18, Z = 3.69, pFWE_ROI = .014 and 28 2 -20, Z = 3.56, pFWE_ROI = .021, 

respectively, 15 voxels) and a smaller cluster in the left amygdala (peak voxel: -24 -4 -14, 

Z = 3.25, pFWE_ROI = .048, 1 voxel). These results remained unchanged after we included the 

stress duration as a covariate at the second level. 

  



4.2.4 Results 

 79 

Table 2  

Brain activations related to stressor controllability during fixation 

Region MNI coordinates Z pFWE # voxels 

CON > UNCON               

no suprathreshold clusters ≥ 10 voxels 

UNCON > CON               

Cuneus R 18 -98 10 >8 <0.001 10202 

Inferior frontal gyrus 

pars triangularis R 52 28 26 >8 <0.001 4741 

  L -56 20 26 >8 <0.001 1154 

pars orbitalis L -48 46 -8 7.24 <0.001 155 

Superior frontal gyrus 

medial L 4 40 42 >8 <0.001 1821 

medial orbital R 14 60 -8 7.03 <0.001 65 

Inferior parietal gyrus R 42 -52 46 >8 <0.001 2090 

  L -42 -50 46 7.84 <0.001 797 

Precuneus R 10 -64 40 7.50 <0.001 695 

Middle cingulate gyrus R 2 -22 34 7.13 <0.001 176 

Insula L -30 18 -12 7.79 <0.001 278 

 L -40 -4 10 5.45 <0.001 15 

Thalamus lateral 

geniculate R 22 -28 -2 6.94 <0.001 52 
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 L -20 -28 -2 6.59 <0.001 28 

Middle temporal gyrus L -50 -28 -6 6.90 <0.001 64 

Postcentral gyrus L -58 -20 22 6.64 <0.001 103 

Supramarginal gyrus L -62 -48 26 6.57 <0.001 188 

Lingual gyrus L -8 -68 6 6.34 <0.001 265 

Middle temporal gyrus L -56 -58 12 6.33 <0.001 61 

  -60 -42 -12 5.96 <0.001 12 

Crus 1 of cerebellar 

hemisphere R 12 -78 -30 5.91 <0.001 35 

Only maxima of clusters significant at pFWE < .01, whole-brain corrected with a cluster-

defining threshold of p = .001 and at least 10 voxels are reported; smoothness of 

FWHM = 9.0 x 8.9 x 8.8 mm, volume of 1885.4 resels. CON = controllable stress; 

UNCON = uncontrollable stress; L = left; R = right; MNI = Montreal Neurological Institute. 

 

Figure 5  

Stressor controllability effects 

 
Note. Region of interest analysis contrasting controllable stress (CON) and uncontrollable 
stress (UNCON) trials revealed activation in (a) the vmPFC. The inverse contrast 
(UNCON > CON) demonstrated decreased activation in stress-responsive areas, e.g., (b) 
insula. Thresholded T-maps overlaid with the MNI 152 template 
 

 During anticipation, for CON > UNCON, significant clusters emerged in the inferior 

frontal, middle temporal, and middle frontal gyrus (Supplemental Table S10). Regions that 

were less activated under anticipation of control compared to lack of control included the 

inferior occipital and lingual gyrus as well as a vmPFC area overlapping with the cluster that 
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had emerged from the CON > UNCON contrast during fixation. The analysis of vmPFC 

connectivity yielded no suprathreshold clusters, neither at the whole-brain level nor when 

restricting the analysis to the cluster in the right or left amygdala that had emerged in the GLM 

analysis for the UNCON>CON contrast. 

 Parameter estimates extracted from the vmPFC cluster reflected a general deactivation 

of this region under acute stress, which was further supported by an additional ROI analysis 

comparing neural activation at baseline vs stress during fixation (Supplemental Table S11). 

Interestingly, the vmPFC parameter estimates were differentially associated with helplessness 

ratings for UNCON and CON, as evidenced by a significant condition x beta weight interaction 

(F(1, 296.20) = 7.89, p = .005; CON vs. UNCON slopes: p = .005; Figure 6b; model details in 

Supplemental Table S8). Specifically, higher beta weights were associated with lower 

helplessness ratings for UNCON, whereas no such modulation was observed under CON. No 

interaction effect emerged for stress ratings (F(2, 387.48) = 1.97, p = .14). 

 

Figure 6  

Analysis of parameter estimates  

 
Note. (a) Parameter estimates for baseline (BASE), controllable stress (CON) and 
uncontrollable stress (UNCON) extracted from the vmPFC cluster. Error bars denote within-
subject standard errors. (b) VmPFC activation modulates helplessness ratings for UNCON, but 
not CON. One data point per participant and run in each condition (as used for mixed-effects 
modelling). 
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4.2.5 Discussion 

The present study used a translational experimental design drawing upon animal 

research on LH in order to investigate the differential effects of stressor controllability 

(controllable vs. uncontrollable stress) on neural activation patterns, subjective ratings of stress 

and feelings of helplessness, RT and task performance as well as heart rate. In line with our 

hypotheses, we observed more vmPFC recruitment and lower helplessness ratings under 

controllable compared to uncontrollable stress. Both conditions were rated similarly stressful 

compared to baseline, however, contrary to our hypothesis, no differences between controllable 

and uncontrollable stress emerged. We also noted differences in RTs and performance that 

were not anticipated. Specifically, participants responded faster and more accurately under 

stress compared to baseline. The finding that RTs were shortest and accuracy highest under 

controllable compared to uncontrollable stress was, however, in line with our hypotheses. In 

terms of heart rate, we had expected more BPM under stress compared to baseline, and an even 

more elevated heart rate under uncontrollable than controllable stress. Contrary to our 

hypothesis, we recorded more BPM under controllable stress compared to baseline and 

observed no other significant contrasts. In the following, we will first discuss the behavioural 

and heart rate results and then the neuroimaging results in more detail. 

 

Behavioural and heart rate results 

 As anticipated, ratings indicated greater perceived control for controllable compared to 

uncontrollable stress, which confirms that our experimental manipulation aligned with 

participants’ subjective experience. This might seem trivial as the objective controllability was 

explicitly signalled at the beginning of each trial. However, we still observed inter-individual 

variation in subjectively rated controllability, suggesting that – as in previous between-group 

designs (empirical study 1; Wanke & Schwabe, 2019) – objective and subjectively experienced 

controllability does not match in each individual for every trial. Furthermore, ratings of 

perceived control for controllable trials were generally not at ceiling, likely reflecting the fact 

that participants had to endure a certain amount of stress even in these trials. This was a 

necessary constraint to allow the investigation of direct effects of stressor controllability under 

acute stress. Feelings of helplessness were correspondingly higher for uncontrollable compared 

to controllable stress, replicating effects from our earlier studies (see empirical study 1). Since 

LH is commonly discussed as a model for depression (Pryce et al., 2011; Maier & Seligmann, 

2016), the evident modulation of helplessness by controllability bears significant potential for 

clinical intervention. 
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Participants reported feeling more stressed in trials with aversive stimulation, but they showed 

concurrently faster RTs and greater task accuracy compared to baseline. Whereas the ratings 

are partly in line with our hypotheses and reflect successful stress induction, we had expected 

stress-related RT and performance decrements. However, given the stressfulness of the 

aversive stimulation, the results can easily be explained by the motivation to terminate the 

stressor. Baseline trials offered no such pressing need for correct responses. Previous research 

has shown some beneficial effects of stress on concentration (Degroote et al., 2020) and 

performance (Beste et al., 2013; Travis et al., 2020), particularly under low task demands (Kim 

et al., 2017). Indeed, our task was quite simple, as confirmed by the generally high rate of 

correct responses. Control over the stressor evidently served as further encouragement to 

perform well. As expected, participants responded more quickly and accurately when their 

response was instrumental in terminating the stressor than when aversive stimulation was 

uncontrollable. Surprisingly, performance was better under uncontrollable stress than in the 

baseline condition. This was unexpected because participants knew that their responses had no 

consequence in uncontrollable trials. However, since accurate and fast responses were equally 

inconsequential in baseline trials (where no stressor was applied), two explanations might be 

considered for these findings. First, participants may just have complied with the instruction to 

respond as quickly and accurately as possible in all conditions and, second, they may have 

harboured hope that their responses might show some effect after all, especially when subjected 

to uncontrollable stress.  

