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Summary 

Violent actions perpetuated by humans can have different psychological motivations and 

functions. Research up until now has focused either upon reactive or instrumental aggression. 

The former is motivated by self-defense in response to a perceived threat and the latter is carried 

out for an ultimate gain, e.g. power, money, social status, sex. What has been neglected thus far 

in research is hedonically motivated aggression, which we call ‘appetitive aggression’. This is 

aggression that is in itself rewarding, independent of ultimate goals. Here hunting, torturing or 

killing someone else induces feelings of power, euphoria, and even drug-like addiction (Elbert, 

Weierstall, & Schauer, 2010).  

Such aggression has been interpreted as a manifestation of clinical psychopathology. 

However, field studies show that this is a major motivation underlying human violence in 

conflict lands. If appetitive aggression is in fact an adaptive and universal form of aggression, 

this has implications for its underlying neurobiological and physiological substrates. This project 

aims to empirically test this. 

In the first experiment, we measured men and women’s responses to the scent of blood. 

This was derived from the assumption that appetitive aggression involves a hard-wired appetitive 

response to violence-related stimuli (Nell, 2006), as well as field observations of ex-combatants 

who associated the scent and taste of blood to be addictive (Elbert et al., 2013). We found a 

variety of responses to the scent of blood in both sexes, with women showing a differential 

response dependent upon the phase of their menstrual cycle. This complex response to the scent 

of blood requires more studies to test whether this represents a state or trait response.  

In the second experiment, we examined whether appetitive aggression could be 

differentiated from reactive aggression at the level of functional neural activity using dramatic 

testimonies to induce different aggression subtypes in student participants. This showed a 
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general left frontal desynchronization in delta (2-5 Hz) and alpha (8-12 Hz) for both reactive and 

appetitive aggressive groups, but a differentiation between these two forms in a right parietal 

delta region. This region has previously been shown to be sensitive to prenatal testosterone 

modulation (Lombardo et al., 2012), and plays a role in empathy (Decety & Lamm, 2007). This 

functional change in empathy is congruent with the idea that appetitive aggression involves a 

suppression of empathy for another person, and is comparable with similar deficits in clinically 

diagnosed psychopaths (Müller, Gänßbauer, et al., 2008).  

Finally, field studies have shown that appetitive aggression provides a psychological 

defence against Posttraumatic stress disorder (e.g. Weierstall, Schalinski, Crombach, Hecker, & 

Elbert, 2012b). We measured 107 active soldiers frontal neural activity with EEG, to see if the 

complexities of these interactions could also be seen at the level of functional neural activity. 

The results showed clear correlations between this activity and measured psychological traits and 

experiences. This is a pilot study for a larger sample (N ≈ 500), and the strength of the relations 

both demonstrates validity of concept of appetitive aggression as well as the viability of an 

epidemiological paradigm to neuropsychological measures of trauma and aggression.  

This study used three different paradigms to test different aspects of the theory of 

appetitive aggression, showing that it could be neurophysiologically differentiated from reactive 

aggression; using novel means to induce and assess aggression in the laboratory, including 

dramatic testimonies and artificially created scent of blood, and validating the concept at the 

neurophysiological level in populations in peaceful societies as well as active combatants in a 

post-conflict land.  
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Zusammenfassung 

Menschliche Gewalt kann verschiedene psychologische Motivationen und Funktionen 

haben. Die bisherige Forschung untersuchte dabei überwiegend reaktive und instrumentelle 

Formen der Aggression. Reaktive Aggression ist gekennzeichnet durch eine 

Selbstverteidigungsreaktion gegen eine wahrgenommene Bedrohung. Instrumentelle Aggression 

wird durchgeführt, um ein bestimmtes Ziel zu erreichen, z.B. Macht, Geld, höheren sozialen 

Status oder Sex. Bisher ist die hedonisch-motivierte Aggression, die wir ‚appetitive Aggression’ 

nennen, kaum untersucht. Diese Form der Aggression wirkt an sich belohnend: Jagen, Foltern, 

oder Töten von Menschen kann positive Gefühle von Macht oder Euphorie hervorrufen und 

kann sogar sucht-ähnliche Qualitäten aufweisen. Feldstudien zeigten, dass appetitive Aggression 

eine Hauptmotivation vieler Gewalttaten in Kriegsländern darstellt (Elbert, Weierstall, & 

Schauer, 2010).  

Diese Art von Aggression wurde bisher hauptsächlich als Manifestation klinischer 

Psychopathologie interpretiert. Feldstudien zeigen jedoch, dass diese Form der Aggression eine 

der zugrundeliegenden Hauptmotivationen für menschliche Gewalt und Tötungsbereitschaft in 

Konfliktregionen ist. Wenn es sich bei ‚Appetitive Aggression’ also tatsächlich um eine adaptive 

und universelle Form von Aggression handelt, ließen sich bestimmte Hypothesen über die 

dazugehörigen neurobiologischen und physiologischen Substrate ableiten. Ziel dieses Projekts ist 

es, diese empirisch zu evaluieren.  

Im ersten Experiment wurde die Reaktionen auf den Geruch von Blut bei Männern und 

Frauen untersucht. Es wurde angenommen, dass appetitive Aggression eine evolutionär-

konditionierte Motivation darstellt, und dass v. a. Männer eine evolutionär-angelegte Reaktion 

auf den Geruch von Blut zeigen würden (Nell, 2006). Diese Annahme wurde durch die 

Beobachtung in unseren Feldstudien gestützt, dass Kombattanten Blutgeruch und -geschmack als 

abhängig-machend erlebt haben (Elbert et al., 2013). Unsere Ergebnisse zeigten, dass sowohl 
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Männern als auch Frauen eine sehr individuell unterschiedliche Reaktion auf einen künstlichen 

Blutgeruch zeigen. Dabei war die Reaktion der Frauen mit der Phase ihrer Menstruationszyklus 

assoziiert. Diese uneinheitlichen Befunde erfordern weitere Untersuchungen, um 

herauszufinden, ob es sich bei der Reaktion auf den Blutgeruch um eine Eigenschaft oder eine 

situative Reaktion handelt. 

Im zweiten Experiment wurde getestet, ob sich appetitive Aggression von reaktiver 

Aggression durch funktionelle neuronalen Aktivität unterscheiden lässt. Den Probanden wurden 

Geschichten von einem mutmaßlichen Mörder präsentiert und sie mussten sich in diese 

Geschichte im Rahmen einer Empathie-Aufgabe hineinsetzen. Das Motiv des Täters variierte in 

den verschiedenen Bedingungen: In der reaktiven Bedingung war das Verhalten des Mörders 

durch Wut und Selbst-Verteidigung motiviert; in der appetitiven Bedingung war sein Verhalten 

durch Lust und Spaß motiviert; in der Kontrolbedingung war sein Verhalten motivational 

neutral. Die Ergebnisse zeigten eine allgemeine links frontale Desynchronization im Delta- (2-5 

Hz) und Alpha-Bereich (8-12 Hz) für beide Aggressionsbedingungen, sowie eine rechts 

parietal/temporale Delta-Desychnronization, die sich zwischen appetitiver und reaktiver 

Bedingungen unterschied. Diese Region erwies sich in früheren Untersuchungen als sensitiv für 

pränatales Testosteron (Lombardo et al., 2012), und scheint mit Empathie verknüpft zu sein 

(Decety & Lamm, 2007). Diese funktionelle Änderung in empathie-bezogenen Arealen stimmt 

mit der Idee überein, dass appetitive Aggression mit der Unterdrückung von Empathie assoziiert 

ist, und ist mit ähnlichen Defiziten in klinisch-diagnostizierten Psychopathen berichtet worden 

(Müller, Gänßbauer, et al., 2008). 

Feldstudien haben gezeigt, dass appetitive Aggression einen psychologischen 

Schutzmechanismus gegen eine posttraumatische Belastungsstörung darstellt (e.g. Weierstall, 

Schalinski, Crombach, Hecker, & Elbert, 2012b). Wir erfassten die frontale neuronale Aktivität 

von 107 aktiven Soldaten mittels EEG, um zu untersuchen, ob sich diese komplexen 
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Zusammenhänge auch auf der Ebene funktional-neuronaler Aktivität zeigen lassen. Unsere 

Ergebnisse zeigen eine eindeutige Korrelation zwischen neuronaler Aktivität und 

psychologischen Eigenschaften und Erlebnissen. Unsere Studie stellt eine Pilotuntersuchung für 

eine größere Gesamtstichprobe (N ≈ 500) dar. Die Stärke der Zusammenhänge verdeutlichen 

sowohl die Validität des Konzepts der appetitiven Aggression als auch die Realisierbarkeit eines 

epidemiologischen Paradigmas zu Trauma und Aggression anhand von neuropsychologischen 

Methoden 

Diese Arbeit setzte drei unterschiedliche Paradigmen ein, um unterschiedliche Aspekte 

der Theorie der appetitiven Aggression zu untersuchen. Die Arbeit zeigte unter Verwendung von 

neuartigen Verfahren, um Aggression im Labor zu induzieren und zu erfassen, z,B. anhand 

eingespielten Geschichten oder künstlichen Blutgeruch, dass appetitive Aggression sich 

neurophysiologisch von reaktiver Aggression unterscheidet. Dieser Arbeit gelingt es das 

Konzept der appetitiven Aggression auf neurophysiologische Ebene sowohl in Populationen in 

friedlichen Gesellschaften als auch bei aktiven Kämpfern aus post-konflikt Gebieten zu validiere
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1 Introduction 

If you were to ask a soldier what it is like to kill someone, you would receive a range of 

answers. Many soldiers have to be forced to shoot at the enemy, even where they are being 

directly attacked and their lives depend upon firing back (Grossman, 1996). When their bullets 

hit the target, they might be horrified at seeing the life go out of their enemy’s eyes, and 

thereafter suffer nightmares and intrusions, being haunted by terror, pity and guilt for the dead. 

At the other end of the spectrum, you can have reactions that appear tailor-made to evoke moral 

and physical disgust in the listener: They laugh at the memory of a kill, for whom the act of 

pulling the trigger had the ecstatic intensity of an orgasm, who wish they could go back to the 

bloody corpse and cut off body parts to keep as trophies (Elbert et al., 2013; Elbert, et al., 2010).  

Research on aggression is generally carried out in peaceful societies and has primarily 

focused upon it as a self-defensive response to a perceived threat, termed reactive aggression. 

Anyone can understand the first example above of somebody responding defensively to a threat 

in these terms. These soldiers are defending themselves, and they are traumatized by subsequent 

memory of having to kill someone. The cruel and sadistic aggression of the second example is 

more easily attributable to a ‘psychopath’ in the popular sense of the term of being a monster 

with no humanity; maybe a serial killer in a horror film, or a dead-eyed soldier who has been 

driven slightly ‘mad’ by war; in short, anything but an ‘ordinary’ person. Research reflects this 

in using clinical forensic groups to examine cruel and sadistic aggression (Fontaine, 2007; 

McEllistrem, 2004; Meloy, 2006; Weinshenker & Siegel, 2002). Where research has entertained 

the possibility of aggression being enjoyed by the general population, such as the enjoyment of 

violent computer games, the debate revolves around whether computer games and other violent 

media have the power to corrupt the general population, turning them into more violent 

individuals (Anderson et al., 2010; Ferguson & Kilburn, 2010; Grossman, 1996). The possibility 

that these people already have the capacity to enjoy violence is not considered, and the more 
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provocative and fundamental question of why people enjoy playing these games in the first place 

is neglected (Tulloch, submitted). 

This project examines precisely this area, that is, the enjoyment of violence in non-

clinical populations. Appetitive aggression describes violence carried out for the sensual 

enjoyment of violence itself: The excitement of hunting down the prey; the struggling and 

screaming of the victim; the smell of blood. This is driven by research in conflict lands,1 which 

shows us that the aggressive act itself is frequently pleasurable for otherwise non-pathological 

groups of people (Elbert et al., 2010). I will argue that the universality and functionality of 

appetitive aggression suggests that it is an evolutionarily conditioned psychological response. 

Moreover, it is fundamentally separate to reactive aggression and is entirely separate from the 

self-defensive reactions that lead to Posttraumatic Stress Disorder (PTSD). However, in order to 

back up these claims drawn from fieldwork, we need to examine appetitive aggression at a 

physiological and neurobiological level, to see whether these appetitive aggression is really 

governed by different neural substrates, and different physiological responses. In this 

introductory section, I will elaborate the concept of appetitive aggression, and develop testable 

hypotheses based upon evolutionary assumptions, animal models, clinical psychopathological 

literature and the field research in conflict lands. Developing working hypotheses to understand 

appetitive aggression in the ordinary population will ultimately have implications for our 

understanding of psychopathological aggression, and give us a better understanding of the social 

issues related to violence in society. 

 

 

                                                
1 The research group referred to throughout is the ‘Psychobiologie menschlicher Gewalt und 

Tötungsbereitschaft,’ of the University of Konstanz, though I will refer to specific papers wherever possible.  
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1.1 Appetitive Aggression 

Testimonies suggest that people transform during war; they go from being forced to kill, 

and being disgusted by the act, to finding it enjoyable (Elbert et al., 2010; Maclure & Denov, 

2006). A former child soldier described this transformation in the following manner: First you 

suffer cruelty and act out of revenge, then you enact it and gradually come to love hurting 

people. Such people who enjoy war are in some ways the perfect opposite of traumatized people, 

in that they relish talking about killing, rather than falling silent and being unable to verbalize 

their experiences (Elbert et al., 2010). This is not limited to any particular cultural context. The 

following quotes on being ordered to kill demonstrate the same mentality in people from 

different cultures, including German soldiers in WWII and American Vietnam veterans:  

I would say well, on the first day it was terrible. Then I said: Shit, orders are orders. On 

the second and third day I said: I don’t care one way or another, and on the fourth day, I 

started to have fun with it.  

German WWII soldier, in Neitzel and Welzer (2011, p. 87), [my translation] p. 87. 

That first moment, your first kill... it’s... strange. Because it’s something you’ve never 

done before. But after that, well, with me – it started getting good. The killing started 

getting good. Well, you know... something is wrong here. Something is wrong in this 

picture. 

Vietnam veteran in Schrijber (2001) 

In this process of adaption, fighting becomes something like an addiction. Interviews 

from field research on civil war veterans in Burundi bear this out (interviews carried out for the 

paper Nandi, Crombach, Bambonye, Elbert & Weierstall, unpublished manuscript [a]). One 

Burundian ex-guerilla described having a  ‘…thirst to fight; I have the feeling that combat 

missed me’. When they are not fighting, they feel its absence keenly, for one group of soldiers, 
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fighting given the metaphor of ‘music’ said, ‘When soldiers are bored, not fighting, they say “we 

need some music”.’ The hedonic nature of killing is sometimes likened to a hunt, ‘As a soldier 

you are like a hunter in the forest who hunts animals - you have to kill’. War is also likened to a 

sport, and feelings of power and euphoria are often mentioned. These feelings can even become 

sexual. One Vietnam veteran described it thus: ‘Sex is such an enjoyable thing. You take it and 

you compare it to killing somebody... and having the same feeling...’ (Schrijber, 2001). A 

Burundian ex-combatant gives a similar account: ‘My gun was my weapon. Every time I saw her, 

I got an erection’. 

These are not the reports of isolated psychopathologically disturbed people. Our field 

studies have shown through empirical examination of soldiers and other combatants, that this 

tendency is distributed throughout the population. Appetitive aggression is an integral part of a 

combatant’s experience of war. A questionnaire developed by our research group, the Appetitive 

Aggression Scale (AAS) (Weierstall & Elbert, 2011), generated from testimony of ex-

combatants in post-conflict lands, provided a means of objectively measuring the appetitive 

elements of violence: The feeling of hunting another person, sensual enjoyment of elements of 

killing, the sounds of screaming, sight of blood. The emotional elements included excited 

anticipation of battle, euphoria, power, sexual arousal. People with higher levels of appetitive 

aggression appear to have a much stronger resistance to PTSD. Normally, each traumatic 

experience that someone suffers increases the likelihood of developing PSTD, a phenomenon 

called the ‘building block effect’ (Neuner et al., 2004). People with higher levels of appetitive 

aggression can endure a much greater number of traumatic events before succumbing to PTSD, 

we see this consistently in post-conflict lands across a variety of cultures, for example Burundi 

(Crombach & Elbert, 2014; Nandi, Crombach, Bambonye, Elbert, & Weierstall, unpublished 

manuscript [b]), Uganda (Weierstall, et al., 2012b), the Democratic Republic of Congo (DRC) 

(Hecker, Hermenau, Maedl, Elbert, & Schauer, 2012; Hermenau, Hecker, Maedl, Schauer, & 

Elbert, 2013), Columbia (Weierstall, Bueno Castellanos, Neuner, & Elbert, 2013), and Germany 
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(Weierstall, Huth, Knecht, Nandi, & Elbert, 2012a). In a military context, this aggression is 

functional: Child soldiers with higher levels of appetitive aggression attained a higher rank 

(Hecker et al., 2012). Child soldiers who joined the military voluntarily reported perpetrating 

more violence and had higher levels of appetitive aggression. Although they also had high levels 

of PTSD, unlike the forcibly recruited child soldiers, the PTSD was only related to attacks on 

themselves, and unrelated to perpetrated aggression (Hecker, Hermenau, Maedl, Schauer, & 

Elbert, 2013).  

1.2 Appetitive Aggression as an Evolutionary Adaptation 

These findings across different cultures would suggest that it is an evolutionarily 

conditioned response. Against this one might argue that the cruelty perpetrated in war could be a 

function of the situation, rather than an expression of an innate appetitive aggression. Some 

researchers in fact go so far as to contend that killing is an unnatural perversion of an 

evolutionary imperative to preserve conspecifics (Eibl-Eibesfeldt, 1989; Grossman, 1996). 

However, mechanisms of evolution, such as natural selection, mandate preservation of one’s 

own genes rather than those of others (Dawkins, 2006), killing intraspecific competitors can be 

advantageous from this point of view. This has been in evidence throughout human history: 

Duntley and Buss (2011) argue that killing others can be functional and adaptive. Men, who 

commit the vast majority of murders, primarily of other men, can gain reproductive and survival 

advantages through killing rivals. These forms of killing are not self-defensive in the heat of the 

moment, but are carried out in the name of some future reward. In humans it might include 

money, sex or social status. Nell (2006) argues that one of the major functions of killing 

throughout our evolution is hunting and that the proximal stimuli associated with this 

instrumentally violent act itself (firing and hitting your target, hearing them scream), themselves 

become intrinsically rewarding. Hunting and killing has been a part of hominid behaviour for 

roughly 1.5 million years (Nell, 2006). The larger brain, and a shorter gut of our human 
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ancestors meant that meat became an important part of the diet. For Neanderthals of the Pliocene 

era, much of their diet consisted of other animals (Richards et al., 2000). Hunting is a difficult, 

dangerous task, with a high failure rate, and long periods of tracking the animal. When cornered, 

the creature fights back vigorously and is often a danger to the hunters. All these aspects of the 

hunt would have to become reinforcing to justify the effort: The sound of the screaming; the 

dying struggle of the prey animal; the smell of the blood (Nell, 2006). These elements of the 

hunt for food can become intraspecific. Chimpanzees in groups systematically trap and kill 

smaller monkeys, the prey is torn apart alive, and the animals show great excitement at the 

success of the hunts (Nell, 2006). Killing of conspecifics with similar excitement has been 

frequently recorded in chimpanzee populations, these killings are organized in groups of males, 

with the function of gaining access to scarce food resources and access to females (Wilson et al., 

2014; Wrangham, 1999). 

Although an evolutionary picture of human appetitive aggression paints a theoretically 

compelling picture, this still requires empirical support, as the most radical anti-evolutionary 

standpoint could still argue that appetitively aggressive behaviour is a spontaneous adaptation to 

a given environment. It needs to be narrowed down to falsifiable hypotheses. One specific 

hypothesis of Nell (2006) is that stimuli associated with aggression take on appetitive qualities, 

this is called the ‘pain-blood-death’ complex. The scent of blood, and cries of the creature as it is 

overwhelmed should have automatically arousing and positive associations, particularly in men, 

who have more to gain from the point of view of sexual and natural selection from killing 

(Duntley & Buss, 2011). This matches with observations of soldiers in war, for whom defeat of 

the enemy is often associated with blood-related rituals, such as drinking the blood of the slain 

enemy (Elbert et al., 2013). We have an evolutionarily conditioned defensive sensitivity to stress 

hormones in conspecifics (Pause, 2012), it is not implausible to suggest a parallel automatic 

affinity for the scent of blood in ordinary people. Therefore the first experiment in this project 
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will test people’s blind emotional responses to the scent of blood to see whether an appetitive 

response to such a stimulus has a basal physiological component.  

1.3 Animal models of aggression subtypes 

A second hypothesis that has arisen from our field research on appetitive aggression is 

that appetitive aggression is an entirely separate form of aggression from self-defensive reactive 

aggression. This implies that it would have correspondingly separate neurobiological substrates. 

The first place to look for a basis for a model of human aggression is animal research. Separate 

neurophysiological pathways have been found for predatory aggression and self-defensive 

aggression in many different species, encompassing carnivores such as cats, and omnivores such 

as rats, mice and hamsters (Haller, 2013). The distinction is clearest at the level of the 

hypothalamus. This structure can be seen as the highest part of the peripheral nervous system, 

and as such the most direct link to the rest of the body, modulating homeostatic functions 

relating to hunger, sexual arousal, temperature. It sends further signals to the periaqueductal gray 

(PAG), which is associated with visceral, somatic sensation, particularly pain (Weiger & Bear, 

1988). Stimulation of the medial body of the hypothalamus in a cat for example, evokes 

defensive response, marked by hissing, piloerection, striking indiscriminately at any other 

organism, retraction of the ears, pupillary dilation, and a strong autonomic response. In contrast, 

stimulation of the lateral body of the hypothalamus evokes a predatory hunting behaviour; here 

the violence is controlled, with a so-called ‘quiet biting’ of the back of the neck of the prey 

animal (Chungming Chi & Flynn, 1971; Flynn, Vanegas, Foote, & Edwards, 1970; Siegel, Bhatt, 

Bhatt, Zalcman, & 2007). This is not limited to a predatory carnivore such as the cat, but has also 

been found for rodents (Toth et al., 2012; Tulogdi et al., 2010). The hypothalamic dissociation 

between defensive and predatory aggression is reinforced by the differential effects of 

neurotransmitters on these areas: Defensive aggression, modulated by the mediobasal 
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hypothalamus, is potentiated by vasopressin, and suppressed by serotonin. In contrast, the 

predatory ventral hypothalamic aggression is not affected by serotonin (Haller, 2013). 

