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General Abstract

General Abstract
Stress has been considered one of the most relevant factors promoting aggressive behavior. Animal
and human pharmacological studies revealed the stress hormones corticosterone in rodents and
cortisol in humans to constitute a particularly important neuroendocrine determinate in facilitating
aggression and beyond that, assumedly in its continuation and escalation. Moreover, cortisol-induced
alterations of social information processing, as well as of cognitive control processes, have been
hypothesized as possible influencing factors in the stress-aggression link. So far, the immediate impact
of a preceding stressor and thereby stress-induced rise of cortisol on aggressive behavior as well as
higher-order cognitive control processes and social information processing in this context have gone
mostly unheeded.
The present thesis aimed to extend the hitherto findings of stress and aggression in this regard.
For this purpose two psychophysiological studies with healthy adults were carried out, both using the
socially evaluated-cold pressor test as an acute stress induction. Additionally to behavioral data and
subjective reports, event related potentials were measured and acute levels of salivary cortisol were
collected on the basis of which stressed participants were divided into cortisol-responders and –
nonresponders.
Study 1 examined the impact of acute stress-induced cortisol increase on inhibitory control
and its neural correlates. 41 male participants were randomly assigned to the stress procedure or to a
non-stressful control condition. Beforehand and afterwards, participants performed a Go Nogo task
with visual letters to measure response inhibition. The effect of acute stress-induced cortisol increase
on covert and overt aggressive behavior and on the processing of provoking stimuli within the
aggressive encounter was investigated in study 2. Moreover, this experiment examined the combined
impact of stress and aggression on ensuing affective information processing. 71 male and female
participants were either exposed to the stress or to the control condition. Following this, half of each
group received high or low levels of provocation during the Taylor Aggression Paradigm. At the end of
the experiment, a passive viewing paradigm with affective pictures depicting positive, negative, or
aggressive scenes with either humans or objects was realized.
The results revealed that men were not affected by a stress-induced rise in cortisol on a
behavioral level, showing neither impaired response inhibition nor enhanced aggressive behavior. In
contrast, women showed enhanced overt and covert aggressive behavior under a surge of endogenous
cortisol, confirming previous results, albeit only in case of high provocation and only up to the level of
the control group. Unlike this rather moderate impact on behavior, cortisol showed a distinct impact
on neural correlates of information processing throughout inhibitory control, aggression-eliciting
stimuli, and emotional pictures for both men and women. At this, stress-induced increase of cortisol
iv
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resulted in enhanced N2 amplitudes to Go stimuli, whereas P2 amplitudes to both and N2 to Nogo
amplitudes retained unchanged, indicating an overcorrection and caution of the response activation
in favor of successful inhibitory control. The processing of aggression-eliciting stimuli during the
aggressive encounter was complexly altered by stress differently for women and men. Under increased
cortisol levels, the frontal or parietal P3 amplitude patterns were either diminished or reversed in the
case of high provocation compared to the control group and to cortisol-nonresponders, indicating a
desensitization towards aggression-eliciting stimuli in males, but a more elaborate processing of those
in women. Moreover, stress-induced cortisol and provocation jointly altered subsequent affective
information processing at early as well as later stages of the information processing stream. Again,
increased levels of cortisol led opposite directed amplitudes in the case of high provocation relative to
the control group and cortisol-nonresponders, with enhanced N2 amplitudes in men and reduced P3
and LPP amplitudes in men and women for all affective pictures, suggesting initially enhanced
emotional reactivity in men, but ensuing reduced motivational attention and enhanced emotion
regulation in both, men and women.
As a result, these present findings confirm the relevance of HPA activity in the elicitation and
persistence of human aggressive behavior. Moreover, they reveal the significance of compensatory
and emotion regulatory strategies and mechanisms in response to stress and provocation, indorsing
the relevance of social information and cognitive control processes. Still, more research is needed to
clarify the conditions which lead to the facilitation of aggression and by which compensatory
mechanisms this is prevented.
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I. Chapter: General Introduction and Outline of the Thesis

1.1 Introduction
“Don't push me ‘cause I'm close to the edge”
(Fletcher, Melle, & Robinson, 1982/1982)

“Auch Wasser wird unter Druck aggressiv”
(GFZ, 2013, March 13)

Stress is almost allegorical for life in the 21st century. Virtually everybody knows stress and most
people associate it with the feeling of being overwhelmed, pushed for time, or faced with a mountain
of work. Under such pressure, we might sleep fitfully, feel uncomfortable, and snack or smoke more.
Furthermore, with each additional appointment or assignment the strain accumulates and we become
jittery, edgy, thin-skinned, and huffy (Fink, 2010). Daily hassles, censure, and criticism are more and
more difficult to swallow. Usually, we are able to control our temper and suppress impulsive reactions,
but every so often, an insult, a wrongful treatment or any other form of (putative) provocation can be
the final straw, and we lose our self-control and go ballistic, as the two quotations above vividly
describe.
Accordingly, stress is considered a crucial factor promoting aggressive behavior (e.g., Barnett,
Fagan, & Booker, 1991; Natvig, Albrektsen, & Qvarnstrøm, 2001; Tonelli, Hoshino, Katz, & Postolache,
2008; van Goozen & Fairchild, 2006; Verona, Reed, Curtin, & Pole, 2007). However, despite a
considerable amount of supporting evidence, the neurobiological underpinnings and mechanisms of
this relationship had gone mostly unheeded. Only over the last decades, animal and human studies
revealed the stress hormone cortisol to constitute a particular relevant neuroendocrine determinate
in facilitating aggression and, furthermore, presumably in its preservation and escalation (Böhnke,
Bertsch, Kruk, & Naumann, 2010; Böhnke, Bertsch, Kruk, Richter, & Naumann, 2010; Gordis, Granger,
Susman, & Trickett, 2006; Kruk, Halász, Meelis, & Haller, 2004; Lopez-Duran, Olson, Hajal, Felt, &
Vazquez, 2009; McBurnett, Lahey, Rathouz, & Loeber, 2000). Moreover, beyond the mere effect of
cortisol on aggressive behavior with regard of underlying mechanism, cortisol-induced alteration of
social information processing as well as of executive functions, like cognitive control, have been
hypothesized as possible moderators and/or mediators in the stress-aggression relationship (Bertsch,
Böhnke, Kruk, Richter, & Naumann, 2011; Kruk et al., 2004; Sprague, Verona, Kalkhoff, & Kilmer, 2011).
Still, these studies focused either mainly on trait aspects of both the neuroendocrinology of stress and
aggressive behavior or administered cortisol exogenously. The immediate impact of a preceding
stressful event (and in this way stress-induced rise of endogenous cortisol) on aggressive behavior has
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hardly been investigated, yet. The same holds true for social information processing and higher-order
cognitive (control) processes in the context of stress and aggression.

In view of that, the present thesis aims to extend the hitherto findings of the promoting impact of
stress on aggressive behavior and of possible contributing factors in healthy humans, including
psychophysiological as well as endocrinological techniques and measurements. More specifically, the
present thesis intends to investigate the impact of acute stress-induced cortisol increase on (1)
cognitive control and its neural correlates, (2) provoked aggression and the processing of the provoking
stimuli during this aggressive encounter, and (3) the combined effect of both stress and aggression on
ensuing affective information processing.
In the following, an overview of aggression and stress is given, with special regard of
neurobiological and/or neuroendocrinological circuits, followed by a presentation of hitherto empirical
evidence of stress effects on aggression. Furthermore, the role of inhibitory control and social
information processing in this context will be outlined. The subsequent chapters cover two eventrelated potential (ERP) studies of effects of acute stress on inhibitory control processes (Chapter II,
study 1), the influence of acute stress on subsequent experimentally provoked aggressive behavior
and concurrent processing of the provoking stimuli (Chapter III, study 2), as well as the combined effect
of acute stress and provoked aggressive behavior on later affective information processing (Chapter
IV, study 21). Chapter V provides the summary, a general discussion and an integration of the findings
of the preceding Chapters II-IV, as well as implications for future research.

1.2 Aggression
Basically, aggression is an innate and adaptive behavior with the objective to acquire or defend
essential resources, such as food and shelter and to ensure reproduction (Baron & Richardson, 2004;
Geen & Donnerstein, 1998; Miczek, Fish, & Bold, 2003). However, in our modern society aggressive
behavior is in general not socially acceptable and is considered a substantial problem if it is misplaced,
excessive, or persistent (Nelson & Trainor, 2007). Reports of World Health Organization show that
violence is one of the main causes of death worldwide among adolescent to middle-aged people,
claiming the life of more than 1.6 million people annually and involving enormous economic costs
(Krug, 2002; Waters et al., 2004).
While the term violence characterizes extreme forms of aggression (Anderson & Bushman,
2001), aggression itself is defined as “any form of behavior directed toward the goal of harming or
1

Chapter II comprises the results of study 1, whereas Chapter III and IV both concern with different
results of study 2. In favour of a comprehensive picture of the experimental designs and applied tasks
within each chapter, repetitions in this respect are accepted.
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injuring another living being who is motivated to avoid such treatment” (Baron & Richardson, 2004,
p. 7). Similarly, Bushman and Anderson (2001) states that human aggression comprises any action
“directed toward another individual that is carried out with the proximate (immediate) intent to cause
harm. In addition, the perpetrator must believe that the behavior will harm the target and that the
target is motivated to avoid the behavior.” (p. 274). Such definitions distinguish aggression from any
other behavior causing harm as medical treatment or accidents as well as damage of inanimate objects
and underline the immediate purpose to cause harm, whilst subsuming different subtypes of
aggressive behavior (for an overview of subtypes see Parrott & Giancola, 2007). Commonly, with
regard to the underlying motive of aggressive behavior, reactive aggression is often contrasted with
proactive aggression, with the first representing a defensive impulsive reaction to perceived threat or
provocation, the latter being more calculated and instrumental to achieve another goal (e.g., money,
promotion) (Brendgen, Vitaro, Tremblay, & Lavoie, 2001; Bushman & Anderson, 2001; Dodge & Crick,
1990). Moreover, in terms of different forms of aggression, overt or direct aggressive behavior (e.g.,
kicking, insult) has to be differentiated from covert or indirect aggressive behavior (e.g., manipulation,
gossiping, or backbiting), the latter being more often used by females (Archer, 2004; Björkqvist, 1994;
Frodi, Macaulay, & Thome, 1977). These dichotomous categorizations were frequently considered to
oversimplify the complexity of aggressive behavior, especially with regard of multiple motives or the
way of information processing (Bushman & Anderson, 2001; Parrott & Giancola, 2007). Despite these
objections, current research and literature still work with and refer to these dichotomous subtypes of
aggression.

1.2.1

Theoretical Frameworks
Aggression and its causes and consequences are one of the most researched topics in

psychology (Geen & Donnerstein, 1998) and a number of theories, guiding current research, were
developed to explain the occurrence and elicitation of aggression. These rather domain-specific
theoretical approaches put the emphasis on different aspects. The cognitive-neoassociation theory by
Berkowitz (1989, 1990, 1993), for instance, concentrates on negative affect. Others, as the social
learning theory (e.g., Bandura, 1978) or the script theory (Huesmann, 1998) focus on how aggressive
behaviors are acquired and learned. Zillmann, Katcher, and Milavsky (1972), on the other hand,
suggested nonspecific physiological arousal (excitation transfer theory) as a promoter of aggression.
In order to integrate existing theories, Anderson and Bushman (2002) proposed a unifying framework,
the general aggression model (GAM). In the following, brief descriptions of the cognitiveneoassociation theory and the GAM are given.
Berkowitz (1989, 1990, 1993) assumes in his cognitive-neoassociation theory that aggression
results from a process of spreading activation in cognitive networks due to negative affect. More
3
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precisely, negative affect which is elicited by aversive events (e.g., frustration, provocation,
uncomfortable temperatures), automatically activates cognitive-associative networks compromising
cognitions, physiological responses, expressive-motor reactions, and memories linked to both fight
and flight tendencies simultaneously. These response tendencies result in rudimentary feelings of
anger or fear. Appraisals, attributions, and other higher order cognitive processes can alter or even
control these first affective responses. If a component of a network is triggered or processed, by a cue
for instance, other contents of its network are primed or activated as well. Moreover, activation
spreads to related networks priming those as well. In short, this theory states that there is an
associative connection between negative affect, unconnected to anger and anger-related feelings,
memories, and aggressive tendencies, whereby aggressive behavior becomes more likely.
The integrative GAM postulates that both situational factor and personal factors determine
aggressive behavior, mediated by cognition, affect, and arousal (Anderson & Bushman, 2002). Person
factors subsume personality traits, gender, genetic predispositions, and knowledge structures as
attitudes or scripts. Situational factors comprise features of the situation as aggressive cues,
provocation, or frustration. These input variables have an impact on cognition (e.g., aggressive
thoughts), affect (e.g., emotions as anger or hostile feelings), and/or arousal and create thereby a
present internal state. Immediate and ensuing, more elaborate appraisal and decision processes follow
and result in either impulsive behavior or thoughtful action within the situation (Anderson & Bushman,
2002). Taken together, the GAM integrates the other domain-specific theories on every step (Breckler,
Olson, & Wiggins, 2005). For instance, situational factors encompass central elements of the
frustration-aggression hypothesis (i.e., frustration), cognitive-neoassociation theory (aggression cues,
provocation), and the excitation transfer theory (e.g., exercise). Similarly, internal state and the
outcomes incorporate key features of the other theories. In summary, the GAM offers a valuable –
although rather broad – framework for integrating and organizing previous knowledge and insights
about human aggression and suggests directions for further research.
However, in none of the above outlined models are biological aspects of aggression discussed;
especially the possible role of underlying neurobiological and neuroendocrinological mechanisms is
disregarded. Recent studies emphasize the relevance of those in the development, expression, and
therapeutic interventions of aggressive behavior (for reviews see Bertsch, 2012; Nelson & Trainor,
2007; Patrick, 2008; Siever, 2008; Trainor & Nelson, 2012).
Animal as well as human research revealed a neural network including cortical and subcortical
structures controlling and modulating aggression (Gregg, 2003; Nelson & Trainor, 2007; Siever, 2008;
Trainor & Nelson, 2012). In respect of cortical structures, this network includes the prefrontal cortex
(PFC), in particular the orbitofrontal and medialfrontal subareas, parts of the limbic lobe, specifically
the anterior cingulated cortex (ACC), and the hippocampus, which is part of temporal lobes (Potegal,
4
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2012; Siever, 2008). Regarding subcortico-limbic structures, the amygdala, the hypothalamus, and the
periaqueductal gray are of particular relevance (Gregg, 2003; Kruk et al., 2004; Nelson & Trainor, 2007;
Siever, 2008). Evidence for the involvement of most of these structures in human aggression and
violence is mainly based on lesion studies or structural imaging in pathological groups. Concerning the
PFC, the most prominent example is probably the case of Phineas Gage, a formally reliable railroad
worker who, after suffering major destruction of the orbital and medial prefrontal cortices by a taming
rod, became hostile and verbally aggressive (Damasio, Grabowski, Frank, Galaburda, & Damasio, 1994;
New et al., 2002). Also, neuroimaging studies showed structural modifications or altered activity in
orbital frontal cortex, ACC, temporal cortex, hippocampus, amygdala, and hypothalamus in individuals
with pathological antisocial and aggressive behavior (Coccaro, McCloskey, Fitzgerald, & Phan, 2007;
George et al., 2004; Hazlett et al., 2005; Narayan et al., 2007; Raine, Lencz, Bihrle, LaCasse, & Colletti,
2000; Volkow et al., 1995; Zetzsche et al., 2007, for reviews see Blair, 2010; Lee, Coccaro, Flannery,
Vazsonyi, & Waldman, 2007; Siever, 2008; Struber, Luck, & Roth, 2008). In short, these studies suggest
that impaired frontal cortex increases aggression, indicating that these structures provide inhibitory
inputs in this network. In contrast, (hyper-) activity of the hypothalamus and the amygdala might
promote aggressive behavior (Davidson, Putnam, & Larson, 2000; Nelson & Trainor, 2007). In line with
this, Siever (2008) proposed that aggression emerges when the hyperactivity of limbic parts of the
circuits encounter dysfunctional frontal and temporal structures, for what reasons the “bottom-up
drive” is not controlled by “top-down brakes” (p. 431). This assumption is in accordance with
neuroanatomical pathways of aggression described in rodents and non-human primates (Nelson
& Trainor, 2007). Besides, a few studies investigated online neural responses in healthy individuals
while being engaged in aggressive behavior. For instance, Lotze, Veit, Anders, and Birbaumer (2007)
revealed increased activity in the medial prefrontal cortex (mPFC) during retaliation in participants
performing a laboratory aggression paradigm. In addition, Krämer and colleagues, concentrating on
the decision to respond aggressively during a similar aggression paradigm, found altered activity in the
anterior insula and rostral and dorsal ACC as a function of the amount of provocation (Krämer, Jansma,
Tempelmann, & Münte, 2007). Thus, these studies show that beyond different mediating and
modulating functions of the various components of the neural circuitry, distinct patterns are involved
in the different phases of provoked reactive aggression.
Within the neurobiology of aggression, several different neuroendocrine substances are
assumed to be involved in aggression and in the modulation of its neural circuits. Particularly
testosterone and serotonin gained special attention and have been extensively investigated in a wide
variety of species (serotonin: Alekseyenko, Lee, Kravitz, & McCabe, 2010; Holmes, Murphy, & Crawley,
2002; Lesch & Merschdorf, 2000; Seo, Patrick, & Kennealy, 2008; Takahashi, Quadros, Almeida, &
Miczek, 2011, testosterone: Archer, 1995; Arnold, 1975; Book, Starzyk, & Quinsey, 2001; Carre &
5
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McCormick, 2008; Weiss & Moore, 2004; Wingfield, 1994). While serotonin seems to be consistently
inversely associated in particular with impulsive aggression across species (including human) (for
reviews see Coccaro, 1989; Miczek et al., 2007; Montoya, Terburg, Bos, & van Honk, 2012), the findings
with respect to testosterone are mixed and less than convincing. As reviewed by Archer (2006) and
Trainor and Nelson (2012), testosterone was positively associated with aggression in several species,
as in certain birds and fishes. However, in other species this effect was season- or context-dependent.
Most importantly, in humans, associations between this steroid and aggression were proved to be
weak and inconsistent.
Astonishingly, in most overviews on neuroendocrinological aspects of (human) aggression
hitherto, stress, HPA axis, or its end product cortisol have been only briefly brought up, if at all. Nelson
and Trainor (2007), in their review on neural mechanism of aggression, for instance, listed
glucocorticoids only amongst a variety of other relevant classes of molecules. Similarly, Siever (2008)
mentioned low cortisol levels in aggressive individuals only in passing, while it was not discussed by
Miczek et al. (2007) or Lee et al. (2007). This is at odds not only with the face validity of aggressionpromoting characteristics of stress, but also with the considerable overlap of neural circuits of the
glucocorticoid stress response as well as its target structures with the neural basis of (reactive)
aggression. And most importantly, there is increasing empirical evidence for the involvement of stress
and glucocorticoids in aggression, as outlined below after a brief overview of stress and the physiology
of the stress response.

1.3 Stress
1.3.1

Definition

Although in everyday life we are familiar with the term stress and how it subjectively feels to be
stressed, various scientific definitions exist. For instance, McEwen (2000) defines stress “as a threat,
real or implied, to the psychological or physiological integrity of an individual” (p. 108). Alike, Miller
and O'Callaghan (2002) characterize stress “as any disruption of homeostasis” (p. 5). Hence, a core
feature of stress is the disturbance of the balanced state of an individual. This threat or disruption of
the homeostasis is caused by a so-called stressor, an internal or external real or perceived stimulus,
which is evaluated by the individual as stressful (e.g., de Kloet, Holsboer, & Joëls, 2005; Greenberg,
2002; Sapolsky, Romero, & Munck, 2000). Thus, what is considered a stressor in a given case is highly
subjective (Lupien, Maheu, Tu, Fiocco, & Schramek, 2007; Thiel & Dretsch, 2011). Nevertheless, as
reviewed by Dickerson and Kemeny (2004), there are a number of laboratory stressors, possessing the
features of uncontrollability and social evaluation, which reliably induce stress in the majority of
subjects. Experienced stress causes a highly adaptive stress response that comprises emotional,
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cognitive, physiological, and behavioral components, aiming not only to face the stressor, but also to
restore homeostasis (or allostasis2) (Campbell & Ehlert, 2012; Cannon, 1929; Conrad, 2011; de Kloet,
et al., 2005; Greenberg, 2002; Taylor, S. E. et al., 2000).

1.3.2

Physiological Stress Response - HPA axis

On the physiological level, disturbances of the homeostasis (i.e., stress) are met by the activation of
two systems, the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system
(SNS). This stressor-induced activation results in a series of neuroendocrinological modulations and
changes known as the stress cascade, which enables the organism to (re)establish homeostasis or
allostasis (McEwen, 2004; Miller & O'Callaghan, 2002), predominantly via energy mobilization and
inhibiting interfering and nonessential body functions. Accordingly, the first acute stress response
constitutes the rapid activation of the SNS, which directs the autonomic processes via norepinephrine
and epinephrine, resulting in increased blood flow and oxygen and glucose availability to prepare and
initiate a prompt adaptive behavioral response (de Kloet, et al., 2005).
The second stress response involves the HPA axis, which comprises the hypothalamus, the
pituitary gland, and the adrenal gland and eventually results in the synthesis and secretion of
glucocorticoids. By HPA axis activation in response to a stressor, neurons of the paraventricular nucleus
(PVN) of the hypothalamus start the secretion of hypothalamic-releasing hormones, precisely
corticotrophin-releasing hormones (CRH) and arginine vasopressin (AVP), into the hypophysial portal
blood system. This system feeds into the hypophysis, i.e., the pituitary gland, whereby the synthesis
and release of adrenocorticotrophic hormone (ACTH) from the anterior pituitary into the bloodstream
are stimulated. ACTH in turns binds to receptors of the adrenal glands, stimulating the synthesis and
release of glucocorticoids (GC), primarily cortisol in humans and corticosterone in rodents, from the
adrenal cortex into the blood stream, where it binds reversibly to carriers. About 2 to 15% of cortisol
remains unbound. This so-called “free” cortisol is biologically active and can be assessed in saliva,
among other body fluids (Kirschbaum & Hellhammer, 1994). GCs act on the stress response, for
instance, by stimulating gluconeogenesis, enhancing glucose transport to areas requiring a high
energy, regulating immune response and suppressing inflammation (Thiel & Dretsch, 2011). Besides,
GCs are able to react in a regulatory manner on their own production. Via negative-feedback
mechanisms at each level of the axis the activity and production of respective components are
suppressed in order to facilitate the return of the organism to a balanced state (Herman, 2011; Miller
& O'Callaghan, 2002).

2

McEwen (2000) took into consideration that the organism is capable of maintaining homeostasis for a period
of time despite ongoing challenges, referring to this as allostasis.
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Under basal conditions independently of acute stressors, the HPA axis is controlled by a
circadian rhythm, generating a cortisol secretion approximately every hour (Walker, Terry, & Lightman,
2010), with a characteristic rapid rise in cortisol concentration in the early morning right before and
subsequent awakening, the so-called cortisol awakening response (CAR) (Federenko et al., 2004; van
Cauter et al., 1994; Wilhelm, Born, Kudielka, Schlotz, & Wüst, 2007). This feature has been shown to
be a useful indicator for dispositional basal HPA axis activity and reactivity and to be associated to
psychological factors and altered in several psychological syndromes and illnesses (Chida & Steptoe,
2009; Clow, Thorn, Evans, & Hucklebridge, 2004; Fries, Dettenborn, & Kirschbaum, 2009; Hellhammer
et al., 2007; Huber, Issa, Schik, & Wolf, 2006; Pruessner, Hellhammer, & Kirschbaum, 1999; van Santen
et al., 2011; Wessa, Rohleder, Kirschbaum, & Flor, 2006).

1.3.3

Glucocorticoid Effects on the Brain- Target Tissues
Due to their lipophilic features, Glucocorticoids (GCs) easily pass the blood-brain barrier, and

affect besides peripheral tissues the brain as well (Lupien et al., 2007), initiating both rapid and delayed
effects via genomic and non-genomic mechanisms (de Kloet, et al., 2005; Makara & Haller, 2001;
Sutter-Dub, 2002; Tasker, Di, & Malcher-Lopes, 2006). The genomic pathway is rather slow, its full
effects becoming apparent the earliest 15 min after the stressful event (Makara & Haller, 2001). This
slow genomic action of cortisol/corticosterone is mediated for most parts by two cytoplasmic
receptors, the glucocorticoid (GRs) and the mineralocorticoid receptors (MRs). GCs bind to MRs and in
case of stress-induced elevated GCs levels especially to GRs, where a receptor-ligand complex
emerges, which influences eventually transcription of different glucocorticoid-regulated genes (de
Kloet, et al., 2005; Tasker et al., 2006). In contrast, rapid mechanisms lead to effects, and in certain
cases their washout as well, within a time frame of seconds or minutes, respectively. Moreover, they
are for most parts independent of MR/GR interaction and do not require genomic mechanisms (Haller,
Mikics, & Makara, 2008; Makara & Haller, 2001; Tasker et al., 2006).
Essential brain structures containing corticosteroid receptors are amongst others the frontal
lobes, including the PFC, the hippocampus, and the amygdala, as well as the PVN (hypothalamus)
(Lupien et al., 2007; Thiel & Dretsch, 2011). Additionally, Makara and Haller (2001) and Tasker et al.
(2006) list the cerebral cortex, the hippocampus, the hypothalamus, the raphe, the locus coeruleus,
the peripheral ganglia, and the brainstem reticular formation as structures which are affected by rapid
non-genomic effects. High density of GR and MR especially in the hippocampus (Lupien & Lepage,
2001; Lupien et al., 2007) and the PFC (de Kloet, et al., 2005; Patel et al., 2000) led to the assumption
that cortisol alters human cognitive performance, which was supported by extensive research
regarding declarative memory as well as recently working memory (for a review, see Lupien et al.,
2007) and other executive functions (e.g., Elzinga & Roelofs, 2005; Oei, Everaerd, Elzinga, van Well, &
8
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Bermond, 2006; Oei, Tollenaar, Spinhoven, & Elzinga, 2009; Plessow, Kiesel, & Kirschbaum, 2012).
More importantly, the listed target structures of cortisol overlap with the neural circuits of aggression
reviewed above. Furthermore, there is increasing evidence for aggression-promoting impact of stress
and cortisol as outlined in the following.

1.4 Stress and Aggression
1.4.1

Animal Research

The first well-founded evidence for a causal relation of acute HPA axis activation and aggression is
based on animal research, particularly on experiments with rodents (Haller, Do, & Makara, 1996;
Hayden-Hixson & Ferris, 1991; Kruk et al., 2004; Mikics, Kruk, & Haller, 2004; Tonelli et al., 2008;
Wommack & Delville, 2007). Most importantly, in a series of experiments, Kruk et al. (2004) identified
a fast positive feedback loop between the glucocorticoid stress response and brain structures engaged
in aggressive behavior. The researchers used adrenalectomized male rats and evoked aggressive
behavior by means of invasive brain stimulation of the hypothalamic attack area (HAA), a brain area
underlying both offensive and defensive aggression (Halasz, Liposits, Kruk, & Haller, 2002; Siegel,
Roeling, Gregg, & Kruk, 1999). To avoid interference with endogenous glucocorticoid production,
adrenal glands were replaced by a slow release corticosterone pellet before the actual experimental
session, maintaining levels about 30% of the normal level. An acute administration of corticosterone,
similar to an increase evoked by a natural stressor, prior to the stimulation of the HAA, facilitated the
aggressive response, i.e., the threshold for elicitation was reduced by approximately one third (study
3). Moreover, in a next step, Kruk et al. (2004) revealed that this was only the case if the administration
was within 10 min, but not 60 or 240 min before the HAA stimulation, indicating that non-genomic
mechanisms mediated this impact. This assumption is in line with studies reviewed by Makara and
Haller (2001) and is supported by findings of Mikics et al. (2004), who could show that the fast
aggression-promoting effect of corticosterone was unaffected by administration of protein synthesis
inhibitor. Beyond that, further experiments in this series of Kruk et al. (2004) revealed that stimulation
of the hypothalamic attack area itself led to an HPA axis activation and thereby a surge of
corticosterone. An actual performance of aggressive behavior against an intruder was not necessary
(Kruk et al., 2004, study 1 and 2). Hence, the circle between glucocorticoid stress response and
aggressive behavior as well as involved brain structures of both circuits was closed. Based on these
findings, the authors concluded that “such mutual facilitation could constitute a vicious circle, which
would explain why aggressive behavior escalates so easily, and why it is so difficult to stop once it has
started” (Kruk et al., 2004, p. 1068).
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Beside effects of acute rise in corticosterone, chronic low levels and low variation of plasma
glucocorticoids have been found to be positively associated with (abnormal) aggressive behavior in
rodents as well (Halasz et al., 2002; Haller, Halasz, Mikics, & Kruk, 2004; Haller & Kruk, 2006; Haller,
van de Schraaf, & Kruk, 2001).

1.4.2

Human Research

In humans, the importance of the HPA axis in the context of aggressive and aggressive-related behavior
has been investigated mostly in correlational and quasi-experimental studies (e.g., Gerra et al., 2007;
Gordis et al., 2006; McBurnett et al., 2000; Poustka et al., 2010; Rudolph, Troop-Gordon, & Granger,
2010; van Goozen & Fairchild, 2006; Victoroff et al., 2011), as well as in several more controlled
experimental studies (e.g., Böhnke, Bertsch, Kruk, & Naumann, 2010; Cote, McCormick, Geniole, Renn,
& MacAulay, 2013; Geniole, Carre, & McCormick, 2011; Hirvikoski, Lindholm, Nordenstrom,
Nordstrom, & Lajic, 2009; Kempes, Vries, Matthys, van Engeland, & van Hooff, 2008; Lopez-Duran et
al., 2009). For instance, Poustka et al. (2010) and McBurnett et al. (2000) both observed negative
associations of basal cortisol levels and reported antisocial and aggressive behavior in children and
adolescents. In an elaborate study, Böhnke, Bertsch, Kruk, and Naumann (2010) could confirm this
negative relationship between low basal HPA axis activity, quantified via the CAR over three
consecutive days, and reactive aggression in a well-validated laboratory paradigm in healthy adults.
Furthermore, Hirvikoski et al. (2009) found cortisol levels after a cognitive stress test to be positively
correlated with self-rated impulsivity according to DSM-IV.
Even though these above listed and outlined studies revealed rather consistently an
association between the stress system (i.e., cortisol) and aggressive and aggressive-related behavior
in humans, they often either rely on (self-) reported aggressive behavior, related traits (i.e.,
impulsivity), or symptoms of psychiatric disorders, respectively, or focused on basal HPA axis activity.
Hence, the causal connection of stress, more precisely cortisol, and aggressive behavior, which was
found in rodents, could not be confirmed this way. However, a series of experiments by Verona and
colleagues constitute an exception, investigating the impact of acute stress on (concurrent) aggressive
behavior under laboratory conditions (Verona & Curtin, 2006; Verona, Joiner, Johnson, & Bender,
2006; Verona & Kilmer, 2007; Verona et al., 2007). Male and female participants were stressed with a
physical stressor while (or subsequently, respectively) performing a teacher-learner paradigm in which
aggressive behavior was measured in the form of administered electric shocks. Predominantly, their
studies showed that stressed men react with enhanced aggressive behavior, while females did not
(Verona & Curtin, 2006; Verona et al., 2006; Verona & Kilmer, 2007, but see Verona et al., 2007).
Unfortunately, the authors did not include cortisol measurements in their studies, for what reason the
actual impact of HPA axis activation remains unclear. In contrast, Böhnke, Bertsch, Kruk, and Richter
10

I. Chapter: General Introduction and Outline of the Thesis
et al. (2010) focused on the impact of the stress hormone cortisol on aggressive behavior. They
administered either an oral dose of cortisol or a placebo to healthy male and female adults, who were
subsequently exposed to high or low provocation in a laboratory aggression paradigm. They found
increasing aggressive behavior over the course of the paradigm in the cortisol group, which was
independent of the amount of provocation. Unlike Verona et al., Böhnke, Bertsch, Kruk, and Richter et
al. (2010) could show that females who received exogenous cortisol reacted significantly more
aggressively relative to females in the placebo group, irrespectively of the amount of provocation.
Hence, both studies found supporting evidence for a causal enhancing effect of stress or exogenous
cortisol on aggressive behavior, albeit with contradicting results for men and women. In summary,
there is preliminary evidence that stress and cortisol promote aggressive behavior in males and
females, respectively. Nevertheless, the influence of acute increase of cortisol due to a stressor on
aggression has not been investigated so far, which is of particular interest from the perspective of
ecological validity.

1.4.3

The Role of Cognitive Control and Social Information Processing in the Relationship
of Stress and Aggression

In accordance with Siever’s assumption that aggression arises from a malfunction of “top-down”
control systems (Siever, 2008), aggression has been repeatedly associated with impaired impulse
control, self-control, and self-regulation, (e.g., Denson, Capper, Oaten, Friese, & Schofield, 2011;
Denson, Pedersen, Friese, Hahm, & Roberts, 2011; DeWall, Baumeister, Stillman, & Gailliot, 2007;
DeWall, Finkel, & Denson, 2011; Struber et al., 2008; Wilkowski, Robinson, & Troop-Gordon, 2010),
which rely on cognitive control processes or executive functions, respectively (Barkley, 2001; Hofmann,
Schmeichel, & Baddeley, 2012; Morgan & Lilienfeld, 2000; Ochsner & Gross, 2005; Patrick, 2008). Of
particular interest is inhibitory control, or more precisely response inhibition, as it is assumed to be a
qualification for self-regulation and impulse control by which means aggressive drives and motivations
can be regulated (Barkley, 2001; DeWall et al., 2007; Logan, Schachar, & Tannock, 1997). In line with
this, deficits in tasks demanding behavioral inhibition were linked to reactive aggression (e.g., Ellis,
Weiss, & Lochman, 2009) and trait aggression (Pawliczek et al., 2013; Raaijmakers et al., 2008).
Neuroanatomically, cognitive control processes rely on PFC functioning (e.g., Krämer et al.,
2013; for a review, see Miller & Cohen, 2001), a structure, as mentioned above, with a high density of
mineralocorticoid and glucocorticoid receptors (de Kloet, et al., 2005; Patel et al., 2000). Accordingly,
both acute and chronic stress as well as exogenous cortisol have been shown to affect and impair its
neural structure and function (Barsegyan, Mackenzie, Kurose, McGaugh, & Roozendaal, 2010;
Cerqueira, Mailliet, Almeida, Jay, & Sousa, 2007; Liston, 2006; Radley et al., 2004; Wellman, 2001 for
a review, see Arnsten, 2009). Hence, impairment of cognitive control processes due to a stress-induced
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surge of cortisol constitutes a promising key role in the link between stress and aggression. This notion
is supported by a recent study of Sprague et al. (2011), who found executive functions (EFs) including
inhibitory control to moderate the association between stress and aggression. Participants with
deficits in EFs showed a stronger connection between self-reported stress and aggression, while high
EF abilities diminished the strength of this association.
However, while the influence of cognitive control on aggressive and antisocial behavior is
widely supported, the effect of stress on this form of executive function has been hardly investigated
so far. Only within the last decade, studies examined the impact of acute stress or cortisol
administration on cognitive control (e.g., Liston, McEwen, & Casey, 2009; Steinhauser, Maier, &
Hübner, 2007) or inhibitory control (Oei et al., 2009; Zwissler, Koessler, Engler, Schedlowski, & Kissler,
2011) and only few studies examined the effects on response inhibition in (healthy) human subjects
(Schlosser et al., 2013; Scholz et al., 2009; Wolf et al., 2001), reporting divergent findings regarding the
occurrence of an impact and its direction. Moreover, these studies relied on different behavioral
measurements, i.e., errors vs. reaction times vs. interference score, and did not include
neurophysiological measurements, even so there is profound knowledge, in particular with regard to
the electrophysiological correlates of response inhibition, which allow a more elaborate examination
of underlying cognitive processes (e.g., Falkenstein, Hoormann, & Hohnsbein, 1999; Huster, EnriquezGeppert, Lavallee, Falkenstein, & Herrmann, 2013). Beside impaired cognitive control, the processing
of aggression-related stimuli might constitute a crucial factor regarding the relationship between
stress and aggression. Based on their findings of the fast positive feedback loop between glucocorticoid
stress response and aggressive behavior in rodents reviewed above, Kruk et al. (2004) proposed that
this causal relationship between stress and aggression is mediated by a change in the processing of
social conflict signals and aggression-promoting stimuli. On the side of aggression, this notion is
supported by the fact that social information is considered a crucial factor in the development and
occurrence of aggressive behavior (e.g., Anderson & Bushman, 2002; Crick & Dodge, 1994; Dodge
& Crick, 1990; Huesmann, 1988). Crick and Dodge (1994), for instance, postulated a model of social
information processing, according to which selective attention or hypervigilance to hostile cues and
hostile attribution biases amongst other steps prone aggressive behavior. Supporting this, studies with
children and adolescents showed that those individuals who react with reactive aggression in social
situations, were more likely to display hostile attribution biases when interpreting ambiguous
provocation situations (Crick & Dodge, 1996; Dodge & Crick, 1990; Nelson & Crick, 1999). Similarly,
Calvete and Orue (2012) found different social information components to mediate the link between
diverse cognitive schemata and aggressive behavior. Moreover, the impact of violent cues on
subsequent aggressive behavior varied with the experience and knowledge of the respective cue
(Bartholow, Anderson, Carnagey, & Benjamin, 2005). Beyond that, in the last decade a few studies
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investigated online-information processing during an aggressive encounter. These studies examined
event-related potentials (ERPs) to the decision to retaliate, i.e., to react aggressively, and reported
altered early frontal positive or negative ERP components, respectively, as a function of the amount of
provocation for individuals with high trait aggressiveness (Krämer, Büttner, Roth, & Münte, 2008) or a
history of violence (Wiswede et al., 2011).
Regarding stress and cortisol, there is profound evidence that a preceding stressful event or
cortisol alter the processing of social relevant information across various tasks (e.g., Buchanan &
Lovallo, 2001; Ellenbogen, Schwartzman, Stewart, & Walker, 2002; Oei et al., 2012; Putman & Roelofs,
2011; Roelofs, Elzinga, & Rotteveel, 2005; van Marle, Hermans, Qin, & Fernandez, 2009). In particular
threat-related stimuli are affected by increased levels of cortisol, even so there are, similar to results
concerning cognitive control, inconsistencies regarding the direction of this effect. While several
studies report a preferential processing of threat-related material after exogenous cortisol
administration (Putman, Hermans, & van Honk, 2007; van Peer et al., 2007; van Peer, Spinhoven, van
Dijk, & Roelofs, 2009) or an acute stressor (Akinola & Mendes, 2012; Roelofs, Bakvis, Hermans, van
Pelt, & van Honk, 2007; Weymar, Schwabe, Low, & Hamm, 2012), others found a reduced bias for
emotional material (Oei et al., 2009) or fearful faces (Putman, Hermans, Koppeschaar, van Schijndel,
& van Honk, 2007) and increased inhibition for angry faces (Taylor, V. A., Ellenbogen, M. A., Washburn,
D., & Joober, R., 2011).
Taken together, there is considerable evidence that (stress-induced) cortisol alters the
processing of aggression-related information and that the development and likelihood of aggressive
behavior itself is mediated by the processing of social information and perceived violent cues.
However, to my knowledge, the processing of the actual aggression-eliciting stimuli, i.e., the
provocation, has not been investigated so far, nor is the influence of stress on the processing of this
during an aggressive encounter.
Furthermore, Kruk et al. (2004) suggest that the identified mutual facilitation of stress and
aggression might form a “vicious cycle” (p. 1068). Hence, the stress system may play a key role in the
escalation of aggression and its persistence, once it has started. Consequently, the impact of stress as
well as of aggression on information processing should last beyond the scope of the actual aggressive
encounter. So far, previous studies investigating the influence of aggression on social information
processing have focused mainly on maltreated children, trait aspects of anger and aggression, selfreported aggressive experience, and samples with pathological aggression-related behavior (e.g.,
Anderson & Stanford, 2012; Calvete & Orue, 2011; Coccaro et al., 2007; Crick & Dodge, 1996; Houston
& Stanford, 2001; Verona, Sprague, & Sadeh, 2012; Zelli, Dodge, Lochman, & Laird, 1999). Coccaro et
al. (2007), for instance, found enhanced amygdala activity accompanied with reduced orbitofrontal
cortex activation in response to angry faces in participants diagnosed with intermittent explosive
13
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disorder. Alike, Anderson and Stanford (2012) reported altered processing of affective pictures in
psychopaths compared to healthy controls. However, the role of information processing in the
persistence of aggressive behavior and motivation beyond the actual encounter into another context
remain open, as these studies did not examine information processing following an aggressive
encounter.
Pioneering work in this regard was carried out by Bertsch and colleagues (2009, 2011). In two
ERP studies, the authors examined the influence of provoked aggressive behavior by itself and in
combination with exogenous cortisol on subsequent processing of emotional and neutral faces in an
emotional Stroop task in healthy males and females (Bertsch, Böhnke, Kruk, & Naumann, 2009;
Bertsch, Böhnke, Kruk, Richter et al., 2011). Enhanced aggressive behavior due to high provocation
resulted in rather enhanced interference for emotional facial expressions (Bertsch, Böhnke, Kruk, &
Naumann, 2009), while cortisol in combination with high provocation facilitates the response to all
kind of facial expressions (Bertsch, Böhnke, Kruk, Richter et al., 2011). Regarding electrocortical
correlates, high provocation and hence, enhanced aggressive behavior, caused a preferential
processing for facial expressions, with the greatest effect for threat-related faces (Bertsch, Böhnke,
Kruk, & Naumann, 2009), whereas participants who received an oral dose of cortisol showed a
diminished attentional bias for angry faces, reflected in reduced early positive frontocentral ERPs.
Thus, there is preliminary evidence, that preceding cortisol manipulation before as well as provocation
and aggressive behavior itself led to altered social information processing beyond the aggressive
encounter, albeit with distinct rather opposite effects. Still, it remains an open question if an acute
stressful event would have the same impact. Moreover, as the emotional Stroop task used by Bertsch
and colleagues (2009, 2011) was limited to facial expression, it is standing reason if alterations in
information processing can be generalized to scenes and stimuli, in particular to scenes of assault and
weapons. Especially the latter have been be considered to enhance aggressive behavior, as described
by the so-called “weapons effect” (e.g., Anderson, Benjamin, & Bartholow, 1998; Bartholow et al.,
2005; Berkowitz & LePage, 1967).