Contrary to our hypothesis and in spite of the apparent effectiveness of our 

manipulation, no robust differences in heart rate emerged. Recordings showed only slightly 

higher heart rate under controllable stress compared to baseline. Yet, a large body of research 

has described elevated heart rates under acute stress (Hellhammer & Schubert, 2012; Orem et 

al., 2019; Sandner et al., 2020). Since we employed an event-related design with relatively 

short trials, this setup may have prevented a full return to baseline heart rate levels between 

conditions. Hence, contrasts may have been confounded by carry-over effects and should be 

interpreted with caution. Possibly, the analysis of heart rate variability – an increasingly 

popular stress marker (Thayer et al., 2012) – could offer more fine-grained results, but this 

generally requires electrocardiogram recordings (Schäfer & Vagedes, 2013). Furthermore, 

guidelines advocate durations of at least five minutes for short-term assessments (Malik et al., 

1996). Unfortunately, this suggests that our data do not yield a reliable assessment of 

differences in heart rate, however, this was not our main focus. Instead, our main objective was 

to unravel neurobiological differences underlying stressor controllability. 
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Neuroimaging results  

In line with our hypotheses, results demonstrate stressor-induced activation in brain 

regions commonly implicated in the stress response, e.g., the insula (Sandner et al., 2020; van 

Oort et al., 2017). Research indicates functionally diverse roles of the anterior and posterior 

insula, ascribing roles in affective- and pain processing, respectively (Singer et al., 2004). For 

instance, paradigms employing negative feedback to induce stress have reported corresponding 

activations in the anterior insula in particular (Sandner et al., 2020). Following the principles 

of translational research, we employed a physical stressor akin to animal paradigms. However, 

we found both posterior and anterior parts of the insular cortex to be activated in response to 

this stressor. In general, human stress research spans many different types of stressors, e.g., 

electric stimuli (Hartley et al., 2014), thermal stimulation (Bräscher et al., 2016), loud sounds 

(Henderson et al., 2012), video clips of snakes (Kerr et al., 2012), and unsolvable reasoning 

tasks (Bauer et al., 2003). Furthermore, research has shown stress-related deactivations of 

frontal areas (Arnsten, 2015) and the limbic system (Pruessner et al., 2008). Our finding that 

the hippocampus was less activated under stress compared to baseline is consistent with this 

literature. 

 Critically, we observed the expected controllability-dependent differences in vmPFC 

activation. More precisely, vmPFC recruitment under stress was greater when participants 

knew they could end the aversive stimulation compared to when there was no contingency 

between their response and stressor termination. As stress was shown to suppress cortical 

regions involved in higher-order cognition, i.e., the vmPFC (Arnsten, 2015), the analysis of 

parameter estimates extracted from the vmPFC helped clarify what was driving the significant 

contrast. The vmPFC was in fact deactivated both during controllable and uncontrollable stress, 

but considerably more so in the latter condition. Hence, we observed a controllability-

dependent difference in the magnitude of deactivation rather than activation. This finding lends 

further support to the notion that uncontrollable stress in particular presents a powerful switch 

which effectively shuts down the PFC (Datta & Arnsten, 2019). Instrumental control, on the 

other hand, is deemed a protective factor that attenuates stress effects (Henderson et al., 2012; 

Hartley et al., 2014; Maier & Seligman, 2016). In line with this, control was associated with 

decreased activation of the amygdala as well as deactivation of the insula, postcentral and 

middle cingulate gyrus – regions responsive to stress as identified in our analysis. Many of 

these areas have previously been found to be modulated by stressor controllability. Indeed, 

Wang and Delgado (2021) observed lower amygdala activation under exposure to controllable 

aversive tones compared to uncontrollable tones and reported cluster coordinates comparable 
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to ours. Similarly, another very recent study noted decreased activation in the insula and other 

threat-related areas under controllable aversive electric shocks (Limbachia et al., 2021).  

 Contrary to our hypothesis, we observed no differences in vmPFC connectivity between 

controllable and uncontrollable stress. The overall down-regulatory effect that stress exerts on 

the vmPFC may well have prevented putative differences from reaching suprathreshold levels. 

In fact, studies that have found the expected condition-dependent connectivity patterns in 

humans have largely focused on anticipatory responses rather than investigating BOLD 

signalling under acute stress (Kerr et al., 2012; Wanke & Schwabe, 2020). Because the fixation 

phase in our design captures participants’ neural responses just before they were prompted to 

terminate the stressor, it effectively also constitutes an anticipatory phase, albeit under acute 

stress. Interestingly, during the presentation of the indicator (i.e., anticipation without stress), 

participants showed more activation in the vmPFC when an uncontrollable trial was signalled, 

but under stress they subsequently displayed enhanced vmPFC recruitment when they knew 

they could terminate the stressor. Although the former finding replicates results by Wanke & 

Schwabe (2020), the apparent reversal in vmPFC recruitment induced by aversive stimulation 

encourages further research into timing-dependent effects.  

 Taken together, our results are consistent with animal research in which the vmPFC 

was shown to downregulate the stress response upon detecting control (Maier & Seligman, 

2016). If the neural mechanisms by which controllability modulates our reaction to and 

appraisal of stressful events are parallel to those found in animals, translational research may 

offer great promise for the treatment of stress-related mental dysfunction. Animal research has 

already begun to test pharmacological interventions aimed at enhancing vmPFC activation to 

ameliorate stress effects. Although these studies can boast considerable successes (Amat et al., 

2016), it seems important to consider and pursue further non-pharmacological treatment routes. 

Alongside behavioural interventions, advances in neuroimaging are starting to open up 

opportunities for non-pharmacological clinical interventions, such as neurofeedback. In a 

recent study, Keynan et al. (2019) employed simultaneous EEG-fMRI to individually identify 

signals from the amygdala in military personnel. Using only EEG, they subsequently targeted 

this so-called amygdala electrical fingerprint in neurofeedback sessions and trained participants 

to deliberately downregulate activation. Although further validation may be required, a similar 

approach can be envisaged in clinical contexts. A recent finding showing that vmPFC 

activation varies with subjective stress ratings (Orem et al., 2019) supports this idea. In this 

study, we did not observe a relationship between vmPFC recruitment and stress ratings. 

However, we could show that increased vmPFC recruitment was associated with reduced 
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feelings of helplessness under lack of control. Since helplessness has been heavily implicated 

in the aetiology of depression (Pryce et al. 2011), this finding represents a critical contribution 

to the literature. Perhaps, modulations of vmPFC activation might be particularly beneficial in 

uncontrollable contexts. VmPFC recruitment was already shown to be predictive of recovered 

active avoidance behaviour following passivity induced by uncontrollable stress (Wang & 

Delgado, 2021). Future research should further investigate the link between vmPFC activation 

and coping behaviours. 

 In general, interventions must be directed not only at modulating stress responses on 

the neurophysiological level, but also in terms of subjective experience. After all, the self-

report necessarily describes the symptoms most relevant to the patient and can readily be 

assessed by clinicians. Moreover, research has highlighted the importance of subjectively 

perceived controllability over objectively given control. Wanke and Schwabe (2019) found 

impaired working memory processes to be associated specifically with perceived lack of 

control over an aversive stimulus rather than objective control or even stress per se. Similarly, 

Hancock & Bryant (2018a, 2018b) reported links between controllability expectations and 

stress-avoidance, especially in patients with posttraumatic stress disorder (PTSD). 

 

Limitations and future directions 

 The present study has some limitations that must be considered when interpreting the 

results.  

First, the within-subject nature of the design led us to explicitly indicate the different 

trial types and instruct participants as to the correct responses. This helped participants 

capitalize on the opportunity to terminate the stressor in controllable trials, in line with our 

intended manipulation. Hence, we were able to clearly differentiate controllable and 

uncontrollable stress trials from the start of the experiment, but at a cost to our translational 

efforts. In the original animal experiments, the subjects are required to figure out by themselves 

how to terminate aversive stimulation. Furthermore, as discussed in the introduction, the 

experience of control over a stressor may affect responses to subsequent uncontrollable events 

– and vice versa (Maier & Seligman, 2016). Moreover, any within-subject design is potentially 

vulnerable to carry-over effects. To prevent such problems, we set up a trial sequence 

optimized for detecting condition-dependent differences in BOLD signal. The explicitly 

indicated constant change in trial type also precluded the establishment of an enduring sense 

of control or feeling of helplessness. In fact, the ratings of perceived control for controllable 

and uncontrollable trials became more differentiated over time (Figure 2b) and parameter 
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estimates extracted from the vmPFC likewise showed no evidence of overlapping 

controllability effects (Figure 6a). After all, we were not interested in controllability-dependent 

effects on measurements following stress exposure, but rather examined the immediate effects 

of stressor controllability. For this reason, we also refrained from measuring cortisol – an 

indicator of the stress response characterized by a rather slow activation profile. Ratings, RTs, 

and task performance should not have been significantly influenced by the event-related 

experiment structure, but differences in heart rate may have been clearer in a block design. 