This simple distinction between two subtypes of aggression for a variety of different 

animals, both predatory carnivores, and omnivores, suggests the possible universality of this 

subtypes distinction, which is functionally similar to that observed in human at the behavioural 

level. However, although there are documented hypothalamic abnormalities in humans, this does 

not divide into subtypes. Psychopaths with higher reactive aggression have stronger general 

hypothalamic activity (Birbaumer et al., 2005). Similarly, people with borderline personality 

disorder (BPD), who show excessive impulsive aggression and anger, have more gray matter in 

the hypothalamus (Kuhlmann, Bertsch, Schmidinger, Thomann, & Herpertz, 2013) and 

decreased serotonergic input to the hypothalamus (Koch et al., 2007).  

Higher structures modulating these more visceral subcortical structures have been offered 

as an explanation of aggression subtypes. Panksepp (1998) proposes two different circuits for 

mammalian aggression, based upon electrical stimulation or lesion of many different structures 

of the brain in rodents. He calls these the RAGE and SEEKING systems2 The RAGE system 

relates to all defensive activity, lower structures, such as the medial hypothalamus are modulated 

by higher structures, including the amygdala, which receives sensory and polysensory input, and 

is associated with motivational content of the stimulus (Weiger & Bear, 1988), and fear 

conditioning (LeDoux, 1998), the orbitofrontal cortex (OFC) in turn appears to have an 

inhibitory effect upon amygdala activity. Removal of OFC increases aggression in male rats (De 

Bruin, Van Oyen, & Van De Poll, 1983). In rhesus monkeys, OFC removal can either increase or 

decrease aggression, depending upon the social context, e.g. if the monkey is already high or low 

in the dominance hierarchy (Butter & Snyder, 1972) (see also Nelson and Trainor (2007) for 

                                                
2 These are not acronyms, but capitalized by Panksepp (1998) so that they are associated with their 

respective folk psychological meanings, but are not limited to them. 
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review), suggesting that the OFC has a role in making social judgments, and inhibiting or 

potentiating aggression accordingly. The SEEKING system involves reward-related systems, the 

mesolimbic dopamine pathway from the ventral hypothalamus over the ventral tegmentum (VT) 

and nucleus accumbens (Nc. Acc.). Predatory behaviour in rodents and cats shows the activation 

of these reward-related structures. Both systems are mutually inhibitory in the cat at the 

hypothalamic level, but not in the rat. At higher levels, the two systems reciprocally trigger each 

other: Dopamine is frequently associated with the expectation of a reward, and the frustration of 

an expected reward frequently triggers rage (Panksepp & Zellner, 2004). This evokes the 

observations of chimpanzees hunting, where moments of excitement at trapping the prey quickly 

alternate rapidly back and forth with moments of fear as the prey fights back (Nell, 2006).  

The application of neurobiological distinctions from animal models to humans is 

plausible for reactive aggression but problematic for appetitive aggression. Reactive aggression 

in humans follows a well-mapped hierarchical set of structures comparable to Panksepp’s (1998) 

RAGE system. These consist of the OFC, amygdala, hypothalamus and PAG (Blair, 2004). As 

with the rhesus monkeys cited above, the OFC is associated with social judgment in humans. In 

humans, the OFC has two primary functions. The first of which is registering violations of 

expectations, thus frustration, the source of much reactive aggression originates in the 

comparison of expectation with reality. A second function is social response reversal, which is 

recognizing violations of social norms perpetuated by oneself or others e.g. recognizing angry or 

disapproving expressions, or disgust (Blair, 2004). People with lesions in this area have 

problems in recognizing these cues (Blair & Cipolotti, 2000). The clinical disorders BPD 

(Berlin, Rolls, & Iversen, 2005) and Intermittent Explosive Disorder (IED) (Coccaro, 

McCloskey, Fitzgerald, & Phan, 2007) are characterized by extreme reactive aggression, marked 

by anger, impulsivity, both of these have shown deficits in OFC regions (Antonucci et al., 2006; 

Coccaro, et al., 2007; Davidson, 2000).  
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As Panksepp (2006) acknowledges, applying approach-related behaviour the SEEKING 

system observed in rodents to humans becomes more problematic for appetitive aggression, 

because the system is extremely non-specific. The SEEKING system can easily be narrowed 

down to the stereotyped aggression displayed by rodents, but possible behaviours in humans are 

exponentially broader, and dopaminergic activity could underlie a whole spectrum of approach 

behaviour in different situations, ranging from studying for an exam, to playing sport, seeking 

sex, or maternal intent (Panksepp, 2006). A theory of appetitive aggression requires not just 

subcortical reward regions but also needs to take into account a measure of cortical complexity 

in humans.  

Delineating appetitive aggression from reactive therefore requires explicitly evoking 

appetitive vs. reactive aggression in non-clinical participants. Until now there have been many 

experiments evoking aggression in laboratory situations, but these have most often evoked 

reactive aggression through frustration or threat paradigms, for example, insults from the 

experimenter (Denson, Ronay, von Hippel & Shira, 2012; Richetin, Richardson, & Mason, 

2010), the Taylor Aggression Paradigm (TAP), which measures the strength of an electric shock 

administered to a confederate in a competitive game (Giancola & Parrott, 2008); and other 

irritations, such as cold water (Anderson & Bushman, 1997). 

There are some aggression provocation paradigms that could likely evoke appetitive 

aggression, but in these experiments, there is no outcome variable that distinguishes between 

reactive and appetitive aggression. Violent first person shooter computer games provide an 

obvious example, mimicking the excitement of hunting others together with the fear of being 

shot at. However, the outcome measures do not distinguish appetitive and reactive aggression. 

For example, Weber, Ritterfeld, and Mathiak (2006) examined brain responses to computer 

game playing and found activated structures associated with reactive aggression, including OFC, 

amygdala, and rACC. Another study from measured brain metabolism with Positron Emission 



 28 

Tomography whilst imagining violent scenarios (Pietrini, Guazzelli, Basso, Jaffe, & Grafman, 

2000). Such a paradigm could evoke appetitive aggression, but could just as easily evoke 

reactive aggression, depending upon the individual’s experiences. They found frontal reductions 

in regional cerebral blood flow (rCBF) in areas the vmPFC, similarly associated with empathy 

deficits in ASD and psychopathic populations. One experiment that did try to separate rewarding 

from reactive aggression is from Mathiak and Weber (2006), who examined a priori regions of 

interest (ROIs) for both reward and defensive structures, anticipating a mixture of excitement 

and fear in playing a violent computer game. They interpreted their results in terms of defensive 

reactions and reduction in areas associated with empathy. This association of aggression with a 

cognitively sophisticated faculty such as empathy, rather than a more basal reward system is an 

important point that will be explored further in the next section on clinical psychopathology.  

1.4 Clinical Psychopathology 

Could examinations of psychopathology offer a different perspective on the mechanisms 

of appetitive aggression? There is a general consensus that reactive aggression is only one half of 

a dichotomy of aggression. Conceptualizations of the second half are drawn from examinations 

of psychopathology. These conceptualizations vary, but all have a certain family resemblance in 

being ‘predatory’, ‘cold’ or ‘proactive’ (McEllistrem, 2004; Meloy, 2006; Vitiello & Stoff, 

1997). For research conducted in a peaceful context, people who commit acts of predatory 

brutality are most often clinically disturbed. These include anti-social personality disorder (ASD) 

(American Psychiatric Association, 2013), psychopathy (Hare, 1999), and certain developmental 

precursor disorders, such as Conduct Disorder (CD) (Marsh et al., 2013). Our concept of 

appetitive aggression has been developed in the context of war, where society itself is disturbed, 

i.e. its customs and laws are broken down, and the necessity to fight breaks down learnt 

inhibitions against killing in the general population.  
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There are some parallels between the behaviour of clinically disturbed predators and the 

behaviour of ordinary people in a conflict situation. The lack of arousal that often marks an 

appetitive kill resembles the ‘resolute calmness’ of a predatory killer in a peaceful society 

(Meloy, 2006). There are often particular rituals that they enjoy carrying out in connection with a 

crime, the pattern of which can indeed help police catch the perpetrator (Meloy, 2006). This has 

much in common with the appetitive aggressive acts carried out by combatants in war. Many of 

whom would report favourite ways of killing e.g. removing body parts in a particular sequence, 

cooking and eating particular body parts (genitalia, fingers, heart) or taking trophies of particular 

body parts (ears, severed heads) (Elbert et al., 2013; Elbert et al., 2010). 

There is a lot of neuropsychological research on ASD and psychopathy, we could draw 

upon this in order to develop a model of appetitive aggression. Deficits in empathy are 

frequently recorded in psychopaths. For example, recent studies have found abnormalities in 

frontal regions in children and adolescents with the callous-unemotional psychopathic trait. This 

includes inabilities specifically in emotional empathy, which is distinct from a cognitive 

empathy: Cognitive empathy is the ability to understand the thoughts of other people, a theory of 

mind, whereas emotional empathy is an intrinsic emotional resonance to the feelings of others 

(Blair, 2013). Furthermore, these patients have an insensitivity to punishment and reward 

contingencies, reacting in a different way to the suffering of others and to threats of punishment, 

with reduced autonomic arousal (de Wied, van Boxtel, Matthys, & Meeus, 2012) and abnormal 

fMRI activity in ventro-medial PFC, and striatum (Marsh et al., 2013), as well as reduced 

amygdala function (White et al., 2012).  

One can intuitively match the intrinsic lack of empathy for others in a psychopath with 

the situational lack of empathy for others induced in ordinary people in a war context. One of the 

many reasons children and adolescents are favoured as soldiers in many wars is that they are 

more easily malleable, as their moral values and knowledge of social customs are still 
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developing and can be more easily manipulated. The guidance that a parent would provide them 

is taken over by the commander, whose parental support initiates them into a world where killing 

is required and normal (Schauer & Elbert, 2010). It is also congruent with reports of the 

techniques of training soldiers, which involve dehumanizing the enemy, reducing one’s empathy 

for a fellow human (Grossman, 1996; Staub, 2006) by e.g. American GIs in the Vietnam war 

gave their North Vietnamese foes dehumanizing names such as ‘slants’, ‘gooks’, they in turn 

were called ‘hairy monkeys’, by the North Vietnamese, the dehumanizing significance of the 

name is made all the more pointed by the fact that monkeys were commonly eaten by the 

Vietnamese guerrillas (Grossman, 1996).  

Empathy by itself cannot explain either the hedonistic component of acts committed by 

psychopaths or people in a war. Psychopaths also show abnormalities in subcortical reward 

regions including the ventral striatum (Carré, Hyde, Neumann, Viding, & Hariri, 2013) and 

Nucleus Accumbens (Buckholtz et al., 2010). Thus, although there is a lot of evidence 

associating empathy deficits with violent psychopaths, the direction of causality is still open to 

question. Is it structurally deficient moral processing that prevents people from being able to 

inhibit a desire to torture? Or does it reflect the fact that a lifetime of torturing animals, and 

violating or destroying humans, one simply is not motivated to apply moral judgement in either 

real life or in an experiment involving reactions to reward contingencies? Nazi soldiers 

apparently inured to human suffering could still be moved to tears by the concurrent suffering of 

horses (Neitzel & Welzer, 2011). Psychopathy could reflect an inability to restrain appetitive 

aggressive impulses through a lack of punishment sensitivity and a lack of empathy, but it could 

also arise through an excess of the fundamental aggressive impulses. A third possibility would 

involve some dynamic combination of both factors.  

There are thus some parallels between clinical psychopathy, and the situationally induced 

cruelty of appetitive aggression. Could there be corresponding parallels between neurobiological 
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substrates determining psychopathy and those governing appetitive aggression in the general 

population? The potential role of empathy in this is further reinforced by observations on the 

relationship between PTSD and appetitive aggression observed in field studies, which are 

elaborated in the next section. 

1.5 Field Research: PTSD and Appetitive Aggression  

Panksepp (2006) stipulated the necessity of a ‘Cruelty Readiness Scale’ to 

epidemiologically assess the propensity to cruel behaviour across the whole population. One of 

the contributions of the aggression research group thus far is in quantifying appetitive aggression 

in this manner by means of the AAS (Weierstall & Elbert, 2011). The first major discovery from 

the many thousands of people in conflict regions upon which this has been validated, is the way 

in which appetitive aggression provides a protection against the development of PTSD. What 

cognitive neuropsychological models of PTSD do we have, and how might appetitive aggression 

theoretically interact with them? 

PTSD is the chronic reactivation of the defence cascade. This is the freeze-flight-fight-

fright-faint sequence of physiological and psychological alterations (Schauer & Elbert, 2010). 

The sequence consists of stereotyped emotional, cognitive, physiological and behavioural 

responses designed to maximize chances of survival against a predatory attack. An initial freeze, 

then flight or fight response, maximizes chances of escape, with an increased sympathetic 

arousal, changing blood flow to muscles, heightening perception. When there is no longer a 

chance of escape, the organism switches to a parasympathetically dominated fright-faint mode, 

characterized by tonic immobility, and minimal perception, which has the function of 

minimizing damage (Schauer & Elbert, 2010). Normally, sensory elements of a memory are 

integrated into long-term autobiographical memory through the hippocampus, which is thought 

to provide a temporal context for sensory experience, organizing the sensory content of 

experience into an autobiographical context (Brewin, 2001), and integrating new memories into 
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long-term cortical memory (McClelland, McNaughton, & O’Reilly, 1995). The amygdala, which 

is responsible for fear conditioning, has many direct pathways to sensory regions (LeDoux, 

1998). This means that when a traumatic sensory stimulus is active in the cortex, instead of being 

integrated into long-term memory by the hippocampus, the intense association with the 

amygdala activates the entire defence cascade. In practical terms, this means that, for example, 

instead of sleeping peacefully through the night, where much memory consolidation takes place 

(Marshall & Born, 2007), people with PTSD will awake screaming from a night terror. 

Similarly, any encounter with something that is reminiscent of the trauma, e.g. watching a war 

movie on TV, or hearing the sound of fireworks, will evoke both the original sensory experience 

and the original fear, such that it will have the intensity of a hallucination. For a person with 

PTSD, their trauma is always present and never becomes a past memory.  

The implicit assumption of this theory, and indeed reflected in the trauma exposure 

criteria of the various editions of the DSM, including the DSM 5 (American Psychiatric 

Association, 2013), is that the traumatized person is a victim of something or someone, or 

witness to someone else’s victimhood. Yet ironically, the original political pressure to create 

diagnosis of PSTD came from ‘killers’ – that is Vietnam veterans, whose symptoms commonly 

arose through perpetrated atrocities (Lifton, 1973; McNally, 2010). Earlier studies have shown 

that perpetrators frequently experience PSTD as a result of killing (Grossman, 1996; MacNair, 

2001). All of our recent field studies cited above have confirmed that perpetrating violence is 

associated with PSTD symptoms (e.g. Hecker, Hermenau, Maedl, Hinkel, et al., 2013; Hermenau 

et al., 2013; Weierstall, et al. 2012b). 

Killing someone could be traumatic in two possible ways: Either as a reactive response to 

threat, where the soldier is the prey and must kill an attacker to survive, directly activating the 

defence cascade; or through empathy with the person you are about to kill. Human empathy 

gives us the capacity to experience other people’s suffering as our own. Thus staring down your 
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rifle sight at the face of your enemy and killing them, is in some sense evoking the same terror as 

if you yourself were the prey. Emotional and cognitive empathy is an intrinsic part of one’s 

perception of the social world. Beginning from birth, an infant will imitate a facial expression or 

gesture, which in turn activates the corresponding emotions (Decety & Meyer, 2008). When 

people observe others’ pain, structures involved in one’s own pain such as the insula, 

somatosensory cortex, PAG and SMA, become activated (Decety, Michalska, Akitsuki, & 

Lahey, 2009). There are thus two ways in which a stronger appetitive aggression can buffer 

against PTSD: A reduction in fear, and a reduction of empathy for the enemy. This is congruent 

with the concept of psychopathy outlined above, whose two primary deficits involve an 

insensitivity to fear-related conditioning, and a reduction of empathy for others. The missing 

ingredient here is the rewarding quality of violence. Our observations of combatants do not 

reveal perfectly professional soldiers without fear or pity for the enemy, but rather soldiers who 

take delight in killing (Elbert et al., 2010). In this scheme, empathy cannot be a rigid behavioural 

filter that is congenitally dysfunctional in psychopaths. Instead it is part of a complex system 

involving reward, which, in war can be dynamically down-regulated empathetic along with fear-

related processing, thereby reducing the probability of PTSD. In this sense, potentially fear-

related stimuli, such as the smell of blood, the sound of screaming and gunfire, trigger 

associations of lust, exhilaration and power, rather than terror.  

1.6 Model of Appetitive Aggression and Outline of Experiments  

The survey of animal research, and aggression research in humans shows a well-defined 

set of structures coordinating reactive aggression. Reward-related structures in the brain likely 

also play a role in appetitive aggression, but evidence from psychopathy, and speculation from 

theories of PTSD, suggest that these reward-related systems are somehow related to higher 

empathy processes. This is one hypothesis that matches the observations across different areas of 

research. What is required to test this is an experimental paradigm that evokes appetitive and 
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reactive aggression, to test the prediction that they are fundamentally different. A third 

experiment will examine the opposition between PTSD and appetitive aggression at the 

neurobiological level. These, together with an experiment testing emotional reactions to the scent 

of blood, will provide the first outline of the physiological and neurophysiological of appetitive 

aggression. More detailed summaries of the three experiments are provided below. 

1.7 Experiment 1: ‘Blood scent: A driver of human behaviour?’ 

If appetitive aggression is an evolutionarily conditioned motivation, certain stimuli 

should have a direct primal effect upon the expression of aggression, we know that the presence 

of adrenaline in sweat is an automatic cue for anxiety in people (Pause, Lubke, Laudien, & 

Ferstl, 2010), activating defence regions, in an analogous way, the scent of blood could be a 

motivationally appetitive stimulus, particularly for men. The second project thus involves 

measuring people’s responses to the scent of blood. This is an intensely evocative stimulus, with 

strong associations with trauma, where blood is associated with death, or injury. This can be a 

strong cue for reliving experiences in traumatized people. On the other hand, it can also be an 

intense appetitive cue. Observations of ex-combatants who frequently report finding the scent of 

blood arousing, this is up to and including cannibalism (Elbert et al., 2013). Nell (2006) posits, 

in line with appetitive aggression, that the sensory stimuli relating to hunting take on an 

intrinsically positive quality in men, for whom hunting and killing has adaptive advantages. If 

this quality is a deep-seated, evolutionarily conditioned effect, then the scent of blood, hitherto 

never tested in people, could mark a primal cue of appetitive aggression.  

1.8 Experiment 2: ‘Differences in brain circuitry for appetitive and reactive 

aggression as revealed by realistic auditory scripts’ 

We should be able to find brain activity in the human brain relating to appetitive 

aggression, independently of the defensive-related processing of reactive aggression. To do this, 
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we measure brain activity with Magnetoencephalography (MEG), measuring responses to an 

imaginative listening paradigm in which ordinary student participants are asked to put 

themselves in the position of a murderer. Weierstall, Moran, Giebel, and Elbert (2014) have 

already shown that listening to a story of an attack can induce changes in testosterone, according 

to whether the student is asked to put themselves in the position of attacker, victim, or neutral 

observer. We use a similar manipulation, in our case, the stimulation is the same for reactive and 

appetitive conditions, only changing the motive at the outset, to differentially prime appetitive 

vs. reactive systems. The students are encouraged to put themselves in the position of the 

murderer by telling them that the task involves testing how well laypeople work as criminal 

profilers, thereby encouraging them to understand the motives of the killer.  

1.9 Experiment 3: ‘Spectral EEG correlates of trauma and aggression in a 

sample of active soldiers: A pilot study’ 

Our original theories of appetitive aggression grew out of observations of people in post-

conflict lands. This research showed that appetitive aggression was in an antagonistic 

relationship to PTSD at the level of clinical therapeutic observation. We want to attain a further 

neurobiological perspective upon a population who have actually taken part in war and killing. 

In the final part of this project, we take the neuroimaging methodology back into the field to 

examine active soldiers in the post-conflict land of Burundi. We examine frontal EEG activity in 

a large sample of Burundian soldiers and evaluated this with respect to appetitive aggression. It 

is an on-going project, with a large population, and the research presented here represents a 

preliminary analysis of a smaller sample.   
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2 The Scent of Blood: A Driver of Human Behaviour?  

2.1  Abstract 

The scent of blood is potentially one of the most fundamental and survival-relevant 

olfactory cues in humans. This experiment tests the first human parameters of perceptual 

threshold and emotional ratings in men and women of an artificially simulated smell of fresh 

blood. We hypothesize that the scent of blood, with its association with injury, danger, death and 

nutrition will be a critical cue activating fundamental motivational systems relating to either 

predatory approach behaviour or prey-like self-defensive behaviour, or both. The results show 

that perceptual thresholds are normally and unimodally distributed for both sexes, with women 

being more sensitive. Furthermore, both women and men’s responses to blood scent divide 

strongly into positive and negative ratings. For women, this split was related to the phase of their 

menstrual cycle. Future research will investigate whether this split in both genders is context-

dependent or trait-like.  
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2.2  Introduction  

2.2.1 The Scent of Blood as a Motivational Driver 

Human biological scents, including sweat, breath, breast milk and sexual effluvia appear 

to have a major influence upon human chemical communication, bonding and partner selection 

(Doty & Cameron, 2009; Pause, in press; Semin & De Groot, 2013). One bodily fluid that has 

been neglected in its possible importance thus far is the scent of blood. Surprising perhaps, 

because its presence in the environment is associated with fundamental survival, nutritional and 

reproductive factors, being associated with cycles of female fertility, predatorial behaviour, as 

well as danger, fear, injury, prey, and death. Consequently, there are two theoretical motivational 

possibilities for the scent of blood: First, the appetitive approach stimulus e.g. associated with 

hunting prey, and the second being the potential withdrawal danger signal. Indeed, the 

importance of blood is put into perspective when we think of the preeminent place of fighting, 

hunting and war in human society throughout its evolutionary history. The ability to hunt and kill 

provides reproductive and survival advantages for men (Daly & Wilson, 1996; Duntley & Buss, 

2011) and the stimuli associated therewith, such as blood and the cries of the stricken prey, 

would also acquire an appetitive resonance in the hunter so that he can justify and enjoy taking 

part in this arduous and dangerous task (Nell, 2006). Our field studies in post-conflict lands 

reinforce the fundamental symbolic significance of blood in war. Soldiers even report craving 

the blood of the enemy, and finding the smell and taste of blood to be profoundly arousing (e.g. 