1.5 Aims of this Thesis
The above reviewed findings provide experimental evidence that cortisol has a promoting effect on
aggressive behavior in healthy participants as well. Besides, there are notable indications that
inhibitory control and social information processing constitute promising mediating factors in this
causal stress-aggression relationship. Beyond that, cortisol and provoked aggressive behavior seem to
affect subsequent social information processing, suggesting a crucial involvement of the stress
hormone in the persistence and escalation of aggression. At the same time, the hitherto encouraging
results point out several limitations and open questions, outlined above.
14

I. Chapter: General Introduction and Outline of the Thesis
Taking these into account, the present thesis aims to further elucidate these aspects of the
stress-aggression relationship from a psychophysiological perspective, approaching the following
issues. (1) Does an endogenous increase of cortisol due to an acute stressor lead to heightened
aggressive behavior in healthy participants? (2) Does this involve an alteration of processing of the
aggression-eliciting cues? (3) Does the combination of stress-induced increase of cortisol and ensuing
aggressive behavior alter processing of subsequent affective information? (4) Does a stress-induced
increase of cortisol impair response inhibition and how are neural correlates of inhibitory control
affected thereby?
To address these questions, two psychophysiological studies with healthy participants were
conducted. Study 1, described in Chapter II, sought to analyze the impact of an acute stressor on
response inhibition using a Go/Nogo paradigm. Study 2 aimed to explore the impact of an acute
stressor on aggressive behavior and information processing within (Chapter III) and beyond the
aggressive encounter (Chapter IV), extending the findings of Böhnke, Bertsch, Kruk, and Richter et al.
(2010) and Bertsch, Böhnke, Kruk, and Richter et al. (2011). Aggression was induced by means of the
Taylor Aggression Paradigm (Taylor, 1967). In both studies stress and HPA axis activation was induced
via the socially evaluated cold-pressor test (Schwabe, Haddad, & Schächinger, 2008), and several
salivary samples were collected over the course of the experiments to capture cortisol levels.
Furthermore, in both studies the neural correlates of cognitive processes, i.e., either inhibitory control
(study 1) or processing of aggression-eliciting stimuli or affective information (study 2), were assessed
by event-related potentials, a non-invasive measurement which allows the online-registration of
information processing with a very high temporal resolution (Hillyard & Kutas, 1983).
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2.1

Introduction

Stress is considered a crucial factor promoting aggression and aggressive behavior (e.g., Craig, 2007;
Gerra et al., 1998; Gordis et al., 2006; Kruk et al., 2004; Natvig et al., 2001; van Goozen & Fairchild,
2006). However, usually we are able to pull ourselves together and restrain aggressive impulses. This
ability is often referred to as self-regulation, self-control or impulse control (Baumeister & Heatherton,
1996; DeWall et al., 2007), and strongly relies on cognitive control processes or so-called executive
functions (Barkley, 2001; Denson, Capper et al., 2011; Denson, Pedersen et al., 2011; DeWall et al.,
2011; Hofmann et al., 2012; Ochsner & Gross, 2005).
Cognitive control processes constitute a promising key role in the link between stress and
aggression. Neuroanatomically, cognitive control processes rely on prefrontal cortex (PFC) functioning
(e.g., Krämer et al., 2013; for a review, see Miller & Cohen, 2001), a structure particularly sensitive to
effects of both acute and chronic stress (Barsegyan et al., 2010; Radley et al., 2004; Wellman, 2001 for
a review, see Arnsten, 2009). Perceiving a stressor leads to, not only an acute autonomic nervous
response, but also an activation of the hypothalamus-pituitary-adrenal (HPA) axis which causes in
humans the release of the stress hormone cortisol by the adrenal glands. Cortisol enters the brain and
binds to mineralocorticoid (MR) and glucocorticoid receptors (GR), the latter occurring especially in
high densities in the hippocampus and PFC (de Kloet, et al., 2005; Patel et al., 2000). In this way, cortisol
alters neuronal structures and responses crucial for cognitive control processes (e.g., Cerqueira et al.,
2007; Liston, 2006). On the other hand, aggressive behavior has repeatedly been associated with
dysfunctions of the PFC and poor executive functions (e.g., Anderson, Bechara, Damasio, Tranel, &
Damasio, 1999; Best, Williams, & Coccaro, 2002; Pardini et al., 2011; Patrick, 2008; Patrick, Verona,
Flannery, Vazsonyi, & Waldman, 2007; Siever, 2008). Additionally, deficits in tasks demanding
behavioral inhibition were linked to reactive aggression (e.g., Ellis et al., 2009). Thus, stress might
promote aggressive behavior by impairing cognitive control. This assumption is supported by a recent
study of Sprague et al. (2011), who could show that executive functions (EFs) including inhibitory
control moderate the association between stress and aggression. Participants with deficits in EFs
showed a stronger connection between stress and aggression, while high EF abilities diminished
strength of this association.
However, while the influence of cognitive control on aggressive behavior is widely supported,
the effect of stress on cognitive control is less clear. So far, research of stress and cognitive control or
executive functions, respectively, has mainly focused on working memory (Elzinga & Roelofs, 2005;
Oei et al., 2006; Porcelli et al., 2008), goal-directed behavior (Plessow, Fischer, Kirschbaum, & Goschke,
2011; Plessow et al., 2012) or cognitive control in the sense of task switching (e.g., Steinhauser et al.,
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2007). Inhibitory control in the proper sense of impulse control or response inhibition, defined by Aron,
Robbins, and Poldrack (2004) as “the cognitive process required to cancel an intended movement”
(p. 170), is of particular interest since it is assumed to be a prerequisite of self-regulation (Barkley,
2001). To my knowledge, only two studies investigated the effect of stress or acute elevated cortisol
levels on inhibitory control (Oei et al., 2009; Zwissler et al., 2011) and only three studies examined the
effects on response inhibition in (healthy) human subjects (Schlosser et al., 2013; Scholz et al., 2009;
Wolf et al., 2001). Zwissler et al. (2011) found no effects of a psychosocial stressor (Trier Social Stress
Test - TSST) on inhibitory control of memory in a directed forgetting task. Similarly, acute cortisol
administration did not impair performance in a Stroop Color and Word Test (Wolf et al., 2001). In
contrast, Oei et al. (2009) found an enhancing effect of hydrocortisone on inhibitory performance
when examining emotional distracter interference in working memory. Scholz et al. (2009) and
Schlosser et al. (2013) both used a Go Nogo paradigm, a standard task to measure response inhibition.
In this task participants are instructed to respond to one kind of stimuli (Go) only, while withholding
the response to another stimuli (Nogo). Scholz et al. (2009) found impaired response inhibition after
stress induction via TSST, whereas Schlosser et al. (2013) revealed enhancing effects on inhibitory
performance in an emotional Go Nogo task in healthy control participants after administration of
hydrocortisone.
In summary, these previous studies found rather inconsistent results concerning the influence
of stress and cortisol on inhibitory control and, in particular, on response inhibition. This might be
caused at least in some parts by methodological differences. Additionally, these studies concentrated
on effects on a behavioral level, i.e., reaction times and accuracy, although, there is profound
knowledge and extensive literature on the neurophysiological basis of inhibitory control and response
inhibition (e.g., event-related potentials: Bokura, Yamaguchi, & Kobayashi, 2001; Falkenstein et al.,
1999; Fallgatter & Strik, 1999; functional magnetic resonance imaging (fMRI): Aron, Behrens, Smith,
Frank, & Poldrack, 2007; Garavan, Ross, & Stein, 1999; Huster et al., 2013; Krämer et al., 2013; Liddle,
Kiehl, & Smith, 2001). Moreover, event-related potentials (ERPs) allow a more distinct and specific
examination of the underlying cognitive information processing, especially concerning the chronology
of processing and the cortical resources included therein (Hillyard & Kutas, 1983). ERPs measured in
Go Nogo tasks consistently revealed typical differences in Nogo compared to Go stimuli: stimuluslocked N2 and P3 ERP components are larger and more frontally distributed in Nogo trials compared
to Go trials, and are associated with inhibitory processes and inhibition itself (e.g., Bruin, Wijers, & van
Staveren, 2001; Falkenstein et al., 1999; Jodo & Kayama, 1992; Kiefer, Marzinzik, Weisbrod, Scherg, &
Spitzer, 1998; Kropotov, Ponomarev, Hollup, & Mueller, 2011; Pfefferbaum & Ford, 1988; Pfefferbaum,
Ford, Weller, & Kopell, 1985, but see Donkers & van Boxtel, 2004; Nieuwenhuis, Yeung, van den
Wildenberg, Wery, & Ridderinkhof, 2003 for an alternative explanation). Moreover, Go trials showed
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a P2 ERP component, which is non-existent in Nogo trials (Gajewski & Falkenstein, 2013). These brain
potentials have been shown to be sensitive to task characteristics and demands (e.g., Benikos,
Johnstone, & Roodenrys, 2013; Eimer, 1993; Gajewski & Falkenstein, 2013; Lavric, Pizzagalli, &
Forstmeier, 2004; Nakata, Sakamoto, & Kakigi, 2012) as well as substances (Wit, Enggasser, & Richards,
2002) and symptoms of (sub)-clinical populations (Fallgatter et al., 2004; Oddy & Barry, 2009; Ruchsow
et al., 2008) which are linked to reduced inhibitory control, and therefore might be particularly useful
to detect stress- and cortisol-induced alternations in response inhibition.
The present ERP study aimed to investigate the influence of acute stress and the thereby
caused increase in cortisol levels on response inhibition in consideration of cortical processing. Stress
was induced via the socially evaluated cold-pressor test (Schwabe et al., 2008) and several salivary
cortisol measurements were taken in the course of the experiment for validation purpose. Response
inhibition was measured with a simple non-emotional Go Nogo task before, as well as after, the
stressor. In addition to behavioral data, stimulus-locked ERPs (N2, P3) for Go and Nogo stimuli were
analyzed. In addition, the P2 component was exploratively examined. I expected stress and in
particular stress-induced increase in cortisol levels to impair response inhibition, which should be
reflected in larger reaction times and less accuracy as well as altered ERPs- specifically, in reduced N2
and P3 components.

2.2 Material and Methods
2.2.1

Participants

Forty-one male students recruited from the University of Trier, Germany, participated in the study.
Due to extreme (over ±3 SD) or missing salivary cortisol values after the stress induction, respectively,
two participants had to be removed from the analysis, leaving 39 participants for analysis with a mean
age of 23.44 years (SE = .43, range 19-30 years) and a mean BMI of 23.01 kg/m² (SE =.40). Participants
had to meet the following criteria: no acute or chronic physical disease or mental disorder (including a
history of the latter), no use of medication and native German speaker. Only non-smokers were
allowed to participate due to the fact that cigarette smoking influences the HPA axis activity (Granger
et al., 2007). Since the EEG was measured, only right-handed students were included, as handedness
affects hemispheric specialization (Galin, Ornstein, Herron, & Johnstone, 1982). Additionally, students
taking classes in psychology were excluded to ensure an unbiased behavior during the experiment. The
experiment was conducted in accordance with the Declaration of Helsinki. The Research Ethics
Committee of the University of Trier approved the study, and all participants gave their written
informed consent. Participation was compensated with €35 (approximately US $47) or optional with
course credit.
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2.2.2

Procedure

Prior to the experimental session, participants were invited to an informational interview, during which
exclusion criteria were checked and information about the aim and procedure of the study, i.e., the
investigation of the relationship between stress and different cognitive functions, was given.
Participants were informed at full length that they might be exposed to a stress procedure comprising
cold water, videotaping and observation. Furthermore, the electroencephalogram (EEG) and the
sampling of cortisol were described. Besides a battery of personality questionnaires to fill out at home,
they received sampling devices for salivary cortisol and a corresponding protocol for measuring the
cortisol awakening response (CAR), as described in (Fechtner, 2012). Moreover, participants were
required to refrain from physical exercise on the day prior, as well as alcohol, caffeinated drinks and
meals within 1 h prior to the date fixed for the experimental session. The completed questionnaires
and cortisol samples for the CAR had to be returned on this occasion. All participants gave their written
informed consent being aware that participation was voluntary and that they may withdraw at any
time without any consequences and without having to give reasons.
The actual experiment was conducted between 12:00 noon and approximately 07:00 p.m.,
starting at 12:00 noon, 02:30 p.m. and 05:00 p.m., where endogenous cortisol levels are low (Schreiber
et al., 2006). All participants were examined individually and were randomly assigned to the stress or
control procedure. They were seated in a dimly lit sound-attenuated room, 1 m from the monitor (20
in. Eizo FlexScan S2031W) and electroencephalogram (EEG), electrooculogram (EOG) and
electrocardiogram (ECG) recording devices were prepared. The participants received all instructions
via the computer screen. Before and after the socially evaluated cold pressor test (SECPT) or the warm
water control condition, participants performed a block of two cognitive tasks each, a Go Nogo
paradigm and a Task Switching paradigm (for a description and results of the latter see Fechtner, 2012).
The order of these tasks was balanced across participants. During the course of the experiment,
participants filled out short state questionnaires several times (description and results reported
elsewhere), and provided seven saliva samples for cortisol analysis. After removal of the physiological
recording devices, participants were extensively debriefed and compensated for their participation.
The experiment, from arrival to debriefing, had a duration of about 120 min.

2.2.3

Go Nogo Task

Cognitive control was measured using a Go Nogo paradigm. The letters “X” and “Y” served as Go or
Nogo stimuli, respectively. The letters were presented in white front Courier Newsize 36 in the middle
of a black screen. Each trial started with a white fixation cross in the center of the screen. Then the
letter appeared for 400 ms, followed by a black screen. The interstimulus interval (ISI) was set to 2500
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ms. Two blocks with 180 trials each were realized in the experiment. Before the first block, a practice
block with 16 trials (half Go) was carried out. Stimuli were presented equiprobably and in random
order. The assignment of the letter to the Go and Nogo condition was counterbalanced across
participants: For half of the participants “X” served as a Go and “Y” as a Nogo stimulus, and vice versa
for the other half. Participants were instructed to press a button with the index finger of their right
hand as quickly as possible if the Go stimulus appeared and to withhold the response to the Nogo
stimulus.
E-Prime presentation software (Eprime 2.0, Psychological Software Tools, Pittsburgh, PA) was
used to present the stimuli and record the reaction times during the tasks.

2.2.4

Socially Evaluated Cold-Pressor Test - SECPT

Participants who were assigned to the stress condition, were exposed to the socially evaluated coldpressor test (SECPT, Schwabe et al., 2008), an economic and efficient stress induction causing
significant activation of the HPA axis and the adrenergic system and, moreover, an increase in
subjective stress experience (e.g., Schwabe & Wolf, 2009; Weymar et al., 2012). Namely, an unfamiliar
female experimenter who acted neutrally and distanced asked them to immerse their left hand up to
the wrist into ice water (0-3 °C) and to look at a camera throughout the whole procedure, as their facial
expressions would be analyzed. Meanwhile, the experimenter watched them closely, took notes and
stopped the time. At the end of three minutes, they were asked to remove their hand. No further
communication between experimenter and participants was permitted and participants were unaware
about the elapsed time. Participants in the non-stressful control condition underwent the same
procedure with warm water (37-39 °C) instead of ice water. No participant removed his hand from the
ice water before the expiration of the term.

2.2.5

Salivary Cortisol Measurement

Saliva samples for cortisol analysis were obtained using Salivette® collection devices (Sarstedt,
Nürnbrecht, Germany). Samples were collected at seven assessment points over the course of the
experiment: before the start of the experiment (C0, about -65 min with reference to the beginning of
the SECPT), before the first blocks of both cognitive tasks (C1, about-35 min), before the SECPT (C2, -3
min), after the SECPT (C3, +7 min), after the second block of the first cognitive task (C4, +25 min), after
the second block of the second cognitive task (C5, +40 min), and at the end of the experiment (C6, +5
5min) (cf. Figure 1). Sampling instructions were given via computer and Salivettes® were positioned
on the table in front of the participants. Immediately after the experiment, samples were frozen for
biochemical analysis. Salivary cortisol was analyzed with a time-resolved immunoassay with
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fluorescence detection as described in detail elsewhere (Dressendörfer, Kirschbaum, Rohde, Stahl, &
Strasburger, 1992). Intra- and interassay variability was less than 10 and 12%, respectively. Beside the
measurement of salivary cortisol in the course of the experiment, further samples of native saliva were
collected on three consecutive weekdays at awakening and 30, 45, and 60 min later prior to the
experiment to determine a reliable measure of HPA axis activity via the cortisol awakening response
(CAR) (Hellhammer et al., 2007, for details of the procedure, see Böhnke, Bertsch, Kruk, & Naumann,
2010; Fechtner, 2012).

2.2.6

EEG Recording and Quantification

The EEG was recorded from 32 electrode sites including the mastoids according to the 10–10 electrode
reference system (Chatrian, Lettich, & Nelson, 1988) with the Easy-Cap electrode system (Falk Minow
Services, Munich). All sites were referenced to FCz. A bipolar horizontal EOG was recorded from the
epicanthus of each eye, and a bipolar vertical EOG was recorded from supra- and infra-orbital positions
of the left eye. Ag/AgCl electrodes were used for EEG and EOG recording. Prior to the electrode
placement, the electrode sites on the participant's scalp and face were cleaned with alcohol and gently
abraded. The conduction was facilitated using Abralyt-light (FMS, Munich) electrode gel for the EEG
and EC2® Genuine Grass Electrode Cream (Grass Products, Natus Neurology) for the EOG, respectively.
A BrainAmp amplifier (input impedance: 10 MΩ; Brain Products, GmbH) in AC mode was used to record
the EEG and EOG at 1000 Hz using a pass-band set to 0.016 to 499 Hz (−12 dB/octave roll-off). All
impedances of the EEG electrodes were maintained below 5 kΩ. Data was stored to hard disk for later
analysis using BrainVision Analyzer 2 (Brain Products, Munich, Germany).
The EEG was re-referenced offline to linked mastoids. The data was resampled at 200 Hz and
low pass filtered using a digital filter with high cutoff of 12 Hz, 24 dB/oct. Artifacts due to eye
movements were corrected semiautomatically via the algorithm developed by Gratton, Coles, and
Donchin, 1983. If necessary, blinks were detected and marked using Ocular Correction with
Independent Component Analysis (ICA) beforehand. EEG and EOG of trials with accurate responses
were epoched off-line into periods of 1200 ms, starting 200 ms prior to stimulus onset (i.e., Go and
Nogo stimuli, respectively) and ending 1000 ms after stimulus onset. A baseline correction was
performed using the first 200-ms interval as a reference. Trials with non-physiological artifacts were
excluded from analysis via semiautomatic artifact rejection. Separate averages were computed for
each electrode and individual for Go and Nogo trials before (Block 1) and after (Block 2) the SECPT or
control condition, respectively. Using the grand average across participants to guide window selection,
ERP maximum peak amplitude (µV) and latency (ms) for the stimulus-locked P2, N2 and P3 components
were detected semiautomatically for F3, Fz, F4, FC3, FCz and FC4 within windows of 150–210 ms post
stimulus for the P2, 210–310 ms for the N2, and 270–370 ms for the P3. For statistical analyses, peak
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amplitudes were averaged over an interval of ± 3 data points (i.e., 35 ms). New electrode sites F and
FC were built by averaging F3, Fz and F4 as well as FC3, FCz and FC4, respectively.

2.2.7

Statistical Analyses

The data was edited with Microsoft Excel 2003 and analyzed with SPSS 17.0 and IBM SPSS Statistics 20.
Using Q-Q plots and Shapiro-Wilk tests of normality or Levene test, respectively, the data was checked
for non-normality of sampling distribution and violation of homogeneity of variance. These analyses
revealed that the error rates and cortisol data were skewed and showed slight heterogeneity of
variance. However, as the analysis of variance is known to be robust against these violations if degrees
of freedom for error are greater than 20 and if sample sizes are large and fairly equal (Eid, Gollwitzer,
& Schmitt, 2010; Tabachnick & Fidell, 2007), I refrained from transformation of this data.
Stress Manipulation. Based on their cortisol reaction in response to the SECPT, participants of
the stress condition were post-hoc allocated to a cortisol-responder group or a cortisol-nonresponder
group: The stress-induced cortisol response of each individual was computed by calculating the
difference of the cortisol levels C4 and C3, which reflected the HPA axis activity right before and after
the stressor. A median split (1.09 nmol/l) of this cortisol change divided the participants of the stress
condition (n=27) into cortisol-responders (n=14) and cortisol-nonresponders (n=13). The warm water
control group comprised 12 participants. A 3 x 7 analysis of variance with the between-subjects factor
SECPT groups (cortisol-responders, cortisol-nonresponders, warm water control group) and the withinsubjects factor time of cortisol measurement (C0 - C6) was conducted to check whether the stress
induction was successful and how long the cortisol increase lasted 3. Finally, a one-way analysis of
variance with the factor SECPT groups (cortisol-responders, cortisol-nonresponders, warm water
control group) and difference of cortisol at time points C4 and C3 as the dependent variable was used
to test significance of the stress groups’ categorization.

Behavioral data.
Number of Errors. Numbers of errors of omission (i.e., withholding a response when a Go
stimulus is presented) and errors of commission (i.e., false alarm - responding to a Nogo stimulus) were
counted and summed for each individual. Descriptive statistics revealed a ceiling effect of task
performance: Participants of all SECPT groups showed a very high accuracy before and after the SECPT
or control procedure (see Table 1). Hence, no further analyses were carried out.

3

This analysis was calculated on the basis of 38 participants, as one participant of the warm water control group
had a missing value at C2. All other analyses were based on the whole sample of N=39.
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Reaction Times. Only trials with correct responses were analyzed. Outliers were removed on
an individual basis by visual inspection of the frequency distribution of the reaction times of each
participant. For the statistical analysis a median was calculated separately for each participant in block
1 and 2. In order to analyze the effect of the acute cortisol rise in response to the SECPT on reaction
times in Go trials, a 3 x 2 mixed-design analysis of variance was conducted, including the betweensubjects factor SECPT groups (cortisol-responders, cortisol-nonresponders, warm water control group)
and the within-subjects factor Block (before SECPT (Block 1) vs. after SECPT (Block 2)).

Electrophysiological data. To investigate the effects of the acute cortisol rise in response to the SECPT
on the peak amplitude means of the three ERPs (P2, N2, P3) during the Go Nogo task, separated 3 x 2
x 2 x 2 mixed-design analyses of variance were calculated, including the between-subjects factor SECPT
groups (cortisol-responders, cortisol-nonresponders, warm water control group), and the withinsubjects factors Go Nogo (Go vs. Nogo stimuli), Block (before vs. after SECPT) and electrode position
(F, FC). The same analyses were performed to capture the effect on latency of the components P2, N2,
and P3.
Additional analyses. I considered checking whether the basal HPA axis activity had an influence
on behavioral and electrophysiological measurements of the Go Nogo task. Hence, the area under the
curve with respect to the ground (AUCG) of the cortisol awakening response was calculated using the
formula reported in Pruessner, Kirschbaum, Meinlschmid, and Hellhammer (2003). I recalculated all
analyses of reaction times and electrophysiological data including the AUCG as a continuous factor,
which was z-standardized beforehand (Aiken, West, & Reno, 1991). The results showed a non-linear
relationship between AUCG and the dependent variables in the different levels of the factors and their
combinations. As these non-linear relationships cannot be explained with an ANOVA (analysis of
variance), I further left the AUCG out of the analyses and do not report the results of these analyses.

The calculation of the sample size prior to the experiment showed that with sample size of
N=39 and a power of 1-ß=.80 an effect Ω² of at least .03 (for highest order interactions of the ERP data)
or .17 (for the main effect of RTs), respectively, can be revealed. However, only effects greater than or
equal to .05 were deemed relevant and are reported. Hays’ ω² (Hays, 1974) was calculated as an effect
size measure, with .01 considered a small effect, .05 considered a medium and .14 a large effect
(Cohen, 1988). For main effects of within-subject factors or interaction with those, ω² was corrected
for mean correlation r̄ of the respective levels or combination of those. In case the assumption of
sphericity was violated, the degrees of freedom for all ANOVAs were Huynh-Feldt corrected (Huynh &
Feldt, 1976). The statistical significance level was set to alpha = .05 (two-tailed). Where appropriate,
Dunn's Multiple Comparison Tests were used as post hoc tests.
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2.3 Results
2.3.1

Demographics

Participants of both SECPT groups and the warm water control group did not differ in age and BMI
(for means and standard errors see Table 1, all Fs < 1.78, all ps > .10).
Table 1
Characteristics and behavioral data in the Go Nogo task of participants in the three SECPT groups (study 1)
warm water
control group
(n=12)

overall
(N=39)

cortisolnonresponders
(n=13)

cortisolresponders
(n=14)

M

SE

M

SE

M

SE

M

SE

Ages

23.44

.43

22.75

.77

22.92

.74

24.50

.71

BMI

23.01

.40

23.12

.73

22.66

.70

23.24

.68

1.22

.34

-.43

.61

-.32

.59

4.41

.57

No. of Go Errors Block 1

.60

.25

.50

.46

1.15

.44

.14

.42

No. of Go Errors Block 2

.45

.14

.25

.25

.39

.24

.71

.23

No. of Nogo Errors Block 1

3.17

.61

2.50

1.10

3.15

1.05

3.86

1.01

No. of Nogo Errors Block 2

2.67

.44

1.83

.80

3.54

.77

2.64

.74

Reaction times Block 1 [ms]

437.48

5.77

441.17

10.39

442.23

9.98

429.04

9.62

Reaction times Block 2 [ms]

432.78

5.14

430.79

9.24

437.69

8.88

429.86

8.56

Cortisol increase due to the
SECPT (C3-C4)

Note: Block 1 refers to before SECPT (socially evaluated cold-pressor test), while Block 2 refers to after the SECPT.
M := mean, SE := standard errors of the mean.

2.3.2

Stress Induction

Cortisol-responders showed, as expected, a clear cortisol increase in response to the stressor in
contrast to cortisol-nonresponders and participants of the warm water control group, which both
showed even a slight decrease in cortisol levels (see Table 1). The ANOVA and subsequent post-hoc
tests confirmed this pattern (F(2,36) = 22.95, p < .001, ω² = .53). Figure 1 shows the mean levels of free
salivary cortisol of the three stress groups over the course of the experiment. The analysis of variance
showed a marginally significant effect of time of cortisol measurement (F(6,210) = 2.83, p < .10, ω² = .07;
r̄ = .47), which was qualified by a significant interaction of time of cortisol measurement and SECPT
groups (F(12,210) = 6.55, p < .001, ω² = .42; r̄ = .66). Post-hoc tests revealed that cortisol-responders had
higher cortisol levels after the SECPT from point of time C4 until C6 compared to cortisolnonresponders and to the warm water control group. No differences were found between points of
time C0 and C3.
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warmwater control group

10

cortisol-nonresponder
cortisol-responder

9

salivary cortisol [nmol/l]

8
7
6
5
4
3
2
1
Block 1
TS/Go Nogo

0
C0 -65

C1 -35

C2 -3

SECPT

Block 2
TS/Go Nogo

C3 +7

C4 +25

C5 +40

C6 + 55 min

Figure 1. Mean levels of free salivary cortisol during the experimental session of study 1 for cortisol-responders,
cortisol-nonresponders and the warm water control group. Error bars indicate standard errors of the mean.
SECPT := socially evaluated cold-pressor test. Note that the different orders of the task switching (TS) and Go
Nogo task were balanced across participants.

2.3.3

:= p < .05.

Impact of Stress on Response Inhibition - Behavioral Data
Reaction times. The mean reaction times for correct responses in Go trials are depicted in Table

1. Descriptively, participants of the three SECPT groups showed hardly any differences in their reaction
times before (Block 1) or after the SECPT or the warm water control procedure (Block 2), respectively.
The ANOVA confirmed this pattern, revealing no significant influence, neither by Block, nor by SECPT
groups, nor by the interaction of both (all Fs < 2.63, all ps > .10).

2.3.4

Impact of Stress on Response Inhibition - Electrophysiological Data

Figure 2a shows grand average ERP responses to Go and Nogo stimuli averaged over Block 1 and 2 and
SECPT groups. In Go trials, the general morphology of the waveform included an early positive peak at
about 180 ms (P2), followed by a negative peak at approximately 260 ms (N2) and a less pronounced
positive peak at approximately 330 ms (P3). The waveform in Nogo trials showed a positive peak at
about 170 ms (P2), followed by a distinct negative peak at approximately 240 ms (N2) and a
pronounced positive peak at approximately 340 ms (P3).
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P2 component.
Latency. The mean latency of the P2 peak amplitude was 181.29 ms (SE = 2.93). Go trials led
to a delayed P2 (M = 187.82 ms, SE = 3.53) compared to Nogo trials (M = 174.76 ms, SE = 3.32)
independent of Block and electrode position (F(1,36) = 13.65, p < .001, ω² = .24, r̄ = .48). Besides, the
ANOVA revealed a significant main effect of Block, showing a delayed P2 peak before the SECPT (Block
1, M = 182.87 ms; SE = 3.12) compared to afterwards (Block 2, M = 179.71 ms; SE = 2.93; F(1,36) = 4.41,
p < .001, ω² = .27, r̄ = .88). No further effects reached significance (all Fs< 1.45, all ps >.10).
Peak. The P2 amplitude was more positive in Go trials (M = 4.67 µV, SE = .38) compared to
Nogo trials (M = 3.75 µV, SE = .36), as shown in Figure 2a-c (F(1,36) = 14.88, p < .001, ω² = .47, r̄ = .80).
This pattern will be referred to with the term Go>Nogo hereafter. Moreover, the P2 amplitude was
influenced by an interaction between electrode position and Block (F(1,36) = 4.87, p < .05, ω² = .20, r̄ =
.90). Post-hoc test showed that the P2 amplitude was greater at frontocentral sites compared to frontal
sites after the SECPT (Block 2), while no difference was found beforehand (Block 1). This effect was
qualified by a marginally significant four way interaction between electrode positions, Go Nogo, Block,
and SECPT groups (F(2,36) = 2.63, p < .10, ω² = .05, r̄ = .79). According to the post-hoc test, all three SECPT
groups showed greater P2 amplitude in Go trials compared to Nogo trials at both electrode sites before
the SECPT (Block 1). However, after the SECPT (Block 2), the P2 amplitude in Go and Nogo trials did not
differ any longer in cortisol-nonresponders at frontal and frontocentral sites, while this effect was still
found at both electrode sites in participants of the warm water control group and was descriptively
even more distinct in cortisol-responders (see Figure 3 and Figure 5) . Apparently, in cortisolnonresponders the P2 amplitudes for Go stimuli decreased after the SECPT, whereas Nogo trials
remained unaffected. On the other hand, cortisol-responders showed the reversed pattern with
slightly reduced Nogo-P2 amplitudes and unchanged Go-P2 amplitudes.
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Figure 2. (a) Grand average ERP waveforms at F and FC for Go and Nogo trials, averaged over Block and SECPT
groups. (b) Maps for Go and Nogo trials (c) difference maps Nogo – Go trials for the time domains of P2, N2 and
P3 averaged over Block and SECPT groups.
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Figure 3. P2 peak amplitudes (µV) to Go and Nogo stimuli for the three SECPT groups (warm water control group,
cortisol-nonresponders, cortisol-responders) before (Block 1) and after the SECPT or control procedure (Block 2)
at F and FC. SECPT := socially evaluated cold pressor test. Error bars indicate standard errors of the mean (SE).
Brackets indicate significant differences. p < .05.
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N2 component.
Latency. N2 peaked at 252.02 ms (SE = 3.06). Go trials showed a delayed N2 (M = 258.51 ms,
SE = 4.08) compared to Nogo trials (M = 245.54 ms, SE = 2.92; F(1,36) = 13.05, p < .001, ω² = .24, r̄ = .52).
Furthermore, the analysis of variance revealed a main effect of electrode position (F(1,36) = 71.37, p <
.001, ω² = .93, r̄ = .94), which was qualified by a marginally significant interaction between electrode
position and Block (F(1,36) = 2.96, p < .10, ω² = .08, r̄ = .85). Post-hoc tests showed that the N2 peaked
earlier at frontocentral sites compared to frontal sites in Block 1 and Block 2. Moreover, at frontal sites,
the N2 was earlier in Block 2 than in Block 1.
Peak. The N2 was relatively more negative at frontal sites (M = .35 µV, SE = .39) compared to
frontocentral sites (M = 2.23 µV, SE = .46; F(1,36) = 79.27, p < .001, ω² = .90, r̄ = .89) and in Block 2 (M =
1.10 µV, SE = .41) more negative than in Block 1 (M = 1.48 µV, SE = .43; F(1,36) = 4.48, p < .05, ω² = .33,
r̄ = .91). Additionally, as expected, in Nogo trials the N2 amplitude was more negative (M = .65 µV, SE
= .44) compared to Go trials (M = 1.92 µV, SE = .45; F(1,36) = 15.56, p < .001, ω² = .42, r̄ = .74). Most
interestingly, the three SECPT groups differed significantly in the magnitude of N2 peak amplitude
depending on electrode position, Go Nogo and Block (F(2,36) = 3.60, p < .05, ω² = .12, r̄ = .88). According
to the post-hoc tests, all participants showed the expected enhanced negativity for Nogo relative to
Go stimuli at both electrode sites before and after the SECPT or control procedure, respectively (all ps
< .01). However, while participants of the warm water control group showed similar Go vs. Nogo
differences in Block 2 compared to Block 1, cortisol-nonresponders showed an enlarged Go vs. Nogo
difference at FC after the SECPT. In contrast, this pattern was reduced in cortisol-responders in Block
2 after the stressor, especially at F (see Figure 4). Furthermore, N2 peak amplitudes for Go and Nogo
stimuli were generally more negative in cortisol-nonresponders after the SECPT. In cortisolresponders, this was only found in Go trials (see Figure 4 and Figure 5).
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Figure 4. N2 amplitudes to Go and Nogo stimuli for the three SECPT groups (warm water control group, cortisolnonresponders, cortisol-responders) before (Block 1) and after the SECPT or control procedure (Block 2) at F and
FC. SECPT := socially evaluated cold pressor test. Error bars indicate standard errors of the mean. Brackets
indicate significant differences. p < .05.
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Figure 5. Grand average ERP waveforms at F and FC for Go and Nogo trials for the three SECPT groups (warm
water control group, cortisol-nonresponders and cortisol-responders) before the SECPT (Block 1, left panel) and
after the SECPT (Block 2, right panel). SECPT := socially evaluated cold pressor test.
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P3 component.
Latency. The latency of the P3 peak averaged 335.50 ms (SE = 3.67). Go trials peaked earlier
(M = 330.81 ms, SE = 4.25) compared to Nogo trials (M = 340.19 ms, SE = 4.23; F(1,36) = 4.87, p < .05, ω²
= .09, r̄ = .51). This main effect was qualified by an interaction between electrode position and Go Nogo
(F(1,36) = 13.82, p < .001, ω² = .20, r̄ = .67) and by an interaction between Block and Go Nogo (F(1,36) =
7.59, p < .01, ω² = .07, r̄ = .45), revealing that the advantage in Go trials compared to Nogo trials was
found at F (Go: M = 329.26 ms, SE = 4.46, Nogo: M = 344.04 ms, SE = 4.45) and in Block 1 (Go: M =
325.32 ms, SE = 3.98, Nogo: M = 344.86 ms, SE = 5.32), but not at FC (Go: M = 332.36 ms, SE = 4.32,
Nogo: M = 336.34 ms, SE = 4.26) and Block 2 (Go: M = 336.30 ms, SE = 5.76, Nogo: M = 335.53 ms, SE
= 4.19), respectively. No further effects reached significance (all Fs< 2.36, all ps >.10).
Peak. The P3 peak amplitude was relatively more positive at the frontocentral site (M = 6.23
µV, SE = .41) compared to the frontal site (M = 3.57 µV, SE = .32) (F(1,36) = 109.99, p < .001, ω² = .86, r̄ =
.78). Besides, Nogo trials showed a greater P3 peak amplitude than Go trials (Go: M = 3.88 µV, SE =
.39), Nogo: M = 5.92 µV, SE = .42; F(1,36) = 21.62, p < .001, ω² = .31, r̄ = .42). No further effects (ω² ≥ .05)
reached significance (all Fs< 1.00, all ps >.10).

2.4 Discussion
The present study sought to investigate the influence of a psychosocial stressor and the thereby caused
increase of cortisol on cognitive control, specifically response inhibition, comprising both behavioral
and electrocortical measurements.
The stress induction via the socially evaluated cold-pressor test was successful. Cortisolresponders showed a considerable increase of free cortisol in response to the stressor, similar to which
was found in other studies using this stressor (e.g., Lass-Hennemann et al., 2011; Schwabe & Wolf,
2009; Smeets, 2011).