However, our main focus was on detecting differences in neural activation depending on 

stressor controllability. Expecting stronger contrasts, we deliberately chose the within-subject 

design because the same participant could experience all conditions. Furthermore, we 

anticipated that the variation across trials would increase motivation and compliance. In 

addition, the smaller sample size required allowed more rapid testing and restricted the number 

of participants that had to undergo this rather uncomfortable experience. 

Second, our experimental manipulation of control resulted in imperfect yoking of stress 

durations. Specifically, participants suffered slightly longer aversive stimulation in the 

controllable compared to the uncontrollable condition. Nevertheless, most participants noticed 

no difference or even reported receiving more electric stimuli in the uncontrollable condition. 

To account for the mismatch, we included the CON-UNCON stress duration difference in our 

LMEMs and re-ran relevant fMRI analyses, adding it as a covariate at the second level. If our 

manipulation is to be used in future studies, this slight imbalance demands improvements to 

our yoking algorithm. Still, it does not diminish the validity of our results. Rather, the fact that 

the vmPFC was less deactivated in controllable trials, even though stress phases were, on 

average, slightly longer than in uncontrollable trials, highlights the robustness of the reported 

condition-dependent neural activation patterns.  

Third, the lack of a jittered time interval between indicator and fixation in our design 

precludes a clean differentiation of these two phases in terms of BOLD signal. However, results 

point to marked differences between phases. In response to the indicator announcing 

uncontrollable rather than controllable stress, the vmPFC was more activated. In contrast, under 

acute stress, vmPFC recruitment was greater for controllable compared to uncontrollable trials.  

Fourth, this study investigated a rather homogeneous sample of healthy, well-educated 

young participants and results may not be generalized to the whole population. Follow-up 

investigations focusing on inter-individual differences could further validate controllability-

dependent neural processing as a critical mechanism in human stress processing. For instance, 
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the assessment of participants stratified for resilient outcome (Chmitorz et al., 2020b) could 

provide important insights to fostering mental health. 

 

Conclusion 

 This study provides further evidence that controllability in anticipation of as well as 

under acute stress is associated with distinct neural processes. Results largely corroborate 

animal findings in a human sample: we showed that the vmPFC was particularly involved in 

instrumental control and that its activation under stress was associated with a more favourable 

response. Specifically, our results indicate that vmPFC recruitment under uncontrollable stress 

attenuated feelings of helplessness. These findings encourage further research into targeted 

interventions that can promote mental health and resilience in the face of stress. 
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4.2.6 Supplement 

 

Table S1  

Stressor aversiveness ratings – model details 

Fixed Effects 

Predictor Estimate SE 95% CI t p 

Intercept 63.84 2.19 59.55 – 68.12 29.19 < .001 

Condition -0.44 0.30 -1.02 – 0.15 -1.470 .143 

Run -3.71 1.09 -5.84 – -1.58 -3.414 .001 

Condition x Run -0.22 0.30 -0.80 – -0.37 -0.725 .469 

Random Effects 

 Variance SD Correlation 

Participant      (Intercept) 211.18 14.53  

Run (Slope) 49.01 7.00 0.42 

Model Fit 

Marginal R2/Conditional R2: 0.046/0.898 

Note. Model equation: aversiveness ~ condition * run + (1 + run | participant) 
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Table S2  

Perceived control ratings – model details 

Fixed Effects 

Predictor Estimate SE 95% CI t p 

Intercept 48.21 1.84 44.61 – 51.81 26.23 < .001 

Condition 16.44 1.61 13.28 – 19.60 10.20 < .001 

Run 0.87 1.12 -1.32 – 3.06 0.78  .442 

Condition x Run 1.79 0.73 0.37 – 3.22 2.47 .014 

Random Effects 

 Variance SD Correlation 

Participant      (Intercept) 128.08 11.32  

Condition (Slope) 93.24 9.66 -0.06 

Run (Slope) 31.99 5.66 0.27 -0.04  

Model Fit 

Marginal R2/Conditional R2: 0.385/0.738 

Note. Model equation: perceived control ~ condition * run + (1 + condition + run | 
participant) 

  



4.2.6 Supplement 

 91 

Table S3  

Stress ratings – model details 

Fixed Effects 

Predictor Estimate SE 95% CI t p 

Intercept 37.89 2.45 33.08 – 42.70 15.45 < .001 

Condition-CON -17.39 2.07 -21.44 – -13.34 -8.41 < .001 

Condition-UNCON 7.10 1.33 4.49 – 9.70 5.34 < .001 

Random Effects 

 Variance SD Correlation 

Participant      (Intercept) 267.23 16.35  

Condition-CON 

(Slope) 

180.09 13.42 -0.24 

Condition-UNCON 

(Slope) 

64.51 8.03 0.20 -0.79  

Run (Slope) 23.98 4.90 0.14 0.15 -0.01 

Model Fit 

Marginal R2/Conditional R2: 0.249/0.855 

Note. Model equation: stress ~ condition + (1 + condition + run | participant) 
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Table S4  

Helplessness ratings – model details 

Fixed Effects 

Predictor Estimate SE 95% CI t p 

Intercept 45.78 2.56 40.77 – 50.79 17.91 < .001 

Condition -10.50 1.80 -14.03 – -6.97 -5.83 < .001 

Random Effects 

 Variance SD Correlation 

Participant      (Intercept) 240.03 15.50  

Condition (Slope) 138.45 11.77 -0.09 

Run (Slope) 36.61 6.05 -0.03 -0.13 

Stress Duration 
Difference (Slope) 

88.44 9.40  0.13  0.51 -0.22 

Condition x Run 
(Slope) 

8.12 2.85 -0.22  0.46  0.03 

Model Fit 

Marginal R2/Conditional R2: 0.167/0.739 

Note. Model equation: helplessness ~ condition + (1 + condition * run + stress duration   
difference | participant) 
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Table S5  

Reaction times – model details 

Fixed Effects 

Predictor Estimate SE 95% CI t p 

Intercept 769.38 6.17 757.28 – 781.47 124.65 < .001 

Condition-CON 18.65 2.55 13.65 – 23.65 7.31 < .001 

Condition-UNCON -27.04 2.09 -31.13 – -22.94 -12.94 < .001 

Random Effects 

 Variance SD Correlation 

Participant      (Intercept) 1038.02 32.22  

Run (Slope) 84.66 9.20 0.37 

Stress Duration 
Difference (Slope) 

1502.21 38.76 -0.02 -0.36 

Model Fit 

Marginal R2/Conditional R2: 0.031/0.116 

Note. Model equation: reaction time ~ condition + (1 + run + stress duration difference | 
participant) 
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Table S6  

Correct responses – model details 

Fixed Effects 

Predictor Estimate SE 95% CI z p 

Intercept 2.05 0.11 1.84 – 2.26 19.12 < .001 

Condition-CON -0.31 0.07 -0.44 – -0.18 -4.63 < .001 

Condition-UNCON 0.30 0.06 0.18 – 0.42 4.86 < .001 

Random Effects 

 Variance SD Correlation 

Participant      (Intercept) 0.17 0.41  

Stress Duration 
Difference (Slope) 

0.36 0.60  

Model Fit 

Marginal R2/Conditional R2: 0.015/0.062 

Note. Model equation: correct ~ condition + (1 + stress duration difference | | participant) 
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Table S7  

Heart rate – model details 

Fixed Effects 

Predictor Estimate SE 95% CI t p 

Intercept 64.44 1.67 61.17 – 67.71 38.57 < .001 

Condition-CON -0.53 0.17 -0.86 – -0.21 -3.22 .00137 

Condition-UNCON 0.54 0.17 0.22 – 0.87 3.26 .00122 

Random Effects 

 Variance SD Correlation 

Participant      (Intercept) 105.85 10.29  

Run (Slope) 8.19 2.86  

Stress Duration 
Difference (Slope) 

13.72 3.70  

Model Fit 

Marginal R2/Conditional R2: 0.002/0.943 

Note. Model equation: heart rate ~ condition + (1 + run + stress duration difference | | 
participant) 
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Table S8  