Weierstall et al. (2012b). Moreover, in a survey of combatants in war-stricken Eastern 

Democratic Republic of the Congo (DRC), 8 % of ex-combatants reported having eaten human 

flesh, and 25% had observed others eating human flesh (Elbert et al., 2013)). It is thus possible, 

through certain initiation rites, e.g. being forced by commanders to drink the blood of the slain 

enemy, that blood has become associated with reward and victory (Elbert et al., 2010). On the 

other hand, a more radical hypothesis would be that the smell of blood is an intrinsic and thus 
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fundamental biological stimulus, evolutionarily prepared to signal approach (prey). Therefore, in 

this model, blood would represent a fundamentally appetitive motivational stimulus and the 

scent of blood is one fundamental sensual element of killing. A recent study on wild dogs and 

tigers showed that they interacted more with a wooden log impregnated with the scent of blood 

(both real and an artificial component of blood scent), than with other scents (Nilsson et al., 

2014). Could this apply to humans as ‘predatory’ species as well? The English language is full of 

metaphorical allusions to the love of blood ‘bloodlust’; ‘getting a taste for blood’; a first kill can 

be colloquially referred to as ‘first blood’ or ‘blood stripe’. From the above observations, one 

could hypothesize that these metaphors could have fundamentally literal roots, with blood as an 

appetitive stimulus.  

In contrast, blood is often associated with disgust, as evidenced by the almost universal 

preponderance of menstrual taboos in various societies (Buckley & Gottlieb, 1988), and the 

unique fainting reaction of blood phobia (American Psychiatric Association, 2013; Sarlo, Buodo, 

Munafo, Stegagno, & Palomba, 2008). Brechbühl, Klaey, and Broillet (2008) found that alarm 

pheromones in mammals and predator odours are processed in a specific olfactory subsystem 

known as the Grueneberg ganglion. Blood, in view of its association with danger, would be an 

obvious candidate for alarm specific scent processing in humans. Chemical communication of 

stress signals has already been found in sweat (Pause, 2012). Sweat containing stress hormones 

produced through stressful situations can potentiate startle responses in humans (Prehn, Ohrt, 

Sojka, Ferstl, & Pause, 2006) and is moderated by trait social anxiety (Pause, Adolf, Prehn-

Kristensen, & Ferstl, 2009).  Indeed, rats performing a maze task avoided paths covered with 

spilled blood of a stressed rat, whereas this avoidance was not observed in paths with spilled 

blood of a non-stressed rat (Mackay-Sim & Laing, 1981; Stevens & Saplikoski, 1973). Above 

observations thus demonstrate the importance of stress hormones in sweat and blood. It was the 

stress hormones rather than the scent of blood itself that influenced the behaviour of the rats. The 

influence of the scent of blood on a predatory species such as human beings is as yet unknown. 
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In line with the experimental and clinical observations mentioned above, blood scent could 

likewise be a fundamental cue for the perception of danger. 

2.2.2 Chemical Characteristics of the Scent of Blood 

Blood is a very complex stimulus, and what we refer to as the scent of blood, is a mixture 

of several different compounds. Fresh blood by itself actually has no consciously detectable 

scent, and the distinctive ‘metallic’ scent that we characteristically associate with blood, is 

actually a by-product of the reaction of the iron molecules in blood with fat lipids in skin. The 

components of the scent of blood were analysed and shown to contain the following compounds: 

Hexanal, heptanal, octanal, nonanal, decanal, 1-octen-3-one (Glindemann, Dietrich, Staerk, & 

Kuschk, 2006). This scent is unique in being part of the smell of fresh bleeding, and disappears 

once the animal is dead. It is not equivalent to the scent of meat (Glindemann et al., 2006). 

Recently Nilsson et al. (2014) performed a similar manipulation using a component of the scent 

of blood and found that predatory animals responded to it in a similar way to that of real blood, 

trans-4,5-epoxy-(E)-2-decenal. 

By artificially combining the components of blood (Glindemann et al., 2006), an artificial 

blood scent was created. Using this artificially simulated scent, we specifically tested the unique 

effects of fresh blood, i.e. those independent of stress hormones. Since this has not been tested 

previously in humans, we examined the distribution of perceptual thresholds for this scent across 

a larger population. For some ubiquitously present scents e.g. the synthetic musks in perfumes 

(Gilbert & Kemp, 1996; Whissell-Buechy & Amoore, 1973) and naturally occurring male 

pheromone androstenone (Keller, Zhuang, Chi, Vosshall, & Matsunami, 2007), there are 

qualitative differences in thresholds and quality of perception, which are accounted for by 

genetic variation within a given population. For example, people who are markedly less sensitive 

to androstenone perceive it as more pleasant (association with sandalwood or flowers), than 

those who perceive it more acutely (sweat, urine) (Keller et al., 2007). Consequently, it is 
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important to analyse threshold and quality blood scent perception, in order to detect potential 

differences within the experimental population.  

2.2.3  Gender Differences 

Gender does play a moderating role in processing aggression-related stimuli, with women 

being more likely to identify with victim than perpetrator in the same violent imagined scenario 

(Weierstall, et al., 2014). Differences between the sexes, of course, allow many interpretations, 

most obviously the fact that men and women have a different relationship to blood in their day to 

day lives in that women having to deal with their period one week out of every four. 

Nevertheless any observable difference in the sexes would be an interesting first step prior to 

further investigations. Additionally, we will test whether there are differences in women’s 

ratings and sensitivity to the scent of blood that are influenced by the stage in their menstrual 

cycle. Previous studies have shown that women’s response to odours or other social and sexual 

cues are strongly influenced by the menstrual cycle phase (Navarrete-Palacios, Hudson, Reyes-

Guerrero, & Guevara-Guzmán, (2003). Pause, Sojka, Krauel, Fehm-Wolfsdorf, and Ferstl (1996) 

showed that information processing, indexed by time course of event-related potential (ERP) 

responses to scents, varied greatly across the menstrual cycle, with faster processing seen in the 

ovulatory phase, and greater verbalization. 

2.2.4  Hypotheses 

In order to achieve the objectives to determine the potential behavioural impact of blood 

scent, we determined at first the threshold of blood scent perception. Subsequently and in order 

to establish the qualitative perception, i.e. whether it is rated as a motivationally appetitive 

(approach) stimulus or a negative (withdrawal) stimulus, we quantified the qualitative perception 

using the Self Assessment Manikin (SAM) ratings of the blood scent (Bradley & Lang, 1994). 

Moreover, we tested whether there are meaningful differences between men and women in these 
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ratings, and finally, whether women differ according to the stage of their fertility for these 

measures.  
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2.3  Materials and Methods 

2.3.1  Participants 

A sample of 89 people (44 women) was drawn from the student population at the 

University of Konstanz. Age was restricted to between 18-40 years of age, to avoid age effects 

on sensitivity (Cain & Gent, 1991): Men (M = 25 range: 20-40) and women (M = 24 range: 20-

39). The following medical conditions are used as exclusion criteria for participation:  

• Any allergies; respiratory disorders  

• Neurological disorders (including history of head injury; neuropathy, epilepsy, 

concussion, migraine, Alzheimer’s disease, Parkinson’s disease, Korsakov Syndrome, 

Chorea-Huntington, Multiple Sclerosis) 

• Neurological surgery 

• Nasal Surgery (e.g. in the nasal septum) 

• Psychiatric disorders (depression, schizophrenia, eating disorders) 

• Hormonal disorders (e.g. Thyroid problems) 

• Metabolic disorders (e.g. diabetes) 

• Immune disorders (e.g. HIV) 

• Regular medication (e.g. blood pressure, antirheumatic, antihistamines, 

psychopharmaceutical, hormone treatment) 

• Acute infections of the upper respiratory tract 

 

Participants were told that for the day of testing, they are to abstain from coffee, large 

meals, and smoking an hour before the test, and to refrain from drug or alcohol consumption in 

the preceding 24 hours before the test (see Appendix A for questionnaire).  

The testing procedure (vide infra) took around 1 hour, for which the participant was 

reimbursed with either 10 euros or 1 hour of experiment participation credit. Participants were 

debriefed at the conclusion of the experiment. The safety of the blood mixture (vide infra) was 

evaluated by an accredited toxicologist, who was part of the project (See Appendix B for Risk 

Assessment from Professor Daniel Dietrich and methodological details of the creation of the 
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mixture). The University of Konstanz ethical review board approved the study and the 

experiment was carried out in accordance with the declaration of Helsinki. All participants gave 

written informed consent. 

2.3.2  Artificial Blood Scent Solution 

Using an artificial blood mixture based upon the analysis of Glindemann et al. (2006) has 

the advantages of a) avoiding exposure of participants to real bodily fluids b) avoiding the 

practical difficulties associated with using real blood (e.g. how to keep concentrations 

standardized; how to prevent coagulation without adding further substances). Finally, in using 

synthetic blood, we eliminate a potential confounding component, i.e. of sex and stress 

hormones in the blood.  

2.3.3  Control Stimuli 

In addition to determining the effects of the scent of blood, we offered three additional 

odours common in olfactory research as references for odours of different valence/arousal values 

(Anderson et al., 2003; Ehrlichmann, Brown, Zhu, & Warrenburg, 1995; Popp, Sommer, Müller, 

& Hajak, 2004; Prehn-Kristensen et al., 2009; Walla & Deecke, 2010). Dilutions of butyric acid 

(butanoic acid), an unpleasant smell found naturally occurring in dairy products, as well as in the 

gut and as a component of body odour, can be used as a negatively valent comparison to the 

blood solution. 2-phenylethanol (an aromatic alcohol with pleasant floral odour) is also used as a 

positively valent scent in olfactory research. Finally we used pure water as a neutral reference 

point for ratings. We used only the butyric acid as a control for the threshold tests, as each 

threshold test took at least 15 minutes and more than two threshold tests would be too 

demanding for participants. The floral odour and water controls for emotional ratings were 

introduced for the second batch of subjects only, i.e. for 24 male and 24 female participants (see 

Appendix B for methodological details such as exact concentrations etc.).  
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2.3.4  Threshold Test 

To measure perceptual threshold sensitivity of the two odours, we used the threshold test 

created by Doty (Doty, Shaman, & Dann, 1984) to determine the absolute perceptual threshold 

of the scent of blood (see Appendix C for protocol). First we created a series of dilutions of the 

artificial blood scent mixture: The artificial blood scent mixture was initially diluted 1:10 in 

alcohol series, and then diluted in water. The latter concentrations were stepped down in half-log 

10 steps. 7 perceptual thresholds were determined: 4 of which are ascending, and three 

descending. In each test, the participant is presented with two bottles to smell: One was a 

concentration of the experimental solution, the other, a neutral presentation of the solvent 

(mixture of H2O and/or EtOH). The participant was asked to rate which odour is stronger. The 

threshold is the mean of the last 4 of the total of 7 thresholds tested. This experimental design 

reflected the most reliable and widely used test for odour detection thresholds, and has been used 

for a large number of different odours (Doty & Laing, 2003). The order of carrying out the 

threshold tests of the blood scent solutions and butyric acid solution was counterbalanced.  

2.3.5  Emotional Rating of Scents 

Bradley and Lang (1994) have developed a theory of emotion based upon fundamental 

motivational concepts. Specifically, they sought a parsimonious and empirically testable model 

to explain the phenomenologically complex experience of emotions, and thus classified emotions 

in terms of either approach or withdrawal motivation. Approach is a response to a stimulus 

promoting survival, including sex, food, and nurture. Withdrawal is a response to stimuli 

representing threat, including withdrawal, escape and self-defence. The qualities of the 

respective stimuli have three fundamental dimensions: Valence (positive or negative), arousal 

(low or high) and dominance (low control or high control). To illustrate this, when in a dark 

forest at night, the nearby smell of smoke from burning wood may be perceived as unpleasant on 



 45 

the valence scale and highly arousing, while the same stimulus produced by an open fire-place in 

a cosy hut maybe rated as very pleasant with a more moderate arousal response. 

The Self Assessment Manikin (SAM) rating scales (Bradley & Lang, 1994) have three 

dimensions: 

1) Valence, rated from -4 (negative), 0 (neutral), and 4 (positive);  

2) Arousal, rated from 0 (not aroused) to 9 (highly aroused);  

3) Dominance and -4 (submissive), 0 (neutral), to 4 (dominant)  

Participants test the scent once at the critical threshold, and once at an above threshold 

concentration, the investigator cued them to give a number rating of valence, arousal and 

dominance by pointing to the respective pictorial series in front of them (see Appendix D for 

protocol).  

2.3.6  Procedure 

Odours were presented in brown 50ml bottles, with 30ml of the respective odour solution 

in each. The test room had open windows, the exterior of the bottles was cleaned with water and 

alcohol solution after each test. All surfaces were similarly treated. Experimenters wore gloves 

to avoid contamination of the bottles with other scents present on the hands.  

When not in use on the day, the bottles were sealed with parafilm® and stored in a 

refrigerator (-18 °C, except for the pure water) over night and on days where there was no 

testing. Because of the small amounts of alcohol in the bottles, they were stored in a refrigerator 

adapted for flammable materials when not in use.  

The threshold test is carried out first for the blood mixture and butyric acid mixture. Then 

SAM ratings of the odour are made. Finally, the female participants answered several questions 

on their menstrual cycle, namely if they took contraceptives, if so what type, the date of their last 
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period and the length of their cycle. The fertility window was estimated using a fertility 

calculator, on the assumption that the female fertility window is approximately six days long 

(Wilcox, Dunson, Weinberg, Trussell, & Baird, 2001). While a hormone-based measurement 

would be desirable to reduce noise, the fertility calculation has proven its usefulness in similar 

studies (e.g. Cappelle & Fink, 2013; Giebel, Weierstall, Schauer, and Elbert (2013)) (see 

Appendix E for fertility window questions).  

2.3.7  Statistics 

2.3.7.1 Threshold Distribution 

Measuring the threshold distribution enables us to see whether the distribution of 

perception is distributed around only one peak, or whether it has more than one peak, indicating 

population variations. The blood scent is a mixture, rather than an individual compound. Most 

individual scents are normally distributed, and this is still more likely to be the case with 

mixtures. Moreover, mixtures often have a higher reliability and sensitivity than individual 

substances (Laska, Hudson, & Distel, 1990), therefore a non-normal distribution of blood 

sensitivity would be not be predicted, we will nevertheless test it, since this is the first time this 

substance has been tested, and will serve as a baseline for further experiments. Gender 

differences are tested together with the confounding effects of age, using a multiple regression 

model. 

2.3.7.2 Emotional Rating 

Ratings of the different substances (blood mixture, butyric acid, floral oil and water), 

together with gender were evaluated with three separate mixed multilevel models for valence, 

arousal and dominance. The potential confounding effects of age were investigated for the 

following analyses, and were shown to have no effects. These are not reported here. 
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2.3.7.3 Fertility Effects  

2x2 Factorial ANOVAs were used to test for contraception and cycle stage interaction 

effects in women for both threshold and emotional ratings. All Statistical analyses were carried 

out with the statistics programs R 3.0.2 and SPSS.  

2.4  Results 

2.4.1 Perceptual Threshold 

Visual inspection of the distributions of perceptual thresholds suggested that, considering 

our sample size, the distributions appeared to follow a normal curve (see Figure 1 for Butyric 

Acid and Figure 2 for Blood Scent). Normality statistics, namely the Shapiro-Wilkinson test, 

showed significant deviation from normality for the perception of blood (W = 0.921, p < 0.001) 

as well as for butyric acid (W = 0.928, p < 0.001). However this was most likely attributable to a 

significant negative skew for blood, with p < 0.001, and a significant kurtosis for butyric acid, 

with p < 0.001, suggesting a heavy-tailed distribution. There do not appear to be two or more 

distinct populations showing differential sensitivities for the perception of blood. Men and 

women did not differ in regard to the unimodality of distributions, however, women (M = 10.46, 

SD = 2.29) were significantly more sensitive to the scent of blood than men (M = 9.47, SD = 

2.14, t (86.96) = 2.21, p < 0.05,  r = 0.22). This gender difference was not present for the butyric 

acid comparison (men: M = 0.50, SD = 2.11, women: M = 10.39, SD = 3.14, t (67.47) = -0.19, p 

= 0.848, r = 0.02). The multiple regression model with gender, age and interaction terms was 

tested. The variables (standardized to reduce multicollinearity) fulfilled assumptions for 

regression (normality, linearity, homoscedasticity). Neither model was significant as a whole 

(Blood Scent : R2 = 0.071, F(3,84) = 2.16, p = 0.10; Butyric Acid: R2 = 0.032, F(3, 77) = 0.847, 

p = 0.47). Age did not predict sensitivity either for blood (β = - 0.111, t(85) = - 0.105, p = 0.30) 

or butyric acid (β = - 0.153, t(78) = - 1.35, p = 0.18), or as a moderator of gender for blood (β = 

- 0.079, t(85) = 0.748, p = 0.46) or butyric acid (β = 0.094, t(78) = 0.837, p = 0.41).  
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Figure 1 Distribution of butyric acid thresholds against dilution steps separated for gender.  

The solid line shows theoretical normality curve. Number 1 on the y-axis represents 

the original concentration, and each following represents a dilution of one half log 10 step, 

so higher values represent higher sensitivity.  
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Figure 2 Distribution of Blood mixture thresholds against dilution steps separated for 

gender.  

The solid line shows theoretical normality curve. Number 1 on the y-axis represents 

the original concentration, and each following represents a dilution of one half log 10 step, 

so higher values represent higher sensitivity.  
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2.4.2 Emotion Ratings 

2.4.2.1 Arousal 

There was no significant main effect of gender (χ² (6) = 1.16), scents were significantly 

different (χ² (9) = 89.79 and p < 0.001), the interaction was not significant (χ² (12) = 7.26 and 

p = 0.06), (see Figure 3a). Blood mixture (men: M = 5.00, SD = 2.25, women: M = 5.98, SD = 

1.68), butyric acid (men: M = 5.47, SD = 2.28, women: M = 5.38, SD = 1.87), and floral oil 

(men: M = 5.50, SD = 2.34, women: M = 6.08, SD = 1.86) all showed higher arousal ratings than 

water (men: M = 3.09, SD=1.86, women: M = 2.67, SD = 1.69). The significance of these 

differences was confirmed by follow-up contrasts (see Table 1). No interaction contrasts of scent 

type and gender reached significance.  

Table  1 Contrasts for SAM ratings of blood mixture, butyric acid, water, and floral odour. 

Measures  b t(df = 184) p r 

Valence All scents vs. water -1.94 -7.79 < 0.0001 0.50 

 Blood vs. butyric 5.24 7.35 < 0.0001 0.48 

 Blood vs. floral -4.28 -9.47 < 0.0001 0.57 

Arousal All scents vs. water 0.36 1.43 0.155 0.10 

 Blood vs. butyric 1.30 1.82 0.071 0.13 

 Blood vs. floral -0.73 -1.59 0.114 0.12 

Dominance All scents vs. water -0.69 -0.69 1.135 0.33 

 Blood vs. butyric 2.21 3.51 0.0006 0.22 

 Blood vs. floral -1.90 -4.76 <0.00001 0.33 

 

 

 

 



 51 

2.4.2.2 Dominance 

There was no main effect of gender (χ² (6) = 1.11 and p = 0.29), scents were 

significantly different (χ² (9) = 46.48 and p < 0.001), the interaction was not significant (χ² (12) 

= 3.62), (see Figure 3b).  Follow-up orthogonal contrasts show that blood dominance (men: M = 

0.09, SD = 1.81, women: M = -0.59, SD = 1.66) ratings lay between floral odor (men: M = 1, SD 

= 1.50, women: M = 1, SD = 1.41) and butyric acid (men: M = -1.07, SD = 1.59, women: M = - 

0.90, SD = 1.82) (See Table 1). 

2.4.2.3 Valence  

Valence showed predicted ratings for the three established scents, namely butyric acid 

was rated as unpleasant (men: M = -2.33, SD = 1.39, women: M = -2.33, SD = 1.74), floral oil as 

pleasant (men, M = 1.67, SD = 1.69, women, M = 1.96, SD = 1.71), and water as neutral (men: M 

= 0.42, SD = 0.97, women: M = 0.20, SD = 1.40). The blood mixture was rated as unpleasant 

(men: M = - 1.37, SD = 2.36, women: M = -1.36, SD = 2.20). The overall effect of scent type 

showed that scents differed from each other (χ² (9) = 145.90, p < 0.001) follow up orthogonal 

contrasts showed that all scents were significantly different from each other (see Table 1). There 

was no significant main effect of gender here (χ² (1) = 0.52 p = 0.47). However, an examination 

of the valence distributions showed a clearly bimodal distribution of valence ratings for both 

genders (see Figure 3c), which warranted closer examination. Splitting valence raters into two 

separate groups (positive valence > 0, negative valence < 0, excluding the 3 of 89 who rated it at 

0), the positive raters had significantly higher dominance ratings than the negative raters (t = -

6.96, p < .001, r = 0.64). Examining this in a linear regression with dominance regressed against 

gender and valence groups showed that there were no gender effects and that the split of valence 

contributed most to the dominance ratings (see Table 2). These effects of dominance were not 

replicated across the control scents (all n.s.). Effects of cycle and fertility were found to be 

associated with this difference in women, as detailed in the next section. 
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 Figure 3: Probability density graphs of SAM ratings of blood mixture, butyric acid, water 

and floral oil, separated for gender. Figures show a) arousal ratings, b) dominance ratings, 

and c) valence ratings, divided for gender.  
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Table  2 Linear Regression of Valence (Positive vs. Negative) ratings of Dominance for 

blood, controlling for gender.  

 Dominance Ratings 

 β p 

Valence  .56 < 0.0001 

Gender .14 n.s. 

Valence*Gender .01 n.s. 

model F3,78 = 13.79 < .0001 

R2 = 0.59 

R2-adj = 0.35 
  

 

2.4.3 Fertility effects 

2.4.3.1 Threshold  

Using contraceptives (yes/no), and cycle stage (ovulating/non-ovulating) showed no 

significant interaction (F(1, 37) = 0.05, p = 0.82,  ηρ2 = 0.081), no main effect of contraceptive 

use (F(1, 37) = 0.08, p = 0.79), and no main effect of fertility (F(1, 37) = 3.25, p = 0.08). 

Thresholds for butyric acid showed no interaction of cycle stage and contraceptive use (F(1, 34) 

= 3.59, p = 0.07, ηρ2 = 0.096). 