2.4.1

Impact of Stress on Response Inhibition Performance
Contrary to my hypothesis, acute stress had no influence on performance. In general, accuracy

in the Go Nogo task was very high throughout both blocks and all participants. Descriptively,
participants of the warm water control group improved their performance slightly in Go as well as in
Nogo trials from block 1 to 2, while cortisol-nonresponders and cortisol-responders made only slightly
more mistakes after the SECPT in Nogo trials (i.e., errors of commission) or in Go trials (i.e., errors of
omission), respectively. As numbers of errors were too low for analysis in the present study, I cannot
draw conclusion whether the performance regarding the accuracy would have been statistically
significantly influenced by the stress induction or the thereby caused increase in cortisol or not. In any
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case, the impact can be considered as rather negligible. Accordingly, previous research on
stress/cortisol and response inhibition found no significant influence on accuracy, too, neither after a
psychosocial stressor (Scholz et al., 2009; Zwissler et al., 2011), nor after intravenous (Wolf et al.,
2001), nor oral hydrocortisone administration (Schlosser et al., 2013).
Concerning the reaction times, neither cortisol-responders nor cortisol-nonresponders
differed in their performance after the stressor compared to beforehand or to the warm water control
group. This finding is in contrast with altered reactions times in the studies examining response
inhibition after stress exposure or glucocorticoid treatment (Schlosser et al., 2013; Scholz et al., 2009).
Scholz et al. (2009) found slower reaction times in a Go Nogo task in participants who completed the
Trier Social Stress Test (TSST) beforehand compared to the control group who was assigned to a rest
condition. On the contrary, in the study of Schlosser et al. (2013) healthy participants who received a
dose of 10 mg hydrocortisone reacted faster in an emotional Go Nogo task, indicating enhanced
response inhibition.
Different reasons may account for the missing stress effect on response inhibition in the
present study. First, the task characteristics may have been inappropriate to reproduce stress effects
on performance. A simple task with letters was used, which was performed twice, before and after the
experimental manipulation. Participants showed a very high accuracy and hardly any further
improvement from Block 1 to Block 2, which indicates that the task was easy to accomplish. Hockey
(1997) proposed in his cognitive-energetical framework that regulatory processes required for coping
with stress allocate resources at the expense of performance. Several studies found supporting
evidence for this assumption for working memory but only in the case of high workload (e.g., Lupien,
Gillin, & Hauger, 1999; Oei et al., 2006; Schoofs, Preuss, & Wolf, 2008). Thus, the Go Nogo task used in
the present study probably did not produce a sufficient workload to reveal the impairing effect of
stress. This is supported by the fact that the stress induction influenced reaction times in the more
complex and demanding task switching paradigm which was accomplished in balanced order by
participants of the present study as well (see Fechtner, 2012, Chapter 2). Hockey (1997) supposed
further that the cognitive system is able to adapt to restricted resources under stress or high workload
and still maintain performance by adopting less capacity-demanding performance-protection strategy
(Hockey, 1997, p. 78). In line with this, Scholz et al. (2009) could demonstrate that implementation
intentions, a cognitive strategy in form of simple if-then plans which have been shown to make action
initiation automatic and less effortful (Gollwitzer, 1999), offset the negative effects of stress on
response inhibition. Participants who were instructed to form implementation intentions for the Go
Nogo task showed no detrimental effects of the stress induction in their reaction times (Scholz et al.,
2009). In a way, participants in the present study were provided with if-then rules via the instruction,
and it is possible that they form implicitly an implementation intention during the first block of the Go
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Nogo by telling the rules to themselves (i.e., If X [Y] appears, then I press the button. If Y [X] appears,
then I withhold the response.). As only two stimuli were used, the rules would have been as specific as
the implementation-intention instruction used by Scholz et al. (2009), described in Brandstätter,
Lengfelder, and Gollwitzer, 2001. However, as I did not ask whether and which strategies participants
used, this is so far only speculative. Nevertheless, it is quite plausible that participants used any kind
of cognitive strategy to maintain performance throughout the two blocks.
Furthermore, there is increasing evidence that the impact of cortisol is greater for emotional
compared to neutral material across different cognitive processes (memory: Abercrombie, Speck, &
Monticelli, 2006; Buchanan & Lovallo, 2001; Roozendaal, 2000, working memory: Luethi, 2008,
attention: van Honk et al., 1998). Hence, the use of single letters might additionally account for the
absence of an effect of stress on response inhibition performance.
Second, the quantity and quality of the cortisol manipulation seems to be crucial for its possible
effect on cognitive control. The SECPT induces a relatively moderate endogenous cortisol increase,
compared to the TSST, which generally leads to an increase in cortisol levels about two to three times
higher (Elzinga & Roelofs, 2005; Luethi, 2008; Plessow et al., 2011; Plessow et al., 2012; Scholz et al.,
2009). Consequently, the detrimental effects on response inhibition found by Scholz et al. (2009) could
be the result of the higher increase in cortisol achieved by the use of the TSST. On the other hand, the
fact that Schlosser et al. (2013), in contrast to the present study as well as in contrast to the one by
Scholz et al. (2009), found enhancing effects of cortisol on response inhibition, might be due to
qualitative aspects of cortisol manipulation. In their study, participants received an oral dose of
exogenous glucocorticoids. While a psychological stressor leads to an activation of the HPA axis which
is accompanied by the activation of the sympathetic nervous system, hydrocortisone artificially raises
cortisol levels, lacking the quality of a real-life stressor. The absence of a general arousal might alter
the impact on prefrontal cognitive functions. Elzinga and Roelofs (2005), for example, found acute
sympathetic activation to be necessary for cortisol-induced impairments on working memory.
Supporting this, Oei et al. (2009) reported a reduced distraction of emotional stimuli in a Sternberg
item-recognition task in participants who received an oral dose of 35 mg hydrocortisone. Beside these
qualitative aspects, exogenous cortisol administration generally leads to substantially higher levels of
cortisol compared to a stressor including the TSST, causing an allocation of all high affinity receptors.
Various studies focusing on different aspects of cognition found evidence that the influence of cortisol
is dose dependent, forming an inverted-U shape relationship (e.g., Abercrombie, Kalin, Thurow,
Rosenkranz, & Davidson, 2003; Lupien et al., 1999; Mateo, 2008; Salehi, Cordero, & Sandi, 2010;
Schilling et al., 2013). In a similar vein, this may be the case for cognitive control. More precisely,
moderate levels of cortisol do not alter performance of response inhibition, while higher levels cause
deterioration of performance and the saturation of glucocorticoid receptors even an enhancement.
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Thus, the relationship between performance and level of cortisol would result in a U curve or J curve,
respectively.
Third, Schlosser et al. (2013) hypothesized that response inhibition might be generally less
affected by cortisol manipulation compared to working memory performance. They argued that
although both of these cognitive functions rely on the prefrontal cortex, different subregions (e.g.,
dorsolateral prefrontal cortex (DLPFC)) and structures (e.g., anterior cingulate cortex (ACC)) might be
task-specifically activated, which in turn are differentially affected by cortisol. Further, the authors
pointed out the interaction of cortisol with other neurotransmitters like dopamine and
norepinephrine, which influence executive functions as well and, hence, might count additionally for
the differing sensitivity of various executive functions to cortisol. Supporting this, Alexander, Hillier,
Smith, Tivarus, and Beversdorf (2007) found performance in cognitive flexibility, but not in cognitive
control tasks, to be impaired when exposed to psychosocial stress. Moreover, they could show that
this was related to adrenergic activity, as a non-specific beta-adrenergic antagonist reversed the
impairment.
In addition to these methodological differences, i.e., endogenous vs. exogenous cortisol
manipulation, the amount of resultant cortisol increase, different paradigms, and the valence of
selected stimuli, timing of glucocorticoid manipulation has to be considered. Het, Ramlow, and Wolf
(2005) pointed out in their review that the “time of day” significantly influences the impact of cortisol
administration on human memory. The circadian rhythm of cortisol leads to a peak in the morning,
followed by a continuous decrease in the course of the day. Thus, the number of unoccupied mineraloand glucocorticoid receptors differs with the time of day, which may influence the effect of
administered or stress-induced glucocorticoids on cognitive functions, such as working memory and
likewise inhibitory control. This might serve as an additional explanation why Wolf et al. (2001) did not
find altered performance in a Stroop Color Word Test after intravenous administration of a rather high
dosage of hydrocortisone, as they tested response inhibition about noontime.

2.4.2

Impact of Stress on Electrophysiological Data of Response Inhibition
Established effects within the event-related potentials (ERPs) of response inhibition could be

replicated: Nogo stimuli elicited a pronounced frontal negativity (N2), followed by a frontal positivity
(P3) compared to Go stimuli (e.g., Benikos et al., 2013; Bokura et al., 2001; Bruin & Wijers, 2002; Eimer,
1993; Falkenstein et al., 1999; Jodo & Kayama, 1992; Kiefer et al., 1998; Kopp, Mattler, Goertz, & Rist,
1996). Moreover, in accordance with Gajewski and Falkenstein (2013) and Benikos et al. (2013), Go
trials caused a P2 component reaching to frontal and frontocentral sites, while no such distinct
positivity was found in Nogo trials. Besides amplitudes, in line with previous research, latency varied
with stimulus type: Go trials lead to a delayed P2 as well as N2 (N2: Nakata et al., 2012), whereas the
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P3 was earlier compared to Nogo trials (Benikos & Johnstone, 2009; Jodo & Kayama, 1992). Unlike
performance of response inhibition, stress influenced the early processing of Go and Nogo stimuli as a
function of the induced cortisol increase. Cortisol-responders and –nonresponders showed each
altered P2 and N2 amplitudes after the stress-induction, while the P3 component remained
unaffected.
P2. Stress altered the P2 peak amplitude to Go stimuli, albeit in opposite direction depending
on the extent of stress-induced HPA axis activation. Namely, by tendency, cortisol-nonresponders
showed diminished P2 amplitudes for Go stimuli after the SECPT, while the Go>Nogo4 pattern was
descriptively even more pronounced in cortisol-responders. To my knowledge, only very few studies
in the field of response inhibition considered this component or reported the appearance of a so-called
Go-P2. Gajewski and Falkenstein (2013) investigated the effects of task complexity on ERP components
using Go Nogo tasks. They reported a delayed P2 in more complex tasks, while no influence was found
concerning the amplitude. Similarly, task difficulty in the Go Nogo task was studied by Benikos et al.
(2013), who found in contrast to Gajewski and Falkenstein (2013) no effects of task difficulty on P2
latency. However, they found a reduction of the P2 amplitudes with increasing time pressure that was
more salient in Nogo trials. Moreover, another study showed that caffeine leads to globally enhanced
P2 amplitudes to Go stimuli in an auditory Go Nogo task (Barry et al., 2007). The authors interpreted
this as an improvement of processing associated with response production by the substance. In line
with this suggestion, Gajewski and Falkenstein (2013) conclude that “the Go-P2 reflects [...] stimulusresponse activation in Go trials.” (p. 278). Thus, the reduced P2 in Go trials found in cortisolnonresponders of the present study indicates that stress without a noticeable HPA axis activation
impairs response activation, whereas neuronal processing of Nogo stimuli remains unaffected. Stressinduced cortisol increase, as found in cortisol-responders, however, seems to rather promote the
maintenance of response execution, as the Go-P2 remained invariant across both blocks.
Alternatively, Benikos and Johnstone (2009) and Benikos et al. (2013) argue that the P2 is
positively associated with suppression of interference from distracting and irrelevant information
(Hegerl, Gallinat, & Mrowinski, 1994; Oades, 1998 as cited in Benikos & Johnstone, 2009), “giving the
imperative stimulus a clear path for further processing (Oades, 1998).” (Benikos et al., 2013, p. 270).
In line with this, Gajewski, Stoerig, and Falkenstein (2008) quote that the P2 is related to task relevant
stimulus evaluation (Potts, 2004 as cited in Gajewski et al., 2008, p. 132), and may constitute a crucial
factor in optimizing current performance. Benikos and Johnstone (2009), Benikos et al. (2013) and
Gajewski et al. (2008) did not find P2 amplitude alterations specific for Go stimuli, but did for Nogo
stimuli as a function of task difficulty (Benikos et al., 2013), and for both stimuli in Attention-

4

i.e., P2 amplitude was more positive in Go trials compared to Nogo trials.
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Deficit/Hyperactivity disorder diagnosed children performing a cued Go Nogo task (Gajewski et al.,
2008). Nevertheless, the investigated stimuli still demanded a response or were in the context of
response preparation. Hence, their interpretation may extend the idea of altered response action by
successful recognition of relevant response requiring stimulus. Accordingly, the preservation of
response activation due to HPA axis activation might be ascribed to elaborate stimulus processing,
allocating more cognitive resources.
N2. Similar to the P2 component, cortisol-nonresponders and cortisol-responders showed
altered N2 amplitudes after the stress-induction, in contrast to the warm water control group. All three
groups showed a more negative N2 to Nogo stimuli compared to Go stimuli before and after the
SECPT/control condition. However, in cortisol-nonresponders this difference was enlarged and N2
amplitudes of both, Go and Nogo trials, were shifted to more negative values. In contrast, cortisolresponders showed a reduced Go vs. Nogo pattern and N2 amplitudes in Go trials were more negative
after the SECPT relative to Block 1, before the SECPT. Thus, stress and stress-induced cortisol increase
did not affect Nogo trials in particular.
A profound amount of research deals with the role of the N2 to Nogo stimuli considering it
reflecting response inhibition itself (Fallgatter & Strik, 1999; Jodo & Kayama, 1992; Kaiser et al., 2003;
Kopp et al., 1996). However, the present results suggest that stress with and without a noticeable HPA
axis activation does not seem to particularly effect response inhibition. The present data rather suggest
a general effect, independent of the stimulus, in stressed participants without an increase in cortisol.
Augmented negative N2 amplitudes were repeatedly interpreted as enhanced neural activity (e.g.,
Chen, Tien, Juan, Tzeng, & Hung, 2005; Euser & Franken, 2012; Jodo & Kayama, 1992). Therefore,
cortisol-nonresponders might need more cognitive effort to maintain their performance. In contrast,
stress-induced HPA axis activation specifically altered N2 amplitudes to Go stimuli. Consequently,
stress-induced increase in cortisol did not impair the response inhibition by Nogo stimuli, but rather
affected the processing of response requiring stimuli in this time window. Alternatively to the
inhibition hypothesis, Nieuwenhuis et al. (2003), Donkers and van Boxtel (2004) and Enriquez-Geppert,
Konrad, Pantev, and Huster (2010) proposed that the N2 might rather reflect a response conflict
between Go and Nogo response tendencies, revealing the component to be sensitive to stimulus
frequency independently of whether a response was required or to suppress it. Following this
assumption, more negative N2 amplitudes to Go stimuli found in cortisol-responders indicate that
stimuli triggering response performance tendencies allocated enhanced cognitive resources and
demanded heightened conflict monitoring. Similar to the present results Yang et al. (2009),
investigating response inhibition in heroin addicts compared to healthy controls in a visual Go Nogo
task, found no group differences in behavior and N2 for Nogo stimuli, but enlarged Go N2 amplitudes
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in heroin addicts relative to controls. The authors interpreted this in line with the conflict monitoring
hypothesis and concluded that heroin addicts show an overactivation towards response signals.
P3. In contrast to P2 and N2 amplitudes and contrary to my hypothesis, the P3 remained
unaffected by stress and cortisol, which is unexpected regarding the fact that N2 and P3 were initially
interpreted as a single complex N2/P3 (Simson, Vaughan, & Ritter, 1977). Notwithstanding, there is
evidence that both components are modulated by different neurobiological pathways (Beste, Saft,
Andrich, Gold, & Falkenstein, 2008; Beste, Willemssen, Saft, & Falkenstein, 2010; Bokura et al., 2001;
Huster, Westerhausen, Pantev, & Konrad, 2010). Moreover, Smith, Johnstone, and Barry (2008) found
supporting evidence that the Nogo P3 is associated with motor response inhibition and further
research suggests that this component might reflect the evaluation or finalization of the inhibitory
process (Band & van Boxtel, 1999; Bruin et al., 2001). The present findings show that these processes
are not affected by stress or stress-induced cortisol increase, which is supported by the fact that the
inhibitory performance was successful in all groups.

The present electrophysiological results suggest that stress without HPA axis activation interfered with
cognitive processing during response inhibition, making the task more difficult for respective
participants, reflected in reduced P2 amplitudes in Go trials and diminished Go>Nogo pattern. More
cognitive resources were required for an accurate performance as shown by generally reduced N2
amplitudes. On the other hand, stress-induced increase of cortisol levels did not impair neural
processes of response inhibition, but rather maintained these, albeit affecting electrophysiological
correlates of stimuli requiring a response. Together with the tendency towards a slightly increased
number of errors of omission, these findings suggest that cortisol led to a pronounced caution or an
overcorrection in response inhibition, reflected by a distinct Go>Nogo P2 pattern and a more negative
Go-N2 after the SECPT. The assumption, that acute cortisol affects response activation, is supported
by the results of Tops et al. (2005) who investigated the effect of exogenous cortisol administration on
resting frontal EEG power asymmetry in healthy participants. They found in the cortisol group a relative
increase in right frontal activity in the alpha band and drew the conclusion that high levels of cortisol
inhibit approach motivation.
Taking into account the negligible impact of stress and cortisol on response inhibition
performance, the present findings indicate that both SECPT groups were not visibly impaired in their
inhibitory control, but were able to perform with high accuracy. Thus, revisiting the cognitiveenergetical framework by Hockey (1997), both SECPT groups seem to have compensatory control
mechanisms at their disposal. These allowed them to maintain manifest performance, but probably
imply so-called “latent performance decrements” (Hockey, 1997, p. 82), which might be reflected in
cortisol-dependently altered electrophysiological correlates of response inhibition. Consequently, the
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present study suggests that neither stress itself nor stress-induced moderate cortisol increase impairs
inhibitory control performance. However, it is not clear whether these conclusions can be transferred
to real-life situations, as participants might be particularly able to control themselves for the short
period of the experiment in favor of an accurate task performance. Especially, as the laboratory
surroundings are very likely to promote the participants’ desire to perform well.

2.4.3

Strengthens and Limitations

The present study was the first to investigate effects of an acute stressor on response inhibition
including electrophysiological measurements.
Still, some limitations should be mentioned. First, the study only included healthy young men
with an academic background. Hence, the present results cannot be generalized to women or
individuals of higher age, different socioeconomic status or with a history or presence of a physical or
mental disorder.
Second, even though the stress manipulation had the quality of a real-life stressor, the
achieved cortisol increase was rather low. Against the background of previous research, which
indicated the importance of quality and quantity of cortisol, a dose-response study or the usage of
stressors inducing a stronger HPA axis activation, as the TSST (Kirschbaum, Pirke, & Hellhammer, 1993),
could provide evidence to integrate the results of the present study and those of others (e.g., Schlosser
et al., 2013; Scholz et al., 2009). Besides, the post-hoc classification of the SECPT group in cortisolresponders and –nonresponders provides the opportunity to disentangle the specific effect of
endogenous stress-induced cortisol increase from further impacts of the stress test. However,
concomitantly, this quasi-experimental approach may have implied confounding variables. For
instance, as other physiological aspects as heart rate or blood pressure were not included, the two
SECPT groups may differ in their sympathetic arousal as well. Moreover, it is possible that the
physiological response to a stressor is rather stable over time and situations which may be linked to
different personality traits. Thus, future studies should consider a more elaborate characterization of
these groups, especially with regard to the adrenergic system to detangle mutual effects of the
autonomic stress response and HPA axis activation.
Third, the pre-post design ensured that the three groups did not differ in their response
inhibition before the stressor and made it possible to analyze the change due to the intervention.
Nevertheless, as mentioned above, this design may have caused bottom effects, as for instance in
accuracy because of the extensive training. Accordingly, future studies might include a group who does
not perform the task before the stress manipulation. Similarly, the equiprobable Go Nogo task was
easy to accomplish, as reaction preparation was not prepotent compared to response inhibition and
no reaction time deadline was realized. Additionally, neutral stimuli may not be as suitable as
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emotional material preferably with a relation to the stress situation to reveal the influence of stress
on response inhibition. Hence, next studies should induce a higher workload or task difficulty, use
emotional stimuli and take into account measurements of potential compensatory strategies, for
example by including an appropriate questionnaire.

2.4.4

Conclusion

The present study showed that stress influenced the neurophysiological basis of response inhibition
as a function of induced HPA-axis activation, whilst performance maintained unimpaired. Stress
without HPA axis activation caused reduced Go-P2 and augmented N2 amplitudes, indicating impaired
response activation and enhanced allocation of cognitive resources to perform accurately. An acute
rise in cortisol, in contrast, led to a distinct P2 Go>Nogo pattern and more negative Go-N2 amplitudes,
reflecting an elaborate processing and conflict monitoring of Go stimuli that indicates an
overcorrection of response activation. The evaluation and finalization of the inhibitory process were
affected neither by stress nor by cortisol, as shown by unimpaired P3 components. Taken together,
the results indicate that stress alters cognitive control processes; nevertheless, stressed participants
seemed to be equipped with compensatory mechanisms to overcome the impairment on a behavioral
level. The study provides insight in stress and cortisol effects on cognitive control, underlining the
advantage of electrocortical measurements to capture a comprehensive picture of those.
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3.1 Introduction
Aggression and aggressive behavior are – though natural and adaptive - considered as a substantial
problem in society if it is misplaced, excessive or persistent (Nelson & Trainor, 2007). In total, violence
is one of the main causes of death worldwide among adolescent to middle-aged people (Krug, 2002),
and involves enormous economic costs (Waters et al., 2004). Thus, it is hardly surprising that
aggression and its causes and consequences are one of the most researched topics in psychology (Geen
& Donnerstein, 1998). Anderson and Bushman (2002) suggest the following definition: “Human
aggression is any behavior directed toward another individual that is carried out with the proximate
(immediate) intent to cause harm. In addition, the perpetrator must believe that the behavior will
harm the target, and that the target is motivated to avoid the behavior.” (p. 28). These researchers
have formulated the general aggression model (GAM); a unifying framework, which postulates that
both, situational (i.e., provocation) as well as personal factors (i.e., gender), determine aggressive
behavior, mediated by cognition, affect and arousal. However, it does not include the detailed role of
underlying neurobiological mechanisms. Recent studies emphasize the relevance of these mechanisms
in the development, expression, and therapeutic interventions of aggressive behavior (for reviews see
Bertsch, 2012; Nelson & Trainor, 2007; Patrick, 2008).
Regarding underlying neural processes of aggression, previous research revealed alterations in
cortical activity not only in pathological groups (e.g., Blair, 2010; Gao & Raine, 2009; Zetzsche et al.,
2007), but in healthy individuals as well. Studies investigating electrocortical responses during an
aggressive encounter are of particular interest, as they offer the opportunity to examine elicitation
and development of aggressive behavior. A frequently used and extensively validated laboratory
paradigm to induce and measure aggression is the Taylor Aggression Paradigm (TAP, Taylor, 1967, for
data concerning validity see Anderson & Bushman, 1997; Bernstein, Richardson, & Hammock, 1987;
Giancola & Parrott, 2008; Giancola & Zeichner, 1995; Phillips, 2011). In this paradigm, participants are
informed that they are engaged in a reaction time task with a team-mate, the opponent. The slower
person in each trial will receive a punishment, the intensity and duration of which are set for the
opponent by the other player before each trial. In fact, wins and losses are predetermined and the
participant receives a series of fixed punishments during the course of the experiment, which can be
a shock or a noxious noise. Occasionally, intensity and duration settings for the punishment are
analyzed separately as a measurement for direct and indirect aggressive behavior, respectively. Lotze
et al. (2007) used a modified version of the TAP to provoke healthy male participants, giving them the
opportunity to retaliate against the opponent. Functional magnetic resonance imaging (fMRI) showed
increased activity in the medial prefrontal cortex (mPFC) during retaliation. Krämer and colleagues
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concentrated on the decision to respond aggressively, using a very similar version of the TAP. They
found altered activity in the anterior insula and rostral and dorsal anterior cingulate cortex (ACC) as a
function of the amount of provocation (Krämer et al., 2007). Furthermore, in two event-related
potentials (ERPs) studies, early frontal positive (P2) or negative (N2) components, respectively, were
affected by high provocation for individuals with trait aggressiveness (Krämer et al., 2008) or a history
of violence (Wiswede et al., 2011). Another ERP, the P3, has been frequently linked to aggressive
behavior (for a review see Patrick, 2008). A reduced P3 was consistently found in participants showing
antisocial and aggressive behavior. Bartholow, Bushman, and Sestir (2006), for example, compared
violent video game players with nonviolent video game players in a picture viewing task and measured
aggressive behavior afterwards in a modified version of the TAP. They found reduced P3 amplitudes
for violent images in violent video games players, which predicted aggressive behavior. The authors
suggest that the reduced ERP reflects desensitization to violent images. Others focused on trait
aggressiveness or self-reported measures of aggression. Bernat, Hall, Steffen, and Patrick (2007) found
that violent offenses predicted a reduced P3 amplitude in a standard two-stimulus visual oddball task
in a sample of male prisoners. Similarly, reduced P3 amplitudes in an auditory oddball task were
associated with self-reported aggression in undergraduate students (Gerstle, Mathias, & Stanford,
1998). On account of the consistency of the results, Gao and Raine (2009) suggest a reduced P3
amplitude as a neurobiological marker in the context of antisocial, externalizing and other aggressionrelated behaviors. Nevertheless, to my knowledge the P3 amplitude to aggression-provoking stimuli
during an aggressive encounter has not been investigated so far.
Concerning psychoneuroendocrinological mechanisms, stress has been identified as an
important factor in precipitating and promoting aggressive behavior (cf. Barnett et al., 1991; Craig,
2007). In particular, animal research in rodents revealed that the hypothalamic-pituitary-adrenal (HPA)
axis, the so-called stress axis, and the stress hormones cortisol and corticosterone 5 are causally
involved in the genesis, elicitation and reinforcement of aggressive behavior (Hayden-Hixson & Ferris,
1991; Kruk et al., 2004; Wommack & Delville, 2007). Evoking aggression by electrical activation of the
hypothalamic attack area in rats, Kruk et al. (2004) found that “an experimentally induced acute surge
in corticosterone facilitates the aggressive response to hypothalamic stimulation.” (p. 1066), by
lowering the threshold for attack behavior. In addition, they revealed that aggressive behavior and
stimulation of the hypothalamic attack area itself led to a strong activation of the HPA axis. Thus, a fast
positive feedback loop between the glucocorticoid stress response and brain structures engaged in
aggressive behavior was identified. In humans, the importance of the HPA axis in the context of

5

Corticosterone is the primary glucocorticoid within rodents, whereas cortisol is the most important
glucocorticoid hormone in humans.
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aggressive and aggressive-related behavior has been studied in some correlational and quasiexperimental studies (e.g., Gerra et al., 2007; McBurnett et al., 2000; Poustka et al., 2010; Rudolph et
al., 2010; van Goozen & Fairchild, 2006; Victoroff et al., 2011), as well as in several more controlled
experimental studies (e.g., Cote et al., 2013; Geniole et al., 2011; Hirvikoski et al., 2009; Kempes et al.,
2008; Lopez-Duran et al., 2009; Verona & Curtin, 2006; Verona et al., 2006; Verona & Kilmer, 2007;
Verona, Sadeh, & Curtin, 2009). Even though these results revealed a clear association between the
stress system and aggressive as well as aggressive-related behavior in humans, the mutual causal
interaction, which was found in rodents, could not be entirely confirmed so far. In a series of
experiments, Verona and colleagues stressed healthy male and female participants with a physical
stressor and subsequently measured aggressive behavior in the form of administered electric shocks
in a teacher-learner paradigm. Predominantly, their studies showed that stressed men react with
enhanced aggressive behavior, while females did not (Verona & Curtin, 2006; Verona et al., 2006;
Verona & Kilmer, 2007, but see Verona et al., 2007). However, as the authors did not include
measurements of cortisol, it remains unclear whether the hormone accounted for these results.
Böhnke, Bertsch, Kruk, and Richter et al. (2010) examined the effect of exogenous cortisol on
aggressive behavior. In contrast to male participants, female participants who received an oral dose of
20 mg hydrocortisone, reacted more aggressively in a retaliation paradigm (TAP) compared to the
control group, who received a placebo. Hence, both studies found supporting evidence for a causal
enhancing effect of stress or cortisol on aggressive behavior, albeit with contradicting results for men
and women.
Typically, men are supposed to be more aggressive than women (as outlined in Baron
& Richardson, 2004; Eagly, 2013; Hyde, 1984). Yet, past research emphasized the need of taking into
account different forms of aggression (e.g., physical aggression, verbal aggression, indirect forms of
aggression) when investigating gender differences in the research area of aggression and violence
(Archer, 2004; Björkqvist, 1994; Cross & Campbell, 2011; Eagly & Steffen, 1986). Archer (2004), for
example, concluded that men show more direct or physical aggression, whereas (young) women prefer
indirect forms of aggression. These differences are often explained with gender roles and cultural
norms (Baron & Richardson, 2004) or neurobiological differences (Staniloiu & Markowitsch, 2012;
Struber et al., 2008). However, in their meta-analysis Bettencourt and Miller (1996) come to the
conclusion that provocation moderates gender differences in aggression, diminishing impact of gender
on nature and degree of aggressive behavior. That is, provoked females act similarly to men, although
perception and appraisal of provoking cues can be different for men and women as well as the
respective reaction (Bettencourt & Kernahan, 1997; Knight, Guthrie, Page, & Fabes, 2002). Similarly,
responses to stress are supposed to differ in males and females (Burns & Katkin, 1993; Kajantie &
Phillips, 2006; Stroud, Salovey, & Epel, 2002). In line with this, Taylor and colleagues proposed that, in
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contrast to men who respond to stress with fight-or-flight behavior, women react with affiliation and
seek for social support, a so-called “tend-and-befriend” behavior pattern (Taylor, S. E. et al., 2000;
Taylor, 2006). Though pellucid and easily comprehensible, it stands in contrast to the findings of
Böhnke, Bertsch, Kruk, and Richter et al. (2010).

To summarize, there is preliminary evidence that stress and cortisol enhance reactive aggressive
behavior in both females and males. However, this needs further investigations, not only against the
background of gender differences in aggressive behavior and in response to stress, but also in respect
to the interaction of stress and cortisol. Taking these issues into account, as a first aim, the present
study sought to further explore the relationship between acute stress and aggressive behavior in
healthy males and females. In common with Böhnke, Bertsch, Kruk, and Richter et al. (2010) and
Verona and colleagues (Verona & Curtin, 2006; Verona et al., 2006; Verona & Kilmer, 2007; Verona et
al., 2007) a modified version of the TAP was chosen to induce and measure aggressive behavior.
Considering different forms of aggression, volume (i.e., intensity) and duration setting of the punitive
noise were analyzed separately. Half of the participants were highly provoked, whereas the other half,
as a control group, were only mildly provoked. Prior to this retaliation paradigm, participants were
either exposed to an acute stressor, the socially evaluated cold-pressor test (Schwabe et al., 2008), or
to a control procedure with warm water. Several salivary cortisol measurements were taken in the
course of the experiment for the purpose of validation. It was expected that participants who respond
to the stressor with a rise in cortisol levels to react more aggressively, especially when being provoked
beforehand. In males, this effect should be most pronounced in direct aggressive behavior (i.e., volume
settings), while stressed females with an increase in cortisol should respond with enhanced indirect
aggression (i.e., duration settings). According to Bettencourt and Miller (1996), I expected that this
difference between male and female participants should be less distinct, when being highly provoked.
Furthermore, as an exploratory approach, the present study aimed to include the processing
of the aggression-eliciting stimuli. Within an aggressive encounter, provoking actions of others elicit
impulsive reactive aggressive behavior (van Goozen, Fairchild, Snoek, & Harold, 2007). Moreover, Kruk
et al. (2004) proposed that the relationship between stress and aggression is mediated by a change in
the processing of social conflict signals and aggression-promoting stimuli. Thus, I wanted to test if
neural correlates (P3) to the provoking stimuli are altered through stress or stress-induced rise in
cortisol and provocation and whether the magnitude of the P3 is related to aggressive behavior. I
expected the P3 amplitude in the high provocation group to be reduced and negatively correlated with
the aggressive behavior during the task. Furthermore, the influence of gender and stress as well as
stress-induced increase in cortisol on the P3 amplitude was tested as an explorative hypothesis. Lastly,
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preceding and succeeding intervals were explored as well to see whether effects were specific for the
P3 component.

3.2 Materials and Methods
3.2.1

Participants

Participants were recruited from the University of Trier, Germany. Out of 75 Participants, who
completed the experiment, four individuals had to be excluded due to abnormal high salivary cortisol
values (one female) or incorrect experimental procedure (three individuals), leaving 71 participants
(36 males, 35 females) with a mean age of 23.96 years (SD = 2.27, range 20-31 years) and a mean BMI
of 22.77 kg/m² (SD=2.54). Criteria for exclusion were (1) acute or chronic physical disease, (2) a mental
disorder or a history of such, (3) use of medication, (4) smoking, as it is known to influence HPA axis
activity (Granger et al., 2007), and (5) being not a native German speaker. Only right-handed students
were included, as handedness affects hemispheric specialization, thus altering EEG measurements
(Galin et al., 1982). To ensure no problems with the experimental manipulations, individuals who
reported to suffer from dyschromatopsia or stated to be sensitive to loud noises or to cold were
excluded. Additionally, students taking classes in psychology were excluded to guarantee an unbiased
behavior during the experiment. In order to control for hormonal status, only non-pregnant women
who used hormonal contraceptives6 were included in the study. The experiment was conducted in
accordance with the Declaration of Helsinki. The Research Ethics Committee of the University of Trier
approved all parts of the study, and all participants gave written informed consent. Participation was
compensated with 45 € (approximately US $57).

3.2.2

Socially Evaluated Cold-Pressor Test - SECPT

Participants who were assigned to the stress condition were exposed to the socially evaluated coldpressor test (SECPT, Schwabe et al., 2008), an economic and efficient stress induction causing
significant activation of the HPA axis, thereby a rise in cortisol levels, as well as an activation of the
adrenergic system and an increase in subjective stress experience (e.g., Schwabe & Wolf, 2009;
Weymar et al., 2012). More precisely, an unfamiliar experimenter of the opposite sex, who acted
neutrally and distanced, asked them to immerse their left hand up to the wrist into ice water (0-3 °C)
and to look at a camera throughout the whole procedure as they would be videotaped in order to
analyze their facial expressions. Meanwhile, the experimenter watched them closely, took notes, and
6

Except the contraceptives pills containing Drospirenone, which is an antagonist for the mineralocorticoid
receptor, and therefore might have skewed the cortisol measurements Genazzani, Mannella, and Simoncini
(2007); namely Yasmine, Yasminelle, Petibelle, Aida, Angeliq or Yaz
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stopped the time. At the end of three minutes, they were asked to remove their hand. No further
communication between experimenter and participants was permitted and participants were unaware
about the elapsed time. Participants in the non-stressful control condition underwent the same
procedure with warm water (37-39 °C) instead of ice water. Two participants, one female and one
male, removed their hand from the ice water before the expiration of the term, because the cold hurt
them too much. Since they were obviously strongly stressed and their data constitute to be no outliers,
they were included in all analyses.

3.2.3

Taylor Aggression Paradigm - TAP

Aggression was elicited and assessed with a modified version of the Taylor Aggression Paradigm (TAP,
Taylor, 1967). Participants were led to believe that they were playing a competitive reaction time task
against another participant of the same sex, who they met prior to the experiment. Participants were
instructed to react as fast as possible to a green square by pressing a key in order to win a trial. The
slower player would receive a blast of noise by the competitor. The game consisted of 3 blocks of 10
trials each. Each trial started with setting of the punitive noise, to which the competitor would be
exposed in case the competitor would lose the trial. Participants were asked first to specify the
duration and then the volume of the noise on two separate scales. Each scale was subdivided into 11
increments, reaching from level 0 to 10, with noise duration ranging from 0.5 s (level 1) to 5 s (level
10) and noise volume ranging 60 dB (level 1) and 105 dB (level 10), both in equidistant increments of
0.5 s or 5 dB, respectively. Level 0 corresponded to 0 s on the scale for duration and 0 dB on the scale
for volume. Next, a yellow square appeared with the German words for “Get ready!” written above
for a variable duration between 100 and 1900 ms (mean duration: 1016.67 ms). In eighteen of the
thirty trials a red square with the German words for “Wait for [name of competitor]” appeared to
increase credibility of a real encounter (duration of presentation: 100-4500 ms, mean: 1461.11 ms).
After the yellow square, a green square appeared with the instruction “Press space bar” in German
words above. If participants pressed the key before the green square was shown, they received a
feedback that they lost this trial as they responded untimely. After the response was given, the
feedback whether the participant won or lost the given trial was presented on the screen, followed by
the settings of duration and volume selected by each for the other player, representing the actual
provocation. If the participant had lost the trial, the noise according to the competitor’s preceding
settings was presented. Figure 6 depicts an exemplary trial, which was lost by the participant, with
both alternative outcomes, namely gentle or unfair competitor’s settings of the noise for the
participant.
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Unknown to the participants, there was no actual competitor. The outcome of the trials was
held constant for all participants: each participant won and lost half of the trials. Additionally, noise
volume and duration were selected by the experimenter and varied by trial and block to realize high
provocation or low provocation, respectively.

Figure 6. Exemplary trial of the Taylor Aggression Paradigm, showing an example of low and high provocation.

During the first block, all participants received short and gentle noises in case they lost a trial
(volume: M = 62.5 dB, range 0–70 dB; duration: M = 0.75 s, range 0–1.5 s). Participants in the mildly
provoked control group received the same noises during the second and third blocks. Participants in
the highly provoked group received noises of intermediate intensity and duration in the second block
(volume: M = 82.5 dB, range 75– 90 dB; duration: M = 2.75 s, range 2–3.5 s) and high intensity and
duration in the third block (volume: M = 99 dB, range 90–105 dB; duration: M = 4.4 s, range 3.5–5 s).
Figure 7 shows exemplary settings of noises for low and high provocation during the third block.
The duration and volume settings of the participants were recorded in each trial on the scales
from 0 to 10. For each participant, a separate average for the volume and the duration setting was
computed over the ten trials belonging to one of the three blocks of the TAP. These resulting six values
were later used as the dependent variables “overt aggressive behavior” (volume settings of TAP block
1 to 3) and “covert aggressive behavior” (duration settings of TAP block 1 to 3) in each of the three
blocks.
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Figure 7. Exemplary possible feedback of participants' and opponents' settings for the noise, left: gentle settings
- low provocation, right: loud and lengthy noise - high provocation.

3.2.4

Subjective Measures

Measurements of mood. Self-reported momentary mood was assessed before and after the SECPT or
the control procedure, respectively, as well as after the Taylor Aggression Paradigm with a German
mood questionnaire (Mehrdimensionaler Befindlichkeitsfragebogen, MDBF, Steyer, Schwenkmezger,
Notz, & Eid, 1994). This questionnaire measures the current mood state on three dimensions: good
versus bad mood, wakefulness versus sleepiness, and calmness versus restlessness. Parallel short
version A and B, each containing twelve items, were implemented alternating within each subject.
Hopelessness and Anger. The MDBF questionnaires were completed with the scale
hopelessness and anger of the German Aktuelle Stimmungsskala (ASTS, Dalbert, 1992), each consisting
of three items (Hoffnungslosigkeit (hopelessness): hoffnungslos (hopeless), entmutigt (discouraged),
verzweifelt (desperate); Zorn (anger): zornig (irate), verärgert (angry), wütend (furious)).
Stress. Immediately after the SECPT, participants were asked to rate their feelings of stress and
pain during the stress or control procedure. This comprised six statements, which had to be evaluated
on a six point Likert scale (1: “strongly disagree”, 6: “strongly agree”): “Ich war sehr aufgewühlt.” (“I
was very upset.“), “Ich fühlte mich stark gestresst.“ (“I felt very stressed.“), “Das Wasserbad war
besonders stressig.“ (“The water bath was particular stressful.“), “Die Beobachtung und Aufzeichnung
waren besonders stressig.“ (“The surveillance and the recording were particular stressful.”), “Die
Schmerzen waren sehr unangenehm.” (“The pain was very unpleasant.”), “Ich war sehr
angespannt.”(“I was very tensed up.”).
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3.2.5

Salivary Cortisol Measurement

Saliva samples for cortisol analysis were obtained using Salivette® collection devices (Sarstedt,
Nürnbrecht, Germany). Samples were collected at seven assessment points over the course of the
experiment: before the start of the experiment (C0, -15 min, with reference to the beginning of the
SECPT), before the SECPT (C1, -2 min), after the SECPT (C2, +5 min), after the TAP (C3, +20 min), before
the emotional picture task (C4, +30 min), after the emotional picture task (C5, +40 min), and before
debriefing (C6, +60 min). Sampling instructions were given via computer and Salivettes® were
positioned on the table in front of the participants. Immediately after the experiment, samples were
frozen for biochemical analysis. Salivary cortisol was analyzed with a time-resolved immunoassay with
fluorescence detection as described in detail elsewhere (Dressendörfer et al., 1992). Intra- and
interassay variability was less than 10 and 12%, respectively. Beside the measurement of salivary
cortisol in the course of the experiment, further samples of native saliva were collected prior to the
experiment on three consecutive weekdays at awakening and 30, 45, and 60 min later to determine a
reliable measure of HPA axis activity via the cortisol awakening response (CAR) (Hellhammer et al.,
2007).