Helplessness ratings and vmPFC parameter estimates 

Fixed Effects 

Predictor Estimate SE 95% CI t p 

Intercept 46.61 2.68 41.36 – 51.86 17.41 < .001 

Condition -10.00 1.10 -12.12 – -7.89 -9.28 < .001 

Beta Weight -0.45 1.29 -2.98 – 2.07 -0.35 .72535 

Condition x Beta Weight 3.08 1.10 0.93 – 5.23 2.81 .00531 

Random Effects 

 Variance SD Correlation 

Participant      (Intercept) 182.30 13.50  

Stress Duration 
Difference (Slope) 

103.10 10.15 -0.15 

Model Fit 

Marginal R2/Conditional R2: 0.168/0.442 

Note. Model equation: helplessness ~ condition * beta weight + (1 + stress duration 
difference | participant) 
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Table S9  

Brain activations associated with stress during anticipation 

Region MNI coordinates Z pFWE # voxels 

Stress > Baseline               

Rolandic Operandum L -50 -6 10 > 8 < .001 1287 

 R 44 -4 8 > 8 < .001 916 

Hippocampus  R  30 -12 -12 > 8 < .001 132 

 L -30 -10 -12 > 8 < .001 54 

Inferior occipital gyrus R 40 -82 -6 > 8 < .001 386 

 L -22 -86 -6 6.55 < .001 44 

Postcentral gyrus R 22 -44 74 7.40 < .001 176 

Paracentral lobule L -8 -18 68 7.28 < .001 580 

Calcarine fissure R 14 -92 -6 6.92 < .001 128 

Middle occipital gyrus L -24 -90 6 6.88 < .001 65 

 L -44 -86 4 5.58 < .001 11 

Middle cingulate gyrus L -6 -6 42 6.78 < .001 40 

 R 6 -6 40 5.88 < .001 25 

Insula R 40 0 -6 5.91 < .001 27 

ventral striatum   6 0 -10 5.86 < .001 12 

temporal pole: superior 

temporal gyrus R 58 4 -8 5.83 < .001 44 
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supplementary motor 

area R 8 -12 80 5.75 < .001 12 

Calcarine fissure L -12 -48 6 5.55 < .001 12 

Mediodorsal medial 

magnocellular thalamus L -4 -20 4 5.35 < .001 10 

Baseline > Stress               

no suprathreshold clusters ≥ 10 voxels 

Note. Only maxima of clusters significant at pFWE < .01, whole-brain corrected with a cluster-
defining threshold of p = .001 and at least 10 voxels are reported; smoothness of 
FWHM = 8.8 x 8.7 x 8.6 mm, volume of 2010.3 resels. L = left; R = right; MNI = Montreal 
Neurological Institute. 
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Table S10  

Brain activations related to stressor controllability during anticipation 

Region MNI coordinates Z pFWE # voxels 

CON > UNCON               

Inferior frontal gyrus 

pars triangularis R 54 28 24 6.93 < .001 229 

Middle temporal gyrus R 58 -38 2 6.08 < .001 54 

Middle frontal gyrus R 42 18 44 6.06 < .001 72 

Cerebellum L -8 -80 -30 5.90 < .001 22 

Angular gyrus R 44 -58 54 5.65 < .001 52 

UNCON > CON               

Inferior occipital gyrus L -20 -94 -6 > 8 < .001 245 

Lingual gyrus R 20 -90 -6 > 8 < .001 207 

Superior frontal gyrus, 

medial orbital L -6 38 -10 6.08 < .001 51 

Note. Only maxima of clusters significant at pFWE < .01, whole-brain corrected with a cluster-
defining threshold of p = .001 and at least 10 voxels are reported; smoothness of 
FWHM = 8.8 x 8.7 x 8.6 mm, volume of 2010.3 resels. CON = controllable stress; 
UNCON = uncontrollable stress; L = left; R = right; MNI = Montreal Neurological Institute. 
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Table S11  

Local maxima of the cluster in the ventromedial prefrontal cortex (980 voxels) associated 

with the baseline condition during fixation 

Region MNI coordinates Z pFWE 

Baseline > Stress             

Ventromedial prefrontal 
cortex  

R 4 62 -2 5.93 <0.001 

  2 36 -20 5.05 <0.001 

  0 40 -20 4.97 <0.01 

  4 48 -10 4.37 <0.01 

  0 46 -20 4.27 <0.05 

  4 22 -18 4.23 <0.05 

 L -6 24 -18 5.35 <0.001 

  -4 44 -8 4.24 <0.05 

  -10 44 -10 4.00 <0.05 

Note. Only maxima significant at pFWE < .05, small-volume corrected with a 
cluster-defining threshold of p = .001 are reported; smoothness of 
FWHM = 9.0 x 8.9 x 8.8 mm, volume of 33.3 resels. L = left; R = right; 
MNI = Montreal Neurological Institute. 
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Figure S1  

First-level model design matrix 

 
Note. All runs comprised the same parameters as visualized for run 1. 

 

Supplement 13 

Connectivity analysis 

 We performed a generalized form of psychophysiological interaction analysis (gPPI; 

McLaren et al., 2012) using Statistical Parametric Mapping (SPM8; The Wellcome Centre for 

Human Neuroimaging, London, UK; https://www.fil.ion.ucl.ac.uk/spm/software/spm8/). We 

based the analysis on our general linear model which included six regressors representing the 

indicator (1500 ms) and fixation phase (4000 ms) of each condition (CON, UNCON, baseline), 

all convolved with the HRF. However, we focused only on the fixation phase. Physiological 

regressors were extracted as the 1st eigenvariate of a sphere (6 mm radius) around the first local 

maximum of the vmPFC cluster which resulted from the CON > UNCON contrast (Figure 5a 

in main text). Next, PPI regressors were generated by deconvolving the physiological 

regressors with the HRF, multiplying with each of the condition vectors (fixation only) and 

reconvolving with the HRF. Thus, six task regressors, three PPI regressors, one physiological 
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regressor, six motion regressors of no interest, and a run-denoting constant comprised the final 

model. For each participant and run, we then generated the PPI contrasts controllable > 

uncontrollable stress. The resulting contrast images were entered into a group level analysis 

and we conducted a one-sample t-test to assess condition-associated modulations of vmPFC-

connectivity. 
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5. General Discussion 

 This dissertation introduced the concept of stress and outlined its diverse effects as well 

as how these may be modulated. In this regard, control was discussed as a powerful factor. 

Whereas the absence of control over a stressor can result in passivity and anxiety, even 

depression, the experience of control appears protective (Hartley et al., 2014; Henderson et al., 

2012; Maier & Seligman, 2016; Wang & Delgado, 2021). Although this observation generally 

holds true across different studies and applies to both animals and humans (Maier & Seligman, 

2016), the field can benefit from more explicit translations and requires further elucidation of 

the associated neurobiological mechanisms in humans. Thus, in two consecutive studies, (1) a 

new translational study design was developed and (2) the neural correlates of stressor 

controllability were examined in humans by means of fMRI. This work provides useful tools 

for future experiments involving the induction of controllable and uncontrollable stress and 

contributes to a better understanding of controllability-dependent stress processing in humans. 

Furthermore, this research was conducted in light of recent developments in resilience research 

and encourages further investigations of control experience as a putative resilience mechanism. 

The main findings and their implications, beyond what has already been considered, are 

discussed in detail in the following sections.   

 

5.1 Summary and Evaluation of Major Findings 

 The first study includes a review of animal and human research on stressor 

controllability with a focus on the methodological aspects of translational research. It 

emphasizes the rather high degree of heterogeneity in human study designs, indicating a lack 

of explicit translations. Given that findings from animal research are used as a model for the 

development of psychopathology in humans (Pryce et al., 2011; Vollmayr & Gass, 2013), this 

gap is significant and should be addressed. The translational paradigm developed in the first 

study thus represents a useful contribution to the field. It is firmly based on the established 

triadic animal design and offers a means to contrast the effects of controllable and 

uncontrollable stress on changes in affect, cognitive function, and behaviour. Rather than 

limiting read-outs to cognitive markers, as most human researchers are accustomed to doing, 

additional behavioural indices were devised which more directly translate observations from 

animals to humans. The resulting escape behaviour test yielded an interesting finding: 

participants exposed to uncontrollable stress displayed less goal-directed behaviour and greater 

impulsiveness, compared to participants who had experienced control. Specifically, they 
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required comparatively more resources to escape another stressor, indicating a lack of planning 

and conscious strategy formation. This observation draws striking parallels to reports from the 

literature on reinforcement learning. Studies in this field have repeatedly shown that learning 

processes and corresponding behaviour are modulated by stress and controllability (Dorfman 

& Gershman, 2019; Hartley et al., 2014; Leder et al., 2013; Smeets et al., 2019; Wanke & 

Schwabe, 2019). 