2.4.3.2 Valence  

 

Analysis showed a significant interaction of cycle stage and contraception (F(1,36) = 

5.61, p = .02, ηρ2	  =	  0.135), with women who did not take the pill and who were in their 

ovulating phase giving the blood scent a significantly more positive rating (see Figure 4). This 

was unique to the blood mixture valence ratings, and not found for the other scents (see Table 3). 

Since there is a possibility that blood threshold influenced valence ratings for women at 

different phases of their cycle, we regressed contraception, fertility, and blood threshold on 



 54 

valence ratings, using a backwards regression and Akaike’s Information Criterion (Akaike, 

1987), to determine whether thresholds could explain the differential results of women’s cycle 

upon valence ratings. Threshold made no significant contribution to the full model, and was 

thrown out of when evaluated with the AIC.  

 

Figure 4: Box Graph of women’s ratings of the valence of blood according to whether they 

are taking contraception (Pill/no Pill), and cycle stage (ovulation/non-ovulatory phase) of 

their menstrual cycle. Error bars represent +/-2 Standard deviations.  
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Table  3: Results for 2x2 Factorial ANOVA of Menstrual cycle phase and Contraception 

upon valence ratings of scent 

 

2.5  Discussion 

Our intention was to obtain first psychophysical characteristics of people’s perception of 

and reaction to the scent of fresh blood, particularly with respect to its potential relation to 

aggression and fear.  

The perceptual threshold of blood appears to be unimodal for both men and women. 

There are some scents for which different portions of the population have different genetically 

modulated receptor types, and thus different perceptual thresholds together with different 

valence ratings, for example to androstenone (Keller et al., 2007). This is not unexpected, as 

unlike this substance, the scent of blood is a mixture, where one can expect a receptor for each 

component, with its own allelic variation. The holistic perception of blood is of another order of 

complexity. Our results have the practical implication for future studies that stimulus intensity 

will not have to be adjusted for two or more different populations. Women appear to be more 

sensitive to detecting blood than men. Women are generally more sensitive to an array of human 

Measures  R2 (R2-adj) F df p ηρ2 

Blood Contraception (pill/no pill) 0.34 (0.29) 14.92 1, 36 < 0.0001 0.29 

 Menstrual phase  1.26 1, 36 0.270 0.03 

 Contraception*Menstrual phase  5.61 1, 36 0.023 0.14 

Butyric Contraception (pill/no pill) 0.04 (-0.05) 0.25 1, 33 0.248 0.04 

 Menstrual phase  0.01 1, 33 0.931 0.00 

 Contraception*Menstrual phase  0.75 1, 33 0.392 0.02 

Water Contraception (pill/no pill) 0.05 (-0.06) 0.32 1, 26 0.578 0.01 

 Menstrual phase  0.39 1, 26 0.537 0.02 

 Contraception*Menstrual phase  0.88 1, 26 0.356 0.03 

Floral Contraception (pill/no pill) 0.16 (0.03) 1.93 1, 20 0.180 0.09 

 Fertile  2.15 1, 20 0.158 0.10 

 Contraception*Menstrual phase  0.57 1, 20 0.460 0.03 
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odours, such as breath, hand scents, andrenostone/ol, as well as non-human odours (see Doty and 

Cameron (2009) for review). Blood is not an exception. There are a variety of possible reasons 

for this generally higher sensitivity, most explanations favour fundamental biological 

differences, rather than differences of upbringing or hygiene (Doty & Cameron, 2009). Women’s 

everyday relationship with blood is different to men, in that they deal with menstruation for one 

week out of every four, and increased sensitivity might be a by-product of this. People can be 

sensitized to an array of different scents with repeated exposure, even if they are initially 

anosmic to them and this capability seems to be especially pronounced in women (Dalton, 

Doolittle, & Breslin, 2002), including biological scents (e.g. androstenone (Wysocki, Dorries, & 

Beauchamp, 1989)).  

For the ratings of blood scent, the most conspicuous result was the bimodality of valence 

ratings of blood, such that people either liked it or did not. This was the case for both genders. 

For women, the difference could be associated with differences in contraception and the phase of 

their fertility, namely women who did not take oral contraceptives and who were in a point in 

their cycle corresponding to their fertile phase showed a clearly more positive rating of the 

scents. Previous research has shown that women vary significantly across the course of their 

cycle in their ratings of odours (Doty & Cameron, 2009; Doty, 1986; Doty, Snyder, Huggins, & 

Lowry, 1981; Navarrete-Palacios et al., 2003; Pause et al., 1996), indeed more intensive 

processing of scents has also been observed in ERPs (Pause et al., 1996). It is not known why 

this is the case, it is not a simple matter of circulating ovarian hormones or gonadotrophic 

pituitary hormones. This is because women typically vary in their sensitivity and hedonic ratings 

of scents regardless of whether they are taking contraception or not.  Our findings indeed go 

against the dominant finding of a generally more positive rating of scents in the time of 

ovulation, regardless of contraception (Doty & Cameron, 2009), in that specifically fertile 

women rate the scent more positively, leaving open the possibility that gonadal hormones 

directly influence ratings of scent.  
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We have no explanation for why men display a similar split in their hedonic ratings of 

blood. Through one rating it is as yet not possible to say whether it is a state or trait rating. 

Future experiments will clarify a possible contextual dependency (Semin & De Groot, 2013). 

When asked to identify the blood scent, the student participants named a host of different 

associated scents – from cleaning materials, roasting fat, mushrooms, or hospitals. We have 

presented the artificial blood mixture in lectures to students and the public, and when it is 

identified in advance as blood, many people confirm that yes, this scent smells like e.g. “the 

slaughterhouse I grew up next to”, or “of course, that is the coppery smell of menstrual blood” 

etc. The verbal cue, providing the context that this smells of blood, seems to alter conscious 

attributions. This is reinforced by laboratory experiments of other scents showing that people’s 

early neural encoding of the same scent will alter depending upon whether it is labelled in 

advance as something pleasant, unpleasant or neutral (Laudien, Wencker, Ferstl, & Pause, 2008). 

Visual cues could also have an effect, redness is itself a powerful environmental cue, and blood 

phobia fear responses are triggered by visual cues (Sarlo, Palomba, Angrilli, & Stegagno, 2002). 

The underlying neurophysiological structures suggest that perception of visual and olfactory 

cues is holistically integrated (Gottfried & Dolan, 2003). Future studies will test this for blood. 

The effect of increased dominance in both sexes for those who found blood positive also 

requires explanation, as the effect is remarkably clear and strong. SAM ratings symbolise an 

increased dominance rating simply with a larger mannekin and thus the relationship to the 

intended concept (submissiveness/dominance) seems less clear than for the other dimensions.  

These ratings may express some aspect of valence rather than dominance. This is reinforced by 

the fact that floral odour was rated as more ‘dominant’ than blood, which in turn was more 

‘dominant’ than butyric acid.  

This paper has established some parameters around the scent of blood. Firstly, that the 

perceptual thresholds appear to be unimodal. In regard to the emotion ratings of blood, it was not 
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unambiguously perceived as an alarm signal, which would correspond to the notion of blood 

fulfilling a similar role to an alarm pheromone (Brechbühl et al., 2008). Nor was it perceived 

simply as an appetitive signal, which would be congruent with our observations of bloody 

wartime atrocities (Elbert et al., 2013). Its bimodal rating distribution could either reflect 

dispositional or contextual differences in the rating of blood, or both. Future experiments can test 

whether blood is associated with approach or avoidance related motivations: Would it have a 

potentiating effect upon either appetitive or fearful responses, respectively, that are not found for 

other scents? Alternately, if the same people are measured over different time periods, will they 

show trait-like stability in their ratings of blood? Finally our synthetic blood mixture provides a 

specific element of the scent of fresh blood that is convenient and safe for laboratory studies. 

This mixture represents one specific aspect of blood: The scent replicates the scent of fresh 

blood as it mixes with the lipid peroxides on the skin (Glindemann et al., 2006). On the one 

hand, blood has many other components that impact behaviour, in particular, a dying prey 

animal’s blood contains stress hormones, which could also conceivably excite a predator or 

frighten a conspecific (Mackay-Sim & Laing, 1981; Stevens & Saplikoski, 1973). On the other 

hand, predatory animals have been shown to react to an individual component of blood scent 

(trans-4,5-epoxy-(E)-2-decenal) in the same appetitive way as with real blood (Nilsson et al., 

2014). At a theoretical level, identifying a biologically important environmental scent cue from 

one of its components could provide an advantage in sensitivity. But, configural perception of 

multiple elements of a scent is advantageous in the complex changing natural environment, 

moreover, if it were dependent only upon only one receptor, there is the possibility of a specific 

anosmia, which could be disasterous for an animal (Thomas-Danguin et al., 2014).  Blood is a 

complex stimulus, and our experiment shows complex responses in people to a major distinctive 

component of this.  
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In sum, our experiment is the first attempt to examine the effects of the scent blood in 

humans. This preliminary data suggests that its olfactory perception represents an important 

biological signal that requires further investigation.  
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3 Differences in brain circuitry for appetitive and reactive 

aggression as revealed by realistic auditory scripts 

3.1 Abstract 

Aggressive behaviour is thought to divide into two motivational elements: The first being 

a self-defensively motivated aggression against threat and a second, hedonically motivated 

‘appetitive’ aggression. Appetitive aggression is the less understood of the two, often only 

researched within abnormal psychology. Our approach is to understand it as a universal and 

adaptive response, and examine the functional neural activity of ordinary men (N = 50) presented 

with an imaginative listening task involving a murderer describing a kill. We manipulated 

motivational context in a between-subjects design to evoke appetitive or reactive aggression, 

against a neutral control, measuring activity with Magnetoencephalography (MEG). Results 

show differences in left frontal regions in delta (2-5 Hz) and alpha band (8-12 Hz) for aggressive 

conditions and right parietal delta activity differentiating appetitive and reactive aggression. 

These results validate the distinction of reward-driven appetitive aggression from reactive 

aggression in ordinary populations at the level of functional neural brain circuitry. 
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3.2  Introduction 

Aggression has long been regarded as a dichotomous phenomenon (McEllistrem, 2004; 

Meloy, 2006; Weinshenker & Siegel, 2002), belonging to two different motivational systems: 

One representing self-defence with the avoidance of threat and danger, and the other broadly 

representing the planning and execution of proactive attacks.  

3.2.1 Reactive Aggression  

Reactive aggression is relatively well defined both behaviourally and in neurobiological 

terms as a functional response to threat.  It is part of the freeze-flight-fight-fright-faint sequence 

of the defence cascade (McEllistrem, 2004; Meloy, 2006; Schauer & Elbert, 2010b; 

Weinshenker & Siegel, 2002), and can be observed in humans and animals alike.  Its function is 

defence against perceived threat, and it is distinguished by high arousal, and emotions of 

negative valence, like anger, frustration, and fear. Animal studies suggest that the underlying 

neural circuitry of reactive aggression is largely the same in predators (e.g. cats) and prey (e.g. 

rats): The activity in the medial amygdala, the hypothalamic attack area, and the periaqueductal 

gray axis, determines aggressive behaviour in animals. The activity of this axis is regulated by 

other areas, in particular the prefrontal cortex, as well as the lateral septum, and the brain stem 

monoaminergic nuclei (Gregg & Siegel, 2001). The OFC plays a role in evaluating rewards vs. 

expectations of rewards, and as such is associated with frustration (Blair, 2004), as well as 

recognizing violations of social norms (Blair & Cipolotti, 2000), both of which can be a trigger 

for reactive aggression.  

3.2.2 Appetitive Aggression 

When interviewing soldiers, ex-combatants, and child soldiers who have committed 

violent acts, many report adverse consequences of traumatic stress, frequently with problems in 

emotion regulation and a risk for engaging in reactive aggressive behaviour (Marsee, 2008). 
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However, a contrary narrative also frequently emerges, in that a significant proportion of ex-

combatants report fighting and killing not as being frightening but rather as being exhilarating, 

and pleasurable (Elbert et al., 2010). Killing, though often experienced as extremely stressful at 

first, becomes easier and finally even enjoyable to many fighters (Elbert et al., 2010; Maclure & 

Denov, 2006). We denote this as appetitive aggression, which we conceptualize as 

fundamentally hedonic in character and related to reinforcing qualities of the violent act itself. 

This includes, for example, the thrill of hunting your prey, pulling the trigger and hitting the 

target, the cries of the victim, and the scent of blood. This is as opposed to instrumental 

aggression, which defines rewarding qualities of violence as those that follow as a result of 

violence, such as increased social status, power, and money. Our field observations of appetitive 

aggression in post-conflict lands show that it is widespread in the general population, and not 

limited to a psychopathic minority. In support of our observations, other theorists have also 

recognized the necessity of understanding aggression in terms of normal rather than abnormal 

psychology (Kröber, 2012; Neitzel & Welzer, 2011; Nell, 2006). Furthermore, this aggression 

arises in a variety of cultural contexts, e.g. the Democratic Republic of Congo (DRC) (Hecker et 

al., 2012), Uganda (Weierstall, et al., 2012b), Colombia (Weierstall et al., 2013), and has been 

acknowledged by German WWII veterans more than 60 years after their deployment (Weierstall, 

et al., 2012a).  

3.2.3 Neuropsychology of Aggression Subtypes 

Neuropsychological research examining aggression has conceptualized a complement to 

reactive aggression, variously labelled ‘proactive’, ‘predatory’ or ‘instrumental’ aggression 

(Meloy, 2006). These areas of research, viewing this form of aggression as a fundamentally 

dysfunctional psychopathology has focused upon forensic populations of ASD, psychopathy 

(Blair, 2007; Raine et al., 1998; Yang & Raine, 2009) and conduct disorder (CD) (Marsh et al., 

2013), and other developmental disorders (Dodge, Lochman, Harnish, & Bates, 1997; Jones, 
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Laurens, Herba, Barker, & Viding, 2009; Vitiello & Stoff, 1997). However, neuroimaging 

investigations are faced with an interpretive challenge in that these disorders also feature high 

reactive aggression (Yang & Raine, 2009). Other neural differences are focused on diminished 

capacity for aversive conditioning, insensitivity to social anger cues (Blair, 2004; 2010), and 

impaired emotional empathy (Blair, 2013). The hedonic and rewarding element of this form of 

aggression is less often emphasized. We believe this is important, as it is apparently something 

that can be awakened in the general population, and is functional and adaptive in certain 

circumstances, such as war (Elbert et al., 2010). Its expression is not linked to any necessary 

neurobiological deficit, such as empathy or aversive conditioning mentioned above. In certain 

animals there is a functional predatory form of aggression complementary to reactive aggression 

(Panksepp & Zellner, 2004). These distinctions have been localized in subcortical systems. For 

example in cats, there are two distinct aggressive behaviours: One is a defensive posture marked 

by hissing, piloerection, and a second predatory hunting mode. These two forms of aggression 

can be linked to mediobasal and lateral parts of the hypothalamus respectively and higher 

afferent structures (Flynn et al., 1970). Electrical stimulation of the periaqueductal grey, for 

instance, can elicit aggressive behaviour in the cat, but not in the rat (Shaikh, Barrett, & Siegel, 

1987). Separate areas within the hypothalamus for predatory vs. reactive aggression can be 

similarly distinguished in other animals, including mice (Lin et al., 2011), and rats (Toth et al., 

2012; Tulogdi et al., 2010) (see Haller (2013) for review). Though this evidence is compelling in 

animal models, humans have not shown this neat differentiation of aggression subtypes in these 

subcortical regions, showing only a hypothalamically mediated general aggression (Weiger & 

Bear, 1988). 

Though a cat has a simple neurobiological switch between two discrete forms of 

aggression, human appetitive and reactive aggression can display significant overlap. An untried 

soldier can simultaneously feel terror and exhilaration in battle (Elbert et al., 2010).  Nell (2006), 

observing the predatory hunting behaviour of chimpanzees, notes that two behaviours can switch 
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back and forth, between the fear of confronting the defensive prey in one moment to the 

exhilaration of conquering it. In humans, punishing someone for a transgression can evoke a 

feeling of reward. The latter instance is demonstrated in the TAP, where reactive elements of 

aggression are operationalized in terms of punishment with provocation, reactive aggression 

activates reward-related subcortical areas such as the ventral striatum (de Quervain et al., 2004; 

Kramer, Jansma, Tempelmann, & Munte, 2007).  

Though some theorists emphasize the applicability of animal models to human 

aggression (Panksepp & Zellner, 2004), it is likely that humans have evolved on a different 

evolutionary trajectory from that of other predators, like cats, and have developed different 

forms of inhibition for intra-species killing. Indeed, with our complex societies, killing 

conspecifics will have a variety of complex consequences, advantages, disadvantages, relating 

ultimately to survival, accrual of resources and reproductive success. These strategies will have 

likely been subject to natural and sexual selective pressure (Duntley & Buss, 2011). The 

complexity of the social use of violence suggests that again activity in cortical regions, is 

decisive for modulating, inhibiting or allowing positive or exciting feelings relating to violence, 

whether towards humans or animals. For example, the OFC plays a role in evaluating social 

cues, and thus determines whether expression of violence is appropriate or not. Indeed lesions in 

this region often lead to aggressive behaviour in humans, as shown, for example, in Vietnam 

veterans (Grafman et al., 1996). This suggests, in concert with studies in primates (Machado & 

Bachevalier, 2006), that in humans, a more highly developed cortical response provides 

inhibitory function over subcortical circuits for both forms of aggression. To see it from the 

perspective of psychopathy research: Psychopaths have major deficits in cortical connectivity, 

producing either a want of empathy or punishment insensitivity (Blair, 2007, 2013), but this 

failure in inhibition does not in itself explain the existence of the violent impulses themselves. It 

is likely that empathy deficits interact with abnormal reward centres. Psychopaths in fact show 

functional abnormalities in reward-structures such as the Ventral Striatum (VS) (Carré, et al., 



 65 

2013) and in dopamine release in the Nucleus Accumbens (Buckholtz et al., 2010). As argued 

above by research in conflict lands, hedonically motivated violence is not restricted to a 

psychopathic minority, and it is possible that ordinary people will show a corresponding 

functional cortical activity relating to an induced appetitive aggression.  

3.2.4 Experiment Design 

It should be possible to evoke appetitive aggression and differentiate it from reactive 

aggression in the laboratory with non-clinical participants. Although many studies have found 

ways to provoke aggression in the laboratory, systematically separating appetitive and reactive 

components has not been attempted before. Violent computer games provide a socially 

sanctioned means of enjoying aggression, mimicking both the fear and excitement of combat. 

One neuroimaging experiment using violent computer games as a stimulus found OFC, 

amygdala, and anterior cingulate cortex (ACC) activity, but did not separate subtypes (Weber et 

al., 2006), another study from the same group did choose reward and defensive areas as a priori 

ROIs, but interpreted results in terms of reactive aggression and empathy deficits (Mathiak & 

Weber, 2006). A PET study from Koepp et al. (1998) showed dopaminergic activation in 

response to video game playing, indicating that the violent gaming activated reward related 

systems in the brain. Perach-Barzilay et al. (2013) operationalized reactive and proactive 

aggression through a financial decision task (Social Orientation Paradigm), and used inhibitory 

rTMS in low frequency theta bands on left and right dorsolateral prefrontal (DLPFC) areas to 

modulate it. Although they predicted frontal left and right lateralized activity corresponding to 

approach/withdrawal motivations, respectively (Davidson, 1992; Harmon-Jones, Gable, & 

Peterson, 2010), they found a uniformly left frontal lateralization for both aggression subtypes.  

Another technique to induce aggression is to use dramatic testimonies, where participants 

are asked to put themselves in the position of a killer vs. victim (Weierstall et al., 2014). This has 

been shown to increase or decrease testosterone in men, according to whether the person is 
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assigned to take the appetitive (perpetrator) or reactive (victim), role in the story, respectively. 

The purpose of the present experiment was to induce appetitive and reactive aggression in non-

clinical participants in the same manner, measuring functional neural activity with MEG.  In 

detail, we present exactly the same auditory testimony of an alleged murderer, describing a 

murder to three different between-subjects groups, prefaced by a different motive, either 

appetitive (lust, exhilaration, hunting, excitement), reactive (fear, anger, frustration, self-defence) 

or a motivationally neutral control. We analyse the spontaneous activity during the murder story 

itself, rather than the prior emotional prime. Even though there are no perceptual or signal 

differences between groups, we predict differences in oscillatory activity unique to each form of 

aggression. Earlier studies have used imagination scenarios to successfully activate aggression 

related areas (Pietrini et al., 2000), however, our experiment has the additional advantage of 

presenting a realistic and complex stimulus to each group that is perceptually identical, whilst at 

the same time separating reactive from appetitive aggressive responses. This use of complex 

real-world stimuli has become more popular with the advance of a variety of different analytical 

techniques (Hasson, Nir, Levy, Fuhrmann, & Malach, 2004; Wilson, Molnar-Szakacs, & 

Iacoboni, 2008), and provides us with the opportunity to improve the comparability between 

field and laboratory research for validating phenomena identified in a natural context.   

We predict a differential oscillatory activity between reactive and appetitive and control 

conditions, since this is exploratory, we examine activity from low to high frequency bands 

across the whole brain.   
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3.3  Materials and Methods 

3.3.1 Participants 

Participants were 61 male students, to make 3 between-subjects conditions of 

approximately 20 participants each. From this, 11 people were removed prior to analysis, due to 

the presence of non-physiological of artifacts in the MEG data (appetitive, N = 17, reactive, N = 

14, and control, N = 19). The age ranged between 20 and 39 years. 

Participants were selected to allow MEG-recording free from non-physiological artifacts 

(no ferromagnetic materials). Screening ascertained that no clinical or neurological disorders 

were present. Random group allocation to one of three experimental groups for the selected 

volunteers was decided before meeting the participant. There were no significant differences in 

age, or handedness as measured by the Edinburgh Handedness inventory (Oldfield, 1971) 

between these groups.  

Participants received 25€ for participation, or course credit in the 2.5 hour-long 

investigation. The University of Konstanz ethical review board approved the study and the 

experiment was carried out in accordance with the declaration of Helsinki.  All participants gave 

written informed consent.  

3.3.2 Stimulus Materials and Design 

3.3.2.1 Independent Stimuli 

The experiment used a story narrated from an audio recording by a male professional 

actor posing as an alleged murderer. This story is told in two parts in each condition. In the first 

part, he describes the motives and emotions that preceded a murder committed by him, and in the 

second part, he describes in graphic detail the way he murdered another man (4 minutes, 59 

seconds long). The second part of the story is written in such a way that it can be used across all 
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three conditions and the difference between the three between-subjects conditions is entirely in 

the first part, covering all levels of vivid experiencing, namely emotions, cognitions, sensations 

and behaviour. The first and second parts together are presented to the participant as one 

seamless recording, although only the MEG activity during the second, perceptually identical 

part is analysed. Our outcome measure is the brain activity during the actual description of the 

murder itself (see Appendix F for transcripts of experimental stimuli, and Appendix J for 

original audio recordings). 