3.2.6

Procedure

Prior to the experimental session, participants were invited individually to an informational interview
to check exclusion criteria and to inform them about the aim and procedure of the study, i.e., the
investigation of the relationship between stress, reaction time, and cognitive functions. They were
informed at full length that they might be exposed to a stress procedure involving cold water,
videotaping, and observation, as well as to loud noises. Additionally, the electroencephalogram (EEG)
and the sampling of cortisol were described. Then, the dates and times for the sampling of the CAR
and the experiment were arranged. Finally, besides a battery of personality questionnaires to fill out
at home, they received sampling devices for salivary cortisol and a corresponding protocol, which is
described in detail by Böhnke, Bertsch, Kruk, and Naumann (2010) and Fechtner (2012). The examiner
further emphasized the necessity to adhere to the written instructions and sampling times. Moreover,
participants were required to refrain from physical exercise on the day prior, as well as alcohol,
caffeinated drinks, and meals within 1 h prior to the date fixed for the experimental session. The
completed questionnaires and cortisol samples had to be returned on this occasion. All participants
gave their written informed consent being aware that participation was voluntary and that they may
withdraw at any time without any consequences and without having to give reasons.
The actual experiment was conducted between 01:30 p.m. and approximately 07:30 p.m.,
starting at 01:30 p.m., 03:30 p.m., and 05:30 p.m., when endogenous cortisol levels are low (Schreiber
51

III. Chapter:
Gender-specific Effects of Stress on Aggressive Behavior and Processing of Provoking Stimuli
et al., 2006). All participants were examined individually. Participants were randomly assigned to the
stress or control procedure, as well as to the highly provoked or mildly provoked control group, while
sex was balanced across conditions. On arrival, the experimenter acquainted the participant with
another participant of the same sex, who was in fact a confederate of the investigator, with whom he
or she was to play a computer game during the experiment. The participant and the confederate
handed over the filled out questionnaires and the salivary cortisol samples they collected at home.
Next, the participant was led in the EEG laboratory, where he or she was seated in a dimly lit soundattenuated room, 1 m from the monitor (20 in. Eizo FlexScan S2031W). To further increase credibility
of the cover story, the experimenter left the laboratory to ostensibly lead the confederate into another
EEG laboratory. After preparation of EEG, electrooculogram (EOG), and electrocardiogram (ECG)
recording devices, the actual experiment started. The participants received all instructions for the
different tasks, saliva samples, and questionnaires via the computer screen. First, they worked on an
Approach Avoidance Task (description and results reported in Fechtner, 2012), then they were
exposed to SECPT or the warm water control procedure. Afterwards, they played the TAP, followed by
a second block of the Approach Avoidance task. Finally, participants viewed passively pictures with
different emotional content for about 10 min (for details see Chapter 4.2.4, p.92 ff.). During the course
of the experiment, participants filled out short state questionnaires several times (see Chapter 3.2.4)
and provided seven saliva samples for cortisol (C). After removal of the physiological recording devices,
participants were extensively debriefed, thanked, and compensated for their participation.
E-Prime presentation software (Eprime 2.0, Psychological Software Tools, Pittsburgh, PA) was
used to present the stimuli and record the reaction times during the tasks. The experiment, from arrival
to debriefing had a duration of about 100 min. Figure 8 presents the timeline of the experimental
procedure.
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Figure 8. Timeline of the experimental session of study 2. SECPT:= Socially evaluated cold-pressor test. C := saliva
samples for cortisol analyses. Time information refers to the beginning of the SECPT. Experimental parts printed
in bold are the topic of the present chapter.
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3.2.7

EEG Recording and Quantification

The EEG was recorded from 32 electrode sites including the mastoids according to the 10–10 electrode
reference system (Chatrian et al., 1988) with the Easy-Cap electrode system (Falk Minow Services,
Munich). All sites were referenced to FCz. A bipolar horizontal EOG was recorded from the epicanthus
of each eye and a bipolar vertical EOG was recorded from supra- and infra-orbital positions of the left
eye. Ag/AgCl electrodes were used for EEG and EOG recording. Prior to the electrode placement, the
electrode sites on the participant's scalp and face were cleaned with alcohol and gently abraded. The
conduction was facilitated using Abralyt-light (FMS, Munich) electrode gel or EC2® Genuine Grass
Electrode Cream (Grass Products, Natus Neurology) for the EOG, respectively. A BrainAmp amplifier
(input impedance: 10 MΩ; Brain Products, GmbH) in AC mode was used to record the EEG and EOG at
1000 Hz using a pass-band set to 0.016 to 499 Hz (−12 dB/octave roll-off). All impedances of the EEG
electrodes were maintained below 10 kΩ. Data was stored to hard disk for later analysis using
BrainVision Analyzer 2 (Brain Products, Munich, Germany).
The EEG was re-referenced offline to linked mastoids. The data was resampled at 200 Hz and
low pass filtered using a digital filter with high cutoff of 5 Hz, 48 dB/oct. Artifacts due to eye movements
were corrected semiautomatically via the algorithm developed by Gratton et al. (1983). If necessary,
blinks were detected and marked using Ocular Correction with Independent Component Analysis (ICA)
beforehand. EEG and EOG of trials were epoched off-line into 1200 ms periods, starting 200 ms prior
to stimulus onset (i.e., feedbacks of participants' and opponents' settings, see Figure 7) and ending
1000 ms after stimulus onset. A baseline correction was performed using the first 200 ms interval as a
reference. Trials with non-physiological artifacts were excluded from analysis via semiautomatic
artifact rejection. Separate averages were computed for each electrode and individual over the ten
trials of each of the three TAP blocks. Using the grand average across participants to guide window
selection, ERP maximum peak amplitude (µV) and latency (ms) for the stimulus-locked frontal P3
component were detected semiautomatically at Fz as reference channel within window of 250 - 450
ms post stimulus and for the parietal P3 at Pz as a reference channel within window of 250 - 500 ms
post stimulus. For statistical analyses, peak amplitudes were averaged over an interval of ± 10 data
points (i.e., 105 ms) and new electrode sites FFC3, FFCz, FCC4 and CPP3, CPPz, CCP4 were built by
averaging F3, FC3, FCz, Fz, as well as F4 and FC4 for the frontal P3, and CP3, P3, CPz, Pz as well as CP4
and P4 for the parietal P3, respectively. Additionally, preceding (200 - 300 ms) and succeeding
stimulus-locked intervals (400 - 500 ms, 500 - 600 ms) were exported for analyses.
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3.2.8

Statistical Analyses

The data was edited with Microsoft Excel 2003 and analyzed with SPSS 17.0 and IBM SPSS Statistics 20.
Data was checked for non-normality of sampling distribution and violation of homogeneity of variance
using Q-Q plots and Shapiro-Wilk tests of normality or Levene test, respectively. These analyses
revealed that the subjective measurements of stress and pain after the SECPT, along with cortisol data,
were skewed and showed slight heterogeneity of variance. However, as the analysis of variance is
known to be robust against these violations if degrees of freedom for error are greater than 20, and if
sample sizes are large and fairly equal (Eid et al., 2010; Tabachnick & Fidell, 2007), I refrained from
transformation of these data.
Stress Manipulation. Based on their cortisol reaction in response to the SECPT, participants of
the stress condition were post-hoc allocated to a cortisol-responder group or a cortisol-nonresponder
group: The stress-induced cortisol-response of each individual was computed by calculating the
difference of the cortisol levels C3 and C2, which reflected the HPA axis activation right before and
after the stressor. A median split (.79 nmol/l) of this cortisol change divided the participants of the
stress condition (male: n=24; female: n=24) into cortisol-responders (male: n=13; female: n=11) and
cortisol-nonresponders (male: n=11; female: n=13). The warm water control group consisted of 12
male and 11 female participants. Sample sizes within each condition are listed in Table 2.
Table 2
Sample sizes in each condition of study 2
Men
(n = 36)

Women
(n= 35)

SECPT groups

high provocation
(n = 18)

low provocation
(n = 18)

high provocation
(n = 17)

low provocation
(n = 18)

Warm water control group (n=23)

n=6

n=6

n=5

n=6

Cortisol-nonresponders (n=24)

n=6

n=5

n=7

n=6

Cortisol-responders (n=24)

n=6

n=7

n=5

n=6

A 2 x 3 x 2 x 7 analysis of variance with the between-subjects factors gender (male, female),
SECPT groups (cortisol-responders, cortisol-nonresponders, warm water control group), and
provocation (high provocation, low provocation) and the within-subjects factor time of cortisol
measurement (C0-C6) was conducted to check whether the stress induction was successful, how long
the cortisol increase lasted, and whether cortisol levels were influenced by gender or provocation.
Moreover, a one-way analysis of variance with the factors gender (male, female), SECPT groups
(cortisol-responders, cortisol-nonresponders, warm water control group), and difference of cortisol at
time point C4 and C3 as the dependent variable was used to test significance of the stress groups’
categorization and possible differences in male and female participants.
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Subjective measures. A 2 x 3 x 6 analysis of variance with the between-subjects factors gender
(male, female) and SECPT groups (cortisol-responders, cortisol-nonresponders, warm water control
group) and the factor subjective stress measures (Items 1-6, repeated measure) was conducted to
check the effects of the stress or control procedure on reported feelings of stress and pain. Similarly,
2 x 3 x 2 x 3 analysis of variance with the between-subjects factors gender (male, female), SECPT groups
(cortisol-responders, cortisol-nonresponders, warm water control group), and provocation (high
provocation, low provocation) and the within-subjects factor time of MDBF measurement was
conducted for each MDBF scale (good versus bad mood, wakefulness versus sleepiness, calmness
versus restlessness) and the two ASTS scales (hopelessness, anger) to check impact of the stress
procedure and provocation on reported mood in male and female participants.
Aggressive Behavior. In order to analyze the effects of acute cortisol rise in response to the
SECPT and increasing provocation on overt and covert aggressive behavior, a 2 x 3 x 2 x 2 x 3 mixeddesign analysis of variance was conducted, including between-subjects factors gender (male, female),
SECPT groups (cortisol-responders, cortisol-nonresponders, warm water control group), and
provocation (high provocation, low provocation) and the within-subjects factors type of aggressive
behavior (overt aggressive behavior, i.e., volume settings; covert aggressive behavior, i.e., duration
settings) and TAP Block (1, 2, 3).
Electrophysiological data. To investigate the effects of the acute cortisol rise in response to the
SECPT and provocation on mean P3 peak amplitudes and mean amplitudes in the preceding and
succeeding intervals (200 - 300 ms and 400 - 500 ms, 500 - 600 ms) for the provoking stimuli during
the TAP, separated 2 x 3 x 2 x 2 x 3 mixed-design analyses of variance were calculated, including the
between-subjects factors gender (male, female), SECPT groups (cortisol-responders, cortisolnonresponders, warm water control group), and provocation (high provocation, low provocation) and
the within-subjects factors caudality (FFC, CPP) and hemisphere (left, central, right). Finally, to check
whether the P3 component was related to the extent of aggressive behavior displayed by male and
female participants (covert, overt, and mean of both types of aggressive behavior), bivariate
correlations between mean P3 peak amplitude and aggressive behavior in TAP Block 1, 2, and 3 were
calculated for each provocation group separately, as well as for each of the six groups resulting of
highly and mildly provoked SECPT groups.
Additional

analyses.

I

considered

checking

whether

aggressive

behavior

and

electrophysiological measurements were influenced by the basal HPA axis activity or mean aggressive
behavior in both TAP Block 2 and 3. Hence, the area under the curve with respect to the ground AUCG
of the cortisol awakening response was calculated using the formula reported in Pruessner et al.
(2003). Mean aggressive behavior was calculated averaging volume and duration settings of TAP Block
2 and 3. I recalculated all analyses of aggressive behavior including the AUCG as a continuous factor,
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which was z-standardized beforehand (Aiken et al., 1991). Similarly, separate analyses were calculated
for electrophysiological data including either AUCG or mean aggressive behavior in TAP Block 2 and 3
as a continuous factor. Again, these were z-standardized beforehand. As the results showed no
additional or clearer results than analyses without continuous predictors, the results of these analyses
are not reported.

The calculation of the sample size prior to the experiment showed that with sample size of N=72 and
a power of 1-ß=.80, an effect Ω² of at least .02 for highest order interactions of the ERP data and
aggressive behavior can be revealed. However, only effects greater than or equal to .05 were deemed
relevant and are reported. Hays’ ω² (Hays, 1974) was calculated as an effect size measure, with .01
considered as a small effect, .05 considered as medium, and .14 considered a large effect (Cohen,
1988). For main effects of within-subject factors or interaction with those, ω² was corrected for mean
correlation r̄ of the respective levels or combination of those. In case the assumption of sphericity was
violated, the degrees of freedom for all ANOVAs were Huynh-Feldt corrected (Huynh & Feldt, 1976).
The statistical significance level was set to alpha = .05 (two-tailed). Where appropriate, Dunn's Multiple
Comparison Tests were used as post hoc tests.

3.3 Results
3.3.1

Stress Induction

Cortisol-responders (M = 4.07 nmol/l, SE = .50) showed a clear increase in cortisol (C3-C2) in response
to the stressor compared to cortisol-nonresponders (M = -.45 nmol/l, SE = .50) and participants of the
warm water control group (M = -.46 nmol/l, SE = .51), which both showed even a slight decrease in
cortisol levels (F(1,65) = 28.44, p < .001, ω² = .44). The ANOVA and subsequent post-hoc tests confirmed
this pattern. No further effects reached significance (all Fs < 1.16, all ps > .10).
Mean levels of free salivary cortisol over the course of the experiment of the three SECPT
groups are depicted in Figure 9. The analysis of variance showed a significant effect of time of cortisol
measurement (F(6,354) = 9.30, p < .001, ω² = .32, r̄ = .79), which was qualified by a significant interaction
of time of cortisol measurement and SECPT groups (F(12,354) = 7.17, p < .001, ω² = .56, r̄ = .88). Post-hoc
tests revealed that cortisol-responders had higher cortisol levels after the SECPT between points of
time C3 and C5 compared to cortisol-nonresponders and to the warm water control group. No
differences were found from points of time C0 to C2.
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Figure 9. Mean levels of free salivary cortisol during the experimental session of study 2 for cortisol-responders,
cortisol-nonresponders, and the warm water control group. Error bars indicate standard errors of the mean.
Time information refers to the beginning of the SECPT := socially evaluated cold-pressor test.

:= p < .05

Male participants had in general higher cortisol levels (M = 5.34 nmol/ml, SE = .51) compared
to female participants (M = 3.56 nmol/ml, SE = .52; F(1,59) = 6.09, p < .05, ω² = .07). This main effect was
qualified by an interaction with time of cortisol measurement (F(6,354) = 4.26, p < .05, ω² = .16, r̄ = .80).
Male participants had higher cortisol levels than female participants from point of time C0 to C4,
independently of stress manipulation or provocation. Provocation did not influence cortisol over the
course of the experiment, neither as a main effect nor in interaction with other variables (all Fs < 2.31,
all ps > .10).

3.3.2

Subjective Measures

Stress. The analysis of variance yielded a significant main effect of subjective stress measures (F(5,325) =
8.79, p < .001, ω² = .16, r̄ = .53), which was further qualified by an interaction with SECPT groups (F(10,325)
= 11.43, p < .001, ω² = .35, r̄ = .54). Cortisol-responders reported higher levels of agitation, stress, and
stress due to the cold water, as well as pain and strain compared to the warm water control group.
Similarly, cortisol-nonresponders reported higher levels of stress, stress due to the cold water, and
pain relative to the control group. Cortisol-responders and –nonresponders did not differ in their
feelings of stress. Also, the ANOVA revealed a main effect of SECPT groups (F(2,65) = 13.78, p < .001, ω²
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= .26), as well as a two-way interaction between gender and SECPT groups (F(2,65) = 4.34, p < .05, ω² =
.09). Female cortisol-responders and –nonresponders reported higher levels of stress relative to
female participants of the warm water control group. In contrast, male participants of the three SECPT
groups did not differ significantly in their reported stress.

Mood.
Good versus bad mood. The ANOVA showed a significant main effect of time of subjective
MDBF mood measures (F(1,58) = 12.52, p < .001, ω² = .06, r̄ = .60). Participants reported worse temper
after the TAP compared to beforehand. Besides a significant main effect of the covariate baseline good
versus bad mood (F(1,58) = 44.95, p < .001, ω² = .38), the ANOVA revealed main effects of SECPT groups
(F(2,58) = 4.85, p < .05, ω² = .10) and provocation (F(1,58) = 8.86, p < .01, ω² = .10), as well as a two way
interaction between these variables (F(2,58) = 7.16, p < .01, ω² = .15), which was further qualified by a
three-way interaction between gender, SECPT groups, and provocation (F(2,58) = 4.72, p < .05, ω² = .09).
Descriptively, highly provoked female cortisol-responders reported the lowest level of good mood.
Post-hoc tests confirmed this, revealing significant comparison between this group and mildly
provoked female cortisol-responders, as well as highly provoked male cortisol-responders. Within
male participants, only highly provoked participants of the warm water control group reported less
good mood compared to mildly provoked participants of this group, while cortisol-responders and –
nonresponders did not differ in their reported temper.
Wakefulness versus sleepiness. Besides a significant main effect of the covariate baseline
wakefulness versus sleepiness (F(1,58) = 37.52, p < .001, ω² = .34), the ANOVA revealed main effects of
SECPT groups (F(2,58) = 4.25, p < .05, ω² = .08) and a two way interaction between gender and
provocation (F(1,58) = 9.71, p < .01, ω² = .11). The warm water control group reported lower levels of
wakefulness compared to cortisol-responders and –nonresponders, which did not differ from each
other. Highly provoked male participants reported higher levels of wakefulness compared to mildly
provoked men, while female participants showed descriptively the reversed pattern. Accordingly,
mildly provoked women reported higher levels of wakefulness relative to mildly provoked men.
Calmness versus restlessness. The analysis of variance yielded a main effect of the covariate
baseline calmness versus restlessness (F(1,58) = 72.39, p < .001, ω² = .50), as well as main effects of gender
(F(1,58) = 8.26, p < .01, ω² = .09), SECPT groups (F(2,58) = 5.34, p < .01, ω² = .11), and provocation (F(1,58) =
4.91, p < .05, ω² = .05) and a two way interaction between gender and SECPT groups (F(2,58) = 3.56, p <
.05, ω² = .07), which was further qualified by a three-way interaction between gender, SECPT groups,
and provocation (F(1,58) = 8.07, p < .001, ω² = .17). Descriptively, highly provoked female cortisolresponders reported the lowest levels of calmness. Subsequent post-hoc test confirmed that this group
reported significantly lower values of calmness compared to highly provoked male cortisol-responders
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and mildly provoked female cortisol-responders. Highly provoked male participants of the warm water
control group reported marginally significant lower levels of calmness compared to mildly provoked
men of the control group.
Hopelessness. The ANOVA revealed, besides a main effect of the covariate baseline
hopelessness (F(1,58) = 28.47, p < .001, ω² = .28), a significant interaction between gender and SECPT
groups (F(2,58) = 3.86, p < .05, ω² = .07), which was further qualified by a three way interaction between
gender, SECPT groups, and provocation (F(2,58) = 3.42, p < .05, ω² = .06). Subsequent post-hoc tests
showed that highly provoked female cortisol-responders reported higher levels of hopelessness than
male highly provoked cortisol-responders.
Anger. The ANOVA revealed a main effect of the covariate baseline anger (F(1,58) = 15.81, p <
.001, ω² = .17), a main effect of SECPT groups (F(2,58) = 4.33, p < .05, ω² = .09) and provocation (F(1,58) =
4.37, p < .05, ω² = .05), as well as a significant interaction between these two variables (F(2,58) = 5.01, p
< .01, ω² = .10). Highly provoked cortisol-responders reported higher levels of anger relative to mildly
provoked cortisol-responders, highly provoked cortisol-nonresponders and participants of the warm
water control group.

3.3.3

Aggressive Behavior in the Taylor Aggression Paradigm

3.3.3.1 Effects of Provocation
As intended, participants responded to high provocation with generally more aggressive behavior (M
= 2.88, SE = .19) compared to those of the low provocation group (M = 1.84, SE = .19) (F(1,59) = 15.05, p
< .001, ω² = .17), independent of type of aggressive behavior (i.e., noise duration or volume settings).
Moreover, the analysis revealed a main effect of Tap Block (F(2,118) = 16.73, p < .001, ω² = .31, r̄ = .68),
which was qualified by an interaction of TAP Block and provocation (F(2,118) = 27.95, p < .001, ω² = .50,
r̄ = .75). Descriptively, participants who were subjected to increasing provocation in TAP Block 2 and 3
showed more aggressive behavior, while their behavior did not differ from mildly provoked
participants in TAP Block 1. (TAP Block 1: high provocation: M = 1.92, SE = .14; low provocation: M =
2.00, SE = .14; TAP Block 2: high provocation: M = 2.93, SE = .20; low provocation: M = 1.78, SE = .20;
TAP Block 3: high provocation: M = 3.79, SE = .30; low provocation: M = 1.76, SE = .20). Post-hoc tests
showed that high provocation led to more aggressive behavior in TAP Block 2 and 3 compared to low
provocation. Moreover, participants responded to high provocation with increasing aggressive
behavior over all TAP Blocks.
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3.3.3.2 Effects of Overt and Covert Aggressive Behavior- Duration and Volume Settings
Female and male participants differed in their type of aggressive behavior as a function of provocation,
TAP Block, and interaction of both. The analysis of variance revealed a significant three-way interaction
of type of aggressive behavior, gender, and provocation (F(1,59) = 7.11, p < .01, ω² = .18, r̄ = .81), as well
as a four way interaction between type of aggressive behavior, TAP Block, gender, and provocation
(F(2,118) = 6.75, p < .05, ω² = .08, r̄ = .71). As depicted in Figure 10, post-hoc tests showed that male
participants showed less covert aggressive behavior (i.e., noise duration settings) in of the TAP Block 2
and 3 than women.
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Figure 10. Mean overt and covert aggressive behavior (i.e., mean of noise duration vs. mean noise volume
settings) over the three blocks of the Taylor Aggression Paradigm (TAP) in male and female participants, exposed
to either low or high provocation. Values are means ± SE. Different letters indicate significant difference between
men and women, brackets indicate significant differences within men or women. p < .05. Note: range of possible
settings was 0-10.

Female participants who were highly provoked acted more aggressively with both covert and overt
aggressive behavior in TAP Block 2 and 3 compared to female participants of the low provocation group
(Figure 10, right panel). In contrast, men who were highly provoked showed more overt aggressive
behavior in TAP block 2 and 3 compared to mildly provoked male participants (Figure 10, left panel),
while covert aggressive behavior only increased in block 3. Moreover, male participants reacted to
high provocation with significantly more overt aggression than covert aggressive behavior in TAP Block
2 and 3, while mildly provoked males used similar amounts (Figure 10, left panel). Female participants,
however, did not differ in the type of aggressive behavior used in response to high or low provocation.
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Effects of stress and stress-induced cortisol on aggressive behavior. Most interestingly, the
analysis revealed a significant five-way interaction between type of aggressive behavior, TAP Block,
gender, provocation, and SECPT groups (F(4,118) = 2.75, p < .05, ω² = .07, r̄ = .80). Figure 11 shows mean
values of covert (i.e., mean noise duration settings) and overt (i.e., mean noise volume settings)
aggressive behavior for female and male participants of the warm water group, cortisolnonresponders, and cortisol-responders in TAP block 1 to 3, comparing low versus high provocation.
Figure 12 shows the same data, albeit sorted by the three SECPT groups, separated for gender and
provocation.
Descriptively, enhanced overt and covert aggressive behavior in response to high provocation
was particularly pronounced in female participants of the warm water control group and female
cortisol-responders (cf. Figure 11, right panel). On the other hand, male participants of these two
groups showed by trend less aggressive behavior, particularly with regard of covert aggressive
behavior (cf. Figure 11, left panel). In contrast, cortisol-nonresponders showed less overt aggressive
behavior in response to high provocation. No typical provocation pattern with increased settings was
found for covert aggression in this group (cf. Figure 12, upper graphs). Post-hoc tests showed that
female participants of the warm water control group reacted to high provocation in TAP Block 2 and 3
with increasing overt and covert aggressive behavior, while male participants of this SEPCT group
showed this pattern only in overt aggressive behavior (see Figure 11, upper graphs of left and right
panels).
Female cortisol-nonresponders reacted less aggressively and overt and covert aggressive
behavior only exceeded the response of mildly provoked female cortisol-nonresponders in TAP Block
3 (see Figure 11, middle left graphs of right panel). Male cortisol-nonresponders, in contrast, only
showed increased overt aggressive behavior to high provocation in TAP Block 3 compared to low
provocation, while the reversed pattern was found in TAP Block 1 (see Figure 11, middle left graphs of
left panel). Highly provoked female and male cortisol-responders showed increased overt and covert
aggression in TAP Block 2 and 3 compared to mildly provoked participants, with similar amount of
aggressive behavior as the warm water control group (see Figure 11, bottom graphs of left and right
panels). Moreover, highly provoked female cortisol-nonresponders showed less covert (TAP Block 2
and 3) and overt aggressive behavior (TAP Block 3) than women in the warm water group and female
cortisol-responders (Figure 12, upper right graph).
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Highly provoked male participants of the three SECPT groups did not differ in their amount of
aggressive behavior, except for male cortisol-nonresponders who showed less covert aggressive
behavior in TAP Block 1 compared to male participants of the warm water group (Figure 12, upper left
graph). Mildly provoked male cortisol-responders showed less covert aggressive behavior than male
cortisol-nonresponders (TAP Block 2) and male participants of the warm water control group (TAP
Block 3) (Figure 12, lower left graph).
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Figure 11. Mean overt and covert aggressive behavior, i.e., mean of noise duration vs. mean noise volume
settings, over the three blocks of the Taylor Aggression Paradigm (TAP) in male and female participants exposed
to either low or high provocation separated for the three SECPT groups (warm water control group, cortisolnonresponders, cortisol-responders). Values are means ± SE. Different letters indicate significant difference
between men and women, brackets indicate significant differences within men or women. p < .05. Note: range
of possible settings was 0-10.

62

III. Chapter:
Gender-specific Effects of Stress on Aggressive Behavior and Processing of Provoking Stimuli
Mildly provoked female participants of the three SECPT groups showed very similar behavior over the
three blocks of the TAP. However, female participants of the warm water group showed particularly
little overt aggressive behavior in TAP Block 2 compared to female cortisol-nonresponders (Figure 12,
lower right graph).
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Figure 12. Mean overt and covert aggressive behavior, i.e., mean of noise duration vs. mean noise volume
settings, over the three blocks of the Taylor Aggression Paradigm (TAP) in male and female participants of the
three SECPT groups (warm water control group, cortisol-nonresponders, cortisol-responders) separated for high
(upper graphs) and low provocation (lower graphs). Values are means ± SE. Brackets indicate significant
differences within men or women. p < .05. Note: range of possible settings was 0-10.

3.3.4

Effects of Stress on Processing of Provoking Stimuli - Electrophysiological Data

3.3.4.1 P3 wave following provoking stimuli
Figure 13a displays grand average ERP waveforms to low and high provocation averaged over TAP
Block 2 and 3, gender, and SECPT groups. Overall, the P3 had a centroparietal to parietal distribution,
peaking at 360 ms.
Latency. The mean latency of the P3 peak amplitude was 354.53 ms (SE = 4.42) at frontal sides
and 360.98 ms (SE = 6.93) at parietal sides. High provocation led to a delayed P3 (M = 368.53 ms, SE =
7.04) compared to low provocation (M = 346.71 ms, SE = 6.93) independent of electrode sides, gender,
and SECPT groups (F(1,59) = 4.88, p < .05, ω² = .05) (cf. Figure 13). No further effects reached significance
(all Fs < 1.60, all ps >.10).
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Figure 13. (a) Grand average ERP waveforms for the provoking stimuli for high (n=35) versus low provocation
(n=36) averaged over trials of TAP Block 2 and 3 at frontal (FFC3, FFCz, FFC4) and parietal sides (CPP3, CPPz,
CPP4). (b) Difference map high – low provocation for the time domain of P3.

Peak. The analysis revealed a main effect of hemisphere (F(2,118) = 15.49, p < .001, ω² = .52, r̄ =
.87), which was qualified by an interaction between hemisphere and provocation (F(2,118) = 5.13, p < .01,
ω² = .26, r̄ = .89). Subsequent post-hoc tests showed that the P3 amplitude was more positive at central
electrode sides (M = 5.69 µV, SE = .50) compared to the right (M = 4.78 µV, SE = .43) and the left
hemisphere (M = 4.67 µV, SE = .46), which did not differ. Participants who were subjected to high
provocation showed a more positive P3 at central and left sides compared to participants who were
mildly provoked (see Figure 13a, b, Table 3). Moreover, P3 amplitudes were more positive at parietal
sides (M = 6.02 µV, SE = .49) compared to frontal sides (M = 4.08 µV, SE = .48, F(1,59) = 26.28, p < .001,
ω² = .33, r̄ = .64). This main effect was further qualified by an interaction with SECPT groups (F(2,59) =
3.50, p < .05, ω² = .09, r̄ = .65), with gender and SECPT groups (F(2,59) = 3.30, p < .05, ω² = .09, r̄ = .69),
and most important by a four-way interaction with SECPT groups, gender, and provocation (F(2,59) =
3.24, p < .05, ω² = .12, r̄ = .77). Figure 14 and Figure 15 display ERP waveforms and P3 amplitudes,
respectively, at frontal and parietal sites for highly and mildly provoked male and female participants
of each of the three SECPT groups. Figure 16 depicts corresponding difference maps high – lowprovocation for the time domain of the P3.
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Figure 14. (a) Grand average ERP waveforms to the provoking stimuli averaged over trials of Tap Block 2 and 3
and (b) head maps for the time domain of the P3 7 for highly and mildly provoked male and female participants
of each of the three SECPT groups (i.e., warm water control group, cortisol – nonresponders, cortisol –
responders) at frontal (FFC) and parietal (CPP) sites.
7

Precise start and end point of 105 ms time domain of P3 for each group with respect to P3 peak latency: warm
water group: male 320 - 425 ms, female 305 - 410 ms; cortisol-nonresponder: male 300 - 400 ms, female 315 420 ms; cortisol-responder: male 305 - 410 ms, female 300 - 405 ms.
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Descriptively, highly provoked male participants of the warm water control group and male cortisolnonresponders had more positive frontal P3 amplitude than those male participants who were
subjected to low provocation (cf. Figure 14, left graph; Figure 15, left upper graph; Figure 16, left
panel). Male cortisol-responders, however, showed the reversed pattern with less positive P3
amplitude in response to high provocation compared to low provocation and highly provoked male
participants of the other two SECPT groups (see Figure 15, left upper graph). The parietal P3 was more
positive in male participants of the warm water control group in response to high provocation, while
male cortisol-nonresponders did not differ regarding the amount of provocation. Again, male cortisolresponders showed the reversed pattern with less positive parietal P3 amplitude in the case of high
compared to low provocation (Figure 15, left lower graph).
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Figure 15. Mean frontal (upper row) and parietal (lower row) P3 amplitudes (µV) locked to the provoking stimuli,
averaged over block 2 and 3 of the Taylor Aggression Paradigm (TAP) for highly and mildly provoked male and
female participants of the three SECPT groups (warm water control group, cortisol-nonresponders, cortisolresponders). Values are means ± SE. Brackets indicate significant differences. p < .05.
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Female participants showed a distinct different pattern throughout all SECPT groups (cf. Figure 14,
right graph; Figure 15, right panel; Figure 16, right panel). Female participants of the warm water group
and female cortisol-nonresponders did not differ between high and low provocation at frontal sides.
In contrast, highly provoked female cortisol-responders showed the expected pattern with more
positive frontal P3 amplitudes compared to mildly provoked female cortisol-responders (Figure 15,
right upper graph). Parietal P3 amplitudes were more positive in highly provoked female cortisolnonresponders compared to mildly provoked ones. Female cortisol-responders showed the same
tendency, but less marked. Female participants of the warm water group, however, showed the
reversed pattern with less positive parietal P3 amplitudes in highly provoked compared to mildly
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provoked participants (Figure 15, right lower graph).
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Figure 16. Difference maps high – low provocation for the time domain of P38 for the provoking stimuli for male
(left panel) and female (right panel) of each of the three SECPT groups (i.e., warm water control group, cortisol
– nonresponders, cortisol – responders).

8

Precise start and end point of 105 ms time domain of P3 for each group with respect to P3 peak latency: warm
water group: male 320 - 425 ms, female 305 - 410 ms; cortisol-nonresponder: male 300 - 400 ms, female 315 420 ms; cortisol-responder: male 305 - 410 ms, female 300 - 405 ms.
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Post-hoc tests confirmed these descriptive findings in parts. Highly provoked male cortisol-responders
showed a significantly less positive frontal P3 than highly provoked male participants of the other two
SECPT groups. Female cortisol-nonresponders showed a significantly more positive parietal P3 in the
case of high provocation compared to low provocation.
3.3.4.2 Preceding and Succeeding Intervals – 200 - 300 ms, 400 – 500 ms, 500 - 600 ms
To test whether the effects on the P3 were specific for this component, preceding and succeeding
intervals were analyzed regarding influences of gender, SECPT groups, and provocation. Similar to the
P3, analyses revealed the influence of provocation on the three intervals (hemisphere x provocation:
200 – 300 ms: F(2,118) = 5.00, p < .01, ω² = .18, r̄ = .83; 400 – 500 ms: F(2,118) = 3.86, p < .05, ω² = .21, r̄ =
.90; 500 – 600 ms: F(2,118) = 6.86, p < .001, ω² = .30, r̄ = .87). Subsequent post-hoc tests revealed, that
participants subjected to high provocation showed more positive amplitudes at central and left sites
compared to mildly provoked participants. 400 – 500 ms after stimulus onset, highly provoked
participants even showed a more positive amplitude at right sites compared to mildly provoked
participants (see Figure 13a, Table 3). Furthermore, SECPT groups showed significant and marginally
significant different amplitudes regarding frontal and parietal electrode sites in the interval between
400 – 500 ms and 500 - 600 ms after stimulus onset (400 – 500 ms: F(2,118) = 4.71, p < .05, ω² = .15, r̄ =
.71; 500 – 600 ms: F(2,118) = 2.61, p < .10, ω² = .08, r̄ = .73). Post-hoc tests for the 400 – 500 ms interval
revealed that cortisol-responders had a less positive frontal amplitude (M = -.32 µV, SE = .98) compared
to parietal sites (M = 2.94 µV, SE = .96), and to frontal sites of the warm water control group (M = 2.94
µV, SE = .50) and cortisol-nonresponders (M = 2.54 µV, SE = .98). Descriptively, a very similar pattern
was found in the succeeding interval of 500 – 600 ms after stimulus onset. Again, cortisol-responders
showed a less positive frontal amplitude compared to parietal sites and relative to frontal sites of the
warm water control group and by trend of cortisol-nonresponders.
Table 3
Mean amplitude at left, central and right electrode sites of highly and mildly provoked participants for 200 –
300 ms, P3 peak, 400 – 500 ms and 500 – 600 ms following the provoking stimulus

Interval

high provocation
(n = 35)

low provocation
(n = 36)

Hemisphere – mean amplitude µV (SE)

Hemisphere – mean amplitude µV (SE)

Left

central

right

200 - 300 ms

3.34a (.50)

3.52a

P3 Peak

5.19a

(.65)

6.29a (.71)

400 -500 ms

3.19a

(.78)

4.10a

500 - 600 ms

3.03a (.83)

(.56)
(.83)

3.61a (.88)

Left

central

2.25 (.49)

2.06b

(.49)

2.39b

(.55)

2.11 (.48)

4.79 (.61)

4.15b

(.64)

5.09b

(.70)

4.77 (.60)

(.77)

1.80b

(.82)

2.03b (.69)

2.14b (.87)

2.38 (.72)

3.21a

(.70)

2.57 (.73)

.96b

1.01b (.82)

right

Note: different letters indicate significant difference between high provocation group and low provocation group.
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Furthermore, cortisol-nonresponders showed a similarly though less pronounced pattern, having more
positive frontal amplitudes compared to parietal amplitudes and by trend compared to frontal sites of
the warm water control group. No further effects concerning SECPT groups, provocation, or interaction
of both reached significance in the three examined intervals (all Fs < 3.27, all ps >.05).
3.3.4.3 Correlation of P3 and aggressive behavior
The mean P3 amplitude of the whole sample did not correlate significantly with mean aggressive
behavior, nor with direct or indirect forms in TAP Block 1, 2, or 3 ( -.16 < all rs < .06, all ps > .19). Within
the high provocation group the P3 amplitude was negatively associated with aggressive behavior;
especially at parietal sites and aggressive behavior in TAP block 2 and 3 (see Table 4). Yet, none of
these correlations reached significance (all ps > .13). In contrast, in participants of the low provocation
group, P3 amplitudes at frontal sites were positively correlated with aggressive behavior in TAP Block
2 and 3, in particular with indirect aggressive behavior (i.e., duration settings) in TAP Block 3, as
depicted in Table 4.
Table 4
Correlation of P3 amplitudes at FFC3, FFCz, FFC4, CPP3, CPPz, and CPP4 (averaged over TAP Block 2 and 3) with
aggressive behavior in TAP Block 1, 2 and 3, regarding high provocation versus low provocation
high provocation
(n = 35)

low provocation
(n = 36)

P3 Peak amplitude µV
aggressive behavior

FFC3

FFCz

FFC4

CPP3

P3 Peak amplitude µV

CPPz

CPP4

FFC3

FFCz

FFC4

CPP3

CPPz

CPP4

TAP Block 1 – mean

-.08

-.08

.01

.02

-.10

-.02

-.16

-.12

.03

-.15

-.16

-.15

TAP Block 2 – mean

-.17

-.22

-.12

-.08

-.21

-.18

.12

.14

.23

-.02

-.06

-.06

TAP Block 3 – mean

-.19

-.25

-.11

-.11

-.14

-.20

.22

.24

.27

.09

.06

.06

TAP Block 1 - duration

-.00

-.02

.03

-03

-.16

-.06

-.03

.05

.06

-.06

-.09

-.07

TAP Block 2 - duration

-.20

-.25

-.19

-.13

-.25

-.26

.20

.23

.26

-.02

-.07

-.04

TAP Block 3 - duration

-.19

-.25

-.12

-.10

-.15

-.23

.34*

.38*

.35*

.08

-.05

-.08

TAP Block 1 - volume

-.09

-.09

.04

.08

.01

.04

-.22

-.16

-.00

-.11

-.11

-.10

TAP Block 2 - volume

-.10

-.14

-.03

.00

-.12

-.06

-.01

.01

.14

-.02

-.04

-.08

TAP Block 3 - volume

-.16

-.22

-.07

-.09

-10

-.15

.02

.06

.12

.09

.09

.05

Note: mean: = average over volume and duration settings; *: = p < .05.