 Researchers commonly distinguish between two strategies employed in decision-

making: model-based and model-free learning (Daw et al., 2005, 2011; Gläscher et al., 2010). 

Model-based learning describes a process by which an internal model of potential actions and 

consequences is built and referred to in order to best achieve a present goal. This model is 

amenable to adaptation given changes in the environment; however, this requires cognitive 

resources. Model-free learning on the other hand is computationally less demanding since it 

only considers whether or not an action previously led to a positive or negative outcome and 

thereby estimates the value of reflexively repeating that action. Critically, the specific 

outcomes themselves are not represented (Potter et al., 2017). Model-free learning is also 

associated with greater Pavlovian bias, i.e., the impulse to approach reward-predictive cues and 

avoid cues indicative of punishment (Guitart-Masip et al., 2012; Raab & Hartley, 2020).  

 An increasing number of studies has linked stress - acute or chronic - and mental 

disorders to diminished use of model-based learning and therefore decreased flexibility (Otto 

et al., 2013; Radenbach et al., 2015; Smeets et al., 2019; Voon et al., 2017). In line with this, 

the degree of Pavlovian bias has been positively linked to stress history and psychopathology 

(Mkrtchian et al., 2017; Ousdal et al., 2018). Thus, the overall literature points to reduced 

flexibility and increased impulsiveness in learning processes under stress and in stress-related 

disorders.  

 With regard to controllability, Dorfman & Gershman (2019) could show that it 

effectively governs the choice of strategy. Under controllable situations a more flexible, i.e., 

model-based learning strategy is called for, but when the environment is objectively 

uncontrollable, less flexibility can become the more cost-effective tactic. Correspondingly, 

participants displayed greater Pavlovian bias when facing an uncontrollable compared to a 

controllable environment.  

 The less efficient escape behaviour of the group previously exposed to uncontrollable 

stress, observed in the first study, can be understood in terms of a shift from model-based to 

model-free learning, prompted by uncontrollable stress. Furthermore, the fact that the group 

exposed to controllable stress displayed greater efficiency could be interpreted in terms of a 
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protective effect of control. Given that research on the interplay of stress, controllability, and 

decision-making has thus far mostly been discussed against the backdrop of risk, vulnerability, 

and psychopathology, it seems high time for resilience research to pick up on these findings. 

 Despite the clear contrast in behaviour induced by the manipulation of stressor 

controllability, participants' responses were less differentiated at the affective and cognitive 

levels. In addition to study-specific limitations, the first study underlines the many difficulties 

faced by translational researchers, which may account, at least in part, for the mixed results. 

Translation is hampered by the fact that human researchers are seldom aware of the many 

subtleties surrounding subject recruitment, study design, and data preparation in animal 

research, and vice versa. Whereas animal researchers try to account for confounding variables 

such as genetic strain and the impact of handling (Gururajan et al., 2019), the importance of, 

e.g., the specific wording of task instructions in human research became clear in the first study. 

Mace and Critchfield (2010) lament the lack of coordination between basic and applied science, 

stating that “such coordination compromises neither while benefiting both” (p. 293). 

Regardless of the population studied, the devil is in the details. Hence, thorough 

documentation, transparency, and open communication appear paramount to successful 

interdisciplinary research.  

 

 In the second study, a modified version of the paradigm developed in the first study 

was used. Specifically, a within-subject design was employed and optimized for use within the 

MR environment to track the neural correlates of stressor controllability in humans. Overall, 

the results replicated findings from the first study, indicating the successful induction of 

controllable and uncontrollable stress. Importantly, participants showed condition-dependent 

differences in BOLD signal. Activation in the vmPFC was generally attenuated under stress, 

but this effect of down-regulation was significantly less pronounced when the stressor was 

controllable. These results align with previous research in both animals (Datta & Arnsten, 

2019) and humans (Bräscher et al., 2016; Kerr et al., 2012; Salomons et al., 2015) and appear 

evolutionarily plausible. As described in the introduction, stress triggers hard-wired biological 

and behavioural sequelae that alert the organism and facilitate a rapid response. The ensuing 

reaction focuses on quickly shutting down or escaping the perceived threat and therefore relies 

on instinctive rather than planned behaviour (Chrousos, 2009; Godoy et al., 2018). This “one-

track mind” kind of state is achieved by suppressing brain regions associated with higher-order 

cognition, i.e., the vmPFC (Arnsten, 2015). The finding that the vmPFC was less deactivated 

when participants knew they could soon terminate the stressor demonstrates the powerful 
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modulatory effect that control appears to exert on stress processing. Given the opportunity for 

instrumental action in the face of adversity, more complex cognitive functions are maintained 

and utilized to produce the most adaptive response.  

 Human beings seem to have a built-in system for choosing between flexible yet 

complex and costly strategies and more rigid but quick and reflexive behaviours, depending on 

the situation at hand. However, this system may be slightly biased. Studies have shown that 

humans prefer to be in control, even if this does not confer any benefits, but comes at a cost 

(Bobadilla-Suarez et al., 2017). A belief in low agency has been linked to maladaptive stress 

coping and psychopathology (Fassett-Carman et al., 2019; Ford et al., 2018; Liu et al., 2015). 

Consequently, research has emphasized the protective effects of control. Based on observations 

that earlier experiences of control seemed to act as a buffer, shielding animals from the negative 

effects of later uncontrollable stress, Maier and Seligman (2016) suggested that the control 

experience essentially constituted an “immunization”. Furthermore, they reported that 

activation of the underlying neural mechanism is sufficient to produce this effect (Amat et al., 

2008, 2016; Maier & Seligman, 2016). In support of this, the second study revealed that 

participants felt less helpless under uncontrollable stress when they showed greater recruitment 

of the vmPFC. 

 Although the results of the second study are well in line with the previous literature, the 

experimental design did not directly allow the investigation of the described SI effect. In order 

to study this phenomenon, it would be necessary to first expose participants to controllable 

stress before subjecting them to uncontrollable stress and finally testing the effects on various 

read-outs. While such a setup already puts significant strain on the participants, several control 

groups would be required to disentangle the effects of controllability and stress. An attempt at 

such a complex design has recently been made, albeit with limited success (Meine et al., 2019). 

Since the bulk of experimental research to date has been conducted on animals, there are many 

open questions around the timing and intensity of stress exposure suitable to induce an 

immunization effect in humans.  

 

 The experience of control over a stressor has proved highly relevant to clinical and 

resilience research and deserves further investigation. However, the uncomfortable nature of 

these experiments begs the question whether excessive trial and error is the best way forward. 

Future research may instead focus on longitudinal projects to track real-life experiences of 

control and their effects. While the first study argues for more deliberately planned translational 

research, it does not deny the utility of human stressor controllability paradigms based more 
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loosely on the animal design. Moving forward, a good balance should be struck between well-

standardized and controlled laboratory experiments using explicitly translational study designs 

and more ecologically valid field research, targeting diverse populations. These approaches can 

improve our understanding of neurobiological and molecular mechanisms of stressor 

controllability on the one hand and increase our knowledge of the many inter-related variables 

involved on the other hand. The ultimate goal is to identify opportunities for both 

pharmaceutical and cognitive-behavioural interventions.  

 

5.2 Control Experience as a Putative Resilience Mechanism 

 The empirical studies discussed in this dissertation have largely been motivated by the 

search for mechanisms that mediate the effects of identified resilience factors (Feder et al., 

2019; Kalisch et al., 2015, 2017). This research agenda centers on the notion that factors such 

as social support (van Harmelen et al., 2017), good emotion regulation capacity (Zahniser & 

Conley, 2018), and recall of specific positive memories (Askelund et al., 2019) are predictive 

of resilient functioning. However, it takes an active mechanism to harness these qualities and 

ultimately bring about a resilient response in the face of adversity. In other words, it is not 

enough to have all the ingredients for the cake, you have to bake it, too. At the risk of exhausting 

the metaphor, the process of baking is affected by the experience and concentration of the 

baker, the room temperature, the model of the oven, etc. In much the same way, resilience 

mechanisms represent dynamic processes that “not only depend on a person’s personality, 

genotype or brain architecture, but very much also on the nature of the stressor(s) and the 

complex and time-varying constellations of intra-, inter- and extra-individual circumstances 

present during and after stressor exposure.” (Kalisch et al., 2017, p. 786). 