3.3.2.2 Preface Stories 

There were three different stories prefacing the murder. In the reactive condition (4 

minutes, 10 seconds long), the murderer describes his lifelong feelings of rage, anger, and 

frustration at being treated badly by others, thus the murder is more interpretable as an act of 

reactive aggression. In the appetitive condition (preface duration: 4 minutes, 11 seconds long), 

he describes his lifelong enjoyment of violently attacking people, e.g. in childhood gangs and as 

a football hooligan, describing feelings of excitement and happiness. In this condition, the 

murder is intended to be interpreted as an act of appetitive aggression. In the control condition 

there is a background description of the lead-up to the murder, but no indication of the emotional 

state of the murderer (duration: 1 minute, 10 seconds). Additionally, all participants heard a 

second story (duration: 5 minutes, 9 seconds, order of presentation counterbalanced), detailing 

the daily life of an ordinary student (waking up, catching the bus, reading a book, waiting for an 

appointment). This is intended to provide an intra-subject baseline condition. 

3.3.2.3 Cover Story 

The instructions given to the participant whilst listening to the stories were given to 

encourage the participant to empathize with the murderer: Participants were told that the 

experiment was to see how well laypeople could perform the job of a criminal profiler and that a 

good criminal profiler can empathize with the criminal. This conceit was deemed necessary to 
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circumvent any potential strong resistance to admitting to socially undesirable aggression in 

ordinary German students. Reimagining an aggressive point of view in a criminal profiling 

context should be familiar from popular media, in which the main character occupying the 

socially desirable role of detective or forensic psychologist often has an uncanny empathy with 

the mind of the criminal. All participants received a debriefing on the study goals after the end of 

the experiment. 

3.3.2.4 Subjective Ratings 

A variety of questionnaires were administered immediately after the presentation of the 

stories. These assessed certain facets of the participant themselves as well as aspects of their 

reaction to the murderer in the role of profiler. Participants were asked to rate their own feelings 

of appetitive aggression in their capacity of profiler whilst listening to the alleged murderer with 

Weierstall and Elbert’s (2011) Appetitive Aggression Scale (AAS). Reactive aggression was 

measured with Buss and Perry’s (1992) Aggression Questionnaire (BPAQ). Current mood was 

rated with the Positive and Negative Affect Schedule (PANAS) (Watson, Clark, & Tellegen, 

1988), where applicability of 10 positive and 10 negative adjectives is rated on a 4-point Likert 

scale. On 5-point-Likert scales subjects rated the plausibility of the story and their identification 

with the protagonist and perpetrator. Further details of the individual questionnaires are given 

below, (see Appendix G for complete questionnaire).  

3.3.2.4.1 AAS  

The AAS is a 15-item questionnaire measuring hedonic aspects of aggressive acts 

(Weierstall & Elbert, 2011). Items consist of statements about feelings towards aggression, to 

which the person responds on a 5-point Likert scale, from 0 (‘disagree’) to 4 (‘agree’). The 

questionnaire has been tested on a large number of different populations (including soldiers and 

ex-combatants) in different cultures (Hecker et al., 2012; Weierstall, Schaal, Schalinski, 

Dusingizemungu, & Elbert, 2011; Weierstall, et al., 2012b). It has shown good psychometric 
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properties (Weierstall & Elbert, 2011). Participants were asked to answer from the point of view 

of their feelings in the role of profiler as they heard and empathized with the story. The AAS is 

accompanied by a 15-item questionnaire asking participants about their own experiences of 

violence in their lives. 

3.3.2.4.2 BPAQ 

A 27-item questionnaire (Buss & Perry, 1992), measuring four different dimensions of 

aggression: Physical and verbal aggression, hostility, and anger. As most of the items in this 

questionnaire are related to aggressive behaviour motivated by negative emotions and thus 

encompass reactive aggressive behaviour. This questionnaire was administered to capture 

reactive elements of aggression, not covered by the appetitive scale (German version: Herzberg 

(2003)). All items are scored on a 4-point Likert scale ranging from 1 (‘disagree’) to 4 (‘agree’) 

and were summed up to a total score. 

3.3.2.4.3 PANAS 

A 20-item list of adjectives, 10 positive and 10 negative, participants rated the extent to 

which their mood reflected each of these words on a 5-point Likert scale from 1 ‘very slightly or 

not at all’ to 5 ‘extremely’ (Watson et al., 1988). Participants completed this survey for both 

experimental and baseline conditions, to provide a basal measure of how they felt whilst 

listening to the stories. This is a widely used scale with good psychometric properties, in both 

German (Krohne, Egloff, Kohlmann, & Tausch, 1996; Mearns, Catanzaro, Schwarz, Pfeiffer, & 

Backenstrass, 2008) and English versions (Crawford & Henry, 2004).  

3.3.2.4.4 Participant Identification with Protagonist and Perpetrator 

Participants were asked to indicate the extent to which they identified with perpetrator or 

victim on a 5-point Likert scale, with answers ranging from ‘0’ (‘Not at all’) to ‘4’ 

(‘Extremely’). This has been used in a previous study (Weierstall et al., 2014). This was a 

control for identification with the perpetrator rather than the victim. 
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3.3.2.4.5 Morality 

Since morality has been shown to have neural correlates, differences between rated 

morality of the stories could affect the measured signal (Moll, Zahn, de Oliveira-Souza, Krueger, 

& Grafman, 2005). Participants rated the morality of the experimental story by placing a stroke 

on a visual analogue scale from 0 to 10 cm, which was converted to a score from 0 (morally 

defensible) to 100 (morally reprehensible).  

3.3.2.4.6 Plausibility of Story 

Participants rated the plausibility of the story on a 5-point Likert scale with answers 

ranging from 0 ‘Not at all’ to 4 ‘Extremely’. 

3.3.3 Procedure 

Participants were randomly assigned to one of the three different conditions. All 

underwent two MEG measures: An experimental and a baseline measure. Written instructions 

regarding the role of the participant as ‘profiler’ were read to participants before each measure. 

The order of experimental and baseline measures was counterbalanced. Standard instructions 

were read to each participant before each story.  

For the experimental conditions, participants were told that they were to hear the 

testimony of an accused murderer, and that their task as profiler was to put themselves in the 

position of the murderer, to see, feel everything from his point of view, and to put aside moral 

scruples they might ordinarily have about a murderer. They were told that their reactions 

afterwards to being put in this position would be assessed with questionnaires. For the neutral 

story, participants were similarly told to put themselves in the position of the person they were 

hearing. After hearing the story, participants were asked to complete the questionnaires.  
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3.3.4 Apparatus and Physiological Data Collection 

3.3.4.1 MEG 

Participants were in a prone position whilst MEG signals were measured. The MEG was 

a 148 channel whole-head magnetometer (MAGNES™ 2500 WH. 4D Neuroimaging, San 

Diego, USA). Before the MEG measures, head reference points (nasion, left and right ear, and 

overall headshape) were digitized with a Polhemus 3Space® Fasttrack. The neuromagnetic 

signals were digitized with a sampling rate of 678.17 Hz, and bandpass filtered from 0.1 to 200 

Hz. Noise reduction was carried out offline, using distant reference sensors. The data was pre-

processed using FieldTrip scripts (Oostenveld, Fries, Maris, & Schoffelen, 2011). The data was 

high and low pass filtered from 2 to 40 Hz, with a 14-18 Notch filter, to remove noise produced 

by a nearby train line. The continuous activity of the experimental and baseline conditions were 

cut into 150 epochs, which were 2 seconds long. Subsequently, epochs with large jumps were 

removed as well as 4 channels that were consistently noisy across subjects. An Independent 

Components Analysis (ICA) was then carried out to identify components associated with eye 

movement, muscle and heartbeat related artifacts. There was no difference across groups in the 

number of epochs deleted within experimental and baseline conditions. The experimental 

component had significantly more epochs than baseline (F(1,47) = 12.89, p = 0.001). There was 

however, no interaction effect across groups. The order of presentation of the stories did not 

have an influence upon the number of removed epochs, and the difference in remaining epochs 

was small (both > 140).  

Single-trial averaging of the epochs was carried out by means of a Hanning taper, 

followed by a Fast-Fourier-Transformation. The epochs were averaged to obtain the mean 

power-spectra for each frequency, in intervals of 0.5 Hz. Since the epochs were not evoked, 

there was no time dimension factored into these calculations. This was carried out for both 

experimental and baseline conditions. Thereafter, data for both the experimental and baseline 
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conditions were normalized by dividing the difference in the experimental and neutral condition 

by the Standard Deviation of the neutral condition. This created a standardized power difference 

(SPD). The following frequency bands were chosen for analysis: Delta (2-5 Hz), Theta (5-8 Hz), 

Alpha (8-12 Hz), and Beta/Gamma (20-40 Hz). Each of the three conditions were compared with 

a t-test for independent samples (Cubillo et al., 2012; Matthews & Altman, 1996) on each 

individual sensor. For the resultant map of t-values, criteria for a significant cluster were set at a 

minimum of 5 contiguous electrodes (Doñamayor, Schoenfeld, & Münte, 2012).  

3.4  Results 

3.4.1 Validity of Experimental Manipulation  

There were no differences in rated morality of the stories across conditions (F(2,48) = 

1.63, p = 0.21). The stories in each condition were rated as plausible, with a total mean of 3.67 

on a Likert scale of 1-5. There were no significant differences between groups (F(2,48) = 0.68, p 

= 0.51).  

Participants in all three groups identified more strongly with the perpetrator than victim 

(F(1,47) = 14.64, p < 0.001). One-way ANOVAs showed that there were no differences in 

appetitive vs. reactive ratings for the underlying motivation in the aggressor across the three 

groups as measured by the AAS (F(2,47) = 1.14, p = 0.33) and BPAQ (F(2,47) = 0.61, p = 0.85). 

There was a significant group effect for PANAS ratings of the positivity of the story (F(2,46) = 

4.95, p = 0.01), in comparison to the neutral story, with people in the appetitive group (M = 

10.82, SE = 2.11) having a significantly more positive rating of the story than those in the 

reactive group (M = 2.31, SE = 1.99, p = 0.003). Furthermore, AAS scores interacted with group 

ratings of positive arousal during the story, with higher AAS scores predicting significantly 

greater positive arousal in the appetitive group (r = 0.63, p  = 0.007), but not reactive (r = 0.18, p 

= 0.55) or control groups (r = 0.16, p = 0.53). All above analyses fulfilled assumptions for their 
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respective parametric tests, and were replicated with the 11 excluded participants from the final 

MEG sample. 

3.4.2 MEG Results  

Significant clusters were found for Delta (2-5 Hz) and Alpha Activity (8-12 Hz) 

differentiating the three conditions.  

3.4.2.1 Delta Range 

Both the appetitive and reactive conditions had frontal negative delta clusters that 

differentiated them from the control condition (see Figure 5 for plots of SPDs).  

Figure 5: Delta Band (2-5 Hz) topographical plots showing differences in SPD each 

experimental group. The circle represents the whole-head MEG layout for appetitive (N = 

17), reactive (N = 14), and control (N = 19) conditions. 
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A left frontal delta ROI was found for comparison of reactive vs. control. A comparison 

of the SPD between conditions was significant (F(2,49) = 5.06, p = 0.01), follow-up Bonferroni 

corrected comparisons showed significant differences between reactive (M = -0.15, SE = 0.03) 

and control (M = 0.09, SE = 0.07, p = 0.02); appetitive (M = -0.10 , SE = 0.04) was not 

significantly different from control (p = 0.06), or reactive conditions (See Figure 6b).   

1.1.1.1. Right Parietal/Temporal Cluster 

For the delta activity in the right parietal/temporal region, there was an overall difference 

between conditions (F(2,49) = 3.81, p = 0.03), follow-up Bonferroni contrasts showed a 

difference between appetitive (M = 0.12, SE = 0.06) and reactive (M = - 0.08, SE = 0.05, p = 

0.03) conditions, but not for the control condition (M = 0.04, SE = 0.04, p = 0.66); the reactive 

vs. control comparison was also non-significant (p = 0.32). (See Figure 6c). 
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Figure 6: Significant clusters representing critical t-values (for p < 0.05) in the Delta band 

(2-5 Hz) for comparisons between the three experimental conditions (above) and bar 

graphs of differences within clusters (below), (error bars represent 95% CI). 

 

 

 

 

 

 

 

 

 

3.4.2.3 Alpha Range 

For comparisons between appetitive and control in the alpha range (8-12 Hz) (see Figure 
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= 0.04) was significantly more negative than control (M = 0.06, SE = 0.06, p = 0.02), but not 

reactive conditions (M = 0.03, SE = 0.06, p = 0.09), there was no difference between reactive and 

control (See Figure 8a). 
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more negative than reactive (M = 0.05, SE = 0.06, p = 0.09). There was no difference between 

reactive and control (See Figure 8b). 

 Figure 7 Alpha Band (8-12 Hz) topographical plots showing SPD for each experimental 

group. The circle represents the whole-head MEG layout for appetitive (N = 17), reactive 

(N = 14), and control (N = 19) conditions. 

 

 

 

 

Figure 8: Significant clusters representing critical t-values (for p < 0.05) in the Alpha band 

(8-12 Hz) for comparisons between the three experimental conditions (above) and bar 

graphs of differences within clusters (below), (error bars represent 95% CI).  
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3.4.2.4 AAS Scale Correlations 

To supplement the above group analyses, correlations of the AAS scale with power in 

each individual sensor for different frequency bands were made across the entire sample (N = 

50). A resultant correlation map showed a parietal/temporal cluster, which was then tested for 

group differences (See Appendix H for other neuro-oscillatory clusters defined by significant 

trait clusters). Experimental groups differed significantly (F(2,49) = 3.33, p = 0.045). Bonferroni 

contrasts showed that appetitive (M = 0.09, SE = 0.06) was significantly more positive than 

reactive (M = - 0.07, SE = 0.05, p = 0.04). The control group (M = 0.01, SE = 0.03) lay between 

these and was not significantly different to the other two conditions (appetitive vs. control: p = 

0.45, reactive vs. control: p = 0.65). (See Figure 9).  

Figure 9: Correlation maps of SPD with AAS measures for each sensor across entire 

sample (N = 50). a) Correlation coefficients at each sensor, b) map of sensors that were 

significant at p < 0.05. c) Barplot of SPD for each condition in the ROI defined by AAS 

correlations (error bars represent 95% CI).  
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3.5 Discussion 

Is there a difference in the neural circuitry underlying reactive and appetitive aggression?  

This experiment sought to induce both aggressive modes in a sample of non-clinical participants, 

using realistic stimuli depicting the two forms of aggression and asking them to imagine 

themselves as protagonists in these scenarios. Inducing identification in participants for the 

perpetrator was successful, in that all participants identified more with the perpetrator than with 

the victim, the story was regarded as plausible, and there were no potentially confounding 

differences in the perceived morality of the story across conditions.  

Although the grouping did not influence scores on questionnaire measures of appetitive 

or reactive aggression, it is possible that the scales are more sensitive to trait rather than state 

qualities of aggression. Indeed, the appetitive group produced a stronger positive arousal state 

than the reactive group, and AAS scores moderated this effect, with people higher in appetitive 

aggression (trait) responding to the appetitive condition with more positive arousal (state). 

The MEG results showed a low frequency left frontal cluster in the delta band (2-5 Hz) 

for both appetitive and reactive conditions, in comparison to control conditions. In the alpha 

band (8-12 Hz) the appetitive group showed a left frontal cluster differentiating it markedly from 

the control group, with reactive aggression in between these two. Reactive and appetitive 

conditions were differentiated from each other in the delta band in a right parietal/temporal 

region. Moreover, a follow-up test showed that trait-level appetitive aggression was correlated 

with a cluster of sensors in the same region. Within this appetitive aggression-related region, the 

appetitive and reactive conditions showed opposite patterns of synchronization and 

desynchronization, respectively.  

These results show that left frontal activity is associated with aggression generally, rather 

than separating subtypes. Its specific left localization is congruent with findings from other 

researchers, who also note a frontal left bias in aggression processing. Adolescents with Conduct 
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disorder also show structural deficits in specifically left amygdala activity (Sterzer, Stadler, 

Poustka, & Kleinschmidt, 2007). Perach-Barzilay et al. (2013) used a decision-making task 

where participants could punish confederates either as reactive response to provocation, or as a 

planned ‘proactive’ aggression, inhibiting theta activity by means of continuous transcranial 

magnetic stimulation (cTMS) for left vs. right frontal regions, potentiated aggression only in the 

left DLPFC. A meta-analysis of ASD noted predominantly left DLPFC deficits were associated 

with impulsivity-related violence. However, right OFC and ACC activity was also a 

characteristic feature of these disorders (Yang & Raine, 2009). The alpha negativity in the left 

region, most pronounced in the appetitive condition, is in accord with studies associating 

aggression with left-mediated approach motivation (Coan & Allen, 2004; Harmon-Jones et al., 

2010; Hermans, Ramsey, & van Honk, 2008; Van Honk et al., 2010). In this motivational picture 

of the brain, left frontal brain activity (operationalized as alpha desynchronization) is associated 

with approach motivation, and right activity with fear and withdrawal-related activity.3  

The area where clear differences between appetitive and reactive aggression were found 

was in the right parietal/temporal regions in the delta band, distinguishing both induced state 

appetitive aggression, as well as trait appetitive aggression. This region is one of the candidate 

regions sensitive to foetal testosterone. Comparing men and women, researchers found a 

correlation between gray matter volume in this region and foetal exposure to testosterone in men 

only (Lombardo et al., 2012). This region is associated with theory of mind, and empathy with 

others (Decety & Lamm, 2007; Saxe & Powell, 2006). Although all conditions involved seeing 

oneself in the position of a perpetrator, only the appetitive condition showed a specific 

synchronization, this together with the association with scores on our appetitive aggression scale 

suggests a specific association with appetitive aggression. Disinhibiting subcortically mediated 

                                                
3 Many of these theorists also emphasize the importance of Hormones Cortisol (CRT) and Testosterone (T) 

in aggression-related frontal activity. We also measured this as a part of this experiment, and the results are detailed 

in Appendix I.  
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reward systems relating to violence could be related to reduction in empathy for others. The 

aggression of Psychopaths is frequently attributed to empathy deficits, most often stemming 

from frontal subcortical and cortical deficits (Blair, 2007, 2013), but also in a similar right 

parietal/temporal region (Müller, Gänßbauer, et al., 2008; Müller, Sommer, et al., 2008). The 

implication is, that when this empathy is out of play, rewarding aspects of violence find 

expression. A lack of emotional empathy is assumed to be a primary factor in the cruelty of a 

psychopath (Blair, 2013). However, other neuroimaging studies have shown abnormal 

processing in reward-related regions of the psychopathic brain such as the VS (Carre et al., 

2013) and Nc. Acc. dopamine release (Buckholtz et al., 2010). We cannot say whether it is 

weaker empathy regions that fail to restrain reward-related processes, or abnormal reward 

processes that overwhelm empathy regions. The latter interpretation would imply that for a 

psychopath, a lifetime of cruelty to others, motivated by a lust to hurt, produces empathy-related 

deficits as a consequence, viz. empathy-related processing would be generally inactive, leading 

across the course of development to atrophy in these regions. This one study needs replication 

before making any stronger claims, but it is congruent with the idea that aggression is a very 

dynamic process, in that non-clinical participants show cortical changes relating to appetitive 

aggression. It also matches with the idea that psychopathy is dimensional in character (Hare & 

Neumann, 2008), with differences between psychopaths and the general population being a 

matter of degree, and the level of manifestation of psychopathic traits being dependent upon 

external situational factors. The experimental manipulation is perhaps comparable to the real-life 

situation of training ordinary men to work as soldiers, empathy is deliberately suppressed by 

commanders, to reduce soldiers’ inhibitions about killing the enemy, e.g. by using 

dehumanization techniques, such as giving them animal names like ‘rats’ or ‘monkeys’ 

(Grossman, 1996; Staub, 2006).  

One could argue that the parietal/temporal delta synchronization observed in the 

appetitive group, contradicts the association of increased delta desynchronization with stronger 
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AAS scores. However, the actual neural processes explaining the difference between a trait 

response and the state response to aggression induction is extremely complex and elaborating 

this is beyond the scope of the experiment.  

We were able to demonstrate a change in the affective state of people in this laboratory 

scenario, operating with the assumption that a story about a violent man will evoke emotions 

associated with violence. We emphasize that in this imaginative act, parallel emotional circuits 

become activated (Blair, 2005; J. Decety & Meyer, 2008) though these need not implicate active 

behaviour. Some limitations intrinsic to this form of research with naturalistic stimuli need to be 

acknowledged. Our aggressive story was perceptually identical across all three conditions, and 

thus differences in the signal between groups cannot be attributed to any differences in auditory 

perception or processing. One could object however, that the different ideas mentioned in the 

first part of the experiment could have lead to different imagined scenarios for each group that 

go beyond forms of aggression. We hold that the large sample size within each group, and the 

fact that the effects are the product of single-trial averaging of a large number of trials, means 

that the differences between groups can be meaningfully interpreted as relating to correlates of 

different aggression forms. A future proof of differential neural processing (e.g. different media; 

evoked rather than spontaneous stimuli) would certainly be necessary to elaborate the differences 

between these two forms of aggression. An interesting validation of our technique could be to 

test for neural activity on ex-combatants high in appetitive aggression retelling their own stories. 

It is a frequent observation that remembrances of violence evoke powerful reliving experiences, 

either negative, as in the case of PTSD, or positive, in the case of appetitive aggression (Elbert et 

al., 2010). In this way the laboratory model of evoking appetitive aggression in ordinary people 

via stories would be compared to the imaginative re-experiencing of the phenomenon in itself.  

One further issue that requires examination in the future is the relationship between appetitive 

and reactive aggression. Some experimental observations suggest overlap of the hedonic 

qualities with reactive responses (Kramer et al., 2007) and field observations suggest that one 
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‘acquires at taste’ for battle, moving from fear and revulsion to euphoria and power (Elbert et al., 

2010). Studying this process of change from reactive to appetitive in the laboratory within one 

person would give us more insight into the dynamics of the processes involved.  