Comparing the three SECPT groups, male and female participants showed a different
relationship between P3 amplitude and aggressive behavior. Concerning the warm water control group
(see Table 5), mildly provoked participants showed an intermediate, not significant, relationship
between P3 amplitude and aggressive behavior. However, in male participants, this relationship was
more pronounced in parietal sites, while in female participants this was more prominent in frontal
sites. On the contrary, highly provoked male participants showed a significant negative correlation
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between P3 amplitude at CPP3 with mean aggressive behavior, as well as with volume and duration
settings. Highly provoked female participants, however, showed a significant negative correlation
between P3 and both forms of aggressive behavior and mean aggressive behavior in TAP Block 1, which
was considerable lower in TAP Block 2 and 3.
Table 5
Correlation of P3 amplitudes at FFC3, FFCz, FFC4, CPP3, CPPz, and CPP4 (averaged over TAP Block 2 and 3) with
aggressive behavior in TAP Block 1, 2, and 3, regarding high provocation versus low provocation for male and
female participants of the warm water control group.

male - high provocation
(n = 6)

Warm water control group
male - low provocation
(n = 6)

P3 Peak amplitude µV
aggressive behavior

FFC3

FFCz

FFC4

CPP3

P3 Peak amplitude µV

CPPz

CPP4

FFC3

FFCz

FFC4

CPP3

CPPz

CPP4

TAP Block 1 – mean

-.32

-.20

-.42

-.27

-.65

-.38

-.47

-.45

-.26

-.64

-.62

-.51

TAP Block 2 – mean

-.47

-.25

-.38

-.46

-.54

-.28

-.08

-.05

-.17

-.25

-.24

-.09

TAP Block 3 – mean

-.66

-.51

-.44

-.87*

-.35

-.39

-.17

-.13

-.06

-.34

-.31

-.22

TAP Block 1 - duration

-.07

-.11

-.42

-.06

-.69

-.44

-.44

-.44

-.25

-.66

-.64

-.54

TAP Block 2 - duration

-.47

-.31

-.49

-.53

-.65

-.40

-.07

-.04

.16

-.28

-.27

-.13

TAP Block 3 - duration

-.50

-.37

-.30

-.81*

-.23

-.27

-.07

-.02

.16

-.25

-.22

-.14

TAP Block 1 - volume

-.63

-.40

-.45

-.35

-.39

-.20

-.53

-.49

-.30

-.59

-.57

-.45

TAP Block 2 - volume

-.41

-.15

-.23

-.34

-.40

-.14

-.09

-.05

.16

-.17

-.17

-.02

TAP Block 3 - volume

-.73

-.57

-.49

-.84*

-.37

-.41

-.47

-.44

-.25

-.58

-.56

-.48

aggressive behavior

FFC3

female - high provocation
(n = 5)

female - low provocation
(n = 6)

P3 Peak amplitude µV

P3 Peak amplitude µV

FFCz

FFC4

CPP3

CPPz

CPP4

FFC3

FFCz

FFC4

CPP3

CPPz

CPP4

TAP Block 1 – mean

-.31

-76

-.60

-.93*

.44

-.78

-.60

-.53

-.33

-.24

-.27

-.03

TAP Block 2 – mean

-.20

-.59

-.48

-.18

.37

-.71

-.67

-.60

-.45

-.29

-.32

-.13

TAP Block 3 – mean

-.39

-.64

-.62

-.06

.09

-.64

-.38

-.34

-.26

-.01

-.04

.03

TAP Block 1 - duration

-.49

-.84

-.73

-.88*

.26

-.78

-.60

-.52

-.34

-.26

-.30

-.07

TAP Block 2 - duration

-.32

-.44

-.45

.15

.01

-47

-.66

-.58

-.44

-.23

-.26

-.08

TAP Block 3 - duration

-.42

-.45

-.50

.21

-.15

-.41

-.47

-.42

-.34

-.15

-.19

-.08

TAP Block 1 - volume

-.13

-.55

-.31

-.97*

.59

-.66

-.59

-.54

-.31

-.22

-.25

.01

TAP Block 2 - volume

-.06

-.63

-.44

-.45

.63

-.82

-.75

-.62

-.52

-.41

-.45

-.26

TAP Block 3 - volume

-.32

-.75

-.67

-.31

.31

-.80

-.37

-.30

-.24

.04

.01

.06

Note: mean := average over volume and duration settings; * = p < .05.

On the other hand, P3 amplitudes of mildly provoked male and female cortisol-nonresponders
correlated significantly positive with aggressive behavior (see Table 6). For men, this was found at
frontal sites (FFC4), for women, this was most pronounced at parietal sites, albeit still prominent at
frontocentral sites (FFCz). In highly provoked cortisol-nonresponders no significant correlation was
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revealed. While highly provoked male cortisol-nonresponders still showed a weaker positive
correlation, highly provoked female participants showed even a negative relationship, albeit not
significant.
Table 6
Correlation of P3 amplitudes at FFC3, FFCz, FFC4, CPP3, CPPz, and CPP4 (averaged over Tap Block 2 and 3) with
aggressive behavior in TAP Block 1, 2 and 3, regarding high provocation versus low provocation for male and
female cortisol-nonresponders
Cortisol-nonresponders

aggressive behavior

FFC3

male - high provocation
(n = 6)

male - low provocation
(n = 5)

P3 Peak amplitude µV

P3 Peak amplitude µV

FFCz

FFC4

CPP3

CPPz

CPP4

FFC3

FFCz

FFC4

CPP3

CPPz

CPP4

TAP Block 1 – mean

.15

.17

.66

.67

.69

.52

-.62

-.50

-.51

-.47

-.30

-.29

TAP Block 2 – mean

.12

.07

.31

.67

.57

.46

.72

.70

.93*

.44

.40

.38

TAP Block 3 – mean

.11

04

.31

.67

.57

.45

.78

.74

.95*

.47

.43

.41

TAP Block 1 - duration

.11

.17

.70

.57

.63

.45

-.34

-.15

-.35

-.03

.11

.11

TAP Block 2 - duration

.15

.07

.32

.68

.58

.47

.66

.62

.90*

.31

.31

.29

TAP Block 3 - duration

.04

-.06

.28

.62

.51

.40

.72

.70

.94*

.43

.42

.41

TAP Block 1 - volume

.21

.22

.59

.72

.70

.55

-.57

-.35

-.54

-.18

.00

.02

TAP Block 2 - volume

.11

.07

.31

.66

.56

.46

.80

.82

.98**

.57

.56

.54

TAP Block 3 - volume

.19

.15

.31

.65

.56

.47

.31

.51

.11

.73

.73

.70

aggressive behavior

FFC3

female - high provocation
(n = 7)

female - low provocation
(n = 6)

P3 Peak amplitude µV

P3 Peak amplitude µV

FFCz

FFC4

CPP3

CPPz

CPP4

FFC3

FFCz

FFC4

CPP3

CPPz

CPP4

TAP Block 1 – mean

.01

-.12

-.17

-.01

-.21

-.21

.57

.60

.63

.82*

.83*

.86*

TAP Block 2 – mean

-.27

-.37

-.18

-.28

-.50

-.49

.67

.74

.72

.80

.77

.81

TAP Block 3 – mean

-.11

-.21

-.01

-.16

-.40

-.39

.81

.84*

.76

.82*

.83*

.90*

TAP Block 1 - duration

.15

.02

.06

-.10

-.14

-.18

.57

.57

.61

.77

.81

.85*

TAP Block 2 - duration

-.44

-.47

-.21

-.47

-.64

-.66

.74

.76

.70

.87*

.83*

.88*

TAP Block 3 - duration

-.21

-.26

.01

-.30

-.51

-.53

.81

.83*

.75

.82*

.85*

.91*

TAP Block 1 - volume

-.08

-.20 -.29

.03

-.26

-.23

.56

.58

.56

.83*

.80

.80

TAP Block 2 - volume

-.10

-.24

-.09

-.08

-.31

-.29

.64

.71

.65

.73

.70

.72

TAP Block 3 - volume

-.02

-.16

-.02

-.04

-.29

-.27

.84*

.86*

.74

.83*

.83*

.89*

Note: mean := average over volume and duration settings; * = p < .05.

Mildly provoked cortisol-responders, on the other hand, showed a weak negative correlation, which
was more prominent in females at frontal sites (see Table 7). Highly provoked male cortisol-responders
showed a significant positive correlation for indirect aggressive behavior in TAP Block 1 at parietal sites.
High provocation reduced the negative relationship slightly in female cortisol-responders compared to
low provocation.
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Table 7
Correlation of P3 amplitudes at FFC3, FFCz, FFC4, CPP3, CPPz, and CPP4 (averaged over TAP Block 2 and 3) with
aggressive behavior in TAP Block 1, 2 and 3, regarding high provocation versus low provocation for male and
female cortisol-responders
Cortisol-responders

aggressive behavior

FFC3

male - high provocation
(n = 6)

male - low provocation
(n = 7)

P3 Peak amplitude µV

P3 Peak amplitude µV

FFCz

FFC4

CPP3

CPPz

CPP4

FFC3

FFCz

FFC4

CPP3

CPPz

CPP4

TAP Block 1 – mean

.31

.32

.65

.71

.76

.81*

-.27

-.24

-.25

.03

-.06

-.23

TAP Block 2 – mean

.16

.02

.31

.28

.13

.24

-.14

-.07

-.14

.21

.12

-.16

TAP Block 3 – mean

-.00

-.15

.22

-.06

-.11

-.01

-.09

-.01

-.06

.17

.07

-.19

TAP Block 1 - duration

.36

.40

.67

.72

.88*

.90*

-.17

-.15

-.22

.17

.09

-.09

TAP Block 2 - duration

.27

.13

.39

.41

.29

.39

-.09

.02

.00

.05

-.04

-.25

TAP Block 3 - duration

-.08

-.22

.14

-.19

-.23

-.13

.07

.15

.20

-.01

-.10

-.26

TAP Block 1 - volume

.25

.23

.57

.64

.58

.65

-.31

-.27

-.27

-.10

-.11

-.29

TAP Block 2 - volume

.19

.04

.28

.24

.06

.16

-.18

-.15

-.25

.29

.21

-.10

TAP Block 3 - volume

.09

-.05

.30

.08

.01

.11

-.12

-.08

-.16

.27

.18

-.12

aggressive behavior

FFC3

female - high provocation
(n = 5)

female - low provocation
(n = 6)

P3 Peak amplitude µV

P3 Peak amplitude µV

FFCz

FFC4

CPP3

CPPz

CPP4

FFC3

FFCz

FFC4

CPP3

CPPz

CPP4

TAP Block 1 – mean

-.25

-.22

-.43

.02

-.37

.11

-.05

-.34

.32

-.45

-.73

-.59

TAP Block 2 – mean

-.48

-.43

-.64

-.05

-.63

.07

-.06

-.38

-.29

-.45

-.69

-.60

TAP Block 3 – mean

-.23

-.16

-.39

-.19

-.58

-.15

-.15

-.42

-.03

-.55

-.62

-.66

TAP Block 1 - duration

-.27

-.23

-.46

-.05

-.44

.13

.26

.10

.14

-.03

-.48

-.32

TAP Block 2 - duration

-.38

-.33

-.54

-.00

-.59

-.08

.33

.14

.05

.04

-.44

-.32

TAP Block 3 - duration

-.23

-.16

-.40

-.19

-.59

-.15

.19

.08

-.33

-.09

-.35

-.41

TAP Block 1 - volume

-.22

-.20

-.37

-.05

-.28

.05

-.27

-.58

.36

-.65

-.70

-.62

TAP Block 2 - volume

-.55

-.51

-.70

-.10

-.63

.07

-.36

-.64

.35

-.65

-.56

-.53

TAP Block 3 - volume

-.23

-.16

-.29

-.21

-.59

-.17

-.29

-.58

.16

-.64

-.58

-.60

mean := average over volume and duration settings; * = p < .05.

3.4 Discussion
In the present study, I investigated the impact of stress and stress-induced cortisol on aggressive
behavior, taking into consideration direct and indirect forms of aggressive behavior and gender. In
addition to behavioral measurements, I included the electrocortical response to the aggressioneliciting stimuli.
Stress was induced by means of the socially evaluated cold-pressor test (SECPT). The
manipulation was successful; participants who were exposed to the ice water, reported higher levels
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of self-reported stress and pain compared to the warm water control group. More importantly, male
and female cortisol-responders showed a considerable increase of free cortisol in response to the
stress procedure, similar to which was found in other studies using this stressor (e.g., Lass-Hennemann
et al., 2011; Schwabe & Wolf, 2009; Smeets, 2011).
3.4.1

Aggressive Behavior - Impact of Stress and Provocation

Aggressive behavior was experimentally induced and measured with the Taylor Aggression Paradigm
(TAP). As intended, high provocation led to enhanced aggressive behavior, reduced good temper, and
higher levels of reported anger. Regarding different types of aggression, influence of gender became
apparent. When being exposed to high provocation, both male and female participants, reacted with
similar enhanced overt aggressive behavior, i.e., chose higher values for volume settings of the punitive
noise. Mildly provoked female participants showed merely descriptively less overt aggressive behavior
compared to mildly provoked men. In contrast, covert aggressive behavior in response to low
provocation was significantly reduced in female participants relative to male participants. However,
high provocation led to a distinct increase in this form of aggressive behavior for female participants,
which even exceeded the duration settings of highly provoked male participants. Thus, the present
results correspond only in parts with assumptions about gender differences in aggressive behavior and
the mediating influence of provocation (Bettencourt & Miller, 1996; Eagly, 2013; Frodi et al., 1977).
Nevertheless, other studies using retaliation paradigms with or without additional provocation
(Böhnke, Bertsch, Kruk, & Naumann, 2010; Denson, Capper et al., 2011; Hoaken, 2000; Krämer et al.,
2008; Terrell, Hill, & Nagoshi, 2008) did not find significant gender differences in (direct) aggressive
behavior either. In sum, it might be that punitive noises are more likely to elicit direct, as well as
indirect, aggressive behavior in highly provoked women compared to electro shocks, for instance, from
which women might shrink, as it actually constitutes more severe physical harm (e.g., Zeichner,
Parrott, & Frey, 2003). Consequently, this paradigm does not emphasize gender differences in the
fashion that females show more indirect and less direct aggressive behavior without provocation.
The acute psychophysiological stressor and the thereby induced increase in cortisol altered
aggressive behavior as a function of gender, provocation, TAP Block, and type of aggressive behavior.
Partly in accordance with my hypothesis, cortisol-responders showed enhanced aggressive behavior
in response to provocation relative to cortisol-nonresponders. However, only highly provoked female
cortisol-responders reacted statistically significantly more aggressively relative to highly provoked
female cortisol-nonresponders. Both female and male cortisol-responders did not differ from the
warm water control group in either the case of high or low provocation, except that mildly provoked
male cortisol-responders showed significantly less covert aggressive behavior in TAP Block 3 compared
to the warm water control group. Additionally, in contrast to the hypothesis, female cortisol73
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responders showed no particularly enhanced indirect aggressive behavior, nor did male cortisolresponders show pronounced direct aggressive behavior. Quite the opposite, the latter reacted to
intermediate (TAP Block 2) and high provocation (TAP Block 3) with significantly higher indirect
aggressive behavior compared to low provocation. In male cortisol-responders, neither type of
aggressive behavior significantly exceeded the results for cortisol-nonresponders or the warm water
group, either in response to high or to low provocation. Mildly provoked male cortisol-responders even
showed, most descriptively, the lowest direct and indirect aggressive behavior compared to both other
groups. A similar pattern was found in mildly provoked female cortisol-responders. In the case of
intermediate or high provocation, however, this group showed enhanced direct and indirect aggressive
behavior compared to cortisol-nonresponders. In short, the results suggest a reinforcing impact of
stress-induced cortisol on aggressive behavior in case of high provocation, especially in females and
more pronounced for indirect forms, albeit without exceeding the amount of aggressive behavior
shown by participants without any stress.
These findings stand in contrast to preliminary findings of enhanced aggressive behavior due
to stress or cortisol. As already mentioned in the introduction, in a series of experiments Verona et al.
investigated the influence of a physical stressor on aggressive behavior in a modified teacher/learner
paradigm in healthy men and women (Verona & Curtin, 2006; Verona et al., 2006; Verona & Kilmer,
2007). Participants were told that the study aimed to investigate the influence of distraction on
supervisor and employee performance. Participants, assigned to the role of the supervisor, were
instructed to punish an alleged employee of the same sex with electric shocks in case of incorrect
responses in a digit memory task. Chosen shock settings served as measurement for aggressive
behavior. During the procedure, half of the participants were exposed to an acute physical stressor,
namely, compressed air blasts administered to their throat. They found increased aggressive behavior
in stressed men, while women responded to stress with a decrease of aggressive behavior (Verona
& Kilmer, 2007). Besides, men carrying short alleles for the serotonin transporter gene seemed to be
particularly vulnerable to enhanced stress-caused aggressive behavior (Verona et al., 2006). Moreover,
they were able to confirm their findings concerning men in parts when the stressor was realized prior
to the aggression paradigm, similar to the present experimental design, and not concurrently (Verona
& Kilmer, 2007). Böhnke, Bertsch, Kruk, and Richter et al. (2010) focused on the role of the stress
hormone cortisol in the relationship between stress and aggression. They administered either an oral
dose of 20 mg hydrocortisone or a placebo to healthy male and female adults, who were subsequently
exposed to high or low provocation in the same version of the TAP used in the present study. They
found increasing aggressive behavior over the course of the paradigm in the cortisol group, which was
independent of the amount of provocation. Unlike Verona et al., Böhnke, Bertsch, Kruk, and Richter et
al. (2010) could show that females who received exogenous cortisol reacted significantly more
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aggressively relative to females in the placebo group, obtaining the same level of aggressive behavior
as male participants, who did not differ in their aggressive behavior. Interestingly, the amount of
provocation again did not influence the impact of cortisol on female aggressive behavior. Thus, the
present results confirm their findings only in parts, as in the present study women with a stressinduced increase in cortisol reacted more aggressively, but only in case of high provocation and their
behavior did not exceed the one of the warm water control group.
Several reasons can be adduced to explain these divergent findings. First, the type of stress
manipulation used by Verona et al. differed from the stress test applied in the present study (Verona
& Curtin, 2006; Verona et al., 2006; Verona & Kilmer, 2007; Verona et al., 2007). Dickerson and Kemeny
(2004) characterize uncontrollability and social-evaluative threat as necessary elements of acute
psychological stressors to induce HPA axis activation. The air blast used by Verona and colleagues,
constituted a mere physical stressor; though uncontrollable, it lacked the social-evaluative component.
Consequently, it is not clear whether the air blast actually activated the HPA axis and led to an increase
of cortisol levels, as the authors did not include cortisol measurements in their studies. Even though
physical stressors are supposed to elicit a cortisol response, Dickerson and Kemeny (2004) found no
support for this in their meta-analysis. Scarpa and Luscher (2002), for instance, reported no or only an
extremely slight increase in saliva cortisol in response to white noises (100 dB). Similarly, McRae et al.
(2006), comparing the cold-pressor test (CPT) without social evaluation with the Trier Social Stress Test
(TSST), found distinctly lower cortisol responses to the CPT relative to the TSST. Besides, the cortisol
peak in response to a stressor occurs 10 to 20 min after stressor onset (Dickerson & Kemeny, 2004;
Furlan, DeMartinis, Schweizer, Rickels, & Lucki, 2001; McRae et al., 2006; Testa et al., 1994).
Accordingly, cortisol was quite unlikely to affect aggressive behavior in the studies of Verona and
colleagues. Even if the air blast activated the HPA axis to some extent, the necessary time lag for the
cortisol peak to emerge would have fallen outside the measurement of aggressive behavior, as both
occurred simultaneously. The relevance of timing of the stressor becomes apparent in the study of
Verona and Curtin (2006), in which participants were exposed to the stressor prior to the
supervisor/employee paradigm. While stressed men again showed an increase in aggressive behavior
over the course of the aggression paradigm, the former observed significant decrease in stressed
women relative to not stressed women could not be confirmed.
Böhnke, Bertsch, Kruk, and Richter et al. (2010) did not expose participants to a stressor, but
administered cortisol orally. While a psychological or physiological stressor leads to activation not only
of the HPA axis, but of the adrenergic system as well, hydrocortisone artificially raises cortisol levels,
lacking the quality of a real-life stressor. The absence of the activation of the adrenergic system might
be crucial for the impact of cortisol on aggressive behavior, as physiological reactivity is more positively
related to aggression in men compared to women (Burns, 1995; Burns & Katkin, 1993). Hence, the
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missing effect of cortisol on aggressive behavior in men in the study of Böhnke, Bertsch, Kruk, and
Richter et al. (2010) might be due to the lack of autonomic arousal. Besides these qualitative aspects,
exogenous cortisol administration generally leads to substantially higher levels of cortisol compared
to a stressor, causing an allocation of all high affinity receptors. Böhnke, Bertsch, Kruk, and Richter et
al. (2010), for example, achieved cortisol concentrations above 90 nmol/l by means of 20 mg
hydrocortisone administration9. Hence, the pronounced effect of exogenous cortisol on the aggressive
behavior in females, which was independent of provocation, might be caused by an abundance of
cortisol. In other words, the achieved levels of cortisol in female cortisol-responders by means of the
SECPT in the present study might have been too low, for what reasons high provocation was necessary
to elicit aggressive behavior and which did not exceed the amounts of aggressive behavior in the
control group.
Second, the laboratory aggression paradigm of Verona and colleagues varies in several aspects
from the TAP. Even though in either case the aggressive behavior was directed towards a spatially
divided confederate of the same sex who was not responsible for the preceding stress exposure
(Verona & Curtin, 2006; Verona et al., 2006; Verona & Kilmer, 2007; Verona et al., 2007), the social
interaction was different. On the one hand, the Taylor Aggression Paradigm creates a competitive
interactive “tit for tat”-situation with an opponent of an equal status. In contrast, participants in the
supervisor/employee paradigm were always assigned the role of the supervisor, whereby they
achieved a superior role on a higher level in the hierarchy. Consequently, the physical punishment was
directed towards a passive subordinate. Indeed, there is evidence that men and women differ in their
behavior as supervisor towards subordinate (Eagly & Johnson, 1990). Moskowitz, Suh, and Desaulniers
(1994), for example, investigated agency and communion behavior in male and female supervisors and
supervisees. They found that “women with women were more communal than men with men. In
particular, women with women were less quarrelsome than men with men.” (Moskowitz et al., 1994,
p. 759). Moreover, provocation is known to diminish gender differences in aggression (Bettencourt
& Miller, 1996). In contrast to the supervisor/employee paradigm, the TAP always includes some
(albeit low) form of provocation. Thus, especially in case of high provocation, the generated
environment of retaliation stimulates the occurrence and escalation of aggressive behavior. Apart
from the fact that women use in general less direct and physical aggression than men (Archer, 2004),
these reasons may also contribute to the reduced aggressive behavior in females found by Verona et
al.
Third, as already outlined in the introduction, different forms of aggressive behavior may
account for gender-dependent differences. The present study revealed effects of stress and stress-

9

Stated log transformed data was retransformed.
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induced cortisol with respect to overt and covert aggressive behavior. The above reviewed studies of
Verona and colleagues (Verona & Curtin, 2006; Verona et al., 2006; Verona & Kilmer, 2007) and
Böhnke, Bertsch, Kruk, and Richter et al. (2010) did not differentiate between these forms of aggressive
behavior. Notwithstanding, in a recent study, Verona et al. (2007) gathered in addition to delivered
electric shock intensity as a measure for an overt form for aggression, shock duration representing
covert aggression. Similar to the other studies, half of the male and female participants were exposed
to air blasts while performing the supervisor/employee paradigm. They found that men acted under
low and high stress more aggressively than women, who reduced shock intensity under high stress,
whereas shock duration was by trend enhanced under high stress. Despite the above explained
restrictions in comparability, this study is in line with the findings of the present study insofar as stress
enhancing effects on aggressive behavior in females seem to be distinct depending on the type of
aggression.

3.4.2

Electrophysiological Data – Impact of Stress and Provocation on Processing of
Provoking Stimuli

The results of the P3 for the provoking stimuli fit into the complex pattern of the behavioral findings.
Again, results differed in males and females as a function of stress, stress-induced cortisol increase,
and provocation. In general, high provocation caused more positive P3 amplitudes for provoking
stimuli at left and central electrode positions with a maximum at frontocentral to central sites. In male
participants of the warm water control group high provocation led to enhanced P3 amplitudes relative
to low provocation, too. This positivity was found both at frontocentral and centroparietal sites,
apparently with a maximum at frontocentral to central leads. A very similar pattern was found in
female cortisol-responders. Here too, high provocation led to enhanced P3 amplitudes at both
frontocentral to central, as well as to a lesser extent at centroparietal to parietal leads. And yet,
especially at frontocentral electrodes, the P3 amplitudes were considerably reduced in the case of high
and low provocation compared to male participants of the control group. In contrast, male cortisolresponders showed the reversed pattern with relatively less positive P3 amplitudes for the provoking
stimuli in the case of high relative to low provocation at both frontocentral to central and
centroparietal to parietal electrode sites. Here, the maximum of the P3 component was at
centroparietal leads. A somewhat similar pattern was found in females of the warm water control
group. This group also showed a reduced P3 amplitude when being exposed to high provocation, albeit
only at centroparietal to parietal leads. Cortisol-nonresponders reacted to high provocation with
enhanced P3 amplitudes compared to low provocation, though at different leads for males and
females. The maximum of the P3 amplitude was found at centroparietal to parietal electrode sites in
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females, while it was shifted to more frontocentral and central leads in males. These effects seem to
be rather specific for the time domain of the P3, although descriptively succeeding intervals show still
differences between these groups.
Previous research on electrocortical responses associated with aggressive or aggressiverelated behavior reported fairly consistently reduced P3 amplitudes at centroparietal to parietal leads
for various stimuli (for a review see also Patrick, 2008; Patrick et al., 2007). For instance, as outlined in
the introduction, Bartholow et al. (2006) found reduced parietal P3 amplitudes for violent images
among habitual violent video game players, which predicted aggressive behavior in the subsequent
Taylor Aggression Paradigm. Additionally, Engelhardt, Bartholow, Kerr, and Bushman (2011) were able
to extend these findings, showing that immediately preceding playing of violent video games led to
the same results. In line with Bartholow et al. (2006), they concluded that the reduction in the parietal
distributed P3 component for violent images indicated violence desensitization. Similar results were
obtained by Barratt, Stanford, Kent, and Felthous (1997) who examined inmates in a standard twostimulus oddball task and found reduced P3 amplitudes to the target stimuli in impulsively aggressive
individuals. Furthermore, Bernat et al. (2007) reported an association of the P3 amplitude reduction
with the frequency of violent offending in male prisoners. Both assume that the reduction of the P3
amplitude might reflect deficits in information processing of salient stimuli. Following these
interpretations, the present results suggest that high provocation led to desensitization for provoking
stimuli in male cortisol-responders and female participants of the warm water control group, who
showed both reduced parietal P3 amplitudes to high provocation. Additionally, in both groups low
negative correlations were found between parietal P3 amplitudes and aggressive behavior in case of
high provocation. Accordingly, the enhanced parietal P3 amplitudes found in highly provoked stressed
females without a stress-induced rise in cortisol suggest an increased sensitization for provoking
stimuli.
However, beside the parietal distributed P3 in the context of aggression, alterations at anterior
regions of the scalp are of particular interest not only for aggression, but also with regard to stress
research. Regarding aggression, lesions of the prefrontal cortex (PFC) have been repeatedly linked to
impulsive aggressive behavior (e.g., Anderson et al., 1999; Giancola, 1995; Pardini et al., 2011), and
neuroimaging studies revealed increased activity in the ventral and dorsal medial PFC during
(imagined) reactive aggression (e.g., Lotze et al., 2007; Pietrini, Guazzelli, Basso, Jaffe, & Grafman,
2000). Integrating neurobiological and neurophysiological results of research on impulsivity and
emotional reactivity, it was supposed that dysfunction in neural circuitry, including the PFC, leads to
impairments or failure of emotional regulation (Davidson et al., 2000; Lewis, Granic, & Lamm, 2006),
impulsive control (Struber et al., 2008), and “top-down” control systems (Siever, 2008), which in turn
increase the risk for impulsive or reactive aggression. In respect to stress, the PFC has been shown to
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be particularly sensitive to effects of both acute and chronic stress (Barsegyan et al., 2010; Liston et
al., 2009; Radley et al., 2004; Wellman, 2001, for a review, see Arnsten, 2009). This structure shows a
high density of glucocorticoid receptors (de Kloet, et al., 2005; Patel et al., 2000), to which stressinduced cortisol binds, altering neuronal structures. Besides, some studies already revealed negative
impact of stress and cortisol on executive functions, including cognitive control (Plessow et al., 2011;
Plessow et al., 2012; Scholz et al., 2009, Chapter 2.1, p.17 ff. of the present thesis), which rely on PFC
functioning (Krämer et al., 2013; Miller & Cohen, 2001). Thus, cortisol-induced alteration at anterior
electrode sites during the aggressive encounter of the TAP would be very plausible, not only in the
view of the fact that executive functions and emotional dysregulation were recently each proposed as
a possible link in the stress-aggression relationship (Herts, McLaughlin, & Hatzenbuehler, 2012;
Sprague et al., 2011).
Although studies with patients with frontal lobe lesions as well as fMRI studies and data from
source localization indicate the PFC amongst others (e.g., anterior cingulate cortex) as possible neural
origin of an anterior distributed P3 (Dien, Spencer, & Donchin, 2003, for a review see Polich, 2007),
there is very little knowledge about the association of this P3 subcomponent to aggression. P3
amplitudes maximal at central and anterior scalp sites are reliably evoked by unexpected rare nontarget stimuli (i.e., to be ignored in favor of the target stimulus) in three-stimulus oddball tasks. The
so-called “novelty P3” or “P3a” (Courchesne, Hillyard, & Galambos, 1975; Squires, Squires, & Hillyard,
1975) is assumed to reflect an orienting response and attentional processes (Polich, 2007). In the
present study, differences at frontal scalp sites during the time domain of the P3 were found in men
of the control group, male cortisol-nonresponders, and female cortisol-responders as a function of
provocation. Namely, these groups showed enhanced frontocentral P3 amplitudes in response to high
provocation, albeit frontal P3 amplitudes were generally reduced in the latter irrespectively of the
magnitude of provocation. In contrast, male cortisol-responder showed diminished frontal amplitudes,
especially in case of high provocation. Consequently, highly provoking stimuli would be processed with
more attention in male cortisol-nonresponders as well as participants of the control group and stressed
females with high rises in cortisol, while male cortisol-responders would rather inhibit or ignore the
stimuli. Yet, this would also imply that the feedback of the participants’ and opponents’ settings was
considered as distractors or non-targets without task. On the other hand, Venables, Patrick, Hall, and
Bernat (2011) found negative associations of trait aggressiveness and frontal to central P3 amplitudes
for both target and novel stimuli, examining the influence of trait aggressiveness, impulsivity, and
stress reactivity on P3 amplitudes in a three stimulus oddball tasks. The authors reasoned that the
reduced P3 for target stimuli reflects “deficits in post-perceptual processing of task-relevant stimuli”
(Venables et al., 2011, p. 286), supporting previous findings of reduced P3 amplitudes in the case of
enhanced trait aggressiveness. According to this, alterations in frontocentral P3 amplitudes do not
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imply distractor characteristics of the stimuli. Hence, it can be concluded that male cortisol-responders
showed reduced attention to provoking stimuli. Together with desensitization reflected by diminished
parietal P3 amplitudes, this may contribute for the increased open and covert aggressive behavior in
response to high relative to low provocation. In turn, enhanced frontocentral P3 amplitudes, found in
highly provoked male cortisol-nonresponders, males of the control group, and female cortisolresponders, indicate that provoking stimuli were processed with enhanced neural resources and
attention. However, these three groups showed strong distinctions in aggressive behavior, especially
with regard to their response to high provocation, and their correlations of frontal P3 amplitudes with
aggressive behavior were low and diverging. In summary, these interpretations do not offer a
compelling explanation with regard to the behavioral outcome. Nevertheless, the reduced frontal
amplitudes found in male cortisol-responders, pronounced in the case of high provocation, and in
female cortisol-responders, especially in the case of low provocation, are in line with the assumption,
that cortisol inhibits the processing of threat-related information (Putman, Hermans, Koppeschaar et
al., 2007; Putman, Hermans, & van Honk, 2010; Taylor, V. A. et al., 2011; van Peer, Spinhoven, &
Roelofs, 2010, but see Bertsch, Böhnke, Kruk, Richter et al., 2011).
Alternatively to the assumptions of (Venables et al., 2011), Godleski and colleagues found
hostile attribution biases to predict enhanced P3 amplitudes at frontal scalp sites. The authors
assessed self-reported relational and physical aggression as well as hostile intent attributions for
relational and instrumental situations in 112 male and female college students. P3 amplitudes were
evoked by terms of an auditory perseveration task (Godleski, Ostrov, Houston, & Schlienz, 2010). They
conclude “that individuals high in hostile attribution biases for relational provocation situations are
overly sensitive to potentially salient stimuli.” (Godleski et al., 2010, p. 30), as enhanced P3 amplitudes
reflect the intensified processing of the stimuli. This seems to be an intriguing explanation for the
enhanced frontocentral P3 amplitudes in highly provoked female cortisol-responders against the
background of their reported high levels of anger and hopelessness in the course of the experimental
manipulation. Thus, their attribution of the SECPT and the provocation as hostility might have led to
increased aggressive behavior. Furthermore, this effect became apparent only in the case of stressinduced cortisol, causing a general inhibition of processing of the stimuli on the basis of which high
provocation was processed with enhanced attention. Hence, in females, inhibition tendencies induced
by cortisol might have been abolished through high provocation.
Nevertheless, the results and interpretation of the association between the P3 amplitude and
aggression gathered through oddball tasks, affective pictures, or related tasks are not applicable
without further ado to the present findings. First, electrocortical responses were not obtained while
participants were actually engaged in aggressive behavior in the above reviewed studies (e.g., Barratt
et al., 1997; Bartholow et al., 2006; Godleski et al., 2010; Venables et al., 2011). These situational
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differences may account in large parts for the conflicting results of enhanced P3 amplitudes at either
frontal and/or parietal scalp sites in response to high provocation within most male and female SECPT
groups. Again, the fact that the P3 amplitude did not show distinct correlations with indirect or direct
aggressive behavior is not surprising, considering that the mere processing of a provoking stimulus
does not lead to an automatic aggressive response, but requires various steps as the decision to act
aggressively and the actual performance. It rather accentuates the complex pattern underlying
aggressive behavior (e.g., Anderson & Bushman, 2002; Berkowitz, 1990; Nelson & Trainor, 2007).
Nevertheless, the electrocortical data shows that stress and stress-induced cortisol alters the
processing of aggression-eliciting stimuli as a function of the amount of provocation in males and
females. The impact of this alteration on the development and performance of aggressive behavior
cannot be answered on the basis of the present study and requires further investigations.

Taken together, the present results indicate that females compared to males were more affected by
stress procedure and provocation manipulation with more pronounced effects of stress-induced surge
in cortisol on mood, on reactive aggression, and, to a slightly lesser extent, on cognitive processing. In
comparison, male participants showed minor alterations in mood and behavior to the mutual influence
of cortisol and provocation, whereas the electrophysiological data showed a clearer impact. It is
possible that female participants were especially vulnerable to the specific combination of the
psychophysiological stressor together with the provocation in the retaliation aggression paradigm. So,
Taylor, S. E. et al. (2000) assumes that the behavioral stress response of women is rather “tend-andbefriend” than “fight-or-flight”. The non-aggressive behavior found in unprovoked female cortisolresponders is in line with this assumed harmonizing behavior. Hence, it is possible that the unexpected
high provocation was counter to expectations of social support and thereby caused, together with
enhanced cortisol levels, fortified aggressive behavior.
Alternatively, the features of the stressor might be crucial for the behavior in the aggressive
encounter. During the SECPT, participants were closely monitored by an impersonal and clinical
examiner. Together with the painful ice water procedure, this distant behavior could have had a strong
impact on the emotional state of female participants. For instance, data reviewed by Frodi (1977)
suggests that the sex of the provoker influences whether a behavior is perceived as a provocation or
not. In an ensuing study, Frodi (1978) showed that provocation geared to sex differences resulted in
equal amounts of aggressive behavior in females and males. In her study, the provoker had the
opposite sex and attacked male participants with a verbal insult, while female participants were
confronted with condescending attitude. Similarly, Murray-Close and Crick (2007) demonstrated that
relational provocation (i.e., exclusion, relational slights) evoked cardiovascular reactivity in females,
but not in males, which was associated with (relational) aggression. Thus, females probably
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experienced the SECPT itself as a (relational) provocation, while men might regarded the procedure
more like a challenge which they successfully managed without feeling especially stressed.
Consequently, females started the TAP in a more emotional and hostile state, which led, in
combination with heightened cortisol-levels, to an amplified reaction toward highly provoking stimuli.
Speaking in the terms of the cognitive-neoassociation theory (Berkowitz, 1990), the experience during
the SECPT functioned as a violent cue, priming aggression-related cognitive networks, and thereby
making the activation of further linked knots of these networks and subsequent aggressive behavior
more likely. As a consequence, highly provoking stimuli are processed in an already activated
aggressive cognitive network. The impact of violent cues and provocation on aggressive behavior as a
function of gender was reviewed by Bettencourt and Kernahan (1997). The authors conclude that
violent cues in combination with aversive provocation equals gender differences, while emphasizing
the role of individual reactivity to violent cues, type of aggressive response, and sex of the opponent
as possible moderator variables. Extending these assumptions, the present data suggests, that besides
gender specific perception of violent cues or relational provocation, the physiological reactivity to the
stress manipulation is essential for the impact of provocation on aggressive behavior, too. Selfreported measurements and electrocortical data of females show that the activation of the HPA axis
affects the experience of the SECPT as well as of high provocation, as only female cortisol-responders
reported increased levels of anger, restlessness, and helplessness and showed a different cognitive
processing pattern of the provoking stimuli relative to cortisol-nonresponders. The assumption that
cortisol might affect cognitive processing differently in males and females is supported by findings of
Smeets, Dziobek, and Wolf (2009), who reported gender-specific effects of stress-induced cortisol
increase on social cognition. While high cortisol levels after the TSST led to improved social cognitive
skills in males, female cortisol-responders showed the lowest performance in inferring mental states
of others. In contrast, females with low levels of cortisol after the stressor showed a clearly improved
performance.
Concluding, the present study delivers first evidence for the assumption of Kruk et al. (2004)
that the relationship between stress (i.e., cortisol) and aggression is mediated by a change in the
processing of social conflict signals and aggression-promoting stimuli. Beyond that, it shows the
importance of the co-occurrence of cortisol increase and aggression-eliciting stimuli, as HPA axis
activation per se without high provocation did not result in an aggressive response, in either males or
females. Supporting this, Dawans, Fischbacher, Kirschbaum, Fehr, and Heinrichs (2012) showed
increased prosocial behavior in males who were exposed to the TSST, highlighting the importance of
violent cues and provocation and their perception as such in the stress-aggression relationship.
Similarly, stress without a considerable surge in cortisol attenuated the impact of provocation,
involving reduced aggressive behavior in response to either case of provocation. However, why the
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warm water control group reacted as aggressive as cortisol-responders remains unclear so far. The
electrophysiological data suggest another underlying process resulting in equal amounts of aggressive
behavior, for what reason the quality of aggression might be different, i.e., less hostile.