 Based on the literature, perceived control or a belief in high agency is considered a 

resilience-promoting factor (Masten et al., 2021). The process of recognizing and seizing an 

opportunity to effect change through one's own actions, and most importantly, internalizing 

this experience to inform future behaviour, may represent a resilience mechanism. A belief in 

high agency is crucially dependent on previously observed action-outcome contingencies and 

is therefore inherently dynamic. Moscarello and Hartley (2017) propose that individuals 

evaluate the degree of control they have exercised over a given situation and extrapolate from 

their cumulative experiences. Thus, an individual who has primarily experienced control over 

important outcomes adopts a more proactive behavioral repertoire. As they meet future 

challenges with this strategy, their perception of control is reinforced, further perpetuating their 
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high agency estimate. Consistent with this, high perceived self-efficacy and a more internal 

locus of control have been linked to more proactive behaviour, which is regarded as 

advantageous (Bandura, 1977; Dijkstra et al., 2011; Tielemans et al., 2015). For instance, active 

problem-solving is commonly considered an adaptive coping strategy, whereas distraction 

tends to be viewed as maladaptive (Compas et al., 2001). Similarly, planned, goal-directed 

behaviour is associated with more favourable outcomes than reflexive, habitual behaviour, 

which is discussed as a feature of mental disorders (Voon et al., 2017). On a related note, a 

large longitudinal study by Hovenkamp-Hermelink et al. (2019) has recently shown that more 

positive life experiences are predictive of a more internal locus of control, whereas negative 

life events predicted the development of a more external locus of control. The latter was also 

linked to greater anxiety and depression. 

 In laying out their framework for the study of resilience mechanisms, Kalisch et al. 

(2015, 2020) proposed that there may in fact exist one unifying resilience mechanism 

subsuming all other processes. They formalized this notion in the Positive Appraisal Style 

Theory of Resilience (PASTOR), which postulates that the common path to resilience lies in 

viewing potential threats as manageable challenges and assessing one’s own required coping 

resources as abundant (Kalisch et al., 2017; Veer et al., 2021). While PASTOR has been 

criticized for being overly narrow (Hermans & Fernández, 2015; Juslin, 2015; Luyten et al., 

2015) and failing to incorporate social (Bennett & Windle, 2015; Ungar, 2015a), contextual 

(Egloff, 2015; Troy, 2015), and developmental factors (Nederhof, 2015), the theory does 

manage to integrate different literatures on resilience mechanisms. For example, the concept 

of a positive appraisal style draws parallels to the construct of optimism (Carver et al., 2010) 

and has consequently been found to be positively associated with optimistic tendencies (Veer 

et al., 2021). A belief in high agency may likewise reflect a facet of PASTOR, namely the 

assessment of one’s own high coping potential. In line with this, a more positive appraisal style 

has been linked to higher perceived self-efficacy (Veer et al., 2021). The process of forming 

control beliefs through repeated experience sampling and contingency learning ideally leads to 

the individual forming a belief in high agency and acting in accordance with it (i.e., 

proactively). It can, therefore, be understood to converge in a positive appraisal style, as 

outlined by PASTOR.  

 By virtue of conceptualizing control belief formation as a resilience mechanism, it 

follows that this process is flexible and can be supported to promote mental health. 

  



5.3 Taking Control: Possibilities for Intervention 

 109 

5.3 Taking Control: Possibilities for Intervention 

 Different strategies present themselves for utilizing the effects of control experience, 

both in the context of preventing psychopathology as well as in terms of improving clinical 

symptoms towards the point of remission.  

 Investigations of the neural mechanisms, underlying the effects of stressor 

controllability, have identified the vmPFC and the amygdala as key brain regions mediating 

the response to controllable and uncontrollable aversive events. This suggests that a modulation 

of activation of these regions, by means of pharmaceutical intervention, could aid adaptive 

stress responding. In line with this notion, animal researchers administered ketamine and noted 

its prophylactic effect on processing future uncontrollable stressors (Amat et al., 2016; 

Brachman et al., 2016). It appeared to imitate the neural effects of instrumental control, as the 

typically observed behavioural effects triggered by uncontrollable stress were blunted or even 

absent altogether in injected animals. Recent studies in humans have demonstrated the 

usefulness of ketamine as an antidepressant drug with anti-suicidal effects for the treatment of 

patients for whom established methods have proved ineffective (Matveychuk et al., 2020).  

 The excitement around ketamine as a fast-acting antidepressant, however, is dulled by 

observations of side effects, e.g., headache, hypertension, dizziness, blurred vision, and 

dissociative states (Short et al., 2018; Swainson et al., 2020), as well as its potential for abuse 

(Trujillo & Iñiguez, 2020). There is still a scarcity of longitudinal studies which could provide 

much-needed information on the efficacy and safety of ketamine over time. To date, ketamine 

has not been officially approved as an antidepressant, but it is increasingly employed as a third-

line treatment for depression (Wilkinson et al., 2017). A 2017 consensus statement urged health 

care providers to thoroughly consult the available literature and carefully weigh the risks and 

benefits associated with off-label ketamine treatment (Sanacora et al., 2017).  

 Less invasive, non-pharmaceutical means such as neurofeedback may similarly be 

employed to modulate the activity of relevant brain regions. In this regard, studies have targeted 

brain regions implicated in the stress response, aiming to down-regulate these and thereby 

diminish reactivity (e.g., Keynan et al., 2019). For example, a lot of research has focused on 

the regulation of amygdala activation in PTSD (Nicholson et al., 2017; Zweerings et al., 2020). 

However, deliberately training individuals to manipulate the circuits that have been found to 

underlie stressor controllability effects remains challenging. Selective targeting of the vmPFC 

has proved difficult because the region is heavily connected and hard to functionally separate 

from areas of the default mode network (Mayeli et al., 2019). Grizzell et al. (2020) have also 

expressed doubt as to whether artificially stimulating vmPFC-DRN cells, without the necessary 
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selectivity to reach specific vmPFC afferents, can really be compared to endogenous activity. 

Nevertheless, the measurement of vmPFC-amygdala connectivity may serve as an indicator of 

treatment efficacy. This marker has, for instance, been found to predict cognitive behavioural 

therapy outcome in patients with obsessive-compulsive disorder (Fullana et al., 2017). 

 Aside from approaches focused on the neural level, considerable research has been 

conducted on behavioural interventions. Brown et al. (2016) tested procedures to boost 

perceived self-efficacy in patients with PTSD. These tend to show increased avoidance 

behaviour in an effort to steer clear of any triggers that might arouse recollections of their 

trauma (Criterion C; American Psychiatric Association, 2013). The intervention increased self-

efficacious future thinking, especially in patients, and appeared to boost social problem solving 

in general (i.e., also in controls). Liu et al. (2015) also highlighted the therapeutic potential of 

providing adaptive feedback to adjust overly negative inferential styles. In this regard, family 

and friends of depressed patients could be trained to provide adaptive feedback and, in turn, 

foster a more positive (less hopeless) inferential style (Panzarella et al., 2006).  

 In general, perceived control is thought to provide a good target for treatments (Ly et 

al., 2019; Wang & Delgado, 2021). In this context, Ly et al., (2019) cite behavioural activation 

therapy (Jacobson et al., 1996; Hopko et al., 2011) and growth mindset interventions (Grant & 

Dweck, 2003) as promising approaches to enhance perceived control. The former is focused 

on increasing patient activity, thereby creating more opportunities for positive reinforcement 

(Hopko et al., 2003). The latter also targets experience-dependent learning by emphasizing 

active learning goals. According to Grant and Dweck (2003), framing failure or improvement 

as independent of one’s fixed abilities and rather grounded in experiential learning, can prevent 

loss of motivation in the face of setbacks. For example, students living in poverty or low-

income families, who exhibited a growth-mindset, showed academic performance comparable 

to that of students from affluent backgrounds (Claro et al., 2016). The buffering effect of 

students’ growth mindset on the relationship between poverty and achievement is thought to 

reflect a belief that intelligence is not fixed but can actively be promoted. Both methods lend 

themselves well to the psychotherapeutic setting. 