The results generally speak for the possibility that a hedonic, positive response to 

aggression is an intrinsic general part of an individual’s behaviour, and is observable at the level 

of functional neuro-activity, suggesting that it is fundamentally separate to systems relating to 

reactive aggression.  
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4 Spectral EEG correlates of trauma and aggression in a sample 

of active soldiers: A pilot study 

4.1  Abstract 

This study tests whether biomarkers of trauma and aggression can be found in spectral 

oscillatory activity, as measured by electroencephalography (EEG) in a sample of combatants (N 

= 107) from the Burundian national army. Participants were interviewed on measures of PTSD, 

appetitive aggression, depression, drug and other comorbid disorders, and measured bilateral 

frontal activity with a portable 8 electrode machine (Fp1, Fp2, F3, F7, F4, F8, Cz, Afz) in two 

resting state conditions: Eyes open (EO); and eyes closed (EC). Outcome variables were 

frequency bands (delta 0.6-4 Hz, theta, 4-8 Hz, alpha, 8-12 Hz, beta 12-24 Hz, gamma, 24-48 

Hz), averaged in the following manner: Frontal lateralization; global field power (GFP), global 

difference from the median (GDM) and the ratio of eyes open vs. eyes closed resting activity 

(EO:EC). All measures showed significant correlations with various behavioural measures of 

PTSD and appetitive aggression, as well as with experienced traumatic, stressful and aggressive 

events, and depression. The study validates the concept finding neurophysiological correlates of 

clinical disorders, and aggression in a large epidemiological sample, and provides a starting 

point for analysis of the main dataset (N ≈ 550).   
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4.2  Introduction 

4.2.1 Aim of Project 

Field studies in post-conflict lands have revealed a lot about the psychology of humans in 

extreme situations, centring around the twin extremes of aggression and trauma. Soldiers and 

civilians in lands afflicted by civil war display trauma disorders such a PTSD in epidemic 

proportions, for example, Onyut et al. (2009) show a PTSD prevalence rate of 32 % and 48 % 

PTSD in Rwandan and Somali refugees, respectively. Similarly high prevalences have been 

found in such other places as Cambodian, Ethiopian, Palestinian, Algerian, Sudanese and 

Ugandan populations (De Jong, Komproe, & Van Ommeren, 2003; Karunakara et al., 2004; 

Schaal & Elbert, 2006).  

Amongst perpetrators of violence, people show intense extremes of, on the one hand 

trauma and terror, and on the other hand enjoyment of and lust for violence. This combination of 

extremes has been found in Burundian street children (Crombach, Weierstall, Hecker, 

Schalinski, & Elbert, 2013), Congolese child soldiers (Hecker et al., 2012), German WWII 

veterans (Weierstall, et al., 2012a), Colombian guerrillas (Weierstall et al., 2013) and Ugandan 

child soldiers (Weierstall, et al., 2012b). This appetitive aggression is to be distinguished from 

reactive aggression, which is a self-defensive response to trauma characterized by intense 

arousal, feelings of anger, and rage (Elbert et al., 2010). Appetitive aggression is the aggression 

of the hunter, or predator. It is actively attacking another, and is characterized by hedonic 

feelings of power, euphoria, and lust.  

This project examined the neurophysiological markers of PTSD and appetitive aggression 

in a group of veteran soldiers who will have experienced extremes of trauma and aggression, to 

see whether abnormalities of resting state oscillations could provide physiological markers of 

these psychological factors and to examine the way in which these interact. This study uses 
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resting state oscillations across a large population to create an epidemiological picture, rather 

than the more commonplace neuropsychological investigation of a small sample reaction to 

specific tasks.  

4.2.2 Interpretation of Resting Oscillatory Activity 

Resting state activity does show distinctive patterns potentially distorted by 

psychopathology. For example, neuroimaging studies have found baseline areas of activity in the 

brain when a person is in a resting state without any form of external stimulation or any task 

(Raichle et al., 2001). These researchers found particular structures, including the posterior 

cingulate cortex, areas of the parietal cortex and medial prefrontal cortex become 

desynchronized during tasks, but resynchronized when the participant is awake but not engaged 

in any task. Since then, many different resting networks of functionally connected structures 

have been postulated, reflecting dorsal attention network, visual, auditory somato-sensory and 

self-referential processes (Mantini, Perrucci, Del Gratta, Romani, & Corbetta, 2007). These 

findings were initially found in PET and fMRI studies as well as EEG (Chen, Feng, Zhao, Yin, 

& Wang, 2008). The latter showed dominance of delta in frontal regions, theta in frontal and 

central regions, parietal alpha and a left frontal dominance for higher beta and gamma 

frequencies. The discovery of these default networks in healthy participants opens up a 

possibility of finding neural markers for psychopathologies, where these baseline activities are 

disturbed or the switch from baseline to task is in some way distorted (Broyd et al., 2009). From 

this it may even be possible to find biomarkers to link with genetic variation (Greicius, 2008). 

Default network abnormalities have been found for anxiety disorders (Zhao et al., 2007) and 

depression (Greicius et al., 2007; Kemp et al., 2010).  
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4.2.3 PTSD and Resting State Oscillatory Activity 

Resting state functional neuroimaging studies of PSTD have already shown abnormal 

oscillatory rhythms, however with very heterogeneous results. Two separate studies from Begić 

and Jokić-Begić (2001) and Jokic-begic and Begic (2003) found increased beta activity, 

particularly in frontal regions, in combat veterans with PSTD, which they attributed to generally 

increased hyperarousal. Additionally, there was increased central theta activity, which could be 

linked to either changed amygdala function or structural changes in hippocampal volume. Indeed 

there is abundant evidence of reduced hippocampal volume in PSTD (see Karl & Werner (2010); 

Kitayama, Vaccarino, Kutner, Weiss, and Bremner (2005); and Smith (2005), for metaanalyses). 

Additionally there is evidence for dysfunction in prefrontal amygdala and ACC circuits, (Etkin 

& Wager, 2007). Cohen et al. (2013) also found increased beta activity, their assessment of 

activity was made more spatially precise with parallel BOLD measurements, localizing this 

specifically over sensory motor areas, whereas healthy controls showed a frontal theta-

modulated change in beta activity, suggesting a top-down control over reactions to emotionally 

valent stimuli. The PSTD patients showed no such cognitive agility, with only a generally 

increased beta activity. A notion of cognitive inflexibility in the function of the PTSD brain is 

echoed in Chae et al. (2004), which showed decreased dynamical complexity in the brain signals 

of PSTD patients. Kemp et al. (2010) found that scores on the CAPS (Clinician Administered 

PSTD Scale: A structured diagnostic interview for PSTD) were also associated with reduced 

right frontal alpha power. Other studies have shown a similar right dominant frontal asymmetry 

(McCaffrey, Lorig, Pendrey, McCutcheon, & Garrett, 1993; Rabe, Beauducel, Zöllner, 

Maercker, & Karl, 2006). The correlates were found for all subsets of symptoms: Hyperarousal, 

intrusions and avoidance. In this framework of emotion processing, right frontal processing is 

associated specifically with hyperarousal, with anxiety patients having typically stronger right 

activity (Blackhart, Minnix, & Kline, 2006; Thibodeau, Jorgensen, & Kim, 2006; Wiedemann et 

al., 1999). 
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The heterogeneity of the neuroimaging results is possibly attributable to the heterogeneity 

of PSTD itself, which has many different symptoms and comorbidities: Vivid intrusions, 

hyperarousal, detachment, dissociation, and comorbid depression and substance abuse. Many of 

the above studies separated their samples into PTSD vs. control, and could only speculate on 

which element of the disorder was represented by their findings on a post-hoc basis. Though 

Rabe et al. (2006) examined correlations with individual symptoms such as hyperarousal, 

intrusions and avoidance, no differences were found. There have been some studies focusing on 

individual symptoms of PTSD, Ray et al. (2006) find dissociation-specific functional 

deafferentiation, operationalized as pathological slow-wave activity (Wienbruch et al., 2003) in 

left ventral prefrontal regions, independent of other PSTD symptoms. Increased delta has also 

been correlated with dissociation in a sample of healthy participants, together with decreased 

alpha (Giesbrecht, Jongen, Smulders, & Merckelbach, 2006). In contrast, another study showed 

the opposite pattern of reduced beta with increased shutdown dissociation, together with 

increased delta activity (Schalinski, Reindl, Wienbruch, & Elbert, unpublished manuscript). 

Krüger, Bartel, and Fletcher (2013) found a decreased temporal theta activity in relation to state 

dissociation. Other frequent comorbid disorders of PSTD also have their own proposed 

oscillatory signatures, such as the left frontal inactivity of Major Depressive Disorder (MDD) 

(Kemp et al., 2010) and Panic Disorder (Knott, Bakish, Lusk, Barkely, & Perugini, 1996).  

4.2.4 Trait Appetitive Aggression and Resting State Oscillatory Activity 

One consistent finding in regard to resting state activity is the lateralization of frontal 

activity according to emotional parameters (Coan & Allen, 2004; Harmon-Jones et al., 2010). 

Approach emotions, associated with left activity relate to positive things, such as food, sex and 

nurture, and withdrawal-related emotions associated with right activity are related to negative 

things such as fear, anger and self-defence. This has been found across a variety of state and trait 

qualities (Hagemann, Naumann, Thayer, & Bartussek, 2002; Harmon-Jones, 2004). The above 
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findings for depression and anxiety match this, with MDD associated with reduced left frontal 

activity (i.e. reduced approach motivation) and anxiety with increased right activity (i.e. 

increased withdrawal activity). This dichotomy is also relevant to the study of aggression, where 

we have shown a general left frontal negativity for both appetitive and reactive aggression. 

Researchers have generally acknowledged aggression to be a dichotomous phenomenon 

(McEllistrem, 2004; Meloy, 2006; Weinshenker & Siegel, 2002), with the function of either 

defence or proactive attack. Most neuropsychological aggression research in ordinary people has 

focused upon the structures of self-defensive, or reactive aggression (Blair, 2004; Buckholtz & 

Meyer-Lindenberg, 2008; Kramer, Kopyciok, Richter, & Munte, 2009). Studies of proactive or 

appetitive aggression have focused upon clinical and forensic populations (Raine et al., 1998; 

Yang & Raine, 2009). This does not take into account the observation in war situations, that non-

clinical populations frequently enjoy carrying out aggressive acts (Elbert et al., 2013; Elbert et 

al., 2010; Neitzel & Welzer, 2011; Nell, 2006). In chapter 3 (Moran, Weierstall & Elbert, 

submitted), we differentially induced appetitive vs. reactive aggression in ordinary student 

participants and showed a functional cortical differentiation of activity in a right parietal region, 

and a general left negativity in delta and alpha bands. This experiment looks at appetitive 

aggression from a different perspective, measuring it at a trait rather than state level in a group of 

active soldiers.   

4.2.5 Interplay of PTSD and Aggression 

Both trauma and aggression have potential neurophysiological biomarkers, however 

when examining soldiers and other combatants, one has to take into account the dynamic 

interplay of appetitive aggression and PTSD. Their job puts them in situations where they are 

frequently exposed to traumatic stress, as well as themselves carrying out violence in the course 

of their duties. The act of killing typically begins as something horrifying and traumatic, 

committed under duress from the superior officer, and only gradually metamorphoses into a 
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tolerance of, and then a lust to kill (Elbert et al., 2010; Maclure & Denov, 2006). The perception 

of killing as traumatic vs. enjoyable is also moderated by appetitive aggression, with child 

soldiers who voluntarily joined the guerrillas less likely to perceive killing as traumatic, in 

comparison to forcibly recruited child soldiers (Hecker, Hermenau, Maedl, Hinkel, et al., 2013). 

One repeatedly demonstrated result is the so-called building block effect of trauma exposure: 

The more traumatic events one experiences, the higher the chances of developing PTSD (Neuner 

et al., 2004). Trait levels of appetitive aggression actually stunt this relationship, suggesting a 

survival advantage to those people with higher intrinsic levels of appetitive aggression 

(Crombach & Elbert, 2014b; Crombach et al., 2013; Hecker et al., 2012; Weierstall et al., 2013; 

Weierstall, et al., 2012b). Many predatory animals, such as cats have a very rudimentary switch 

between predatory hunting behaviour and self-defence, which is modulated by a basic 

hypothalamic switch, and cannot coexist (Shaikh et al., 1987). In contrast, humans can manifest 

both forms of aggression at once. In a therapeutic setting, a soldier can display traumatic 

symptoms, complete with hyperarousal symptoms of rage and frustration, as well as thinking 

fondly of his time in battle (Elbert, Hermenau, Hecker, Weierstall, & Schauer, 2012).  

4.2.6 Hypotheses 

The following experiment was devised to create a neuroimaging picture large enough to 

encompass all above-mentioned aspects of PTSD, and Appetitive Aggression together with their 

interaction in an ecologically valid sample of active soldiers. This could a) clarify some of the 

contradictions of earlier research, b) give an ecologically valid picture of the interaction of 

appetitive aggression and PTSD at the level of functional neural activity.  

For this we needed large sample of active combatants. This was conducted as part of an 

on-going study in the East African Republic of Burundi, where our research group is carrying 

out a longitudinal study on soldiers of the Burundian Army taking part in African Union Mission 

in Somalia (AMISOM) peace-keeping missions to Somalia (Nandi et al., unpublished 
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manuscript [b]). The entire project assesses psychological, genetic, and epigenetic factors and 

their effects before and after combat. The sample consists of 556 soldiers. Out of these, 

approximately 500 soldiers underwent EEG measurement of spontaneous activity, specifically, 5 

minutes of eyes open and 5 minutes of eyes closed, since this simple manipulation is known to 

show changes in default network activity (Chen et al., 2008). The EEG consisted of eight 

electrodes, which were attached to frontal regions. Soldiers underwent semi-structured 

interviews covering a variety of psychological and psychosocial issues. Among these, PTSD, 

Appetitive Aggression, Depression, drug consumption, and traumatic, stressful and aggressive 

events were assessed.  

This first analysis is only a pilot study of the first 107 soldiers measured, results from 

exploratory analysis of this will help clarify any technical and methodological issues that were 

not foreseen at the design stage of the experiment, as well as shape future hypotheses and 

analysis strategies for the total sample. For this analysis we analysed the data in several different 

ways:  

1) GFP, the average of all 8 measured electrodes as the simplest means of assessing 

EEG activity 

2) Lateralization, ratio of frontal left vs. right activation, since previous studies have 

identified lateralization abnormalities in both PTSD, aggression and depression 

3) GDM, where the difference from median activity for each electrode was taken and 

averaged 

4) Ratio of EC vs. EO activity (EC:EO), to attain a simple measure of perturbance of 

resting state (Broyd et al., 2009)  
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4.3  Materials and Methods 

4.3.1 Participants 

Participants were drawn from the Burundian army soldiers taking part in an AMISOM 

mission to Somalia. The experiment was part of a major longitudinal study of soldiers, taking 

into account psychological, genetic, and epigenetic effects of combat, trauma and childhood 

adversity. The study examines soldiers before and after a mission to the Somalia, to evaluate the 

effects of combat upon trauma, aggression, and the way in which they interact with other 

psychological and genetic factors. The present study examined the first 107 participants, who 

were newly returned from combat. Of these, the EEG data for 3 could not be analysed due to 

technical errors in measurement. For the EEG data, data was split into two conditions – Eyes 

Open (EO) and Eyes Closed (EC). After artifact correction (see below), 79 participants remained 

in the EO condition and 78 in the EC condition. For the ratio of EC:EO, a larger sample N = 96, 

as extreme values were intrasubjectively normalized. There was only one female soldier in the 

entire group.  

Participation was voluntary, soldiers were not given financial compensation for their 

time. Research was carried out under the aegis of the Ethics Comittees of the University of 

Konstanz and the Lumière University, Bujumbura, Burundi and was conducted in accordance 

with the declaration of Helsinki. Anonymity of participation was ensured through encrypted 

electronic coding and storage of the data.  

4.3.2 Demographic Factors 

In a field study in a post-conflict land some aspects of experimental control that one takes 

for granted in EEG studies are inevitably compromised. Although abstaining from alcohol in the 

24 hours prior to measurement is good practice in EEG experiments (Picton et al., 2000), alcohol 

consumption and abuse is a major part of the soldiers’ lifestyle and is indeed included as an 
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important psychosocial variable in the total study. Alcohol consumption frequency over the 

previous 2 weeks is displayed in Figure 10. It will thus be monitored as a covariate of both 

psychological and EEG measures in the results.  

 

Figure 10 Histogram of Alcohol Abuse  

Number of days of alcohol abuse over the previous 14 days for all 105 participants. 

Alcohol abuse is defined as more than 1 litre beer/ 0.5 litre wine / 0.1 litre vodka/brandy.  

There was no reported use of other drugs such as Khat and Marijuana in the interviews, 

which are known to be widely consumed in the Great Lakes region (Odenwald, 2007). It is 

possible that in this initial group of soldiers, the interview questions were not able to overcome 

natural stigma surrounding admitting to drug use.  

Illness and medication are other potential confounds for EEG research. The majority of 

soldiers have had some illness and taken medication in the previous month (see Table 4 for 

illnesses and Table 5 for medication). However, no soldier reported taking 

psychopharmaceutical drugs. There is no way to factor out larger than usual illness levels in 
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sample as covariates without distorting the results (Picton et al., 2000), we can nevertheless 

examine drug use separately as a correlate of neural activity and psychological variables.  

The Age range was between 22-46 (see Table 4 for details). Although age range can 

affect certain neuro-oscillatory measures (see e.g. Smit, Posthuma, Boomsma, and De Geus 

(2007)), within this range, one could assume homogeneity of variance, as no one is in 

adolescence or old age (Picton et al., 2000). It will nevertheless be examined as a possible 

influential factor.  
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Table 5 Medication  

A variety of medications came under the heading of ‘other’, one person was on anti-

retroviral drugs for HIV, traditional medicine, tramadis for chest pain, hepatitis C 

medication, daonil for diabetes. There was no-one taking psychopharmaceutical medicine. 

 

4.3.3 Head Injuries  

We asked for head injury with loss of consciousness, concussion, meningitis and other 

neurological disorders, such as epilepsy. There were a significant number of head-injuries 

reported, with 20 from 107 reporting some form of lifetime injury, mostly head injury with loss 

of consciousness (N = 18). As an initial test of whether this had any influence on the data, we 

used Fischer’s exact test to see whether any of the outliers (< 3 SD from the mean) were 

disproportionately represented by people with brain injuries. This was not the case for total 

outliers (p = 0.31, Fisher’s Exact test), nor for outliers in the delta wave region, more frequently 

associated with brain injury (EC: p = 0.31; EO: p = 0.31) (Fernández-Bouzas et al., 1999). 

Nevertheless, we included head injuries as a covariate in all analyses.  

4.3.4 Handedness 

Handedness was assessed with 5 questions relating to use of everyday items (for a 

soldier): Writing, using a spoon, sweeping, opening a bottle, and pulling a trigger. There were 

only two left-handers in the sample in the entire sample. Since culture in the region discourages 

left-handedness, particularly writing, it is likely that any handedness differences in the brain are 

 Current Medication (%) 
 Antibiotics Anti-

inflammatory 
Quinine Other Total 

Complete (106) 16.8 12.1 8.4 19.6 48.6 
EO Sample (79) 15 13.8 10.0 20.0 48.7 
EC Sample (78) 16.7 11.5 9.0 23.1 52.6 
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disguised. Although it is part of general practice to think of handedness as a confound (Picton et 

al., 2000), the influence of handedness in the brain is too complex to mandate any simple 

division into left and right lateralized, and recent research emphasizes the necessity of including 

left-handers as a representative part of the population (Willems, Van der Haegen, Fisher, & 

Francks, 2014). 

4.3.5 Measures  

4.3.5.1 PTSD symptom severity 

We used the PSTD Symptom Scale Interview (PSS-I), a dimensional measure of PTSD 

symptoms, consisting of 21 items. The traditional PSS-I has only 17 questions, encompassing 

DSM-IV’s 3 symptom clusters of PTSD, re-experiencing, avoidance and hyperarousal 

(American Psychiatric Association, 2000). Questions 18-21 assessed DSM-V’s extra diagnostic 

criteria. Each question is measured on a 4-point Likert scale indicating frequency of experience 

(0 = ‘not at all’; 1=‘once per week or less/a little’, 2 = ‘2 to 4 times per week/somewhat’, 3 = ‘5 

or more times per week/very much’). The scale gives an overall range of 0 to 63 points. The 

PSS-I has been used in other East-African studies including the DRC (Hermenau, Hecker, 

Schaal, Maedl, & Elbert, 2013), Rwanda (Weierstall et al., 2011). In the complete sample (N = 

556), Cronbach’s α was .94 (Nandi et al., unpublished manuscript [b]). 

4.3.5.2 AAS 

The AAS is a 15-item questionnaire measuring hedonic aspects of aggressive acts. Items 

consists of statements about feelings towards aggression, to which the person responds on a 5-

point Likert scale, from 0 (‘disagree’) to 4 (‘agree’), creating a sum score ranging from 0 to 60. 

The questionnaire has been validated on samples from a variety of different populations 

(including soldiers and ex-combatants) in different cultures, including African (Hecker, 

Hermenau, Maedl, Schauer, & Elbert, 2013; Weierstall et al., 2011; Weierstall, et al., 2012b). It 

has shown good psychometric properties (Weierstall & Elbert, 2011).  
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4.3.5.3 Event List Trauma, Aggression, Stress 

A list of major events across the entire lifespan of the soldier was collated. These were 

categorized as trauma, stress, and aggression.  

The trauma questions are defined according to the DSM-IV-TR’s definition (American 

Psychiatric Association, 2000), involving experienced or witnessed threat to life, or rape, have 

the most empirical precedent, and could thus be drawn from previous questionnaires, including 

the Posttraumatic Stress Diagnostic Scale (Foa, Cashman, Jaycox, & Perry, 1997) as well as the 

event checklist of Neuner et al. (2004). The latter measure demonstrated its applicability to the 

specific east African cultural context with a strong correlation with the CIDI Event List (the 

WHO’s Composite International Diagnostic Interview), tested in the Great Lakes Region of 

Africa and high test-retest reliability (Ertl et al., 2011). In addition to this, stressful (bad events in 

a person’s life that would not count as traumatic e.g. frightening medical treatment), were 

measured. Finally, aggression events were drawn from previous aggression research (Weierstall 

& Elbert, 2011), encompassing such things as fighting, sexual violence, mutilation and killing. 