3.4.3

Limitations and Future Directions

Despite the strengths of the present study as including hormone measurements, gender, and
electrophysiological correlates while inducing and measuring aggression under controlled laboratory
conditions, several important limitations have to be considered.
First, regarding aggressive behavior, the used aggression paradigm indeed comprised overt
and covert types of aggressive behavior, but both resulted in a physical harm of the opponent.
Consequently, future studies should include more typical forms of indirect or relational aggression like
ostracism, gossiping, and bullying in comparison to clear direct, physical forms of aggressive behavior
to further elucidate the impact of gender typical forms of aggression in their relation to HPA axis
activation. Besides, the application of different laboratory aggression paradigms as the “Point
Subtraction Aggression paradigm” or the “Ultimatum Game” (cf. Carre, McCormick, & Hariri, 2011)
would offer a generalizability of the present findings.
Second, measurements of the autonomic stress response were not included and therefore I
cannot rule out or specify confounding or mutual effects of the adrenergic system in the stress –
aggression relation. Especially, cardiovascular reactivity seems to constitute an important variable in
aggressive conduct (e.g., Murray-Close & Crick, 2007), and should be particularly considered with
regard to the distinction of cortisol-responders and –nonresponders. Likewise, other hormones should
be included in future studies, as recent research emphasizes the importance of testosterone in
interaction with cortisol in the context of aggression-related behavior (cf. Carre & Mehta, 2011;
Montoya et al., 2012; Popma et al., 2007). Additionally, oxytocin might help to untangle gender
differences (Dawans et al., 2012; Smeets et al., 2009; Taylor, S. E. et al., 2000).
Third, the applied stress test led to an intermediate rise in cortisol. To further clarify the role
of the amount of free cortisol on the extent of aggressive behavior, a dose-response study or the usage
of stress tests resulting in a higher surge of cortisol, like the TSST (Kirschbaum et al., 1993), could
provide evidence to integrate the results of the present study and those of Böhnke, Bertsch, Kruk, and
Richter et al. (2010) with special regard to the role of provocation to elicit aggressive behavior after
stress exposure. Additionally, the results of the present study suggest that the relationship between
aggressive behavior and stress-induced cortisol rise in men and women is not only a function of the
type of aggressive behavior, but also depends on the kind of provocation. Thus, it might be worthwhile
to further investigate whether relational provocation as somehow mediated through the SECPT in
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females is necessary to elicit aggressive behavior in women at certain levels of cortisol and which kind
of provocation is adequate for men. Moreover, the source of stress differed from the source of
provocation and target of aggression in the present study. Future studies might consider investigating
these context variables, as well.
Fourth, on the side of electrophysiological measurements, the number of trials underlying the
ERPs analysis was minimal and the accordingly necessary conservative data filtering might obscure or
blur results and does not allow the analysis of early stages of information processing. Thus, further
electrophysiological investigations should use paradigms which tolerate sufficient repetitions of
provocation, or abandon the increasing provocation in the present version of the TAP in favor of the
number of trials with an equal amount of high provocation.
Fifth, although the sample size was adequate for a causal interpretation of main effects and
interaction, the number of participants within each cell might have been too small to discover reliable
correlations between behavioral and electrophysiological data within subgroups. Future studies
should include a bigger sample size to replicate these findings.
Finally, I cannot eliminate the possibility that the present finding is a one-time occurrence.
Replication under the consideration of the above listed issues is necessary to gather converging
evidence of different research designs to support the reliability of the present results.

3.4.4

Conclusion

The current study provides evidence for aggression-promoting effects of stress-induced cortisol
increase in healthy humans. An acute rise in cortisol due to a stressor in combination with provocation
resulted in enhanced direct and especially indirect aggressive behavior in females, albeit without
exceeding levels of aggressive behavior of the control group. In male participants the interaction of
cortisol and provocation hardly had an impact on aggressive behavior. Rather independent of the
effects on behavior, the results show in addition that stress altered the processing of provoking
material during an aggressive encounter as a function of gender, increase of stress-induced cortisol,
and the amount of provocation. Taken together, the results indicate that the stress-aggression
relationship in healthy humans involves both, behavior as well as processing of aggression-eliciting
stimuli, underlining the complex interaction of neurobiological, personal, and situational factors
determining the occurrence of aggressive behavior.
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4.1 Introduction
Aggression and violence in their different forms and shades are common and ubiquitous in our
everyday life. Though natural and adaptive in principle, they constitute a substantial social problem
claiming the life of more than 1.6 million people annually and entailing enormous economic costs as
reports of the World Health Organization show (Krug, 2002; Waters et al., 2004). The occurrence and
the extent of aggressive behavior is not only influenced by personal (e.g., impulsivity) and situational
factors (i.e., provocation) as for example suggested by Anderson and colleagues (general aggression
model, Anderson & Bushman, 2002), but recent studies emphasized the role of (neuro-)biological
mechanisms in the development and expression of aggressive behavior (for reviews see Anholt &
Mackay, 2012; Bertsch, 2012; Montoya et al., 2012; Nelson & Trainor, 2007). Stress as a
psychoneuroendocrinological mechanism has been identified as a central factor in precipitating and
promoting aggressive behavior (cf. Barnett et al., 1991; Craig, 2007). In particular, animal and human
research revealed that the hypothalamic-pituitary-adrenal (HPA) axis, the so-called stress axis, and the
stress hormone cortisol or corticosterone 10 , respectively, are causally involved in the genesis, the
elicitation, and reinforcement of aggressive behavior (Böhnke, Bertsch, Kruk, Richter et al., 2010;
Hayden-Hixson & Ferris, 1991; Kruk et al., 2004; Lopez-Duran et al., 2009; Wommack & Delville, 2007).
Accordingly, Kruk et al. (2004) found that an acute administration of corticosterone reduced the
threshold for attack behavior in rats, facilitating the release of aggressive behavior. Beyond that, a
further experiment revealed that stimulation of the hypothalamic attack area itself led to a surge of
corticosterone (Kruk et al., 2004, study 1). Hence, a fast positive feedback loop between glucocorticoid
stress response and brain structures engaged in aggressive behavior was identified. Based on these
findings, the authors concluded that “such mutual facilitation could constitute a vicious circle, which
would explain why aggressive behavior escalates so easily, and why it is so difficult to stop once it has
started” (Kruk et al., 2004, p. 1068). Moreover, the authors proposed that the causal relationship
between stress and aggression is mediated by a change in the processing of social conflict signals and
aggression-promoting stimuli. Accordingly, processing of relevant social information in the context of
an aggressive encounter seems to play a key role in the escalation of aggression and its persistence
once it has begun.
On the side of stress, there is profound evidence that preceding stress or administration of
cortisol, respectively, alter processing of social relevant information across various tasks (e.g.,
Buchanan & Lovallo, 2001; Ellenbogen et al., 2002; Oei et al., 2012; Putman & Roelofs, 2011; Roelofs

10

Corticosterone is the primary glucocorticoid within rodents, whereas cortisol is the most important
glucocorticoid hormone in humans.
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et al., 2005; van Marle et al., 2009). Threat-related stimuli especially are processed differently under
increased levels of cortisol, albeit with inconsistent results concerning the direction of this impact. For
the most part, studies revealed a preferential processing of threat-related stimuli. Putman, Hermans,
and van Honk (2007), for instance, found a bias for angry faces in immediate memory performance
after administration of 40 mg cortisol. Similar results were reported after stress exposure: A high
increase in cortisol levels in response to a psychological stressor led to relatively enhanced selective
attention for angry faces in a masked pictorial emotional Stroop task (Roelofs et al., 2007). Akinola and
Mendes (2012) investigated the influence of acute stress on threat-related decision making in police
officers and found improved performance in participants with a large cortisol increase to the stressor.
Regarding electrocortical measurements, Weymar et al. (2012) reported enhanced late positive
potentials (LPP) for unpleasant pictures in a passive viewing paradigm after an acute stressor in healthy
subjects, indicating a more effortful and elaborate processing of significant information. Likewise, van
Peer and colleagues explored the influence of cortisol on threat processing in a series of experiments.
In highly avoidant and highly anxious individuals exogenous cortisol led to increased attentional
processing of angry faces in an approach avoidance paradigm, reflected in enhanced early positive
amplitudes (van Peer et al., 2007; van Peer et al., 2009). On the other hand, after administration of 10
mg hydrocortisone Taylor, V. A. et al. (2011) found increased inhibition for angry faces but not for
happy and sad faces in a negative priming task. Similarly, a high dose of orally administered cortisol
reduced preconscious attention for fearful faces in a masked emotional Stroop task (Putman, Hermans,
Koppeschaar et al., 2007) and to a reduced interference by task-irrelevant negative pictures used as
distractors in a Sternberg Working memory task (Oei et al., 2009).
Concerning aggression, idiomatic expressions as “seeing red” or “blind with rage” illustrate
vividly how anger and aggression can alter our perception and experience of our surroundings. The
processing of social information has been frequently assumed to be a crucial factor in the
development, occurrence, and escalation of aggressive behavior (e.g., Anderson & Bushman, 2002;
Calvete & Orue, 2011; Crick & Dodge, 1994; Dodge & Crick, 1990; Huesmann, 1988; Potegal, 2012).
However, previous research on the consequences of aggression on social information processing has
concentrated so far mainly on maltreated children, trait aspects of anger and aggression, self-reported
aggressive experience, and samples with pathological aggression-related behavior (e.g., Anderson
& Stanford, 2012; Calvete & Orue, 2011; Coccaro et al., 2007; Crick & Dodge, 1996; Houston
& Stanford, 2001; Verona et al., 2012; Zelli et al., 1999). Beyond that, investigating processing during
an aggressive encounter, a few studies found altered cortical activity during retaliation (Lotze et al.,
2007) or the decision to react aggressively as a function of the amount of provocation (Krämer et al.,
2008; Krämer et al., 2007; Wiswede et al., 2011). Yet these studies do not offer a direct explanation
for the escalation of aggression or its persistence. As stated by (Potegal) (2012), aggressive behavior
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and aggressive motivation may last beyond the actual encounter (Potegal, 2012, p. 388) and is
frequently transferred into another context (Bertsch, Böhnke, Kruk, & Naumann, 2009, p. 1). In the
terms of the cognitive-neoassociation theory (Berkowitz, 1990), an aggressive encounter should
activate aggression-related cognitive networks. Consequently, subsequent situations should be
processed in an already activated aggressive cognitive network. To elucidate this, studies are necessary
which explore the processing of social information after aggressive behavior took place.
Pioneering work in this regard was carried out by Bertsch and colleagues (2009). In an eventrelated potential (ERP) study, healthy male and female participants were either highly or mildly
provoked by means of a retaliation paradigm, namely, the Taylor Aggression Paradigm (TAP, Taylor,
1967). Subsequently, participants performed an emotional Stroop task with colored happy, angry,
fearful, and neutral facial expressions, in which they were required to name the color of the stimuli.
Results revealed by tendency slower reaction times naming the color of emotional facial expressions
in highly provoked participants. Moreover, electrocortical data of this group showed enhanced early
(P2) and late positive amplitudes for all facial expressions, with the greatest effect for threat-related
faces (i.e., angry and fearful) for the P2 component, indicating greater relevance and salience to the
respective facial expressions. Thus, preceding provocation and aggressive behavior led to altered social
information processing beyond the aggressive encounter.
Taking into account the aggression-promoting effects of stress and cortisol and their impact of
processing of threat-related social information, as a next step, Bertsch, Böhnke, Kruk, and Richter et
al. (2011) investigated the combined effect of cortisol and aggressive behavior on the subsequent
processing of emotional stimuli. Healthy participants received an oral dose of 20 mg hydrocortisone or
a placebo and were afterwards again exposed to either high or low provocation in the TAP. Next,
participants performed the emotional Stroop task, described above. Cortisol in combination with high
provocation and thus enhanced aggressive behavior led to faster reaction times, independently of the
facial expression. Concerning the electrocortical correlates, this preferential processing of social cues
was not confirmed. On the contrary, exogenous cortisol relative to the placebo diminished the
attentional bias for angry faces, reflected in reduced early positive frontocentral ERPs. However,
replicating the previous result, provocation on the other hand led to enhanced early and late positive
posterior ERPs, suggesting enhanced relevance of all facial expression, irrespectively of the depicted
emotion.
In summary, there is preliminary evidence that stress hormone cortisol in combination with
experimentally provoked aggressive behavior alters the processing of social relevant information in
healthy adults beyond the actual aggressive encounter. However, this needs further investigations for
several reasons. First, even though the cortisol manipulation chosen by Bertsch, Böhnke, Kruk, and
Richter et al. (2011) provides the opportunity to explore the specific impact of the stress hormone
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itself, hydrocortisone artificially raises cortisol levels, lacking the quality of a real-life stressor and thus
the ecological validity of a stressful experience. Besides, autonomic arousal has been shown to
influence occurrence of aggressive behavior (Zillmann, Johnson, & Day, 1974) and might also alter
processing of affective stimuli (cf. Reisenzein, 1983). Moreover, studies applying an acute stressor in
contrast to exogenous cortisol manipulation consistently found a preferential processing of threatrelated stimuli, as reported above. Hence, a replication with an acute stressor is standing to reason.
Second, the emotional material used by Bertsch et al. (2009, 2011) is limited to facial expressions.
Although emotional facial expressions are considered as most significant and immediate universal
social cues in personal interaction (e.g., Ekman, 1993; Frith, 2009), in the context of aggression other
stimuli should be considered, too. In particular, pictures depicting violence or an assault as well as
weapons are of specific interest, as they represent more natural or relevant signals in the context of
aggression than the mere fearful or angry facial expression (cf. Anderson et al., 1998; Berkowitz
& LePage, 1967; Engelhardt et al., 2011; Huesmann, 2007). Third, there is evidence that the
performance requirements regarding the emotional stimuli are crucial for the impact of cortisol on the
processing of those. For instance, in two studies, van Peer and colleagues (2007, 2009) found enhanced
attentional processing of angry faces in an Approach Avoidance task wherein the processing of the
facial expression was task-relevant. If the emotional face served as task-irrelevant distractors,
however, the impact of cortisol was reversed (van Peer et al., 2010). Besides, laboratory surroundings
are very likely to constitute a stimulative nature to perform well, whereby behavioral effects and
electrocortical measurements might be obscured by regulating control processes. Hence, an ERP study
of a passive viewing paradigm might be more adequate.
The electrocortical response to affective pictures is well known, comprising ERP component
pattern from short (P1, N1) to middle (P2, N2) to long (P3, LPP11) latencies, reflecting different steps of
the information processing stream (e.g., Anderson & Stanford, 2012; Dietrich, Naumann, Maier, &
Becker, 1997; Keil et al., 2002, for a review see Olofsson, Nordin, Sequeira, & Polich, 2008). Early ERP
components reflect mainly sensory processing, whereas the P2 is considered as an index of attentionrelated process (Carretie, Mercado, Tapia, & Hinojosa, 2001). In contrast, less is known about the N2
within this context. Similar to the P2, this component is assumed to be related to rather automatic
attention driven by stimulus characteristics (Carretie, Hinojosa, Martin-Loeches, Mercado, & Tapia,
2004). P3 and LPP are involved in memory formation, mental resource allocation, and elaborate
evaluation for motivationally significant stimuli (Olofsson et al., 2008; Schupp, Flaisch, Stockburger, &
Junghöfer, 2006). These early and late components have been shown to be modulated by valence,
most often with (threat-related) negative pictures eliciting larger positive and reduced negative (N2)
11

The term LPP for the positive modulation of the ERP in this time range is adopted from Hajcak, MacNamara,
and Olvet (2010) and refers to the definition therein.
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amplitudes relative to positive pictures (e.g., Carretie et al., 2004; Carretie et al., 2001; Huang & Luo,
2006; Ito, Larsen, Smith, & Cacioppo, 1998; Smith, Cacioppo, Larsen, & Chartrand, 2003, but see
Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000; Ito et al., 1998; Olofsson et al., 2008). Alike, highly
arousing pictures cause larger amplitudes compared to low arousing ones, albeit this effect occurs at
longer latencies and less consistently (Leite et al., 2012; Sabatinelli, Lang, Keil, & Bradley, 2007; Schupp
et al., 2000).
Taking these issues into account, the present study sought to explore the impact of stress and
aggression on social information processing further. In common with Bertsch, Böhnke, Kruk, and
Naumann (2009) and Bertsch, Böhnke, Kruk, and Richter et al. (2011), a modified version of the TAP
was chosen to induce and measure aggressive behavior. Half of the participants were highly provoked,
whereas the other half, as a control group, were only mildly provoked. Prior to this retaliation
paradigm, participants were either exposed to an acute stressor, the socially evaluated cold-pressor
test (SECPT, Schwabe et al., 2008) or to a control procedure with warm water. Afterwards, a passive
viewing paradigm was realized, comprising affective pictures depicting positive, negative, or aggressive
scenes with either humans or objects. Besides positive pictures, negative pictures were included to
distinguish specific effects for aggressive stimuli from a general bias for all kind of negative contents.
Gender was included as a controlling factor, since females and males differ with respect to the stressaggression relationship as well as to processing of affective and threat-related stimuli (Bettencourt
& Kernahan, 1997; Böhnke, Bertsch, Kruk, Richter et al., 2010; Bradley, Codispoti, Sabatinelli, & Lang,
2001; Verona et al., 2007). With respect to previous findings, it was expected that stress and aggression
would jointly influence the processing of affective pictures. In particular, participants who reacted to
the stressor with an increase of cortisol levels and were subsequently highly provoked should show
preferential processing of pictures depicting aggressive scenes with humans as well as with objects
(i.e., weapons). This bias was explored at different stages of information processing, including
attention-related components (P2, N2) as well as higher level stages (P3, LPP).

4.2 Materials and Methods
4.2.1

Participants

Participants were recruited from the University of Trier, Germany. Out of 75 participants, who
completed the experiment, four individuals had to be excluded due to abnormal high salivary cortisol
values (one female) or incorrect experimental procedure (three individuals), leaving 71 participants
(36 males, 35 females) with a mean age of 23.96 years (SD= 2.27, range 20-31 years) and a mean BMI
of 22.77 kg/m² (SD=2.54). Criteria for exclusion were (1) acute or chronic physical disease, (2) a mental
disorder or a history of such, (3) use of medication, (4) smoking, as it is known to influence HPA axis
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activity (Granger et al., 2007), and (5) being not a native German speaker. Only right-handed students
were included, as handedness affects hemispheric specialization, thus altering EEG measurements
(Galin et al., 1982). To ensure no problems with the experimental manipulations, individuals who
reported to suffer from dyschromatopsia or stated to be sensitive to loud noises or to cold, were
excluded. Additionally, students taking classes in psychology were excluded to guarantee an unbiased
behavior during the experiment. In order to control for hormonal status, only non-pregnant women
who used hormonal contraceptives12 were included in the study. The experiment was conducted in
accordance with the Declaration of Helsinki. The Research Ethics Committee of the University of Trier
approved all parts of the study, and all participants gave written informed consent. Participation was
compensated with 45 € (approximately US $57).

4.2.2

Socially Evaluated Cold-Pressor Test- SECPT

Participants who were assigned to the stress condition, were exposed to the socially evaluated coldpressor test (SECPT, Schwabe et al., 2008), an economic and efficient stress induction causing
significant activation of the HPA axis, thereby a rise in cortisol levels, as well as an activation of the
adrenergic system and an increase in subjective stress experience (e.g., Schwabe & Wolf, 2009;
Weymar et al., 2012). Namely, an unfamiliar experimenter of the opposite sex, who acted neutrally
and distanced, asked them to immerse their left hand up to the wrist into ice water (0-3 °C) and to look
at a camera throughout the whole procedure as they would be videotaped and their facial expressions
would be analyzed. Meanwhile, the experimenter watched them closely, took notes, and stopped the
time. At the end of three minutes, they were asked to remove their hand. No further communication
between experimenter and participants was permitted and participants were uninformed about the
elapsed time. Participants in the non-stressful control condition underwent the same procedure with
warm water (37-39 °C) instead of ice water. Two participants, one female and one male, removed their
hand from the ice water before the expiration of the term, because the cold hurt them too much. Since
they were obviously strongly stressed and their data did not constitute outliers, they were included in
all analyses.

4.2.3

Taylor Aggression Paradigm- TAP

Aggression was elicited and assessed with a modified version of the Taylor Aggression Paradigm (TAP,
Taylor, 1967). Participants were led to believe that they were playing a competitive reaction time task

12

Except for the contraceptives pills containing Drospirenone, which is an antagonist for the mineralocorticoid
receptor, and therefore might have skewed the cortisol measurements (Genazzani et al., 2007); namely Yasmine,
Yasminelle, Petibelle, Aida, Angeliq or Yaz.
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against another participant of the same sex, whom they met prior to the experiment. Participants were
instructed to react as fast as possible to a green square by pressing a key in order to win a trial. The
slower player would receive a blast of noise by the competitor. The game consisted of 3 blocks of 10
trials each. Each trial started with setting of the punitive noise, to which the competitor would be
exposed in case the competitor would lose the trial. Participants were asked first to specify the
duration and then the volume of the noise on two separate scales. Each scale was subdivided into 11
increments, reaching from level 0 to 10, with noise duration ranging from 0.5 s (level 1) to 5 s (level
10) and noise volume ranging 60 dB (level 1) and 105 dB (level 10), both in equidistant increments of
0.5 s or 5 dB, respectively. Level 0 corresponded to 0s on the scale for duration and 0dB on the scale
for volume. After each trial, feedback whether the participant won or lost the given trial was presented
on the screen, followed by the settings of duration and volume selected by each for the other player.
If the participant had lost the trial, the noise was presented.
Unknown to the participants, there was no actual competitor. The outcome of the trials was
held constant for all participants: each participant won and lost half of the trials. Additionally, noise
volume and duration were selected by the experimenter and varied by trial block to realize high
provocation or low provocation, respectively. During the first block, all participants received short and
gentle noises when they lost a trial (volume: M = 62.5 dB, range 0–70 dB; duration: M = 0.75 s, range
0–1.5 s). Participants in the mildly provoked control group received the same noises during the second
and third blocks. Participants in the highly provoked group received noises of intermediate intensity
and duration in the second block (volume: M = 82.5 dB, range 75– 90 dB; duration: M = 2.75 s, range
2–3.5 s) and high intensity and duration in the third block (volume: M = 99 dB, range 90–105 dB;
duration: M = 4.4 s, range 3.5–5 s). The duration and volume settings of the participants were recorded
in each trial on the scales from 0 to 10. An average was computed for each participant and each trial
of the volume and duration setting. Finally, the ten trials belonging to one block of the TAP were
averaged for each participant. These values were later used as the dependent variable “aggressive
behavior” in each of the three blocks.

4.2.4

Presentation of Affective Pictures

A total of 144 colored stimuli were chosen from the International Affective Picture System (IAPS: Lang,
Bradley, & Cuthbert, 2008), the Emotional Picture System (EmoPics: Wessa, Kanske, Neumeister, Bode,
& Schönefelder, 2010), and a private picture pool, depicting positive, negative, and aggressive scenes
with either human or nonhuman objects: 13 Positive human pictures depicted for example smiling

13

Slide numbers (three-place numbers refer to EmoPics, four-place numbers refer to IAPS) were as follows:
positive human pictures, 001, 021, 035, 037, 041, 076, 173, 2091, 2158, 2550, 7325, 005, 013, 033, 034, 042, 073,
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couples, happy families, and laughing children, whereas positive nonhuman pictures contained
animals, food, landscapes, firework, and the like. Negative human pictures depicted mourning or
desperate people and crying children while negative nonhuman pictures showed fire, derelict areas,
sharks, sinking ships, environmental pollution, and the like. In contrast, aggressive human and
nonhuman pictures depicted acts of violence or weapons, respectively. Each of these six categories
contained 24 different pictures. However, within each category two pictures each were matched
according to the depicted picture content, creating two similar sets of 12 different pictures. The three
emotional categories differed in their normative ratings of valence and arousal provided by Lang et al.
(2008) and Wessa et al. (2010), respectively (valence (nine-point scales, pleasant high): F(2,120) = 985.26,
p < .001, ω²= .94; arousal (nine-point scales, arousing high): F(2,120) = 30.53, p < .001, ω²= .31). Positive
pictures had more positive valence ratings compared to negative and aggressive pictures, while the
latter had similar ratings (mean valence (SE): positive 7.31 (.08), negative 2.90 (.08), aggressive 2.99
(.09)). Arousal ratings differed between all emotional categories, with aggressive pictures having the
highest values and positive ones the lowest (mean arousal (SE): positive 4.66 (.11), negative 5.33 (.11),
aggressive 6.02 (.13)). These means are similar to those reported in previous studies of processing of
emotional stimuli (e.g., Cuthbert et al., 2000; Hajcak & Nieuwenhius, 2006; Keil et al., 2002).
Additionally, social pictures differed in their normative ratings of valence, but not arousal from nonsocial pictures (valence: F(1,120) = 39.89, p < .001, ω²= .23, social 4.01 (.06), non-social 4.71 (.07); arousal:
F(1,120) = 2.81, p > .05, social 5.22 (.09), non-social 5.46 (.10)). Within each emotional category, neither
pictures differed from non-social ones in their normative ratings of valence and arousal, nor did the
sets of the six categories (valence: all Fs < 1; arousal: all Fs < 2, all ps > .10).
Each picture was displayed once for 2,5 s in pseudorandom order with a maximum of three
pictures of one category in series, occupying the entirety of the monitor. Between each picture
presentation a black screen was presented for 1,5 s on average (ISI range: 1-2s).

2000, 2035, 2037, 2151, 2156, 7660, positive nonhuman, 256, 1440, 1710, 1750, 1920, 5660, 5833, 5910, 7230,
8170, 8501, 8510, 258, 1441, 1460, 1463, 1610, 5260, 5480, 5600, 7480, 7492, 8500, 8531, negative human, 207,
208, 210, 214, 220, 225, 253, 2205, 2301, 2703, 2799, 9050, 218, 224, 226, 251, 2456, 2490, 2700, 2900, 9041,
9220, 9421, 9429, negative nonhuman 329, 1304, 7521, 9000, 9100, 9470, 9610, 9611, 9620, 9623, 9902 ,
supplemented with one pictures of a forest fire, 1300, 1931, 7520, 9001, 9002, 9280, 9471, 9600, 9621, 9622,
9630, 9901, aggressive human, 2110, 2691, 3530, 6231, 6243, 6244, 6313, 6561, 6571, 9414, 99424, 9800, 2120,
2683, 3500, 6242, 6250, 6312, 6510, 6520, 6562, 6821, 9427, 9810, aggressive nonhuman, 2692, 6190, 6210,
6260, 6263, 6610, 6910, 6020, 6200, 6230, 6240, 6300, 6900, supplemented with pictures from a private pool:
six pictures of knifes, four pictures of guns and one picture depicting baseball bats.
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4.2.5

Salivary Cortisol Measurement

Saliva samples for cortisol analysis were obtained using Salivette® collection devices (Sarstedt,
Nürnbrecht, Germany). Samples were collected at seven assessment points over the course of the
experiment: before the start of the experiment (C0, -15 min, with reference to the beginning of the
SECPT), before the SECPT (C1, -2 min), after the SECPT (C2, +5 min), after the TAP (C3, +20 min), before
the emotional picture task (C4, +30 min), after the emotional picture task (C5, +40 min), and before
debriefing (C6, +60 min). Sampling instructions were given via computer and Salivettes® were
positioned on the table in front of the participants. Immediately after the experiment, samples were
frozen for biochemical analysis. Salivary cortisol was analyzed with a time-resolved immunoassay with
fluorescence detection as described in detail elsewhere (Dressendörfer et al., 1992). Intra- and
interassay variability was less than 10 and 12%, respectively.
4.2.6

Procedure

Prior to the experimental session, participants were invited individually to an informational interview
to check exclusion criteria and to inform about the aim and procedure of the study, i.e., to assess the
relationship between stress, reaction time, and cognitive functions. They were informed at full length
that they might be exposed to a stress procedure involving cold water, videotaping, and observation
as well as loud noises. Additionally, the electroencephalogram (EEG) and the sampling of cortisol were
described. Moreover, participants were required to refrain from physical exercise on the day prior as
well as alcohol, caffeinated drinks, and meals within 1 h prior to the date fixed for experimental
session. All participants gave their written informed consent being aware that participation was
voluntary and that they may withdraw at any time without any consequences and without having to
give reasons.
The actual experiment was conducted between 01:30 p.m. and approximately 07:30 p.m.,
starting at 01:30 p.m., 03:30 p.m., and 05:30 p.m., where endogenous cortisol levels are low (Schreiber
et al., 2006). All participants were examined individually. Participants were randomly assigned to the
stress or control procedure as well as to the highly provoked or mildly provoked control group, while
sex was balanced across conditions. On arrival, the experimenter acquainted the participant with
another participant of the same sex, who was in fact a confederate of the investigator, with whom he
or she was to play a computer game during the experiment. Next, the participant was led in the EEG
laboratory, where he or she was seated in a dimly lit sound-attenuated room, 1 m from the monitor
(20 in. Eizo FlexScan S2031W). To further increase credibility of the cover story, the experimenter left
the laboratory to ostensibly lead the confederate into another EEG laboratory. After preparation of
EEG, electrooculogram (EOG), and electrocardiogram (ECG) recording devices, the actual experiment
started. The participants received all instructions for the different tasks, saliva samples, and
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questionnaires via the computer screen. First, they worked on an Approach Avoidance Task
(description and results reported in Fechtner, 2012), then they were exposed to SECPT or the warm
water control condition. Afterwards, they played the Taylor Aggression Paradigm, followed by a second
block of the Approach Avoidance task. Finally, about 25 min after the SECPT was completed,
participants passively viewed pictures with different emotional and social content for about 10 min.
During the course of the experiment, participants filled out short state questionnaires (for details see
Chapter 3.2.4, p.50 ff.) several times and provided seven saliva samples for cortisol (C). After removal
of the physiological recording devices, participants were extensively debriefed. We thanked and
compensated them for their participation.
E-Prime presentation software (Eprime 2.0, Psychological Software Tools, Pittsburgh, PA) was
used to present the stimuli. The experiment, from arrival to debriefing had a duration of about 100
min. Figure 17 presents the timeline of the experimental procedure.

S
E
C
P
T

Approach
Avoidance
Task

EEG, EOG,
ECG
preparation

C0
-15 min

C1

Approach
Avoidance
Task

Taylor
Aggression
Paradigm

C2

-2 min +5 min

emotional
pictures

C3

C4

C5

C6

+20 min

+30 min

+40 min

+60 min

Figure 17. Timeline of the experimental session of study 2. SECPT:= Socially evaluated cold-pressor test. C := saliva
samples for cortisol analyses. Time information refers to the beginning of the SECPT. Experimental parts printed
in bold are topic of the present chapter.

4.2.7

EEG Recording and Quantification

The EEG was recorded from 32 electrode sites including the mastoids according to the 10–10 electrode
reference system (Chatrian et al., 1988) with the Easy-Cap electrode system (Falk Minow Services,
Munich). All sites were referenced to FCz. A bipolar horizontal EOG was recorded from the epicanthus
of each eye and a bipolar vertical EOG was recorded from supra- and infra-orbital positions of the left
eye. Ag/AgCl electrodes were used for EEG and EOG recording. Prior to the electrode placement, the
electrode sites on the participant's scalp and face were cleaned with alcohol and gently abraded. The
conduction was facilitated using Abralyt-light (FMS, Munich) electrode gel or EC2® Genuine Grass
Electrode Cream (Grass Products, Natus Neurology) for the EOG, respectively. A BrainAmp amplifier
(input impedance: 10 MΩ; Brain Products, GmbH) in AC mode was used to record the EEG and EOG at
1000 Hz using a pass-band set to 0.016 to 499 Hz (−12 dB/octave roll-off). All impedances of the EEG
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electrodes were maintained below 10 kΩ. Data was stored to hard disk for later analysis using
BrainVision Analyzer 2 (Brain Products, Munich, Germany).
The EEG was re-referenced offline to linked mastoids. The data was resampled at 200 Hz and
low pass filtered using a digital filter with high cutoff of 12 Hz, 24 dB/oct. Artifacts due to eye
movements were corrected semiautomatically via the algorithm developed by Gratton et al. (1983). If
necessary, blinks were detected and marked using Ocular Correction with Independent Component
Analysis (ICA) before. Trials with non-physiological artifacts were excluded from analysis via
semiautomatic artifact rejection. EEG and EOG were epoched off-line into 1200-ms periods, starting
200 ms prior to picture onset and ending 1000 ms after picture onset. A baseline correction was
performed using the first 200-ms as a reference. Separate averages were computed for each electrode
and individual for the 6 different picture categories: positive human, positive nonhuman, negative
human, negative nonhuman, aggressive human and aggressive nonhuman. Using the grand average
across participants to guide window selection, ERP maximum peak amplitude (µV) for the stimuluslocked P2, N2, and P3 component were detected semiautomatically for Fz, FCz, Cz, CPz, and Pz. ERP
values were assessed by measuring the component amplitude relative to the pre-stimulus baseline
and latency of local maximum peak amplitude from stimulus onset within windows of 180 - 250 ms
post stimulus for the P2, 250 - 300 ms for the N2, and 300 - 400 ms for the P3. Additionally, the late
positive potential (LPP) was identified based on visual inspection of grand average ERPs averaged
across all participants and quantified by computing the average amplitude from 500 to 1000 ms
relative to baseline14.

4.2.8

Statistical Analyses

The data was edited with Microsoft Excel 2003 and analyzed with SPSS 17.0 and IBM SPSS Statistics 20.
Non-normality of sampling distribution and violation of homogeneity of variance were checked using
Q-Q plots and Shapiro-Wilk tests of normality or Levene test, respectively. These analyses revealed
that the cortisol data was skewed and showed slight heterogeneity of variance. However, as the
analysis of variance is known to be robust against these violations if degrees of freedom for error are
greater than 20 and if sample sizes are large and fairly equal (Eid et al., 2010; Tabachnick & Fidell,
2007), I refrained from transformation of these data.
Stress Manipulation. Based on their cortisol reaction in response to the SECPT, participants of
the stress condition were post-hoc allocated to a cortisol-responder group or a cortisol-nonresponder
group: The stress-induced cortisol-response of each individual was computed by calculating the
14

As previous analyses of successive stimulus-locked intervals of 100 ms within the window of 500 – 1000 ms
showed the same pattern of results in every interval, analysis and results of the average of the entire timeframe
are presented.
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difference of the cortisol levels C3 and C2, which reflected the HPA axis activation right before and
after the stressor. A median split (.79 nmol/l) of this cortisol change divided the participants of the
stress condition (male: n=24; female: n=24) into cortisol-responders (male: n=13; female: n=11) and
cortisol-nonresponders (male: n=11; female: n=13). The warm water control group consisted of 12
male and 11 female participants. Sample sizes within each condition are listed in Table 8. A 2 x 3 x 7
analysis of variance with the between-subjects factors gender (male, female), SECPT groups (cortisolresponders, cortisol-nonresponders, warm water control group) and the within-subjects factor time of
cortisol measurement (C0-C6) was conducted to check whether the stress induction was successful,
how long the cortisol increase lasted and whether cortisol levels were influenced by gender.
Furthermore, a one-way analysis of variance with the factors gender (male, female) and SECPT groups
(cortisol-responders, cortisol-nonresponders, warm water control group) and difference of cortisol
level at time point C4 and C3 as the dependent variable was used to test significance of the stress
groups’ categorization and possible differences in male and female participants.
Table 8
Sample sizes in each condition of study 2
Men
(n = 36)

Women
(n= 35)

SECPT groups

high provocation
(n = 18)

low provocation
(n = 18)

high provocation
(n = 17)

low provocation
(n = 18)

Warm water control group (n=23)

n=6

n=6

n=5

n=6

Cortisol-nonresponders (n=24)

n=6

n=5

n=7

n=6

Cortisol-responders (n=24)

n=6

n=7

n=5

n=6

Aggressive behavior in the TAP. In order to analyze the effects of increasing provocation on
aggressive behavior, a 2 x 2 x 3 mixed-design analysis of variance was conducted, including betweensubjects factors gender (male, female) and provocation (high provocation, low provocation) and the
within-subjects factor TAP Block (1, 2, 3).
Electrophysiological data. To investigate the effects of the acute cortisol rise in response to the
SECPT and provocation on the peak or mean amplitude of the four ERPs (P2, N2, P3, LPP) during
processing of emotional pictures, separated 3 x 2 x 2 x 3 x 2 x 5 mixed-design analyses of variance were
performed, including the between-subjects factors gender (male, female), SECPT groups (cortisolresponders, cortisol-nonresponders, warm water control group), and provocation (high provocation,
low provocation) and the within-subject factors depicted valence (positive, negative, aggressive),
object (human vs. nonhuman), and electrode position (Fz, FCz, Cz, CPz, Pz).
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The calculation of the sample size prior to the experiment showed that with sample size of
N=72 and a power of 1-ß=.80 an effect Ω² of at least .01 for highest order interactions of the ERP data
can be revealed. However, only effects greater than or equal to .05 were deemed relevant and are
reported. Hays’ ω² (Hays, 1974) was calculated as an effect size measure, with .01 considered as a
small effect, .05 considered as medium, and .14 considered as a large effect (Cohen, 1988). For main
effects of within-subject factors or interaction with those, ω² was corrected for mean correlation r̄ of
the respective levels or combination of those. In case the assumption of sphericity was violated, the
degrees of freedom for all ANOVAs were Huynh-Feldt corrected (Huynh & Feldt, 1976). The statistical
significance level was set to alpha = .05 (two-tailed). Where appropriate, Dunn's Multiple Comparison
Tests were used as post hoc tests. Since the focus of the present chapter is not on gender differences,
significant effects which comprise gender without interaction with either SECPT group or provocation
are not reported here.

4.3 Results
4.3.1

Stress Induction

Analysis of HPA- axis activation after the stressor or the control condition, respectively, revealed that
cortisol-responders showed a clear increase in cortisol (C3-C2) in response to the SECPT (M = 4.08
nmol/l, SE = .50) compared to cortisol-nonresponders (M = -.48 nmol/l, SE = .49) and participants of
the warm water control group (M = -.47 nmol/l, SE = .50), which both showed even a slight decrease
in cortisol levels (F(1,65) = 28.44, p < .001, ω² = .44). Subsequent post-hoc tests confirmed this pattern.
No further effects reached significance (all Fs < 1.16, all ps > .10).
Mean levels of free salivary cortisol over the course of the experiment of the three SECPT
groups are depicted in Figure 18. The analysis of variance showed a significant effect of time of cortisol
measurement (F(6,390) = 9.70, p < .001, ω² = .33, r̄ = .79), which was qualified by a significant interaction
of time of cortisol measurement and SECPT groups (F(12,390) = 7.37, p < .001, ω² = .57, r̄ = .88). Post-hoc
tests revealed that cortisol-responders had higher cortisol levels after the SECPT between points of
time C3 and C5 compared to cortisol-nonresponders and to the warm water control group. No
differences were found from points of time C0 to C2.
Male participants had in general higher cortisol levels (M = 5.39 nmol/ml, SE = .51) compared
to female participants (M = 3.58 nmol/ml, SE = .52) (F(1,65) = 6.31, p < .05, ω² = .07). This main effect
was qualified by an interaction with time of cortisol measurement (F(6,390) = 4.18, p < .05, ω² = .16, r̄ =
.80). Male participants had higher cortisol levels than female participants from points of time C0 to C4,
independently of stress manipulation or provocation.
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Figure 18. Mean levels of free salivary cortisol during the experimental session of study 2 for cortisol-responders,
cortisol-nonresponders, and the warm water control group. Error bars indicate standard errors of the mean.
:= p < .05

4.3.2

Aggressive Behavior in the Taylor Aggression Paradigm
Effects of provocation. As intended, participants responded to high provocation with enhanced

aggressive behavior (M = 2.80, SE = .19) compared to those of the low provocation group (M = 1.79,
SE = .18) (F(1,67) = 14.90, p < .001, ω² = .16). Moreover, the analysis revealed a main effect of Tap Block
(F(2,134) = 18.03, p < .001, ω² = .33, r̄ = .68), which was qualified by an interaction of Tap Block and
provocation (F(2,134) = 30.20, p < .001, ω² = .52, r̄ = .75). As depicted in Figure 19, participants who were
subjected to increasing provocation in TAP Block 2 and 3 showed enhanced aggressive behavior, while
their behavior did not differ from mildly provoked participants in TAP Block 1. Post-hoc tests showed
that high provocation resulted in more aggressive behavior in TAP Block 2 and 3 compared to low
provocation. Likewise, participants respond to high provocation with increasing aggressive behavior
over all TAP Blocks.
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Figure 19. Mean aggressive behavior in block 1, 2, and 3 of the Taylor Aggression Paradigm (TAP) for high versus
low provocation. Error bars indicate standard errors of the mean. Brackets indicate significant differences. p <
.05. Note: range of possible settings was 0 to 10.