 

 Despite multiple avenues for treatment, more research is needed to strengthen and fine-

tune procedures. The challenge is always to establish an intervention that is minimal, limited 

in time and space, and thus easy to implement in clinical practice, but at the same time 

powerful, generalizable, and long lasting.  
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 Overall, the different approaches described are not clearly separable given that 

behavioural interventions can be expected to have an effect on related neurobiological 

processes and vice versa. However, all these strategies make the assumption that behaviours or 

beliefs induced by the experience of control are advantageous, whereas the previously 

described reactions to uncontrollable stressors are considered maladaptive in the long run. This 

view does not account for contextual factors which may play a significant role (Troy et al., 

2013; Wirz et al., 2018). 

 

5.4 Why Context Matters 

 The theory of LH posits that the experience of a lack of control over adverse events 

contributes significantly to the development of mental illnesses such as depression (Miller & 

Seligman, 1975; Pryce et al., 2011). Although the literature describes passivity and resignation 

in response to uncontrollable stress as maladaptive in the long term (Liu et al., 2015), many 

reports concede that these behaviours may also be adaptive, at least in the short term (Santiago 

& Wadsworth, 2009; Wirz et al., 2018). Conversely, an excessive increase in perceived control 

can also be described as “too much of a good thing” and can equally cause problematic 

behaviours (Ly et al., 2019). 

 This is where context comes into play. After all, if a situation is objectively beyond the 

individual’s control, it makes little sense to devote resources to active coping strategies that are 

doomed from the outset to accomplish nothing. As stated earlier, researchers in the field of 

learning and decision-making have demonstrated that, depending on the controllability of the 

environment, different strategies become optimal for obtaining a reward or avoiding a 

punishment (Dorfman & Gershman, 2019). Similarly, the effectiveness of emotion regulation 

has been shown to depend on context (Troy et al., 2013). In uncontrollable situations, where 

instrumental actions are inconsequential, regulating one’s emotions through reframing was 

linked to fewer depressive symptoms. However, in controllable situations where actions can 

bring about change, cognitive reappraisal was not optimal and was instead associated with 

greater levels of depression. According to PASTOR, positive reappraisal tendencies that 

underlie resilience range from realistic to slightly positively biased but exclude unrealistically 

positive or delusional assessments (Kalisch et al., 2015; Veer et al., 2021). Such balanced 

appraisals are thought to promote essential stress responses and prevent unnecessarily extended 

reactions. In short, optimal behaviour takes the circumstances such as the degree of 

controllability into account. 
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 While a lack of control can be tied to specific situations, there are also environments 

where it can be pervasive. Poverty describes such an environment; it is commonly associated 

with deprivation in resources needed to meet basic needs and deficits in health and education 

(Pogge & Wisor, 2016; United Nations; 2021). However, beyond the more easily quantifiable 

aspects, poverty is characterized by low degrees of control, predictability, stability and 

structure (Evans et al., 2010; Lister, 2016). In particular, studies on child development have 

highlighted frequent moves, poorly defined daily routines, inconsistent parenting, and chaos in 

the home environment (Bartlett, 1997; Evans, 2004; Marsh et al., 2020). In fact, Oxfam defined 

poverty as “a state of powerlessness in which people are unable to exercise their basic human 

rights or control virtually any aspect of their lives” (Hocking, 2001, p. 236). Correspondingly, 

studies report that individuals who live in poverty tend to make less use of active coping 

strategies (Evans & Kim, 2013; Wolff et al., 2010). Furthermore, low socioeconomic status has 

been associated with greater benefits of self-regulation, because opportunities to actively 

change the situation are limited (Troy et al., 2017).  

 The behavioural and cognitive patterns identified in individuals from disadvantaged 

backgrounds reportedly transmit a higher risk of developing mental disorders (Ridley et al., 

2020) and are therefore commonly interpreted as deficits (Frankenhuis & Nettle, 2020). 

However, there is no denying that they can be at least temporarily adaptive because they match 

the given environmental constraints. Rather than as a deficit, some attributes of people living 

in poverty may ultimately reveal themselves as hidden talents (Frankenhuis et al., 2020). For 

instance, lower social class was linked to more adaptive reasoning in the domain of 

interpersonal conflicts. No such benefit was found for intergroup conflicts, indicating that 

poverty-related enhancements pertain only to domains which are relevant to survival (Brienza 

& Grossmann, 2017). In a similar vein, youths who had greater exposure to violence were 

found to display poorer memory for age relations, but better memory for dominance relations 

(Frankenhuis et al., 2019). Based on such findings, recent accounts advocate for a strengths-

focused perspective to be integrated with the prevailing deficit model (Frankenhuis et al., 2020; 

Frankenhuis & Nettle, 2020). This view acknowledges that adversity provides opportunities 

for growth and prompts the development of resilience mechanisms. After all, resilience is 

defined only in relation to stress (Kalisch et al., 2017; Malhi et al., 2019). Taking it further, 

Wadsworth et al. (2015) reasoned that coping strategies commonly labelled “maladaptive” 

could be reconceptualized as functionally adaptive, given the circumstances. Indeed, 

psychotherapists have long recognized that behaviours classified as harmful typically carry 

some form of reward for the patient who therefore maintains them (Swerdlow et al., 2020). For 
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example, self-harm may provide short-term stress relief (Klonsky, 2007). Since such 

behaviours often arise from specific circumstances, any treatment is likely to be more effective 

if those same circumstances are explicitly taken into account. Adopting the patient’s 

perspective and considering their particular situation reflects a more validating attitude and 

may yield greater motivation and compliance.  

 In general, it seems that beyond experiences of control and a belief in high agency, the 

capacity to flexibly arbitrate between strategies to adapt to current contextual factors may be 

essential. In recognition of this, American theologian Reinhold Niebuhr famously prayed: 

“God grant me the serenity to accept the things I cannot change, courage to change the things 

I can, and wisdom to know the difference” (Shapiro, 2014). A currently ongoing project aims 

at investigating whether flexibility in learning processes is positively linked to resilience 

(Meine et al., 2020). 

 

5.5 Limitations and Future Directions 

 There are a number of limitations to the empirical studies described, which have already 

been considered in the respective discussion sections. Beyond study-specific issues, there are 

more general concerns that relate to translational science and research spanning the themes of 

stress, controllability, and resilience. In the following, three such difficulties and corresponding 

approaches to solutions or future directions are outlined. 

 

5.5.1 “Mice Tell Lies” and Other Challenges of Translational Research 

 Like most large-scale research endeavours, translational projects face certain hurdles. 

Not all discoveries from the laboratory of basic research, hailed as promising, actually lead to 

new treatments, diagnostics, and prevention (Venniro et al., 2020). Termed the “valley of 

death” (Butler, 2008, p. 840), this disconnect may in part be caused by a lack of communication 

between basic and clinical scientists. It seems that, while animal researchers are rapidly 

deciphering disease mechanisms, it takes longer for those findings to be picked up in human 

research – which risks the possibility of progressing to applied research without having the full 

certainty that the findings translate well. In most cases, it takes around 17 years for discoveries 

from fundamental research to become incorporated into clinical practice (Morris et al., 2011).  

 The fact that, depending on the field of research, translations from animals to humans 

are expected to be incomplete further complicates the matter. For instance, in the context of 

mental disorders, with symptoms involving both neurocognitive and semantic factors, perfect 
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translation seems hardly possible (Aragona, 2017). Study 1 of this dissertation highlighted this 

difficulty: whereas human stress research places special focus on the psychological reaction, 

animal research is of course more concerned with behavioural read-outs. The promise of animal 

models to offer a clear-cut example allowing detailed delineation of disease mechanisms 

necessarily comes with the pitfall of over-simplification (Gururajan et al., 2019). Nonetheless, 

even without perfectly matching the human condition, animal models may have significant 

predictive validity (Venniro et al., 2020). They certainly provide an indispensable tool for 

studying mechanisms at a level we cannot easily (or non-invasively) get at in humans. 

However, there is always room for improvement. Bolker (2017) urges researchers to choose 

their models with care, keeping in mind known disparities between species. Furthermore, she 

encourages scientists to look beyond the tried and tested model and pursue complementary 

designs to effectively broaden the potential for translation. Gururajan et al. (2019) also point 

out that more precise wording, i.e., “animal models for studying depression” instead of “animal 

models of depression” (p. 687) can already make a difference.  

 Since translational research is often conducted collaboratively between academia and 

industry, projects may suffer from a clash of cultures. Whereas academics are largely 

incentivized to produce novel findings, companies charged with bringing research discoveries 

into the clinic or community focus more on whether data are reproducible, scalable, 

reimbursable, and commercially free to use (Schwartz & Macomber, 2017). 