The final event list had a total of 67 items (38 trauma, 6 stress, and 23 aggression items). These 

were dichotomously coded as 1 or 0, according to whether a participant had ever experienced 

these. We could not directly measure frequency of events, as memory distorts with cumulative 

trauma (Elbert & Schauer, 2002; Kolassa & Elbert, 2007), however we did separately record 

whether they experienced each of these events a) before their recent deployment to Somalia, b) 

during their deployment to Somalia, and c) after their deployment to Somalia. Sum scores could 

therefore range from 0-114 for Trauma; 0-18 for Stress and 0-69 for Aggression Events. A sum 

score for each participant in each of the three event categories was calculated.  

4.3.5.4 Depression 

Depression was assessed with the Patient Health Questionnaire 9 (PHQ-9) (Kroenke & 

Spitzer, 2002). A nine-item depression questionnaire, drawn from the larger Patient Health 
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Questionnaire (Spitzer, Kroenke, Williams, & Group, 1999), based on depression items the 

DSM-IV. The 9 questions are rated on a 4-point Likert scale, giving a score range of 0-27.  

4.3.6 Apparatus and Physiological Data Collection 

The EEG data was collected using an 8 Sensor portable (AvatarEEG™, Electrical 

Geodesics, Inc., EGI). We used Ag/AgCl sintered ring electrodes, using ethyl propyl to clean the 

skin and Abralyt HiCl (1000 gr.), a High-chloride, abrasive electrolyte gel. Impedances were 

higher than commonly expected in an EEG experiment, with impedances ranging from 10 to 80 

kOmega (M = 40.29, SD = 14.24). This was possibly attributable to greater quantities of oil or 

dirt in the scalp of participants, or as all soldiers had shaved heads, tougher skin from constant 

sun exposure. Although lower impedances < 10 kOmega are traditionally recommended, 

improvements in high input-impedance amplifiers and digital filters mean that much higher 

tolerances are permissible (Ferree, Luu, Russell, & Tucker, 2001) 

The neuroelectric signals were digitized with a sampling rate of 500 Hz. The electrode 

layout used the 10-20 system, with electrodes placed symmetrically in frontal positions: Fp1, 

Fp2, F4, F8, F3, F7, AFz, Fz. Linked mastoid electrodes provided the reference, and a ground 

electrode was attached to the forearm.  

4.3.7 Procedure 

The participants underwent psychological assessment and gave saliva samples as a part of 

the entire project before testing (Nandi et al., unpublished manuscript [b]), and were then 

referred to the EEG team. There was no selection of participants based upon the interview data, 

some participants could not be fitted into the schedule for logistical reasons, several declined to 

take part. The EEG team consisted of two people, one University researcher or technician, and 

one Burundian translator, who briefed the participant and assisted with setting up each EEG. 

Care had to be taken to ensure properly informed consent from the participants, who for the most 
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part were unfamiliar with the EEG technology. EEGs were measured in rooms at the army 

barracks. Disturbances, such as electricity or ambient noise were noted in the protocol. The 

measure consisted of two basic conditions: Five minutes of passive measurement with eyes open, 

participants fixated on a point in front of them, followed by five minutes of passive measurement 

with eyes closed.  

4.3.8 Behavioural Data Analysis 

This paper presents only a simple correlational analysis of behavioural factors in the pilot 

sample (N = 107). In keeping with this, non-significant trends (p < 0.1) will also be noted, for the 

sake of exploratory hypothesis building. More sophisticated analyses will be carried out by other 

team members in separate papers. All analyses were carried out with SPSS 21 and R 3.0.2. 

4.3.9 EEG Data Analysis 

Preprocessing and spectral analysis were carried out with P-CAT (in house Software, 

developed by Christian Wienbruch). Online filtering was carried out with a second-order, zero-

phase, 2 Hz Butterworth high pass filter. For the initial artifact correction, data was examined 

visually, the epochs to be analysed (eyes open and eyes closed) were marked, and within these, 

the following artifacts were marked: Eye Blink; Saccade; Electrode Jumps; Electrical 

Disturbances; Heartbeat Artifacts; Miscellaneous non-neural signals. For this initial exploratory 

data, all unusual activity was recorded in a database for future reference, but not removed. 

Although this is a relatively crude way to handle artifacts, with some disturbances inevitably 

finding their way into the data, the large sample size enables us enough leeway to allow the 

removal of clear outliers prior to statistical analysis. Work on the larger sample will employ a 

more refined artifact removal process, where a fixed duration of entirely artifact free data will be 

averaged.  
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Spectral analysis was carried out for EO and EC conditions: Delta (0.6-4 Hz)4; Theta (4-8 

Hz); Alpha (8-12 Hz), Beta (12-24 Hz); Gamma (24-48 Hz) and participants with potentially 

influential levels of artifacts across frequency bands were removed (EO: N = 103-24; EC: N = 

103-25).   

After the spectral analysis was completed, the data for each frequency band was averaged 

in four ways:  

GFP: Calculated by averaging the data across all 8 sensors;  

Frontal Lateralization: Calculated by taking the left (Fp1, F3, F7) and right (Fp2, F4, 

F8) sensors and calculating a ratio (L – R)/(L + R);  

GDM: Calculated, first by taking the difference of activity for each electrode, for each 

participant from the median for this electrode across all participants. This difference is squared, 

and the square root for this is taken (see Equation below).  

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒!,!,! = (𝑥!,!,! − 𝑥!,!)! 

where p = participant, e = electrode, and c = condition (EO or EC) 

This difference value for each participant and electrode can then be averaged across all 

electrodes to create the GDM. 

 EC:EO: To take into account differences in the signal to noise ratio between the two 

conditions, since EO had many more blink artifacts and other noise within it, both each spectral 

band of EC and EO was divided by the full spectral band (0.6-48 Hz) before the EC:EO ratio 

was calculated.  
                                                
4 This delta range is lower than the original high-pass filter (>2 Hz), meaning that the signal is somewhat 

distorted for delta waves, results are still interpretable as this is at least consistent across all participants. This will be 

corrected in the final sample size. 
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In keeping with the descriptive aim of this pilot study, all significant correlations between 

oscillatory activity and psychological and behavioural variables of interest will be displayed as 

scatterplots to give a visual idea of whether a significant correlation likely represents a real 

relation in the population or whether it is influenced by individual data elements. 

4.4 Results 

4.4.1 Behavioural Data Analysis 

Visual inspection showed that variables were normally distributed, with two exceptions. 

Both the PSS-I and PHQ-9 (see Figure 11) showed high zero scores. The low range of scores for 

the PSS-I in particular was unexpected and thought to reflect a lack of disclosure on the part of 

the soldiers, who were perhaps afraid to discuss symptoms for fear of being seen as weak, and 

possibly losing their livelihoods as soldiers. Correlations calculated with these variables used 

non-parametric Spearman correlations.  
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Figure 11 Histograms of PSS-I (left) and PHQ sum scores (right) for all participants (N = 

107) 

4.4.2 Summary of Behavioural Correlations 

The correlation matrix (Table 6) shows a positive correlation between trauma events and 

PSS-I scores, which is congruent with the building block effect of trauma. Aggression events 

were correlated with PSS-I scores, which suggests that these are perceived as traumatic. 

However, it is thinkable that a higher level of appetitive aggression would alter the perception of 

aggressive acts. In such a case, we would predict that AAS scores would moderate the 

relationship between aggression events and PSS-I scores. Unfortunately, the non-normally 

distributed PSS-I scores make a parametric regression analysis untenable, and non-parametric 

regressions (e.g. random forest regressions) do not enable interaction terms to test our 

hypotheses.  
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4.4.3 Lateralization 

Lateralization [(L – R)/(L + R)] was calculated for the three sensors on each side of the 

head. Possible factors affecting the EEG signal were measured with non-parametric Spearman 

correlations, as all were non-normally distributed. (Table 7 [EC] and Table 8 [EO]). One 

potentially problematic confound is Age. An example Scatterplot of which for alpha activity is 

displayed in Figure 12. Because age showed clear correlations with neuro-oscillatory activity, 

and the number of life events experienced could logically be correlated with how old a person is, 

there is the question of whether the observed significant correlations between trauma life events 

and neuro-oscillatory activity could be explained away by age differences. The age correlations 

were specifically correlated with the EC group, where there were no significant correlations with 

psychological variables of interest. If age mediates any correlations, the one would expect age to 

show correlations with psychological variables of interest. As can be seen in Table 9, there are 

no correlations between age and any psychological variables, for EC or EO conditions, and all 

the following results for spectral analysis and psychological variables (Table 10 [EC] and 11 

[EO]) were replicated with these as covariates (not displayed). Scatterplots of significant 

correlations are displayed in figures 13 and 14. 
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Table  7 Lateralization correlates with confound variables (EC condition) 

 Age Alcohol Abuse Medication All 
Physical 

Illness 

Lifetime Head 

Injury 

Delta Lateralization EC -.291* -.119 .037 .018 -.126 

Theta Lateralization EC -.305** -.039 .018 .057 -.040 

Alpha Lateralization EC -.333** -.083 .023 -.022 -.045 

Beta Lateralization EC -.321** -.183 .038 .009 -.053 

Gamma Lateralization EC -.209° -.095 .060 -.069 .026 

  ° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 

Table  8 Lateralization correlates with confound variables (EO condition)  

 Age Alcohol Abuse Medication All 
Physical 

Illness 

Lifetime Head 

Injury 

Delta Lateralization EO -.083 -.209° .159 -.015 -.014 

Theta Lateralization EO -.076 -.133 .075 -.076 -.019 

Alpha Lateralization EO .118 .056 -.049 -.212° -.065 

Beta Lateralization EO -.148 -.106 .267* .034 -.120 

Gamma Lateralization EO -.116 .012 .104 .000 -.096 

  ° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 

 

Table  9 Correlations between Age and Psychological Variables 

 
AAS PSS-I PHQ-9 

Stress 

Events 

Trauma 

Events 

Aggression 

Events 

Age (EC) N = 77 .079 -.028 .033 .053 -.120 -.075 

Age (EO) N = 79 .051 -.058 .175 .001 -.177 -.098 

° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 
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Figure 12 Scatterplot of Age and Lateralization (EC) Alpha activity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 108 

Table  10 Correlation matrix for EC spectral frequencies and psychological variables  

 
AAS PSS-I PHQ-9 Stress 

Events 

Trauma 

Events 

Aggression 

Events 

Delta Lateralization EC -.099 .023 -.082 -.065 .153 .055 

Theta Lateralization EC -.022 .044 -.087 -.038 .183 .074 

Alpha Lateralization EC -.028 .113 -.069 .056 .159 .046 

Beta Lateralization EC .035 .043 -.054 .041 .069 .036 

Gamma Lateralization EC .052 -.009 -.065 .052 -.025 -.011 

 ° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 

 

Table  11 Correlation matrix for EO spectral frequencies and psychological variables  

 
AAS PSS-I PHQ-9 Stress 

Events 

Trauma 

Events 

Aggression 

Events 

Delta Lateralization EO .110 .132 .017 .082 .119 .092 

Theta Lateralization EO .158 .166 -.012 .088 .116 .075 

Alpha Lateralization EO -.078 .048 -.114 -.267* -.316** -.187 

Beta Lateralization EO .191 .155 -.056 .057 .133 .179 

Gamma Lateralization EO .100 .063 -.146 -.060 .037 .145 

°p ° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 
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Figure 13 Scatterplots of Trauma Events and Lateralization (EO) Alpha activity 

 

 

 

 

 

 

 

Figure 14 Scatterplots of Stress Events with Lateralization (EO) Alpha activity 
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4.4.4 GFP 

Possible factors affecting the EEG signal were measured with non-parametric Spearman 

correlations, as all were non-normally distributed (Table 12 [EC] and Table 13 [EO]). There 

were some correlations with Age (see Figure 14). All the following results for spectral analysis 

and psychological variables (see Table 14 [EC] and Table 15 [EO]) were replicated with these as 

covariates (not displayed). Significant correlations between psychological variables of interest 

and neuro-oscillatory activity are displayed in Figures 16-22. 

 

Table  12 GFP correlates with confound variables for the EC  

 Age Alcohol Abuse Medication All Physical Illness 
Lifetime Head 

Injury 

Delta GFP EO .142 .101 -.015 -.045 .106 

Theta GFP EO .018 -.010 .045 .036 .142 

Alpha GFP EO -.167 .033 .095 .118 -.007 

Beta GFP EO .031 .116 -.063 -.053 -.031 

Gamma GFP EO .165 .040 -.044 -.152 .080 

  ° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 

 

Table  13 GFP correlates with confound variables for the EO condition  

 Age Alcohol Abuse Medication All Physical Illness 
Lifetime Head 

Injury 

Delta GFP EC -.272* -.045 .018 .018 .172 

Theta GFP EC -.321** -.217° .146 .090 .115 

Alpha GFP EC -.198° -.040 .036 .121 -.082 

Beta GFP EC -.061 .006 .059 .057 -.151 

Gamma GFP EC .012 .061 .088 -.062 -.028 

  ° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 



 

  

Figure 15 Scatterplot of Age and GFP (EC) Theta activity 
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Table  14 Correlation matrix for GFPs of EC and psychological variables  

 

 
AAS PSS-I PHQ-9 Stress Events Trauma Events Aggression 

Events 

Delta GFP EC -.146 -.040 .130 -.040 .080 .123 

Theta GFP EC -.064 -.001 .140 .069 .149 .162 

Alpha GFP EC .002 .152 .260* .147 .145 .075 

Beta GFP EC -.152 .135 .117 -.107 -.068 -.058 

Gamma GFP EC -.181 -.157 -.133 -.152 -.202° -.250* 

° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 

 

Table  15 Correlation matrices for GFPs EO and psychological variables  

 
AAS PSS-I PHQ-9 Stress Events Trauma Events Aggression 

Events 

Delta GFP EO .124 .125 .201° -.101 -.009 .063 

Theta GFP EO .048 .029 .196° -.060 .011 .022 

Alpha GFP EO .025 .107 .254* .212° .228* .056 

Beta GFP EO -.169 .103 .138 -.126 -.190 -.255* 

Gamma GFP EO -.133 -.025 .094 -.139 -.242* -.247* 

° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 
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Figure 16 Scatterplot of PHQ-9 and GFP (EC) Alpha activity  

 

 

 

 

 

 

 

Figure 17 Scatterplots of Aggression Events and GFP (EC) Gamma activity 
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Figure 18 Scatterplot of PHQ-9 and GFP (EC) Alpha activity  

 

 

 

 

 

 

 

 

Figure 19 Scatterplots of Trauma Events and GFP (EO) Alpha activity 
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Figure 20 Scatterplots of Trauma Events and GFP (EO) Gamma activity 

 

 

 

 

 

 

 

 

Figure 21 Scatterplots of Aggression Events and GFP (EO) Beta activity 
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Figure 22 Scatterplots of Aggression events and GFP (EO) Gamma activity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 117 

4.4.5 GDM 

Possible factors affecting the EEG signal were measured with non-parametric Spearman 

correlations, as all were non-normally distributed. (Table 16 [EC] and Table 17 [EO]). All the 

following results for spectral analysis and psychological variables were replicated with these as 

covariates (not displayed). Table 18 [EC] and Table 19 [EO] show spectral correlates with 

psychological variables. Scatterplots of significant correlations are shown in figures 23-25. 

Table  16 GDM correlates with confound variables for the EC condition  

 Age Alcohol Abuse Medication All Physical Illness 
Lifetime Head 

Injury 

Delta GDM EC -.039 .091 -.233* -.077 .136 

Theta GDM EC -.331** -.194° -.035 -.107 .055 

Alpha GDM EC -.113 -.150 -.083 -.005 -.091 

Beta GDM EC .063 -.134 -.094 .107 -.073 

Gamma GDM EC .077 -.055 -.097 -.161 -.024 

 ° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 

 

Table  17 GDM correlates with confound variables for the EO condition  

 Age Alcohol Abuse Medication All Physical Illness 
Lifetime Head 

Injury 

Delta GDM EO .223° -.018 -.117 -.129 .079 

Theta GDM EO .144 -.033 .002 .175 .009 

Alpha GDM EO -.165 -.113 -.240* -.103 .215° 

Beta GDM EO .116 -.092 -.095 -.140 .094 

Gamma GDM EO .178 -.018 -.117 -.129 .001 

  ° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 
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Table  18 Correlation matrix for GDMs of EC and psychological variables  

 
AAS PSS-I PHQ-9 Stress Events Trauma 

Events 

Aggression 

Events 

Delta GDM EC -.224° -.177 -.119 -.041 -.088 -.027 

Theta GDM EC -.066 -.083 -.028 .048 .131 .070 

Alpha GDM EC .018 -.019 .096 .093 .135 -.042 

Beta GDM EC -.232* .078 .010 -.045 -.084 -.114 

Gamma GDM EC -.136 -.204° -.201° -.098 -.174 -.186 

° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 

Table  19 Correlation matrix for GDMs of EO and psychological variables  

 
AAS PSS-I PHQ-9 Stress Events Trauma 

Events 

Aggression 

Events 

Delta GDM EO .180 .069 .017 -.113 -.068 .034 

Theta GDM EO .163 -.043 -.138 -.073 -.070 -.007 

Alpha GDM EO .016 -.075 .048 .221° .251* .064 

Beta GDM EO -.313** -.018 -.100 -.022 -.116 -.200° 

Gamma GDM EO -.159 -.087 -.095 -.081 -.212 -.175 

° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 
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Figure 23 Scatterplot AAS and GDM Beta activity 

 

 

 

 

 

 

 

Figure 24 Scatterplots of AAS and GDM Beta activity 
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Figure 25 Scatterplots of Trauma Events and GDM (EO) Alpha activity  
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4.4.6 EC:EO Ratio  

EC:EO Ratio [(ECx/ECall – EOx/EOall)/ (ECx/ECall + EOx/EOall)] was calculated for all 8 

sensors. Possible factors affecting the EEG signal were measured with non-parametric Spearman 

correlations, as all were non-normally distributed (see Table 20). All the following results for 

spectral analysis and psychological variables were tested in partial correlations with these as 

covariates (not displayed). Although some confound correlates appeared very strong, visual 

inspection of the scatter plots showed these to be spurious (see e.g. Figure 26). Correlations for 

frequency spectra and psychological variables of interest are shown in Table 21, see Figures 27-

31 for scatterplots of significant correlations.  

Table 20 EC:EO Ratio correlates with confound variables  

 Age Alcohol Abuse Medication All Physical Illness 
Lifetime Head 

Injury 

Delta EC:EO -.034 -.139 .026 .056 .106 

Theta EC:EO -.136 -.158 .277** .236* .115 

Alpha EC:EO -.078 .083 .100 .166 -.079 

Beta EC:EO .060 .218* -.047 -.108 -.102 

Gamma EC:EO .039 .069 -.198 -.220* -.013 

 ° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 

 

Table 21 EC:EO Ratio correlates with psychological variables  

 
AAS PSS-I PHQ-9 Stress Events Trauma 

Events 

Aggression 

Events 

Delta EC:EO -.044 -.161 -.038 .078 .155 .165 

Theta EC:EO .010 -.091 .058 .166 .220* .250* 

Alpha EC:EO .118 .158 .115 .081 .000 .106 

Beta EC:EO .123 .177 .015 -.061 -.096 -.024 

Gamma EC:EO -.049 -.053 -.100 -.203* -.203* -.275** 

° p ≤ 0.1; * p ≤ 0.05; ** p ≤ 0.01 (2-tailed). 
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Figure 26 Correlation between medication and EC:EO Ratio Theta activity 

 

 

 

 

 

 

 

Figure 27 Stress Event scatterplots in EC:EO Ratio Gamma activity 
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Figure 28 Scatterplot of Trauma Events and EC:EO Ratio Theta activity  

 

 

 

 

 

 

 

Figure 29 Scatterplot of Trauma Events and EC:EO Ratio Gamma activity  
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Figure 30 Scatterplot of Aggression Events and EC:EO Ratio Theta activity  

(although one outlier appears influential, its removal does not change the 

correlation) 

 

 

 

 

 

 

 

Figure 31 Scatterplot of Aggression Events and EC:EO Ratio Gamma activity  

(although one outlier appears influential, its removal does not change the 

correlation)  
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4.4.7 Factor analysis 

Factor analysis was employed as a means of reducing the large and diverse set of results 

into a simpler picture. Our theory predicts that appetitive aggression and PTSD were two 

opposing psychological constructs, with discrete neurophysiological correlates. In which case, 

one might expect AAS scores and PSS-I scores to load on separate factors with different spectral 

values. This was tested across the different possible outcome variables (GFP, Lateralization, 

GDM, EC:EO), and the components generally reflected the separation of psychological vs. 

spectral variables and thus did not show the predicted neurophysiological separation of our two 

psychological variables of interest.  

One illustrative example analysis is outlined below. We conducted a PCA with 

orthogonal rotation on the lateralization results for the 5 frequency spectra in the EO condition, 

plus AAS and PSS-I total scores, making 7 variables in total for a sample size of N = 71. The 

KMO measure suggested that a larger sample size would be optimal for the number of variables 

(defined as > 0.5), with KMO = 0.44, individual measures in the anti-image correlation matrix 

were also generally lower than generally expected for a stable result (r < 0.5). Bartlett’s test of 

sphericity suggested that correlations were large enough for a PCA (χ2 (21) = 263.40, p < 

0.0001). Three components had eigenvalues over Kaiser’s criterion of 1, explaining 32.61%, 

25.75% and 17.85% of the variance. Table 22 shows that the two psychological variables loaded 

separately on component 3, and the 5 neurophysiological variables loaded separately on the first 

two components.  
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Table  22 Rotated Component Matrixa of GFP variables  

 Component 

1 2 3 

AAS   .746 

PSS-I   .822 

Delta GFP EO .901   

Theta GFP EO .962   

Alpha GFP EO .652   

Beta GFP EO  .921  

Gamma GFP EO  .888  

Extraction Method: Principal Component Analysis.  

 Rotation Method: Varimax with Kaiser Normalization. 

a. Rotation converged in 5 iterations. 

 

Discussion 

This study examined neurophysiological correlates of trauma and aggression in a sample 

of veteran soldiers using a portable 8-electrode EEG device measuring frontal activity. This is a 

pilot study examining the first 107 participants in an eventual sample of ~500 soldiers. The 

ultimate goal is to be able to separately consider the individual symptoms of PTSD and 

neurophysiological correlates of appetitive aggression and their interaction. This initial study laid 

the groundwork by showing that both trauma and aggression, as well as the impact of events, did 

in fact have neurophysiological correlates in different oscillatory frequency bands.   

4.4.8 Behavioural Data  

Behavioural data measured PTSD symptoms, appetitive aggression, depression, together 

with lifetime experience of traumatic, stressful and aggressive events. Some previously 

demonstrated results were replicated with this study, for example the building block effect 

(Neuner et al., 2004), where severity of PTSD is associated with the number of different types of 

traumatic events experienced. PSS-I scores were also moderately associated with depression 
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symptoms. AAS scores were strongly positively correlated with number of perpetrated 

aggressive events.  