4.3.3

Electrophysiological Data of Affective Picture Processing

Figure 20 shows grand average ERP responses to the six different categories of picture content
(positive human, positive nonhuman, negative human, negative nonhuman, aggressive human,
aggressive nonhuman) averaged over gender, SECPT groups, and provocation at Fz, Cz and Pz. The
general morphology of the waveform included an early positive peak at about 200 ms (P2), followed
by a negative peak at approximately 280 ms (N2), another positive peak at approximately 370 (P3),
and a late positive potential (LPP) starting about 500 ms and lasting till 1000 ms after stimulus onset.
The P2 peak amplitude (mean latency: 208.56 ms; SE = 1.63) showed a positive parietal
distribution (see Figure 21). Analysis of variance revealed a main effect of electrode position (F(4,236) =
126.62, p < .001, ω² = .89, r̄ = .82). Subsequent post hoc tests indicated that all electrodes differed
from each other, with negative values at frontal to central sides and increasing positive values at
centroparietal and parietal leads. The N2 peak amplitude (mean latency: 282.99 ms; SE = 1.65) was
most negative at frontal to frontocentral leads, as depicted in Figure 21 (electrode position: F(4,236) =
243.57, p < .001, ω² = .95, r̄ = .86). Post-hoc tests revealed that all electrodes differed from each other
significantly, except Fz and FCz. The P3 peak amplitude was distributed at parietal leads (see Figure 21,
third from left map). Statistical analysis showed that all electrodes differed from each other with the
exception of Fz and FCz (electrode position: F(4,236) = 254.06, p < .001, ω² = .95, r̄ = .84).
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Figure 20. Grand average ERP waveforms at Fz, FCz, and Pz for the six different categories of picture content
(positive human, positive nonhuman, negative human, negative nonhuman, aggressive human, aggressive
nonhuman) averaged over gender, SEPCT groups, and provocation.

Figure 21. Grand grand mean topographic maps of the stimulus-locked P2, N2, P3, and LPP averaged over
valence, object, gender, SEPCT groups, and provocation. Respective time domain and scale division are specified
for every ERP below each map.
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The LPP showed a parietal positivity, while frontal, frontocentral, and central leads showed negative
values (see Figure 21, fourth from left map) (F(4,236) = 243.76, p < .001, ω² = .94, r̄ = .84). Post-hoc tests
revealed that all electrodes differed from each other significantly.

4.3.3.1 Effect of Picture Content- Valence and Object
P2 peak amplitude. The statistical analysis showed that valence of picture content as well as
depicted object influenced the P2 amplitude independently (valence F(2,118) = 3.46, p < .05, ω² = .16, r̄
= .87; electrode position x valence (F(8,472) = 3.66, p < .01, ω² = .08, r̄ = .75), object (F(1,59) = 37.19, p <
.001, ω² = .66, r̄ = .87; electrode position x object (F(4,236) = 6.80, p < .01, ω² = .12, r̄ = .76)). The P2
amplitude for negative pictures was significantly more negative compared to positive (Fz, FCz, Cz, CPz)
and aggressive pictures (Fz, FCz, Cz), as depicted in Figure 22. Regarding depicted object, pictures of
humans elicited a more positive P2 amplitude compared to nonhuman objects at all electrode sites
(see Figure 23).
N2 peak amplitude. Positive, negative, and aggressive pictures elicited different N2 peak
amplitudes (valence: F(2,118) = 4.72, p < .05, ω² = .25, r̄ = .90; electrode position x valence: F(8,472) = 4.34,
p < .01, ω² = .11, r̄ = .80). Namely, the N2 for negative pictures was more negative compared to
aggressive pictures (Fz, FCz, Cz, CPz, Pz) and positive pictures (Fz, FCz). Aggressive pictures elicited a
less negative N2 peak amplitude than positive pictures (FCz, Cz, CPz, Pz) (see Figure 22). Besides, the
analysis of variance revealed an interaction between valence and object (F(2,118) = 3.55, p < .05, ω² =
.07, r̄ = .85), which was further qualified by a three-way interaction with electrode position (electrode
position x valence x object: F(8,472) = 4.45, p < .001, ω² = .07, r̄ = .82). The N2 peak amplitude for
aggressive human pictures was more negative compared to aggressive nonhuman pictures at frontal
to centroparietal sites. Similarly, positive human pictures led to a more negative N2 than positive
nonhuman picture content at centroparietal and parietal electrodes (cf. Figure 20).
P3 peak amplitude. Similar to the P2 and N2 component, picture content affected the P3 peak
amplitude. Analysis of variance revealed a main factor of valence (F(2,118) = 52.31, p < .001, ω² = .81, r̄
= .89) which was further qualified by an interaction of valence and electrode position (F(8,472) = 13.57, p
< .001, ω² = .30, r̄ = .78). As shown in Figure 22, aggressive pictures elicited a relatively more positive
P3 amplitude at all electrode sites compared to positive and negative pictures. Moreover, P3 amplitude
for positive pictures was relatively more positive compared to negative pictures at frontal to central
electrode sites. Additionally, analysis of variance revealed a main effect of object (F(1,59) = 6.91, p < .05,
ω² = .30, r̄ = .90) and a two-way interaction of object and valence (F(2,118) = 16.55, p < .001, ω² = .29, r̄
= .82). While positive (M = -2.56 µV, SE = .67) and negative human (M = -2.48 µV, SE = .66) pictures led
to relatively more positive P3 amplitudes compared to positive (M = -3.55 µV, SE = .62) and negative
nonhuman (M = -4.57 µV, SE = .60) pictures, respectively.
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Figure 22. Mean P2, N2, P3 and LPP 500 – 1000 ms amplitude (µV) to affective pictures at Fz, FCz, Cz, CPz, and Pz
for valence of picture content (positive, negative, aggressive). Values are means ± SE. Brackets indicate significant
difference. p < .05.
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This pattern was reversed for aggressive pictures. Aggressive human pictures (M = -1.23 µV, SE = .68)
elicited a reduced P3 amplitude compared to aggressive nonhuman depicted objects (M = -.30 µV, SE
= .58) (cf. Figure 20).
LPP 500-100 ms. In line with the other ERP components, the LPP amplitude differed with regard
to valence of picture content and depicted object (valence: F(2,118) = 15.71, p < .001, ω² = .38, r̄ = .79;
electrode position x valence: F(8,472) = 4.98, p < .001, ω² = .10, r̄ = .72; object: F(1,59) = 31.98, p < .001, ω²
= .64, r̄ = .88; electrode position x object: F(4,236) = 3.52, p < .05, ω² = .10, r̄ = .88)). Again, aggressive
pictures elicited a relatively more positive LPP amplitude compared to negative pictures (Fz through
Pz) and positive pictures (Cz through Pz). Besides, the LPP amplitude for positive pictures was relatively
more positive compared to negative pictures at frontal to centroparietal sites (see Figure 22).
Regarding depicted object, similar to the P2 amplitude, pictures of human elicited an enhanced LPP
amplitude compared to nonhuman objects at all electrode sites (see Figure 23).
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Figure 23. Mean P2 and LPP 500 – 1000 ms amplitude (µV) to affective pictures at Fz, FCz, Cz, CPz and Pz for
depicted object (human, nonhuman). Values are means ± SE. Brackets indicate significant difference. p < .05.
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4.3.3.2 Effects of Stress and Provocation
Stress
P2 peak amplitude. The three SECPT groups differed in their P2 amplitude, independently of
picture content (valence, object) (electrode position x SECPT groups: F(8,236) = 2.70, p < .05, ω² = .18, r̄ =
.83). Descriptively, participants of the warm water control group showed a relatively more positive P2
amplitude at frontal to central sites compared to cortisol-nonresponders and –responders (see Figure
24). At parietal sites, however, this group had a less positive P2 amplitude. Post-hoc tests confirmed
the latter, namely, participants of the warm water control group showed a reduced P2 amplitude
compared to cortisol-responders.
N2 peak amplitude. Unlike the P2, stress did not alter the N2 peak amplitude independently of
provocation (all Fs < 2.3, all ps > .50).
P3 peak amplitude. Similar to the P2, participants of the three SECPT groups differed in their
P3 peak amplitudes (electrode position x SECPT groups: F(8,236) = 3.69, p < .05, ω² = .30, r̄ = .86).
Descriptively, cortisol-nonresponders showed the most negative P3 amplitude at frontal to
centroparietal sites and most positive at parietal sites, while participants of the warm water control
group and cortisol-responders showed rather similar amplitudes at frontal to centroparietal sites (see
Figure 24). Post-hoc test revealed that participants of the warm water group had a significantly more
positive P3 at frontal and frontocentral sites compared to cortisol-nonresponders. No further
comparison reached significance.
LPP 500-100 ms. Like P2 and P3 ERPs, stress influenced the LPPs amplitudes (electrode position
x SECPT groups: F(8,236) = 3.42, p < .05, ω² = .27, r̄ = .85). Subsequent post-hoc tests revealed that
participants of the warm water control group had relatively more positive LPP amplitudes at frontal to
central sites compared to cortisol-nonresponders and –responders. At centroparietal and parietal
sites, however, the three groups did not differ (see Figure 24).

Provocation
P2 peak amplitude. Prior provocation in the TAP altered the P2 amplitudes for human and
nonhuman depicted objects, albeit differently for male and female participants (object x gender x
provocation: F(1,59) = 4.88 p < .05, ω² = .18, r̄ = .80). Highly provoked female participants showed a more
positive P2 amplitude for human and nonhuman objects compared to highly provoked male
participants. Moreover, the P2 amplitude was more positive to pictures depicting human objects in
highly provoked females compared to mildly provoked females.
N2 peak amplitude. Similar to the P2, provocation influenced the N2 peak amplitude for human
and nonhuman depicted objects (electrode position x object x provocation: F(4,236) = 3.41, p < .05, ω² =
.08, r̄ = .84). Highly provoked participants had a relatively less negative N2 peak for human and
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nonhuman depicted objects at frontal to central sites compared to the low provocation group. At
centroparietal and parietal electrodes this pattern was still found descriptively for depicted nonhuman
objects.

Figure 24. Grand average ERP waveforms to all emotional pictures at Fz, FCz, Cz, CPz, and Pz for three SECPT
groups (warm water control group, cortisol-nonresponders, cortisol-responders) averaged over valence, object,
gender, and provocation.

P3 peak amplitude and LPPs 500 – 100 ms. Unlike the P2 and N2, provocation did not alter the
P3 peak and LPP amplitude independently of stress (all Fs < 2.45, all ps > .05).
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Stress x provocation
Figure 25 shows grand average ERP responses at Fz, Cz, and Pz to all emotional pictures (averaged over
the six categories) for the three SECPT groups in case of high versus low provocation. Descriptively, the
stimulus-locked ERPs differed substantially as a function of SECPT group and provocation. These
differences became apparent at all electrode positions as early as approximately 200 ms.

Figure 25. Grand average ERP waveforms at Fz, Cz, and Pz in response to all emotional pictures for three SECPT
groups (warm water control group, cortisol-nonresponders, cortisol-responders) exposed to either low or high
provocation, averaged over valence, object, and gender.

P2 peak amplitude. Descriptively, highly provoked participants of the warm water control
group showed a more positive frontal P2 peak amplitude compared to mildly provoked participants of
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this group, as well as to cortisol-nonresponders and -responders. Particularly at parietal sites, it
became apparent that cortisol-responders did not differ in their P2 amplitude comparing high versus
low provocation. However, statistical analysis revealed no significant influence of the interaction
between stress and provocation (interactions containing SECPT groups x provocation: all Fs < 1.29; all
ps > .10).
N2 peak amplitude. The N2 peak amplitude was significantly influenced by stress and
provocation as a function of valence, object, and gender (valence x object x gender x SECPT groups x
provocation: F(4,118) = 2.63, p < .05, ω² = .12, r̄ = .89). As shown in Figure 26, subsequent post-hoc tests
revealed that highly provoked female participants of the warm water control group showed distinctly
reduced negative N2 amplitude for all human and nonhuman emotional pictures in comparison to
mildly provoked females of this group. Male participants of the control group, on the other hand, did
not differ in their N2 amplitude when subjected to high or low provocation. Descriptively, cortisolnonresponders showed a prominently different pattern. High provocation led to more negative N2
amplitudes in female participants for positive human and negative nonhuman pictures as well as
aggressive human and nonhuman pictures. In contrast, high provocation in male participants only led
to more negative N2 amplitudes in aggressive human pictures. However, this did not reach
significance. Besides, male cortisol-responders reacted to high provocation with more negative N2
amplitudes for all emotional human and nonhuman pictures. Post-hoc tests confirmed significance for
this pattern for positive nonhuman pictures. On the contrary, female cortisol-responders showed
descriptively diminished N2 amplitude in response to high provocation versus low provocation; this
reached significance regarding positive nonhuman pictures.
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Figure 26. N2 peak amplitudes (µV) for highly vs. mildly provoked male (left panel) and female (right panel)
participants of the three SECPT groups (warm water control group, cortisol-nonresponders, cortisol-responders),
elicited in response the six categories of affective pictures (positive human, positive nonhuman, negative human,
negative nonhuman, aggressive human, aggressive nonhuman) averaged over electrode position. Dark bars refer
to high provocation, whereas lighter bars refer to low provocation. Values are means ± SE. Brackets indicate
significant difference. p < .05.

P3 peak amplitude. Similar to the N2 component, stress in combination with provocation
altered the P3 peak amplitude (valence x object x SECPT groups x provocation: F(4,118) = 2.90, p < .05, ω²
= .10, r̄ = .83). As depicted in Figure 27, high provocation led to significantly more positive P3
amplitudes in participants of the warm water control group compared to mildly provoked ones for all
pictures. The same pattern was found in cortisol-nonresponders, even so post-hoc tests confirmed
significance only in case of positive human (marginally) and aggressive nonhuman pictures (see Figure
27, upper and bottom graph). On the contrary, cortisol-responders exposed to high provocation
showed a relatively more negative P3 amplitude than mildly provoked cortisol-responders
descriptively for all pictures, except aggressive human images which did not differ in this group, not
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even on a descriptive level (see Figure 27, bottom graph). Post-hoc tests revealed significance for the
aggressive human pictures.
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Figure 27. P3 peak amplitudes (µV) for highly vs. mildly provoked participants of the three SECPT groups (warm
water control group, cortisol-nonresponders, cortisol-responders), elicited in response the six categories of
affective pictures (positive human, positive nonhuman, negative human, negative nonhuman, aggressive human,
aggressive nonhuman) averaged over electrode position and gender. Dark bars refer to high provocation,
whereas lighter bars refer to low provocation. Values are means ± SE. Brackets indicate significant difference. p
< .05 (solid line), p < .10 (dotted line), respectively.

LPP 500-100 ms. Like the N2 and P3 ERPs, the analysis of variance revealed a significant
influence of stress and provocation on the LPP amplitude (SECPT groups x provocation: F(2,59) = 5.44, p
< .01, ω² = .11; object x gender x SECPT groups x provocation: F(2,59) = 3.52 p < .05, ω² = .29, r̄ = .92).
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Descriptively, as shown in Figure 28, both participants of the warm water group and cortisolnonresponders responded to high provocation with a more positive LPP amplitude compared to low
provocation. Cortisol-responders, on the contrary, showed the reverse pattern with a distinctly more
negative LPP amplitude in case of high provocation compared to low provocation (cf. Figure 25).
Subsequent post-hoc tests for this two-way interaction showed that highly provoked cortisolresponders showed a more negative LPP amplitude compared to highly provoked participants of the
warm water control group. Moreover, highly provoked cortisol-responders showed a marginally
significant more negative LPP amplitude compared to mildly provoked cortisol-responders.
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Figure 28. LPP peak amplitudes (µV) for highly vs. mildly provoked participants of the three SECPT groups (warm
water control group, cortisol-nonresponders, cortisol-responders), elicited in response to all affective pictures,
averaged over electrode position, valence, object, and gender. Dark bars refer to high provocation, whereas
lighter bars refer to low provocation. Values are means ± SE. Brackets indicate significant difference. p < .05 (solid
line), p < .10 (dotted line), respectively.

Regarding the four-way interaction (see Figure 29), post-hoc tests showed that highly provoked female
participants of the warm water control group had a relatively more positive LPP amplitudes for human
and nonhuman depicted objects compared to mildly provoked female participants of this group (Figure
29, bottom graph). In male participants of the control group, in contrast, LPP amplitudes were not
altered by provocation, either for human or for nonhuman objects (Figure 29, upper graph). In cortisolnonresponders, this pattern was reversed. Namely, high provocation led to more positive LPP
amplitudes for human and nonhuman objects in male participants, while female cortisolnonresponders showed no difference. Cortisol-responders showed a distinctly different reaction to
provocation. Highly provoked female and male cortisol-responders had reduced LPP amplitudes for
111

IV. Chapter: Stress-induced Cortisol and Aggression Alter Subsequent Social Information Processing
human, as well as nonhuman objects in the case of men, compared to mildly provoked female and
male cortisol-responders.
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Figure 29. LPP peak amplitudes (µV) for highly vs. mildly provoked male (left panel) and female (right panel)
participants of the three SECPT groups (warm water control group, cortisol-nonresponders, cortisol-responders),
elicited in response to all affective pictures, averaged over electrode position, valence, object and gender. Values
are means ± SE. Brackets indicate significant difference. p < .05.

4.4 Discussion
The present study aimed to explore the impact of stress and subsequent experimentally provoked
aggressive behavior on the processing of emotional pictures with positive, negative, and aggressive
human or nonhuman content using event-related potentials (ERPs).
Female and male participants were exposed to a stressor or a control condition, followed by
either high or low provocation in the Taylor Aggression Paradigm (TAP), and subsequently watched
emotional pictures. The stress manipulation via the socially evaluated cold-pressor test (SECPT) was
successful. In contrast to cortisol-nonresponders and the warm water control group, male and female
cortisol-responders showed a considerable increase of free cortisol in response to the stress
procedure, similar to that which other studies found using this stressor (e.g., Lass-Hennemann et al.,
2011; Schwabe & Wolf, 2009; Smeets, 2011). Likewise, high provocation led to significantly enhanced
aggressive behavior in the TAP.
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4.4.1

Effects of Picture Content on Processing of Affective Pictures

Established effects within the event-related potentials (ERPs) of affective picture processing could be
replicated: picture valence had a distinct effect on early to later stages of information processing.
Negative pictures elicited relatively more negative frontal to central P2, N2, P3, and LPP amplitudes
compared to positive pictures, in line with other studies (e.g., Carretie et al., 2004; Cuthbert et al.,
2000; Olofsson et al., 2008). Confirming previous findings, pictures with aggressive content led to
relatively more positive N2, P3, and central to parietal LPP amplitudes compared to positive pictures,
confirming the so-called negativity bias (Ito et al., 1998; Schupp et al., 2000; Thomas, Johnstone, &
Gonsalvez, 2007; Tso, Chiu, King-Casas, & Deldin, 201115). Interestingly, aggressive pictures also elicited
more positive P2, N2, P3, and LPP amplitudes relative to negative pictures as well. To my knowledge,
there is sparse knowledge about the distinction in processing of the different subcategories of negative
stimuli. Hot and Sequeira (2013), analyzing the neural correlates of positive and two different negative
picture categories, i.e., disgusting and sad pictures, reported differences at early ERP components for
each of the three emotions and concluded that each emotion might cause a specific response pattern
in brain activation. The present findings confirm this assumption, suggesting a more elaborate
processing of aggressive pictures at both early and later stages of the information processing stream
relative to other negative pictures. This is in line with the so-called threat-superiority effect, which was
found for both phylogenetically (i.e., ancient threats as snakes) and ontogenetically (i.e., modern
threats as guns) threatening stimuli, albeit only in comparison to neutral stimuli (cf. Blanchette, 2006;
Brown, El-Deredy, & Blanchette, 2010; Fox, Griggs, & Mouchlianitis, 2007). Besides, other studies
revealed enhanced early and later ERP amplitudes for highly arousing pictures, comprised of aggressive
content among others, relative to low arousing ones (e.g., Amrhein, Mühlberger, Pauli, & Wiedemann,
2004; Hajcak, MacNamara, & Olvet, 2010; Junghöfer, Bradley, Elbert, & Lang, 2001; Keil et al., 2002;
Schupp et al., 2004). Regarding the depicted object, pictures of humans elicited relatively enhanced
early (P2, N2) as well as later (P3, LPP) amplitudes, confirming results of previous studies, (Groen,
Wijers, Tucha, & Althaus, 2013; Proverbio, Adorni, Zani, & Trestianu, 2009; Proverbio, Zani, & Adorni,
2008). Moreover, this pattern was altered by valence of the pictures. Most importantly, however,
stress and provocation both jointly and independently influenced the information processing stream.

4.4.2

Combined Effects of Stress and Provocation on Processing of Affective Pictures

In accordance with the hypothesis, stress-induced elevated cortisol levels and provocation jointly
altered social information processing. High provocation in the TAP led to a distinctly different
15

Note: Ito, Larsen, Smith, and Cacioppo (1998) used IAPS pictures no. 3030 and 6230, depicting a mutilated face
and a handgun; hence these stimuli are comparable rather with the aggressive human pictures, used in the
present study.
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electrocortical response to affective pictures in cortisol-responders relative to cortisol-nonresponders
and participants of the warm water control group. This impact was equally apparent in early as well as
later stages of information processing, albeit - contrary to the hypothesis - not specific for threatrelated stimuli.
While the mutual impact of stress and provocation was found in the time domain of the P2 on
a mere descriptive level, it reached significance for the N2 regarding the depicted object (i.e., human
vs. nonhuman) with different directions for male and female participants. High provocation led to
reduced N2 amplitudes in females of the warm water control group, whereas N2 amplitudes of men
in this group remained unaffected. Stress-induced increase in cortisol in combination with high
provocation, however, led to more negative N2 amplitudes for all picture categories in men, reaching
significance for positive nonhuman pictures. On the contrary, highly provoked female cortisolresponders showed diminished N2 amplitudes relative to those mildly provoked, similar to the pattern
of the warm water control group. However, this effect was less pronounced, reaching significance only
in case of positive nonhuman picture content. Thus, an endogenous surge of cortisol together with
high provocation had the opposite effect in male participants than in females.
Gender differences in the processing of emotional visual stimuli have been frequently reported
(e.g., Bradley et al., 2001; Kim et al., 2013; Stevens & Hamann, 2012; Wrase et al., 2003). Wrase et al.
(2003), for instance, found greater cortical activation for negative pictures in the anterior and medial
frontal gyrus in female compared to male participants. Similarly, Bradley et al. (2001), investigating
peripheral physiological responses to emotional and neutral pictures, conclude that “women showed
a broad disposition to respond with greater defensive reactivity to aversive pictures” (p. 300).
Regarding event-related potentials, the present results are in line with previous studies finding the
anterior N2 sensitive for gender differences in processing of social affective stimuli (Groen et al., 2013;
Proverbio et al., 2009; Proverbio et al., 2008). Female participants in those studies showed enhanced
N2 amplitudes to (positive) pictures depicting humans compared to unanimated scenes (Groen et al.,
2013; Proverbio et al., 2009; Proverbio et al., 2008) and negative pictures independent of human or
nonhuman content (Groen et al., 2013). Hence, the enhanced N2 amplitudes for mildly provoked
female participants in the warm water control group support the assumption that women
preferentially process social and affective, especially aversive, information relative to men.
High provocation reduced N2 amplitudes in females of the control group, equalizing them to
the level of men of the control group. The impact of violent cues and provocation on aggressive
behavior as a function of gender was reviewed by Bettencourt and Kernahan (1997). They concluded
that violent cues in combination with aversive provocation caused enhanced aggression in females,
equalizing gender differences in aggressive behavior. Extending these assumptions, the present data
suggests that high provocation alters already the processing of affective information. And yet, not only
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threat-related stimuli were processed differently in females after an aggressive encounter, but also of
positive and non-violent negative material. Moreover, stress exposure and the physiological reactivity
in response to it altered this impact gender-specifically, too. While stress-induced HPA-axis activation
reduced the influence of provocation in females, especially on negative and aggressive picture
categories, male participants under high provocation and increased cortisol levels showed a
preferential processing of all types of pictures, reflected by (descriptively) enhanced N2 amplitudes
compared to those mildly provoked.
So far no consistent concept of the functionality and psychological interpretation of the N2
component in the context of the processing of emotional stimuli exist (c.f. Kovalenko, Pavlenko, &
Chernyi, 2010; Tso et al., 2011). Based on paradigms such as distraction paradigms and oddball
paradigms, the anterior N2 has been shown to be modulated by novelty and mismatch (Carretie et al.,
2004; Folstein & van Petten, 2008; Kropotov et al., 2011; Tarbi, Sun, Holcomb, & Daffner, 2011). Thus,
larger anterior N2 amplitudes have been found for novel and emotional stimuli, even if they served as
distractors or deviants (Carretie et al., 2004; Tarbi et al., 2011). López-Martín, Albert, Fernández-Jaén,
and Carretié (2013) concluded that “this N2 component is related to stimulus-driven attentional
processes.” (p. 18). Likewise, increased N2 amplitudes have been assumed to reflect enhanced
automatic processing (Schupp et al., 2006). Furthermore, Gardener, Carr, MacGregor, Felmingham,
and Gray (2013) found enhanced N2 amplitude for negative images, especially in women and
construed this as enhanced emotional reactivity in accordance with a female negativity bias. Following
these interpretations, increased cortisol levels together with high provocation led to enhanced
emotional reactivity in men for all pictures, capturing more automatic attention allocation. The same
applies to highly provoked female participants who showed no HPA axis activation in response to the
stressor, albeit only by tendency. While high provocation caused deficits in the processing of emotional
stimuli in females of the warm water control group, an endogenous surge of cortisol attenuated this
effect, albeit without abolishing it, indicating minor enhanced emotional reactivity by tendency as well.
Yet, this was still minor relative to low provocation.
Unlike the N2, the mutual impact of stress and provocation on the P3 was independent of
gender. High provocation led to more positive P3 amplitudes for all pictures in the warm water control
group. A similar pattern was found in cortisol-nonresponders, albeit less pronounced, reaching
significance only in case of nonhuman aggressive pictures. The opposite was found in cortisolresponders. More precisely, preceding aggressive behavior due to high provocation resulted in
reduced P3 amplitudes, especially for nonhuman aggressive pictures.
The P3 amplitude is primarily determined by task-relevance, stimulus probability, motivational
significance, and stimulus salience (e.g., Kok, 2001; Olofsson et al., 2008; Polich, 2007; Polich & Kok,
1995 and cited therein). As probability of and instructions for the pictures did not differ between the
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categories, the last two are more important in the current context of passive emotional information
processing. In this respect, previous research revealed the P3 to be sensitive to arousal and valence,
with more positive P3 amplitudes for high arousing and positive (and occasionally negative images)
relative to low arousing or neutral ones, respectively (Amrhein et al., 2004; Keil et al., 2002; Olofsson
et al., 2008; Rozenkrants, Olofsson, & Polich, 2007; Yuan et al., 2007). Accordingly, Hajcak et al. (2010)
concluded that “emotional stimuli might be automatically processed as task-relevant, and because of
their intrinsic motivational significance, emotional stimuli might be considered natural targets.”
(p. 133). Hence, high provocation and subsequent aggressive behavior led to enhanced “motivated
attention” (Bradley et al., 2003) towards all kind of emotional stimuli in the warm water control group.
This contradicts previous results in the context of aggression, reporting fairly consistently reduced P3
amplitudes in participants showing antisocial and aggressive behavior (e.g., Bernat et al., 2007; Gao
& Raine, 2009; Gerstle et al., 1998 for a review see Patrick, 2008). These studies, however, did not
investigate the immediate consequences of an aggressive encounter or actual provoked aggressive
behavior on subsequent information processing, but rather concentrate on trait aggressiveness, selfreported measures of aggression, or (habitual) exposure to media violence. In contrast, Bertsch,
Böhnke, Kruk, and Naumann (2009) reported greater P3 amplitudes in an emotional Stroop task after
provoked aggressive behavior in the TAP. In accordance with the present findings, P3 amplitudes were
enhanced for all facial expression (i.e., neutral and emotional) in highly provoked participants (Bertsch,
Böhnke, Kruk, & Naumann, 2009). Hence, emotional stimuli in the present study gained in importance
after experimentally provoked aggressive behavior, irrespectively of valence and (un-)animated
content. Nonetheless, whether and how this unspecific altered processing would influence subsequent
situation in respect of aggressive behavior is unclear. To my knowledge so far no study reported
enhanced P3 amplitudes to be positively associated with aggressive or antisocial behavior (see below).
Prior exposure to the stressor abolished or even inverted this impact as a function of acute
HPA axis activation. Stress without an HPA axis activation resulted solely in a preferential processing
of weapons (i.e., nonhuman aggressive pictures) in case of high provocation, while all other emotional
stimuli were processed without enhanced motivational attention relative to low provocation. Under
an acute surge of cortisol and high provocation, however, emotional stimuli received reduced
motivated attention, specifically applying for images of weapons, contradicting the hypothesis. Yet,
the selective attention bias to threat-related objects (i.e., weapons) found in mildly provoked cortisolresponders, reflected by enhanced P3 amplitudes these aggressive pictures, is in line with previous
studies reporting preferential processing for threat due to cortisol (e.g., Akinola & Mendes, 2012;
Putman, Hermans, & van Honk, 2007; Roelofs et al., 2007). From an evolutionary perspective, this
hypervigilant attention towards and assessment of threat signals from the environment is highly
adaptive as it promotes the response that most likely guarantee the survival of the individual, for
116

IV. Chapter: Stress-induced Cortisol and Aggression Alter Subsequent Social Information Processing
instance fight or flight responses (Cannon, 1929; de Kloet, et al., 2005; van Marle et al., 2009). High
provocation seems to abolish this bias, reflected by reduced P3 amplitudes.
Reduced P3 amplitudes for stimuli depicting violence were assumed to reflect a desensitization
which in turns lowers the threshold for aggressive behavior to occur (Bartholow et al., 2006; Engelhardt
et al., 2011). Similarly, Felmingham, Bryant, Kendall, and Gordon (2002) found the P3 amplitude in an
auditory oddball paradigm to be negatively correlated to symptoms of numbness in patients diagnosed
with posttraumatic stress disorder (PTSD). Hence, high glucocorticoid stress responsiveness in
combination with high provocation resulted in a more or less general desensitization or numbness,
respectively, for all emotional stimuli, albeit most pronounced for weapons. In the sense of escalation
of aggression or its persistence beyond the actual encounter, this callousness might imply a facilitation
of further aggressive and violent behavior. Indeed, reduced P3 amplitudes predicted enhanced
subsequent aggressive behavior (Bartholow et al., 2006; Engelhardt et al., 2011) and callousness is
associated with severe antisocial behavior (Pardini, 2006).
However, an alternative interpretation might be that those participants actively suppress the
processing of emotional stimuli to protect their emotional state from further influences. Krompinger,
Moser, and Simons (2008) and Moser, Hajcak, Bukay, and Simons (2006) found reduced amplitudes
within the time domain of the P3 for positive and neutral or negative stimuli, respectively, when
participants were instructed to suppress their emotional response. Hence, highly provoked cortisolresponders may have been engaged in coping with the aversive experience of the stressor and the
aggressive encounter, trying to recover their physiological and psychological homeostasis.
Nevertheless, at first glance, it seems odd that participants should suppress with intent their reaction
towards positive stimuli as well, as a processing of those would improve their emotional state. Possibly,
the higher number of unpleasant pictures relative to positive ones may have resulted in a general
suppression towards all stimuli.
Scenes of assault and abuse, i.e., human aggressive pictures, formed an exception, as those
were processed under an acute increase of cortisol with by tendency enhanced cognitive resources
unaffected by the amount of provocation. Two different reasons might account for this result. On the
one hand, violent scenes might be processed as particularly salient or relevant, as they correspond
with an aggressively motivational tendency caused predominately by the increase of cortisol level. As
already elucidated in the introduction, stress and cortisol are considered as a major factor in promoting
aggressive behavior (Bertsch, 2012; Böhnke, Bertsch, Kruk, & Naumann, 2010; Böhnke, Bertsch, Kruk,
Richter et al., 2010; Craig, 2007; Kruk et al., 2004). Böhnke, Bertsch, Kruk, and Richter et al. (2010), for
instance, could show that an oral dose of cortisol led to more aggressive behavior in the TAP in females.
Moreover, this enhancement was independent of the amount of provocation, similar to the present
findings of the P3 amplitude. Thus, the enhanced motivational attention towards violent animated
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scenes indicates that stress-induced cortisol has an impact beyond an aggressive encounter, thereby
possibly contributing to an escalation of aggressive behavior. Speaking in the terms of the cognitiveneoassociation theory (Berkowitz, 1990), pictures of assault and abuse are preferentially processed in
an already active aggression-related cognitive network, whereby further aggression-related thoughts
are primed and the threshold for aggressive behavior might be lowered. However, this assumption
stands in contraction with the possible desensitization for all other affective contents, including
weapons, as a promoting factor for future aggressive behavior. Likewise, it is surprising that the
amount of provocation should have no impact on a more elaborate processing of human violence, as
it was found in the warm water control group. On the other hand, it is possible, that aggressive human
pictures gained relevance for both highly and mildly provoked cortisol-responders as they identified
themselves rather with the victim than with the offender, probably empathizing with the depicted
attacked humans. Hence, cortisol-responders might react in the sense of a flight- rather than a fightresponse to further violent animated stimuli after an aggressive encounter. Indeed, there is evidence,
that cortisol can affect empathic responses (Buchanan, Bagley, Stansfield, & Preston, 2012; Shirtcliff
et al., 2009). Buchanan et al. (2012), for instance, reported enhanced cortisol-levels of observers of
participants who were exposed to a psychological stressor and this cortisol response of the observer
was positively related to trait empathy. However, based on the present findings one cannot draw a
conclusion which explanation is true, as participants were not asked to report their emotional response
or motivational tendencies towards the applied pictures.
Likewise, LPP amplitudes were altered by stress and provocation, although this did not interact
with valence of the pictures, but with depicted object and was different for men and women, similar
to the N2. Female participants of the warm water control group responded to high provocation with
enhanced LPP amplitudes for both human and nonhuman pictures, while men of this group showed
similar LPP amplitudes in case of both high and low provocation. Stress without an HPA axis activation
led to greater LPP amplitudes for highly provoked male participants relative to those mildly provoked,
whereas female cortisol-nonresponders showed equally reduced amplitudes irrespectively of the
amount of provocation. Stress-induced increase of cortisol, however, led to reduced LPP amplitudes
in both highly provoked men and women for pictures depicting humans and in the case of men also
for pictures depicting nonhuman objects.
The LPP is assumed to reflect a sustained enhanced allocation of attentional resources towards
and processing of intrinsically motivationally relevant stimuli (Hajcak et al., 2010). It has not only been
shown to be sensitive towards the emotional and arousing nature of the stimuli (e.g., Cuthbert et al.,
2000; Hajcak, Dunning, & Foti, 2009; Keil et al., 2002; Schupp et al., 2000; Schupp et al., 2004), but to
be modulated by emotional regulation strategies as for instance reappraisal or emotion suppression
(Gardener et al., 2013; Hajcak & Nieuwenhius, 2006; Moser, Krompinger, Dietz, & Simons, 2009;
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Murata, Moser, & Kitayama, 2013, for a review see Hajcak et al., 2010). In fact, the LPP was suggested
to present a neurophysiological marker for emotion regulation (Dennis & Hajcak, 2009; Hajcak et al.,
2010; Moran, Jendrusina, & Moser, 2013). Similarly to the N2 amplitude, gender differences in
processing of affective stimuli have been reported for the LPP as well (Gardener et al., 2013; Groen et
al., 2013; Proverbio et al., 2009). Groen et al. (2013), for instance, found enhanced LPP amplitudes for
human and negative scenes in females compared to male participants. Alike, the study by Proverbio
et al. (2009) revealed greater LPP in women for pictures depicting aversive human relative to men.
These results stand in contrast to the present findings in the warm water control group. Namely, mildly
provoked females in this group showed rather decreased LPP amplitudes to human and nonhuman
pictures compared to male participants. However, the above mentioned studies focused on the
parietal distributed LPP, while the present effect was independent of electrode position and the
negative values of this component suggest that the effect was mainly borne by frontal to central leads,
where the LPP was still in negative codomain.
In the warm water control group, high provocation led to enhanced LPP amplitudes solely in
females, mirroring the findings of the N2 amplitudes regarding the greater sensitivity to the
manipulation in women relative to men. Alike, high provocation resulted in greater LPP amplitudes in
stressed men without a glucocorticoid stress response. Enhanced LPP to affective pictures were
reported by Gardener et al. (2013), manipulating the emotional response to these stimuli. In this study
participants were asked to increase, maintain, or decrease their emotional response towards
unpleasant, highly arousing IAPS pictures. The instruction to increase the emotional response, more
precisely, to view the images as if the depicted scenario was happening to them or to significant others,
led to increased LPP amplitudes compared to the “maintain” instruction. The authors concluded that
this reflects greater emotional appraisal and up-regulation of emotional responses to negative stimuli.
Following this interpretation, high provocation resulted in an enhanced emotional response to both
human and nonhuman stimuli in male cortisol-nonresponders and females of the warm water control
group.
Stress-induced cortisol increase in combination with subsequent high provocation, however,
caused a distinct attenuation of LPP amplitudes, especially in men. Reduced LPP amplitudes were
rather consistently associated with effective down-regulation of the emotional response (Hajcak
& Nieuwenhius, 2006; Moran et al., 2013; Moser, Krompinger et al., 2009; Moser, Most, & Simons,
2010). Hajcak and Nieuwenhius (2006), for instance, instructed participants to generate a less negative
interpretation of unpleasant pictures. This reappraisal led to reduced LPP amplitudes and the extent
of this reduction was positively associated with reductions in the self-reported emotional intensity
after the emotion regulation. Likewise, Moser, and Krompinger et al. (2009) and Moser, and Most et
al. (2010) found diminished LPP amplitudes for unpleasant pictures under the instruction to decrease
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the emotional response by viewing the picture either from a detached perspective or by imagining an
improved scenario. Hence, the present findings suggest that both female and particular highly
provoked male cortisol-responders engaged in emotion down-regulation during affective picture
viewing, possibly via reinterpretation. Besides this form of reappraisal, it is possible that participants
directed their attention towards more neutral image portions, which would result in a similar LPP
reduction (cf. Dunning & Hajcak, 2009; Hajcak et al., 2009). However, similar to the finding concerning
the P3 amplitudes, it hardly seems plausible that participants should regulate actively through shifting
attention or reinterpreting their emotional response towards positive pictures as well, as those should
prompt positive emotions. As suggested above, they might rather seek to generally suppress their
emotional experience. Corresponding, Moser, and Hajcak et al. (2006) and Murata et al. (2013)
reported reduced LPP amplitudes in (Asian) participants, after instructing them to suppress their
feelings, i.e., to decrease the intensity of the elicited emotion. Furthermore, Moser, and Krompinger
et al. (2009) found in the above mentioned study that participants decreased their emotional response
by detaching from the depicted content and only scarcely imagined an improved scenario. Moreover,
LPP amplitudes were found to be related to affective empathy (Groen et al., 2013).
Accordingly, whilst taking into account the desensitization for all but aggressive human
pictures reflected by reduced P3 amplitudes in this group, the present findings indicate that an acute
surge of cortisol together with provoked aggressive behavior led to emotional regulation through
suppression or emotional self-distancing from the depicted content. However, the assumptions about
the particular applied emotion regulation strategy remain speculative so far, as the present study did
not involve corresponding informative data as self-reports. Interestingly, human aggressive pictures
constituted no exception anymore in the time domain of the LPP.