 Moving forward, a good strategy for improvement would be to increase communication 

all around: between scientists of different disciplines, between researchers and stakeholders, 

between investors and policymakers as well as between doctors and patients. In order to 

improve communication, training at all levels should explicitly promote translational thinking 

so that projects may be planned collaboratively and comprehensively from the start (Vukotich, 

2016). 

 

5.5.2 A Developmental Perspective 

 Extensive literature from the field of reinforcement learning has established that the 

cumulative experience of action–outcome contingencies may yield a generalized belief in high 

or low agency, respectively (Moscarello & Hartley, 2017; Ly et al., 2019). Because such an 

internalized estimate of agency can drive subsequent behaviour, a deeper understanding of its 

development is relevant across disciplines. However, here the focus is on findings that can 

inform resilience research in particular. Research showing that high control beliefs prompt 
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more proactive coping strategies therefore seems exciting (Zimmer-Gembeck et al., 2016). 

Active coping is generally associated with better mental health outcomes than comparatively 

passive strategies that are thought to provide only temporary relief (Santiago & Wadsworth, 

2009). This current state of knowledge has already sparked the development of promising 

interventions, as described earlier, and many more ideas are coming. Nevertheless, it appears 

useful to try to understand the mechanisms even better. To best address the question of how 

exactly high agency beliefs form and give rise to adaptive behaviour, longitudinal studies are 

necessary. Given that the constructs of generalized self-efficacy and locus of control are 

thought to be relatively stable, a closer look at how they develop during childhood and 

adolescence might provide answers.  

 Malhi et al. (2019) argue that adolescence, in particular, constitutes an ideal phase to 

investigate resilience processes because it is a period of transition characterized by increasing 

stress and susceptibility, but at the same time with great flexibility and potential for adaptive 

change. Resilience only fully emerges as a consequence of the system being tested and 

represents the outcome of improved or newly acquired skills that counteract adversity. 

Adolescence, as a shapeable make-or-break phase, thus represents the optimal window of 

opportunity. Although not much is known yet with regard to resilience, many studies have 

identified adolescence as the formative phase in which mental disorders emerge (Blakemore & 

Mills, 2014; Kessler et al., 2007; Thapar et al., 2012). However, much of the research focuses 

on dysfunctions in adolescence as a delayed consequence of adverse experiences made in early 

childhood (e.g., Dillon et al., 2009; Hanson et al., 2016).  

 In general, resilience research would benefit from integrating a developmental 

perspective – and adolescence may be taken as a starting point, but not as the sole time period 

of interest. In fact, a lifespan approach appears useful, considering that in old age, cognitive 

and physical decline again provoke broad changes (Grady, 2012) that affect mental health (Han 

et al., 2019; Laidlaw & Pachana, 2009). It is likely that during this time, resilience mechanisms 

are adjusted to account for diminishing resources and flexibility (Jopp & Smith, 2006). For 

example, older adults find they have less scope for instrumental control (Robinson & Lachman, 

2017) and may therefore concentrate on self-regulatory strategies such as positive reappraisal. 

Indeed, subjective self-regulation has emerged as the most consistent predictor of health in old 

age (Reed et al., 2020). Furthermore, studies suggest that older adults tend to focus more on 

their emotions and are biased towards positive information (Carstensen et al., 2003; Charles & 

Piazza, 2009). Diehl and Hay (2010) also found evidence that younger adults may be more 

sensitive to perceiving low control in the context of interpersonal stressors. Despite that, 
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perceived control also continues to play an important role in older adults: higher levels were 

associated with lower hazard for mortality (Infurna et al., 2012). 

 It is quite conceivable that control beliefs evolve and fluctuate in a similar manner 

across individuals over the course of their development as they form during childhood, are 

pitted against overwhelming responsibility in adulthood, and then decrease in old age. Despite 

that, contextual factors, as previously discussed, will induce inter-individual variation and 

should not be neglected.  

 Overall, experiences in childhood have been shown to have a marked impact on later 

life functioning and mental health with adolescence potentially representing the phase when 

pre-determined dysfunctions start manifesting. By contrast, self-reported well-being has been 

described as elevated or even steadily increasing in later life (Stone et al., 2010), despite wide-

spread decline in agency, cognitive functioning, and health. This apparent paradox makes a 

strong case for adopting a developmental perspective in the study of stressor controllability and 

resilience. 

 

5.5.3 Beyond WEIRD Research 

 As suggested before, environmental aspects matter a great deal. In this regard it is 

lamentable that the majority of studies on human psychology and behaviour to date have been 

conducted by researchers from Western, educated, industrialized, rich and democratic 

(WEIRD) societies on just such participants (Henrich et al., 2010; Rad et al., 2018). It follows 

that stress research almost certainly captures primarily the mildly stressed and undersamples 

the severely stressed. The literature is therefore imbued with implicit biases that (mis)shape 

our understanding of research findings. For instance, reports linking poverty to 

psychopathology (Ridley et al., 2020), while certainly valid, lack nuance. Academia tends to 

dismiss features observed in psychological variables in people from less affluent and privileged 

backgrounds as deficiencies or impairments (Frankenhuis & Nettle, 2020). However, certain 

behaviours may simply reflect the different environmental demands. If reflexive responding is 

optimal in the absence of control (Dorfman & Gershman, 2019), and if poverty or low 

socioeconomic status is marked by uncontrollability (Evans et al., 2010; Lister, 2016), then it 

is surely adaptive to forego complex and costly strategies under such circumstances. 

 Overall, the role of systemic factors appears woefully understudied and merits closer 

attention in the future. It is important to note, however, that the lack of diverse and 

representative samples is generally not due to wilful neglect on the researchers’ part, rather that 
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they frequently face obstacles in, e.g., recruitment (Robinson et al., 2016). More inclusive and 

therefore more representative investigations into stress and resilience are increasingly 

advocated for and pursued (Masten et al., 2021; Meili et al., 2019; Ungar, 2015b).  

 

5.6 Conclusion 

Stress represents a multifaceted construct that has been researched for decades but continues 

to grow in popularity as new questions arise. The view that stress has predominantly negative 

effects is certainly too narrow. In the words of Hans Selye: “Stress is not necessarily bad for 

you. It is also the spice of life, for any emotion, any activity causes stress” (Adams, 2016). As 

such, stress links to learning (Wirz et al., 2018), memory (Goldfarb et al., 2019), attention 

(Shields et al., 2019), health, and disease (Hammen, 2005; McLaughlin et al., 2020) and is 

itself influenced by many different factors (Sapolsky, 2015).  

 This dissertation has elaborated on the profound modulatory effect that control exerts 

over how stress is perceived and responded to. All in all, exposure to an adverse event that is 

beyond one's control is evidently associated with rather unfavourable outcomes, particularly 

when the stressor occurs frequently (Liu et al., 2015; Maier & Seligman, 2016; Soral et al., 

2021). The experience of control, by contrast, has been shown to protect from future 

uncontrollable stress (Amat et al., 2010; Maier & Seligman, 2016). The process of registering, 

utilizing, and internalizing possibilities for consequential action in the face of adversity 

therefore bears great potential for mechanistic resilience research.  

 Further research on the formation of generalized control beliefs as a putative resilience 

mechanism could benefit from integrating a developmental perspective. Different phases 

across the lifespan typically afford different degrees of control with corresponding changes in 

agency beliefs (Robinson & Lachman, 2017). However, researchers should also not lose sight 

of contextual factors. Fostering a sense of agency can only be beneficial if the individual finds 

themself in an environment that holds opportunities for instrumental action (Troy et al., 2013, 

2017). A significant but understudied proportion of the population is situated in less fortunate 

circumstances which necessitate a different approach. Future research on stress and 

controllability should aim at providing a more nuanced, inclusive picture. In this vein, 

interdisciplinary collaboration and communication need to be strengthened. The field of 

stressor controllability is deeply rooted in translational research, having emerged from animal 

studies that developed much-in-demand models for the development of psychopathology in 

humans. Although research is ongoing in both animal and human, concerted effort between 
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both groups is still expandable. In order to advance this agenda, researchers from different 

disciplines need to collaborate even more closely. After all, it is a truth universally 

acknowledged that science advances more rapidly and yields a more profound impact on 

society when researchers actively encourage and adhere to the principles of transparency, 

communication, and teamwork.
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