4.4.3

Distinct Effects of Stress and Provocation on Processing of Affective Pictures

The origin of the present study began with the investigations by Bertsch and colleagues (2009, 2011).
Contrary to the mutual influence of stress and provocation on several stages of the processing of
socially relevant stimuli found in the present study, Bertsch, Böhnke, Kruk, and Richter et al. (2011)
reported disjunctive effects for exogenous cortisol and provocation in an emotional Stroop task with
respect to the electrocortical response. An oral dose of 20 mg hydrocortisone led to reduced frontal
P2 amplitudes for all facial expressions, but especially for angry faces, reflecting a diminished bias for
threatening stimuli. Besides, provocation altered the information processing, too, albeit temporally
and spatially distinct from the impact of cortisol. More precisely, the authors found enhanced early
(P1) and later posterior ERPs for all facial expressions (i.e., happy, angry, fearful, and neutral) in highly
provoked participants than in mildly provoked ones. The present findings confirm both of these
patterns insofar as beyond the combined effects of stress and provocation, both exerted influence on
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processing of the affective pictures separately. In the present study, stress led to reduced frontal
positive ERPs irrespectively of provocation, even so all positive waveforms were affected in contrast
to Bertsch, Böhnke, Kruk, and Richter et al. (2011).
Descriptively, cortisol-responders and cortisol-nonresponders compared to the warm water
control group showed an enhanced negativity at frontal leads at beginning around 200 ms after picture
onset and lasting for the time of the LPP. Additionally, independent of the stress manipulation, high
provocation especially enhanced early positive ERPs (P2) for human pictures, irrespectively of the
stimulus valence, indicating enhanced discrimination and categorization of human pictures at early
stages of attention (c.f. Thomas et al., 2007 and cited therein). However, opposite to Bertsch, Böhnke,
Kruk, and Richter et al. (2011), this was not restricted to posterior sites, occurred somewhat later in
the information processing stream, and affected the ensuing N2, too. Moreover, this effect was not
limited to participants with stress-induced elevated cortisol levels, but, regarding the P2 and P3
amplitude, was even more pronounced in cortisol-nonresponders. Hence, stress and stress-induced
increase of cortisol and provoked aggressive behavior had a broader impact on emotional information
processing, extending the previous results of Bertsch, Böhnke, Kruk, and Richter et al. (2011).
Comparing the experimental design of Bertsch, Böhnke, Kruk, and Richter et al. (2011) to the
one of the present study, several differences become apparent which might account for the somewhat
divergent results. First, beyond the fact that hydrocortisone in contrast to a stressor does not affect
the autonomic nervous system similarly, exogenous cortisol manipulation in generally cause
substantially higher levels of cortisol compared to a stressor causing an allocation of all high affinity
receptors. The relevance of the quantity of administered cortisol in the context of emotional
information processing was demonstrated by Taylor, V. A. et al. (2011). They could show that 10 mg
of orally administered hydrocortisone caused increased inhibition for angry faces in a negative priming
task, while 40 mg had no effect. Therefore, similar to cognitive functions, where an inverted U shape
was found rather consistently between influence and quantity of cortisol (e.g., Abercrombie et al.,
2003; Lupien et al., 1999; Mateo, 2008; Salehi et al., 2010; Schilling et al., 2013), the extent of the
impact on emotional information processing might be dose-dependent too, extending effects from
early to later stages of processing. Second, in the emotional Stroop task used by Bertsch, Böhnke, Kruk,
and Richter et al. (2011), the facial expression were task-irrelevant and, as already stated in the
introduction, the task requirements can alter the impact cortisol has on information processing
(Putman, Hermans, Koppeschaar et al., 2007). Third, Bertsch, Böhnke, Kruk, and Richter et al. (2011)
presented facial expressions as emotional stimuli, while in the presented study complex affective
scenes were used. Although both types of stimuli constitute similarly relevant social cues, there is
evidence that they activate brain structures such as the amygdala to a variable extent (e.g., Britton,
Taylor, Sudheimer, & Liberzon, 2006; Hariri, Tessitore, Mattay, Fera, & Weinberger, 2002). Hence,
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these methodological aspects may account for the missing interaction between cortisol and
provocation in the study of Bertsch, Böhnke, Kruk, and Richter et al. (2011).

Taken together, the present results show a pronounced effect of stress-induced cortisol in combination
with provocation on early and later stages of affective processing, even after a considerable time lag
to the stressor and the aggressive encounter. While high provocation caused enhanced discrimination
of, motivational attention for, and emotional response to affective pictures, cortisol abolished or even
reversed this effect. This led to a prominent general negativity, affecting ERPs from about 300 ms after
picture onset. This cortical response it considered as a neural correlate of emotion regulation (Hajcak
et al., 2010; Hajcak & Nieuwenhius, 2006; Moser, Hajcak et al., 2006; Moser, Krompinger et al., 2009;
Moser, Most et al., 2010), which can be defined as the attempts to maintain, reduce, restrain, or
enhance the intensity and time course of emotional experience and expressions (Dennis & Hajcak,
2009; Gross, 2002; Roberton, Daffern, & Bucks, 2012). As mentioned above, this can result in up- or
down-regulation of emotional response towards affective stimuli by strategies as reappraisal or
suppression. The finding that the down-regulation became apparent already around 300 ms, indicates
that this modulation contributes to several early as well as later ERP components. Similarly, Hajcak and
Nieuwenhius (2006) and Moser, and Hajcak et al. (2006) reported modulation of ERPs due to regulation
instruction beginning at 200 ms or 250 ms, respectively, after stimulus onset lasting until offset. The
greater emotional appraisal or reactivity found in the present study, reflected by enhanced N2
amplitudes, falls into line with the assumed emotional down-regulation insofar as Moser, and Hajcak
et al. (2006) as well as Gardener et al. (2013), reporting a similar pattern, concluded that enhanced
emotional reactivity at early stages of the information processing stream proceeds or can even
enhance subsequent regulation. Moreover, taking into account the specific impact of cortisol, there is
evidence that stress has different consequences on the different processing stages. In particular, stress
is assumed to “shift the balance of attention away from a task-directed mode, governed by prefrontal
cortex (PFC), to a sensory-vigilance mode, governed by the amygdala and other threat-sensitive
regions” (Shackman, Maxwell, McMenamin, Greischar, & Davidson, 2011, p. 1156). Accordingly and in
line with the present findings, Shackman et al. (2011) found enhanced early ERPs together with
diminished later ERPs after stress manipulation via threat of shocks. Furthermore, this enhanced
vigilance is at the expense of specificity of amygdala reactivity (van Marle et al., 2009), which accounts
for lack of specificity regarding the stress-provocation impact on the different affective categories.
The present findings do not allow drawing a conclusion about the underlying strategies used
to regulate the emotional experience, more precisely, whether cortisol in combination with provoked
aggressive behavior led to suppression, attention shifting, or reappraisal. Likewise, the motivations
and reasons underlying this regulation remain open. Taking into account the different interpretations
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of outstanding processing of human aggressive scenes in the time domain of the P3, at least two
possible explanations can be drawn with different implications for cognitive processing, experience,
and behavior of subsequent situations.
On the one hand, emotion regulation in the terms of suppression may aim to negotiate
aggressive motivational tendencies elicited through cortisol and provocation. On the other hand,
highly provoked cortisol-responders might seek to cope with the negative emotional state due to the
manipulation to restore their emotional well-being. Both the stressor and the aggressive encounter
might be experienced as aversive, threatening, and thus in a sense as uncontrollable, for what reasons
participants might protect themselves from further (aversive) influences and engage in self-distancing
strategies. Whereas the first explanation suggests a possible escalation of aggressive behavior in case
of further provocation or otherwise subjectively aggression-promoting conditions, the second
explanation indicates a flight response or avoidance tendencies. However, in this respect the employed
strategies of emotion regulation are of particular importance, as different types require different
amount of physiological or cognitive costs (Gross, 2002; Gross & John, 2003; Hajcak & Nieuwenhius,
2006; Richards & Gross, 2000; Roberton et al., 2012). Accordingly, reappraisal is considered as an
effective and economic strategy in terms of required effort and cognitive resources (Dennis & Hajcak,
2009; Richards & Gross, 2000). In contrast, suppression and emotional avoidance are counted among
maladaptive over-regulating strategies, which decrease the resources to manage further internal or
external stressors (Roberton et al., 2012). Roberton et al. (2012) further points out that over-regulation
might enhance aggression by several mechanisms, as for instance by intensifying negative affect and
physical arousal, hampering decision making processes as well as inhibitory mechanisms against
aggression, and impairing social networks. Consequently, despite distinct emotion (over-)regulation,
maladaptive suboptimal strategies might be precisely the reason why individuals may be more
vulnerable for further (misattributed) aggression-provoking events and stimuli. Thereby aggression
might be facilitated and escalation as well as transfer into another context becomes more likely.
Finally, one aspect needs further notice. The lag of time between the stressor, and thereby the
peak of cortisol, and the passive viewing constituted nearly half an hour. About 10 min passed after
the provocation until affective pictures were presented. On that account, the present findings have to
be considered with respect of temporal dynamics of acute cortisol, arousal, and anger or aggressive
state, respectively. While (intense) anger can last over half an hour (Potegal, 2010), the temporal
progress of different aspects of the stress response including cortisol increase and subsequent
decrease are shorter (e.g., Koolhaas, Meerlo, De Boer, Strubbe, & Bohus, 1997). In the present study,
though still significantly enhanced, the level of cortisol due to the stressor had decreased by half to
the point when the affective pictures were presented. Furthermore, physiological counter-regulatory
processes in response to the HPA axis activation and sympathetic arousal are presumably already
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proceeding. Thus, the direct impact immediately after the aggressive encounter might be different to
the current findings. Nevertheless, the substantial impact of acute endogenous cortisol increase and
provocation in the context of an aggressive encounter on affective social information processing,
despite elapsed time, underline its relevance in subsequent discrete social interaction.

4.4.4

Limitations and Future Directions

The present study is limited in some respects. First, regarding the presented pictures, at least two
confounding effects have to be considered. To begin with, aggressive pictures generated higher levels
of arousal compared to negative and positive pictures. Although this is a natural, ecologically valid, and
unavoidable characteristic of this type of stimuli, it cannot be ruled out that the observed effects were
due solely to arousal and not to the affective category. Moreover, the nonhuman aggressive picture
category consisted exclusively of images of weapons, while the other two nonhuman categories
included, besides unanimated man-made objects, landscapes and animals as well. Additionally, the
lack of neutral images does not allow drawing conclusion whether the reported effects are limited to
emotional stimuli. Furthermore, concerning human aggressive scenarios, future studies should
enquire whether individuals viewed these images from the perspective of the offender or the victim.
Second, no measurements of the autonomic response to the stressor and the aggressive
encounter were included in the present study. Therefore I cannot rule out or specify confounding or
mutual effects of the adrenergic system in the stress – aggression relation on the information
processing. Cardiovascular reactivity especially seems to constitute an important variable in aggressive
conduct (e.g., Herrero, Gadea, Rodriguez-Alarcon, Espert, & Salvador, 2010; Murray-Close & Crick,
2007; Scarpa & Raine, 1997), and should be considered with regard to the distinction of cortisolresponders and –nonresponders. Besides, there is some evidence that arousal of the autonomic
nervous system has an impact on processing of emotional material as well (Berntson, Sarter, &
Cacioppo, 2003; Chamberlain, Müller, Blackwell, Robbins, & Sahakian, 2006). Moreover, measures as
the emotion-modulated startle or eye tracking techniques would elucidate the role of appetitive versus
aversive motivational tendencies and directed attention and thereby help clarifying the processes
underlying the LPP reduction.
Third, the applied stress test led to an intermediate rise in cortisol. To further clarify the role
of the amount of free cortisol on emotional information processing, a dose-response study or the
usage of stress tests resulting in a higher surge of cortisol, like the TSST (Kirschbaum et al., 1993), could
provide evidence to integrate the results of the present study and those of Bertsch, Böhnke, Kruk, and
Richter et al. (2011).
Fourth, from a methodological perspective, the singular measurement of the passive viewing
task is suboptimal, especially with regard to the post-hoc classification of the stress group in cortisol124
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responders and –nonresponders. A pre-post design would, amongst others, clarify whether these
groups differ in their emotional information processing independently of the acute HPA axis, as well.
Fifth, the validity of the present results is limited to the given time lag between stressor,
aggressive encounter, and emotional information. Hence, further investigation of the temporal
dynamics of the caused emotional regulation is necessary. Moreover, the extension by another
subsequent distinct measure of aggressive behavior might be worthwhile to elucidate possible
escalation or transfer of violence.
Finally, the present study is also restricted with regard to its ecological validity. Despite the
passive viewing paradigm, the laboratory surroundings still require some sort of self-control to
complete the experimental session, for what reason emotion regulation might be prompted. In this
regard the usage of transcranial magnetic stimulation (TMS) might be interesting to inhibit neural
circuits of emotion regulation in the context of stress and provocation.

4.4.5

Conclusion

The present study provides evidence for a mutual impact of stress-induced cortisol and provocation
on emotional information processing after an aggressive encounter. While provocation led to a more
elaborate and effortful processing, cortisol abolished or even reversed this influence, resulting in
pronounced emotional regulation. This was apparent for all emotional stimuli, positive as well as
threat–related and -unrelated negative ones. Since emotional regulation depletes limited cognitive
resources at costs of further processing, these results indicate that stress might promote aggression
beyond a current aggressive encounter, and in this way contributing to escalation and transfer of
aggressive behavior into ensuing situations.
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5.1 Summary of the Findings
The present thesis aimed to further elucidate the relationship between stress and aggression and
possible influencing factors, more precisely inhibitory control and the processing of aggression-eliciting
cues and affective information, with special regard of neurophysiological correlates of information
processing. For this purpose, two event-related potential studies with healthy participants were
conducted, both successfully inducing stress and HPA axis activation by means of the socially
evaluated-cold pressor test (Schwabe et al., 2008).
Study 1, as outlined in Chapter II, covered the influence of a psychophysiological stressor and
the thereby caused increase of cortisol on inhibitory control, i.e., response inhibition, measured via a
Go Nogo task in healthy male participants. Though neither stress itself nor the stress-induced cortisol
increase had an effect upon behavioral performance, electrophysiological correlates were altered by
stress as a function of stress-induced HPA axis activation. These differences became apparent at early
positive and negative event-related potentials (ERPs) and were more pronounced in cortisolnonresponders. More precisely, stressed individuals without an HPA axis activation exhibited a
reduced P2 amplitude to the Go stimuli, resulting in diminished Go>Nogo pattern16, and showed more
negative N2 amplitudes to both Go and Nogo stimuli. In contrast, in individuals with a stress-induced
increase of cortisol P2 amplitudes to both types of stimuli, as well as the N2 amplitude to Nogo stimuli,
remained unchanged and only the N2 amplitude to Go stimuli was enhanced after the stressor. In
short, the absence of a notable HPA axis response to the stressor caused interferences with cognitive
processing of response activation and inhibition, while stress-induced HPA axis activation maintained
neural processes of response inhibition and augmented those for response performance, suggesting
overcorrection and caution regarding the latter in favor of successful inhibitory control.
Chapter III comprised the part of study 2, which dealt with the relationship of stress and
aggression in the proper sense, examining the impact of a psychophysiological stressor on subsequent
covert and overt aggressive behavior to different levels of provocation and the processing of the latter
in males and females. While subjective experience and aggressive behavior was more affected in
women, men showed predominantly altered neural correlates of information processing. An
endogenous increase of cortisol enhanced aggressive behavior in response to high, but not low
provocation in females and more pronounced for covert aggressive behavior, albeit without exceeding
the level of the unstressed control group. Stress without HPA axis activation, however, resulted in
hardly any aggressive behavior to low and high provocation in men and women. Regarding
electrophysiological correlates, stress and provocation complexly altered the processing of the

16

i.e., P2 amplitude was more positive in Go trials compared to Nogo trials.
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aggression-provoking stimulus. Depending of the stress-induced HPA axis activation, high provocation
resulted either in an enhanced or a reduced positivity in the time window of the P3. Moreover, this
pattern was differently pronounced at frontal and parietal leads and was rather opposite in men and
women. High provocation resulted in enhanced frontal and parietal P3 amplitudes, respectively, in
men of the control group and those without acute HPA axis activation to the stressor. A stress-induced
increase of cortisol, however, reversed this pattern with a reduced P3 amplitude in response to high
provocation. On the other hand, stressed women with stress-induced HPA axis activation showed an
enhanced frontal P3 amplitude to high provocation, while highly provoked female cortisolnonresponders exhibited an enlarged parietal distributed P3 amplitude. These findings may indicate
that stress-induced increase in cortisol caused rather a desensitization in males and an impaired
processing of aggressive-eliciting stimuli, whereas females with increased endogenous cortisol showed
more of a preferential, more elaborate processing of these. Moreover, as the ERPs were not closely
linked to aggressive behavior, these findings rather suggest different underlying processes resulting in
similar performance.
The influence of stress and aggressive behavior on subsequent affective information
processing, part of study 2, are reported in Chapter IV. Stress-induced elevated cortisol levels and
provocation jointly altered subsequent affective information processing at early as well as later stages
of the information processing stream. High provocation led to reduced N2 and enhanced P3 and LPP
amplitudes for all affective pictures in the warm water control group, especially in females. Stress
without HPA axis activation led to a more or less similar pattern in response to provocation. In contrast,
stress-induced acute HPA axis activation abolished or even reversed this pattern, resulting in reduced
P3 and LPP amplitudes, the latter particularly pronounced in male cortisol-responders. In line with this
reversion, male cortisol-responders showed enlarged N2 amplitudes comparing high versus low
provocation, whereas highly provoked female cortisol-responders still exhibit reduced N2 amplitudes,
albeit less pronounced compared to the control group. Overall, these findings were not specific for
threat-related stimuli; even so pictures with assault and abuse were processed with descriptively
enhanced motivational attention under increased levels of cortisol irrespectively of provocation, as
slightly enhanced P3 amplitudes suggest. In summary, these findings indicate that increased levels of
cortisol together with high provocation led to initially enhanced emotional reactivity in males, but
ensuing reduced motivational attention and enhanced emotional regulation in both men and women.
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5.2 Discussion and Integration
5.2.1

Stress, Aggression, and Inhibitory Control
The origins of the present thesis are the findings by Kruk et al. (2004), who demonstrated that

a surge of glucocorticoids facilitate hypothalamic aggressive behavior in rodents. Previous research on
the aggression-promoting impact of stress and cortisol in humans was primarily of correlative nature
(e.g., McBurnett et al., 2000; Poustka et al., 2010; Rudolph et al., 2010; Victoroff et al., 2011). Verona
and colleagues, however, investigated the causal relationship of acute stress on concurrent or
subsequent aggressive behavior, respectively, albeit without consideration of cortisol (Verona
& Curtin, 2006; Verona et al., 2006; Verona & Kilmer, 2007; Verona et al., 2007). Böhnke, Bertsch, Kruk,
and Richter et al. (2010) were the first to show aggression-promoting effects of cortisol in humans,
manipulating levels of the stress-hormone pharmacologically. Carrying this on, study 2 of the present
thesis explored the impact of acute stress-induced increase in cortisol on aggressive behavior.
Aggressive behavior was altered by stress as a function of HPA axis activation, but in a more complex
way than the results of Kruk et al. (2004) suggest, confirming previous findings only in parts. In line
with Böhnke, Bertsch, Kruk, and Richter et al. (2010), women were more affected by rise of cortisol
relative to men. However, aggressive behavior was only enhanced by cortisol in case of high
provocation and only up to the level of highly provoked females of the control group. Thus, the stress
hormone did not automatically lead to an actual outburst of violence, not even under high provocation,
highlighting the importance of the co-occurrence of cortisol increase and aggression-eliciting stimuli.
Still, relative to stress without a notably HPA axis activation, stress-induced rise in cortisol enhanced
aggressive behavior in females, particularly in the case of covert aggression. The fact that women with
stress-induced HPA axis activation reacted more aggressively to high provocation relative to men,
might be ascribed to the features of the stress-induction in combination with high provocation. So,
Knight et al. (2002), discussing emotional arousal in the context of gender differences in aggression,
suggest the circumstances in which aggression is elicited may be crucial, also with regard to the evoked
arousal, as men and women react aggressively to different situations and elicitors (cf. Chapter III).
In contrast to Verona and colleagues (Verona & Curtin, 2006; Verona et al., 2006; Verona
& Kilmer, 2007), men did not behave more aggressively after stress, either with or without induced
HPA axis activation. This insusceptibility of men toward stress and induced endogenous rise in cortisol
is found as well in study 1, which was carried out to investigate the impact of stress-induced cortisol
on inhibitory control. Contrary to expectations, again neither stress itself nor cortisol had an impact on
performance in the response inhibition task. This joins previous studies on stress and inhibitory control
yielded contradicting results, which so far revealed either improved (Oei et al., 2009; Schlosser et al.,
2013) or impaired (Scholz et al., 2009), or unaffected behavioral performance (Wolf et al., 2001;
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Zwissler et al., 2011). Incorporating these different results, the hypothesized assumption that stress
interferes with cognitive control processes does not hold true offhand for inhibitory control. Impacts
of stress and cortisol on response inhibition rather seem to depend on different aspects within the
situation or person, for instance workload, task characteristics, or quality and quantity of the cortisol
manipulation (see Chapters 2.4.1, p.33 ff. and 2.4.2, p.36 ff.). Unfortunately, study 1 did not include
women, leaving the question unanswered as to whether women would show rather impaired
performance in the cognitive control task or not.
Taken together, the behavioral results of both studies show no or less prominent impact of
cortisol than expected, particularly regarding male participants. Instead, men, and to a lesser extent
women as well, are able to counter the situation following the activation of the HPA axis in a more or
less adaptive manner.

5.2.2

Stress and Aggression – Impact on Information processing

Stress-induced elevated cortisol levels affected neural correlates of information processing throughout
both studies and different tasks, albeit differently than originally expected.
Contrary to the assumed impairment of prefrontal-based cognitive control processes, cortisol
maintained neural correlates of inhibitory control relative to stress without HPA axis activation, rather
leading to an overcorrection of response activation. So far, to my knowledge no study on this topic
included EEG measurements. The results revealed the frontal P2 and N2 amplitudes to be affected by
stress or stress-induced cortisol increase. These early components are assumed to reflect attentionaland discrimination-related processes: the P2 has been associated with improved processing of stimuli
requiring a response (e.g., Benikos et al., 2013; Gajewski & Falkenstein, 2013; Potts, 2004) and the N2
has been linked among others to response conflict (Donkers & van Boxtel, 2004; Enriquez-Geppert et
al., 2010; Nieuwenhuis et al., 2003). Accordingly, stress with and without HPA axis activation altered
early sensory-driven and encoding processes with cortisol supporting a successful response inhibition.
In comparison, the ensuing component, the P3, which is linked to motor response inhibition and the
completion of the inhibitory process (e.g., Band & van Boxtel, 1999; Bruin et al., 2001; Smith et al.,
2008); remained unaffected by the stress manipulation. Accordingly, the results of the
neurophysiological basis of response inhibition mirror the behavioral findings of near-faultless
performance.
For a start, Chapter III revealed that high provocation resulted in more elaborate processing of
aggression-eliciting stimuli during the aggressive encounter, as enhanced left and central P3
amplitudes suggest. This is in line with other studies, showing altered information processing in
participants engaged in an aggressive behavior (Krämer et al., 2008; Krämer et al., 2007; Lotze et al.,
2007; Wiswede et al., 2011). Furthermore, the stress procedure had a complex impact on the
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processing of the aggression-eliciting stimuli, depending on the HPA axis activation and gender, albeit
without correlating with aggressive behavior. While stress-induced cortisol resulted in diminished
processing in highly provoked men, as a reduced P3 amplitude suggests, it had the reversed impact in
highly provoked females who showed an enhanced P3 amplitude, indicating enhanced sensitivity and
attention allocation for the provoking stimuli. Highly provoked females of the control group, however,
showed a reduced partial P3 amplitude. To put it in a nutshell, high provocation had the opposite
directed influence on information processing under increased cortisol levels compared to the control
group, in both men and women.
The similar pattern was found in subsequent processing of all affective pictures (Chapter IV).
Again, under stress-induced increase of cortisol high provocation had opposite effect on early as well
as later stages on the information processing stream relative to the control group and stress without
HPA axis activation. The N2, the P3, and especially the LPP amplitudes showed pronounced effect of
the stress manipulation, with enlarged N2 (in men) and reduced P3 and LPP amplitudes under
increased cortisol levels and high provocation, indicating initially increased emotional reactivity in
males, but ensuing diminished motivational attention and enhanced emotional regulation in both men
and women. To date, to my knowledge, no studies on the influence of cortisol or stress on information
processing during an aggressive encounter exist (c.f. Chapter III). However, the findings regarding the
subsequent affective information processing are in part supporting the results of Bertsch, Böhnke,
Kruk, and Richter et al. (2011) who reported enhanced P1 and LPP amplitudes for emotional facial
expressions in the case of high provocation, but diminished P2 amplitudes in the case of exogenous
cortisol administration. Nevertheless, in contrast to Bertsch, Böhnke, Kruk, and Richter et al. (2011),
the present findings revealed a mutual impact of endogenous cortisol and high provocation, affecting
almost the complete stream of processing.

In summary, the present findings support the assumption that stress-induced cortisol influences
information processing of cognitive control as well as affective information, and confirms that this
impact is more distinct regarding emotional material (Abercrombie et al., 2006; Buchanan & Lovallo,
2001; Luethi, 2008; Roozendaal, 2000; van Honk et al., 1998). More importantly study 2 highlights its
relevance in the context of aggression, endorsing the hypothesis of Kruk et al. (2004) that the
relationship of stress and aggression might be mediated by a change in the processing of aggressionpromoting stimuli. Moreover, its possible key role in escalation of aggression became apparent as the
impact of cortisol and provocation affected later affective information processing within another
context. Accordingly, these findings reach beyond the postulation of the GAM (Anderson & Bushman,
2002), as beside situational factors (i.e., provocation or stress), endocrinological processes are
essential in the elicitation and the persistence of aggressive behavior.
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However, similar to the results of the behavioral data, the impact of cortisol was opposite to
the expected direction. Instead of a simple reinforcement of the provocation-effect, cortisol acted
contrary to this. Alike, processes of response inhibition were supported by stress-induced HPA axis
activation. Together with the limited fortification of aggressive behavior and the successful response
inhibition performance, these results indicate a regulation-promoting effect of cortisol.
De Kloet, Oitzl, and Joëls (1999) assume that the circumstance in which the glucocorticoids
bind to the different receptor types, i.e., glucocorticoid (GRs) and the mineralocorticoid receptors
(MRs), is deciding for determining steroid-mediated effects. These glucocorticoid effects “generally
favour adaptive behaviour that is most relevant to the situation.” (de Kloet et al., 1999, p. 422). Hence,
even if the experimental manipulation, i.e., the stress procedure, induced “fight-flight” tendencies, it
took place within a superordinate setting which requires a different more controlled behavior. Quite
likely, participants supposed that they were expected to complete the tasks and the session as well as
possible. A flight in a physical sense was not an actual option, as amongst others the EEG device linked
them literally to the experimental situation, and it is uncertain whether the participants experienced
a possibility to fight in study 1 and to effectively defeat their opponent during the aggression paradigm
in study 2, as they had no control to end the encounter. Seen from this angle, the most appropriate
behavior under these conditions would have been any in favor of a proper completion of the
experimental session. This would have required regulatory mechanisms to cope with the stressor and
manage induced motivational tendencies as well as protecting the organism from further negative
influences. These processes might be reflected in the electrophysiological data.

This raises the question whether the pharmacological and animal-based findings of Böhnke, Bertsch,
Kruk, and Richter et al. (2010) and Kruk et al. (2004), respectively, as well as the assumed impairment
of cognitive control through stress cannot be readily transferred to a moderate psychophysiological
stressor. Notwithstanding the successful coping and regulation with and of the stressor and its
consequences, the present findings reveal the need for adaptive and regulatory mechanisms in these
situations, which show at least a different pattern compared to possible mechanisms of the warm
water group or cortisol-nonresponders. Besides, the activation of the HPA axis with its end products is
energetically costly. Consequently, it is questionable whether the regulatory processes are actually
more adaptive relative to the strategies of cortisol-nonresponders who showed similar successful
response inhibition and generally low levels of aggressive behavior.
According to the cognitive-energetical framework by Hockey (1997), regulatory processes
required for coping with stress allocate resources at the expense of performance. Hence, it can be
assumed that under a higher workload or greater stress the available resources would not be sufficient
to cover both stress-coping and accurate performance. Moreover, Roberton et al. (2012) reviewing the
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impact of emotion regulation on aggression outlines that the over-regulation of emotion can actually
enhance aggressive behavior via several routes, for instance, by increasing negative affect, lowering
inhibition of aggression through cognitive deconstruction or, increasing physical arousal. Therefore,
besides the often discussed aggression-promoting effect of impaired emotion regulation (as reviewed
for instance in Davidson et al., 2000; Roberton et al., 2012), a suppression of aggressive tendencies
through over-regulation may eventually even increase the likelihood of aggressive behavior. Similarly,
Stucke and Baumeister (2006) and DeWall et al. (2007) could both show in a series of studies that selfregulation is a finite resource, making use of it increases aggressive behavior.
Taken together, pronounced enhanced aggressive behavior and impairment of cognitive
control through stress, i.e., cortisol, might be entirely possible under the higher workload or
circumstances requiring either too much emotion regulation or preventing regulatory mechanisms.

5.3 Strengths and Limitations
The present thesis is the first to investigate the impact of acute stress on subsequent aggressive
behavior and closely connected information processing, using a multi methodology approach. Beside
self-report and behavioral data, endocrine and physiological measures were included to gain a
comprehensive picture. Stress, aggression, inhibitory control, and affective information processing
were induced and/or measured, respectively, applying well-established and validated methods (for
further information see respective paragraphs in Chapters II – IV).
Beyond subjective stress reports, salivary cortisol measurements allowed the determination of
HPA axis reactivity to the stressor and thereby a classification of cortisol-responders and nonresponders. Moreover, the stress-induction via the socially evaluated-cold pressor test constitutes
a more ecologically valid method to induce stress relative to pharmacological manipulation and its
reapplication in both studies allowed a more systematic examination of its effect on different
subsequent paradigms.
In contrast to many previous studies relying on self- or other-reports of aggression and anger,
aggressive behavior was elicited through provocation and measured under experimental conditions.
Beyond that, taking up the distinction between covert and overt aggressive behavior of Verona et al.
(2007), study 2 considered the role of different, more gender-specific forms of aggression with respect
to the cortisol-aggression relationship. Moreover, the usage of the same version of Taylor Aggression
Paradigm (TAP), used by Böhnke, Bertsch, Kruk, and Richter et al. (2010) and Bertsch, Böhnke, Kruk,
and Richter et al. (2011) laid the foundations for a comparison of effects of these previous studies on
cortisol, aggression, and information processing with the present findings.
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With respect to social information processing, the affective viewing paradigm described in Chapter
IV includes images of different affective categories, aggressive scenes and weapons being of particular
interest, whereby the previous findings regarding social information processing in the context of stress
and aggression could be extended by new insight about its specificity. Besides, the relevance of
performance requirements vs. passive intake concerning this matter became apparent. Additionally,
the lag of time between stressor, aggressive behavior, and emotional stimuli offered further insight in
the temporal dynamics of its consequences.
Finally, applying event-related potentials, which present the key advantage of very high temporal
resolution of neural processing, in both studies for several tasks provided the opportunity to examine
the underlying mechanisms within the different stages of the stream of information processing.

Despite the above mentioned strength of the present thesis, some general limitations should be
considered.
First, the achieved HPA axis activation or more precisely, the achieved increase of cortisol due to
the stress-induction in cortisol-responders was on average relatively low compared to others
laboratory stressors as the Trier Social Stress Test (Kirschbaum et al., 1993). As a consequence, the
present findings should only carefully be universalized to other stress contexts with different HPA axis
activation.
Second, regarding study 2, the experimental induction and measurement of aggression resulted in
intermediate aggressive behavior on average, even after provocation and stress. The TAP has been
extensively validated, showing good external, construct, and discriminant validity (Anderson
& Bushman, 1997; Bernstein et al., 1987; Giancola & Parrott, 2008; Giancola & Zeichner, 1995; Phillips,
2011). Nevertheless, the applied paradigm shows the same weaknesses as most of the classical
laboratory aggression paradigms (Ritter & Eslea, 2005) and the manipulation and procedure in
laboratory settings might be considered as artificial, especially as the provocation settings were fixed
and not adaptively changing with the reactions of the participants. Besides, the stepwise increasing
amount of provocation allow time for adjusting oneself to the situation, for what reason the impact of
cortisol might be reduced (see below, fifth article of limitations) and control mechanisms are effective.
Moreover, the aggressive behavior, covert or overt, both caused physical harm of the alleged
opponent, whereby participants of a presumably rather unaggressive population are reminded of the
Milgram experiment (Milgram, 1963).
Third, both studies concentrated exclusively on cortisol and event-related potentials, although
measurements of the adrenergic system and further hormone levels may offer further insight in the
relationship of stress and aggression as well as further information to characterize cortisol-responders
and –nonresponders. In particular, cardiovascular reactivity and the hormones serotonin and
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testosterone seem to constitute an important variable in aggressive conduct as well as in the
processing of threat-related material (e.g., Carre & Mehta, 2011; Klinesmith, Kasser, & McAndrew,
2006; Montoya et al., 2012; Murray-Close & Crick, 2007; Popma et al., 2007).
Fourth, another aspect needs further consideration. As outlined in the introduction,
glucocorticoids exert their effect via both genomic and non-genomic pathways (de Kloet, et al., 2005;
Makara & Haller, 2001; Sutter-Dub, 2002; Tasker et al., 2006). Crucial in this regard is the temporal
delay in which the different mechanisms take place. The time frame for genomic-based effects amount
to 15 minutes at least after the stressor, whereas non-genomic effects become apparent within
seconds to minutes (Makara & Haller, 2001). Thus, the glucocorticoid effects on aggressive behavior
in all likelihood happened within the time window of non-genomic effects, whereas the processing of
affective information 30 min after the stressor should be accordingly influenced by cortisol through
genomic pathway. However, the response inhibition paradigm was carried out in alternating order
with a task switch paradigm, i.e., few minutes after the SECPT or approximately 15 min later, for what
reasons both non-genomic and genomic exerted their impacts on inhibitory control. This is of particular
interest, as rapid non-genomic effect may not inevitably have the same direction as genomic effects
(Makara & Haller, 2001, p. 379). For instance, Henckens, van Wingen, Joels, and Fernandez (2012) and
Pabst, Brand, and Wolf (2013) both reported time-dependent differences regarding the impact of
exogenously or stress-induced elevated cortisol levels on selective attention and decision making,
respectively. Opposite directed influences may have additionally contributed to the comparably lower
effects, in terms of effect sizes, of stress-induced cortisol on cognitive processing during the Go Nogo
task. Alike, these different temporal-dependent mechanisms may add to the above reviewed
differences regarding the present findings of cortisol and aggression and those of Böhnke, Bertsch,
Kruk, and Richter et al. (2010), as the latter were caused by genomic processes with certainty.

5.4 Future Research - Suggestions
In accordance with a fruitful research, the present work points out several further research questions
which should be addressed in future studies. Two overall objectives can be drafted: On the one hand,
what are the conditions in which stress leads to impaired cognitive control and distinctly enhanced
aggressive behavior and, on the other hand, by which means are we able to successful cope with the
situation?
First, to further clarify the role of the amount of free cortisol on the extent of aggressive
behavior or cognitive control, a pharmacologic dose-response study as well as the comparison of
several stress tests resulting in different levels of endogenous cortisol, like the TSST (Kirschbaum et al.,
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1993) in comparison to the SECPT, could provide evidence for a much-needed integration of previous
results.
Second, concerning the aggression paradigm, further research is needed in respect to several
aspects. For one thing, a paradigm with a prompt provocation instead of an increasing design would
elucidate the temporal characteristics between stressor and provoked aggression regarding genomic
and non-genomic time lags as well as whether immediate regulatory mechanisms exist. In addition,
the different forms of aggressive behavior should be considered, in particular with regard to genderspecific differences and their naturalistic occurrence. Closely related to this, it might be promising to
examine the impact of the offender’s sex as well as if the person linked to the origin of the stressor
and to the provocation is identical or different.
Third, the present study indicated the relevance of situational factors besides the mere
endocrine stress-response in determine aggressive behavior and information processing. Thus, it might
be worthwhile to take into consideration how the different experimental manipulations throughout
the session are evaluated by male and female participants. For instance, whether a stress procedure
itself is considered a provocation or a defeature, might be determining for subsequent behavior. The
impact of the outcome of a previous fight on subsequent behavior and strategies could even be shown
in Drosophila melanogaster- the fruit fly, as a model organism for studying aggressive behavior
(Yurkovic, Wang, Basu, & Kravitz, 2006).
Fourth, further research is needed to elucidate which coping strategies and regulatory
mechanisms are used by men and women as well as subjective evaluation of the situation depending
on HPA axis activation, while taking into account their efficiency and adaptive features. In particular,
the use of Transcranial magnetic stimulation (TMS) to inhibit prefrontal-based function might clarify
cognitive control processes which may regulate the influence of stress and cortisol.
Finally, to fulfil the complexity of this topic, in particular the relationship between stress and
aggression, future studies should include both adrenergic and central nervous systems as well different
endocrine measurements. This would provide the opportunity to characterize the physiological stressresponse and the physiological reactions associated with aggressive behavior as well as conditional
features of their interaction, for example the testosterone-cortisol ratio (cf. Carre & Mehta, 2011) in
more detail. Furthermore, classifying participants according to trait endocrine measurements, as for
instance the cortisol awakening response (CAR) prior to the experimental session, allows the random
assignment of participants to the different manipulations. Additionally, as the EEG has only a rather
low spatial resolution, a combination of EEG with fMRI would give insight in the involved cortical and
subcortical structures.
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5.5 Conclusion
The present thesis set out to investigate the influence of stress on inhibitory control and aggressive
behavior as well as on processing of aggression-eliciting and affective information in healthy adults,
with special regard of neurophysiological correlates of information processing. For this purpose two
ERP studies using the socially evaluated-cold pressor test as a stress-manipulation were carried out. In
short, the behavioral results revealed that (1) despite a stress-induced HPA axis activation, male
participants are able to complete their tasks without noticeable impairment, and (2) in women, but
not in men, a stress-induced rise of cortisol levels causes enhanced aggressive behavior to high
provocation, highlighting the significance of aggression-eliciting cues and gender differences in the
relationship of stress and aggression. Unlike this rather moderate impact on behavior, cortisol showed
a distinct impact on neural correlates of information processing throughout inhibitory control,
aggression-eliciting stimuli, and emotional material for both men and women. At this, stress-induced
increase of cortisol (1) entailed a preservation of inhibitory processes with concurrent overcorrection
of response processes; (2) caused gender-specific counteracting alterations of motivational processing
of aggression-eliciting stimuli under high provocation; and (3) in combination with high provocation
enhanced emotional regulation of all kinds of affective material, even in a considerable time lag to the
experimental stress- and aggression induction. Accordingly, the present results not only confirm the
relevance of HPA axis activity in the elicitation and persistence of human aggressive behavior, but also
reveals the importance of compensatory and emotion regulatory strategies and mechanisms in
response to stress and provocation, confirming the relevance of social information processing in this
context. Consequently, more research is needed, in particular to disentangle the conditions under
which aggression is fortified by stress and by which strategies an outburst of violence or an escalation
can be prevented. The present work demonstrated the excellent suitability of a combination of
psychophysiological, endocrine, and behavioral methods and measures to investigate a complex topic
as the relationship of stress and aggression.
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