One conspicuous result was the correlation of aggression events with PTSD symptoms. 

We do not know the extent to which the soldiers see perpetrated aggression as traumatic or 

appetitive, it is possible that people with higher levels of appetitive aggression would be less 

likely to perceive perpetrated violence as traumatic, and in this case, the association between 

PTSD and aggressive events would be weaker in people with higher appetitive aggression. At 

this stage it is not yet possible to test these exact interrelations with regressions, as the crucial 

variables in this smaller sample are non-normally distributed. In this sample, the measure of 

PTSD symptoms was distorted by probable impression management bias: There were many zero 

scores from soldiers, who likely hid their symptoms for fear of losing their jobs as soldiers.  

Unfortunately this meant that we could not analyse the individual symptoms of PTSD 

(hyperarousal, intrusions, avoidance, dissociation), in this pilot data set. This analysis instead 

pursues the more basic goal of testing whether oscillations in different frequencies could provide 

physiological markers of psychological symptoms. As psychological covariates we included life 

events, (stress, trauma, and aggression), as proxies for psychological qualities. It is a well-

established result that PTSD symptom severity is associated with number of traumatic events 

(Neuner et al., 2004; Weierstall, et al., 2012b). Similarly for aggression, sometimes a direct 

measure of the number of violent actions is more sensitive a measure than aggression 

questionnaires (Crombach & Elbert, 2014b).  

4.4.9 EEG Data 

4.4.9.1  Lateralization 

Studies of emotion and motivation in the brain have frequently focused on frontal 

lateralization: It has been associated with a range of different emotional responses, which have 

been reduced to approach vs. withdrawal motivation (Coan & Allen, 2004; Harmon-Jones et al., 
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2010). This is most frequently operationalized as alpha activity, with higher alpha activity 

assumed to represent a decrease in neural activity (Oakes et al., 2004).  

Our own results in examining the left vs. right frontal activity of soldiers did show clear 

correlations between number of trauma events and lateralization of activity, this was similarly 

found for stress events. Decreased alpha activity in right relative to left regions was associated 

with higher numbers of trauma and stress events, which insofar as one can associate this with 

increased trauma, is in accord with the results of Kemp et al. (2010), who found that CAPS 

scores were also associated with reduced right alpha power. Another study from Rabe et al. 

(2006) showed a similar right dominant frontal asymmetry (McCaffrey et al., 1993). In these 

papers, correlates were found for all subsets of symptoms: Hyperarousal, intrusions and 

avoidance. In this framework of emotion processing, right frontal processing is associated 

specifically with hyperarousal, with anxiety patients having typically stronger right activity 

(Blackhart et al., 2006; Thibodeau et al., 2006; Wiedemann et al., 1999). The reciprocal 

conclusion of a reduced left-sided activity in depressives (Mathersul, Williams, Hopkinson, & 

Kemp, 2008) was not replicated in this dataset.  

Testing lateralization also provided a means of examining appetitive aggression in an 

ecologically valid setting, to compare with our laboratory experiment (Chapter 3), which showed 

a general left negativity in alpha and delta regions for both appetitive and reactive aggression. 

There was however, no such trend in evidence in this dataset.  

4.4.9.2  GFP 

Kemp et al. (2010) showed higher frontal alpha power in MDD, and our results 

correspond to this, with similar increases for both eyes open and eyes closed conditions. This 

possibly reflects abnormal thalamic processing, which is associated with generation of alpha 

waves (Lindgren et al., 1999) and depression (Greicius et al., 2007). 
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The eyes closed condition showed a negative association between theta activity and age. 

Age-related theta changes have been noted in the literature, but with conflicting findings. 

Brickman et al. (2005) found a decrease in theta activity in a sample with a much broader age 

range, from young adult to elderly, another review notes an opposing increase in slow-wave 

activity with age (Dustman, Shearer, & Emmerson, 1999). The fact that it was found only in the 

EC condition suggests a possible relation to sleep, soldiers typically woke very early, and were 

very active throughout the day, participating in an experiment involving rest and closed eyes 

occasionally produced dozing. Age did not significantly effect other frequency bands, or mediate 

other psychological correlates, but should nevertheless be a part of any more complex modelling 

of the larger data set.   

Appetitive aggression and PTSD symptoms were not correlated with GFP, however 

number of trauma event types showed increased alpha activity coupled with decreased gamma 

activity. Aggression events showed a similar decreased gamma activity, together with beta 

activity, but no alpha activity. The similarity of aggression and trauma events in the higher 

frequency bands, together with the similar association of aggression and trauma events in terms 

of their correlation with PTSD symptoms, suggest that aggressive acts were on the whole seen as 

traumatic. Future analysis will be able to test more complex hypotheses, such as the moderating 

effect of appetitive aggression on the relationship between PTSD and perpetrated aggression. We 

cannot say on the basis of these findings, whether aggression events are associated with trauma-

related processing e.g. hyperarousal, or aggression. Nevertheless, that there is any association at 

all of event lists with neurophysiological parameters is at least a promising first result.  

4.4.9.3  Global Difference Measures 

Measuring the relative difference of spectral activity showed a pronounced negative 

association between measured appetitive aggression and beta activity, this was stronger in the 

EO condition, but also present in the EC condition. This negative correlation was echoed in a 

similar trend for aggression events, suggesting that this measure is related to appetitive 
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aggression as well as trauma. Trauma events were significantly positively correlated with alpha 

activity, similar to the GFP correlation noted above. Age effects were also present, as in the GFP 

data, but only in the lower frequency bands and were not problematic covariates in the higher 

frequency bands. Finding an association between spectral activity and appetitive aggression 

provides a validation of the concept of appetitive aggression to that found in our previous 

laboratory experiment (Chapter 3), which also found desynchronization in frontal regions. The 

present results however were generally frontally located, and not left lateralized, as in the prior 

experiment. Detailed comparisons of this with earlier findings would in any case be premature, 

as differences are too numerous, foremost of which is that the present findings represent trait 

rather than state measures of aggression (see also Appendix H for trait correlations of neuro-

oscillatory activity seen in the MEG experiment of chapter 3).  

4.4.9.4 EC:EO Ratio 

EO and EC conditions could reflect the disturbance of visual default network state and its 

activation (Chen et al., 2008). Since these are similarly moderated by top-down emotional 

processing (Adenauer et al., 2010; Cohen et al., 2013), one could expect functional differences in 

people with different levels of trauma or aggression. A greater alpha activity in the EC condition 

relative to the EO condition was indeed found for PTSD symptomatology. There was an 

increased coupling of theta and gamma activity for trauma, aggression, with stress also showing 

a non-significant trend. This suggested increased theta coupled with reduced gamma. Cohen et 

al. (2013) found reduced coupling between emotion-related frontal theta and motor movement 

related central beta activity in PSTD participants relative to controls, it is possible that a more 

complex model with more participants in our experiment could examine this, by for example 

testing whether the theta and beta or gamma activity (actual definitions of different frequency 

ranges overlap here) is moderated by PTSD symptomatology.  
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4.4.10  General Discussion of EEG results 

The overall ambition of the project is to provide further validation of the concept of 

appetitive aggression as well as examine spectral correlates of PTSD symptomatology at a more 

nuanced level through large sample sizes of clinical populations. Examining an entire battalion 

of experienced soldiers provides a rare opportunity to examine both factors in concert with each 

other. This initial pilot analysis of the first 107 of the prospective 500 soldiers showed some 

promising results, finding neural correlates of both PTSD, appetitive aggression, comorbid 

depression and event lists of aggressive, traumatic and stressful events. One limitation of the first 

sample was that our measure of PTSD – the PSS-I – a had a high number of likely false zero 

scores, however, since then interviews have since been modified to reduce impression 

management and improve variance. It is predicted that the large sample size and accurate 

measures of PTSD will enable us to examine subsymptoms and comorbid aspects of PTSD: 

Intrusions, hyperarousal, avoidance, dissociation, comorbid depression and alcohol abuse. One 

further thing to be addressed is the meaning of aggressive acts for the soldiers: These were found 

to be correlated with PTSD. It is possible that this sample size, combined with the compromised 

PTSD measure, cannot yet capture more complex phenomena, for example a predicted 

moderation of the aggressive events and PTSD association by trait appetitive aggression, finding 

instead the general result that soldiers with more trauma, have more likely perpetrated more 

aggressive acts, have higher appetitive aggression and more likely to have PTSD. The larger 

sample will enable more sophisticated models to show a more nuanced picture of the 

interactions.  

We have attempted to examine the data from every possible angle, as befits an 

exploratory analysis, even including non-significant trends to give a clearer picture of the data. 

This initial analysis is only intended as a means of generating hypotheses. Attempts at dimension 

reduction via principal component analysis were made, but these did not provide a meaningful 
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summary of the spectral data. Our theory predicts that PTSD symptoms and Appetitive 

Aggression symptoms map onto separate components, together with separate spectral ranges. 

However, this was not found here. All perspectives seemed to show some interesting relations 

amongst the data, only the delta frequencies were empty of psychological correlates and most 

frequently distorted by covariates such as alcohol or physical illness. The delta frequencies here 

were somewhat distorted by a filtering artifact, that will be not be present in the final analysis of 

the total sample. We should also bear in mind, that the artifact processing will be more rigorous 

for the total sample.  

The practical capabilities of the mobile EEG unit are ably demonstrated in this first study, 

where large numbers of soldiers could be measured with minimal resources. This opens up 

possibilities for more sophisticated paradigms. Although uneducated soldiers unused to 

complicated instructions may not be ideally suited to ERP paradigms, where subtle differences in 

reaction times would be obscured by inadequate participant compliance, there are other possible 

experimental stimuli that might be employed. For example, the techniques of Inter-subject 

correlation (Hasson, Malach, & Heeger, 2010) would enable complex stimuli such as film or 

auditory recording to be presented to soldiers, and their reactions at the level of neural activity to 

be examined in great detail, without overly stringent instructions or reaction time measures. 

Another possible means of analysing the data would be to examine the individual spectral peaks 

in the data, as these have been found to be stable within individuals and indicative of particular 

metabolic characteristics (Muthukumaraswamy, Edden, Jones, Swettenham, & Singh, 2009), 

these could serve as a biomarker or mediator of psychopathology or be related to genetic and 

epigenetic variables.  

As a final note, some researchers see interventions from western clinicians and scientists 

as imposing westernized, or medicalized assumptions upon non-western cultures, particularly in 

the case of PTSD (e.g. Summerfield (2004), see also Neuner and Elbert (2007) for debate on 

this). Finding physiological correlates of a psychiatric disorder such as PTSD further validates 
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the applicability of the concepts across cultures, as, unlike language, oscillatory frequency bands 

do not risk mistranslation across cultural barriers. For aggression research, aggression studies 

typically either examine ordinary participants from a peaceful society on some measure of 

symbolic (e.g. computer games) or social violence (e.g. financial punishment), or at the other 

end of the spectrum, if they examine people who have committed violent crimes, they are 

usually suffering some sort of psychopathology (e.g. psychopaths). This study allows us to 

examine a large group of fundamentally ordinary people who have willingly committed acts of 

extreme aggression. There is a moral as well as scientific imperative to better understand this by 

pursuing this with a variety of methods, including those of neuroimaging.  

  



 134 

5 General Discussion 

The theory of appetitive aggression addresses the neglected question of how non-

pathological groups of people can come to enjoy aggression. It is a phenomenon that is 

frequently observed in ordinary people in conflict lands, leading to particular hypotheses about 

the fundamental nature of aggression. The first of which, is that it is an innate, evolutionarily 

conditioned behaviour that grew from the necessity of hunting and killing prey for food (Nell, 

2006), and adapted to the similarly adaptive behaviour of killing conspecifics (Duntley & Buss, 

2011). We tested this by reducing its grand theoretical premise to the focused and falsifiable one 

of how people respond to the scent of fresh blood. A second assumption of the theory is that 

appetitive aggression requires a different neurobiological substrate from that of reactive 

aggression. From the evidence of clinical psychopathy, and the observations of people in the 

context of war, it is possible that these differences revolve around changes in empathy for the 

other. Finally, a major early discovery of our research group was in showing the way in which 

appetitive aggression provided a buffer against the development of PTSD. The development of 

the AAS to quantify appetitive aggression on an epidemiological scale has lead to many insights 

on the way in which appetitive aggression and trauma and life-events interact (Crombach & 

Elbert, 2014a; Elbert, et al., 2010; Hecker, Hermenau, Maedl, Schauer, & Elbert, 2013; 

Hermenau, Hecker, Maedl, et al., 2013; Weierstall, et al., 2012). The third experiment in this 

project brought this into the realm of neuroimaging, by taking EEG measures of 107 active 

soldiers from the Burundian national army, and found biological correlates of trauma, aggression 

and traumatic and aggressive life events.  

In this general discussion I will elaborate on what these findings means for these three 

points, as well as drawing out further implications for therapy, competing theories of aggression 

and psychopathology, and social problems. 
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5.1 Do Humans show a Hard-Wired Response to the Scent of Blood? 

If humans are hard-wired to be hunters, as proposed by Nell (2006), then the proximate 

stimuli – screaming of the prey and the scent and sight of blood should become arousing. The 

obvious hypothesis therefore is to test is how people respond to the scent of blood, which has not 

been done before. On the basis of our theory of appetitive aggression, we would predict that men 

in particular, with a higher predicted level of appetitive aggression than women, have a more 

positive response to blood. As it turned out, reactions to the scent of blood varied between 

extremes of like and dislike in both male and female participants, with women varying according 

to the phase of their menstrual cycle. Though we hypothesized a direct implicit reaction to blood, 

analogous to the automatic anxiety response to stress hormones (Pause, et al., 2009), blood 

appears to be a more complex stimulus than this and we cannot draw such a conclusion.  

The most interesting general question relating to the theory of appetitive aggression is 

whether this reflects trait or contextual variables. People’s diverse reactions to the scent of blood 

could reflect trait-like differences or they could reflect the fact that people can vary in their 

response to a stimulus according to their motivational state. The most extreme example of the 

latter is in sexual response: Disgust and sexual arousal are two motivational states that are 

opposed to one another. The former involves protection against contamination, the latter, 

fundamentally procreation. They often take the same stimuli: Mouths, genitalia, saliva, sexual 

effluvia, and body odours. Disgust has to be overcome for sex to occur at all. Studies have 

shown that sexual arousal diminishes disgust generally in both women (Borg & de Jong, 2012) 

and men (Stevenson, Case, & Oaten, 2011). The responses to violent stimuli that mark reactive 

and appetitive aggression, show similar opposing qualities: The memory of an enemy soldier 

shuddering and falling to pieces as it is filled with machine gun bullets can be a lifelong source 

of disgust and trauma for a veteran, or it can be an arousing and oft revisited memory. Nell 

(2006) describes the way chimpanzees hunting their prey vary from moment to moment from 
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excitement at overwhelming the prey to fear as it defends itself. For a soldier, battle can be a 

mixture of terror and exhilaration, with ‘adrenaline’ becoming a drug (Grossman, 1996). Future 

studies need to examine the interplay of these two motivational systems. Results thus far indicate 

that blood is a suitable stimulus for exploring this in future experiments.   

5.2 Neurobiological Validation of Differences between Appetitive and 

Reactive Aggression 

Various researchers predicted that human aggression is modulated by different neural 

pathways (Nell, 2006; Panksepp & Zellner, 2004), this was drawn primarily from animal 

research of subcortical structures, focused particularly in the hypothalamus (Haller, 2013). 

However, the exact nature of this difference at the neural level has not been specified (Panksepp, 

2006). Our own approach began with the assumption that these subcortical processes are 

modulated to a much stronger degree by higher cortical factors, reflecting the greater complexity 

of human interactions. Social status, morality, dominance and particularly empathy with others 

all have a modulating role in the expression of aggression (Carré, McCormick, & Hariri, 2011). 

Our experimental manipulation, in which the same murder testimony was preceded with either 

appetitive or reactive primes, revealed people in an appetitive aggressive state to have a unique 

right parietal/temporal region of delta activity, which was also activated by trait appetitive 

aggression. The significance of this is fundamentally in showing that aggression could be 

differentiated in terms of appetitive and reactive aggression. This is the first validation of the 

notion of appetitive aggression as distinct from reactive aggression at the neuropsychological 

level. Finding this biomarker of appetitive aggression provides a validation of the empirical 

findings in post-conflict lands. The fact that we demonstrated this for an ordinary student 

participant sample likewise supports our contention that aggression is part of a fundamental 

reward-based aggression, and that this is universal, thus not a specific artifact of a war context, 

or a psychopathology.  
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5.3  Implications for Theory of Appetitive Aggression 

Fundamentally, the finding of a difference between aggression subtypes by itself is 

encouraging in this first experiment. The functional activity seen here also allows interpretation 

in terms of our appetitive aggression theory, with the caveat that any first experiment’s results 

stand in need of replication, which I will elaborate on further in the following sections. The best 

interpretation of the right parietal/temporal activity relates to empathy, as this region is 

implicated in regions of the ‘male brain’, an area affected by foetal testosterone specifically in 

men. This is associated with deficits in empathy, and autistic traits (Decety & Lamm, 2007; 

Koshino et al., 2005; Saxe & Powell, 2006), and psychopaths have been shown to have both 

structural and functional abnormalities here (Müller, Gänßbauer, et al., 2008; Müller, Sommer, et 

al., 2008).  

We attributed the differences found between our appetitive and reactive conditions to a 

modulation of empathy in appetitive aggression. This was supported by the fact that the same 

region was also correlated with trait-level appetitive aggression. This offers an explanation as to 

why people with higher levels of trait appetitive aggression are more likely to be able to remain 

immune from PTSD for longer in a stressful environment. Although they are traumatized by 

direct threats to their own life, they are less likely to be traumatized as a result of killing other 

people (Hecker, Hermenau, Maedl, Hinkel, et al., 2013). At a theoretical level, PTSD is a 

chronic activation of fundamental defence cascade that has evolved to maximize our chances of 

surviving attack from a predator (Schauer & Elbert, 2010). Humans have also evolved to have an 

intrinsic empathetic understanding of other human beings. From infancy onwards, someone 

else’s facial expression produces an automatic motor mimicry, which in turn activates 

corresponding emotions (Decety & Meyer, 2008), and other sensory signals, such as pain 

(Decety et al., 2009). This emotional resonance underlies communication and attachment 

relationships in humans, and likely even our moral systems. The phenomenological philosopher 
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Emmanuel Levinas held that our moral law ‘thou shalt not kill’ could be grounded simply in the 

image of the human face, rather than any utilitarian, theological or other intellectual 

philosophical axiom (Bergo, 2006). This complex and nuanced picture of the world influences 

the activation of the more primitive defence cascade. When someone else suffers, even someone 

who is in the sights of your rifle, then the intense fear and stress of the defence cascade is 

activated, and the predator is also prey. We can speculate that it is for this reason that military 

commanders and trainers expend a great amount of energy dehumanizing the enemy as a means 

of overcoming inhibitions towards killing people (Grossman, 1996).  

5.4 Therapy of Appetitive Aggression 

The high general prevalence of appetitive aggression in the population of a post-conflict 

land presents serious social problems. Child soldiers with higher appetitive aggression 

reintegrate poorly into society, with a higher risk of being recruited back into guerrilla forces 

(Hermenau, Hecker, Maedl, et al., 2013). Our group has adapted trauma therapy intervention for 

perpetrators. This is a type of exposure therapy, where guided reliving and subsequent 

verbalization of traumatic events helps trauma sufferers to habituate to the fear and integrate the 

intrusive traumatic recollections into autobiographical memory. Adapted for perpetrators, it also 

helps them deal with self-committed violence and facilitates identification with civilian values 

(Hermenau, Hecker, Schaal, et al., 2013) and has been shown to reduce actual perpetrated 

violence in Burundian street children (Crombach & Elbert, 2014b).  

The logic of trauma therapy for PTSD is clear, however the exact mechanism of this as 

applied specifically to appetitive aggression is not understood (Crombach & Elbert, 2014b). A 

traumatized person avoids thinking about trauma, and will go to great lengths to avoid anything 

associated with it (e.g. avoiding the sound of fireworks, violent television shows). The avoidance 

prevents memory consolidation, and traumatic sensory impressions are free floating without any 

temporal context, leaving them to haunt the sufferer as intrusions or nightmares (Elbert, 
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Rockstroh, Kolassa, Schauer, & Neuner, 2006). NET therapy compassionately but relentlessly 

confronts people with the sensory content until they become habituated to the fear and the 

sensory memories can be verbally anchored to the past (Schauer, Neuner, & Elbert, 2005).  

In contrast, people high in appetitive aggression have happy memories of their violent 

acts, which they enjoy reliving, exchanging anecdotes over drinks with their old comrades and 

dreaming of being able to do it again (Elbert et al., 2010). It is possible that reinterpreting their 

past in the therapy setting, away from the bar, away from the battlefield, with the implicitly 

confessional tone of the therapy setting, encourages them to see their actions differently, 

emphasizing the humanity of the individuals they killed. There is the possibility that this will 

reframe the memory, where the prey becomes fellow human, and the new version of the memory 

will evoke intense guilt and even temporarily increase traumatized feelings, which can then be 

integrated into the narrative of personal memory in therapy.  

Whether something like this process occurred in previous successful therapies with 

perpetrators is hard to retrospectively evaluate. Future studies could examine the impact of 

reversing the dehumanization of the perpetrator’s victims. Quantitative textual analysis 

techniques of the written narratives of violence across the course of therapy could also evaluate 

the occurrence of empathy-related words (Tausczik & Pennebaker, 2010). 

5.5 Psychopathy 

The induced state of aggression through five minutes of empathetic listening showed 

alterations in functional activity that corresponded to purportedly trait levels of abnormal activity 

in a psychopath’s brain (Müller, Gänßbauer, et al., 2008). Does this mean that psychopath’s 

deficits in empathy are an effect rather than a cause of their cruel behaviour? Could subcortically 

driven reward-based aggression, which has been shown to have abnormalities in reward related 

structures in psychopaths (Buckholtz et al., 2010; Carré et al., 2013), over the course of time, 

cause the long-term atrophy of empathy-based regions? The fact that abnormalities in this region 
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can be encoded by testosterone levels prenatally (Lombardo et al., 2012) would argue against 

this radical conclusion, however, these same deficits mark autistic traits (Decety & Lamm, 

2007), and are not in and of themselves linked with cruel behaviour. The idea that it is actually 

subcortical motivational structures that overwhelm inhibitory cortical regions would be a radical 

reinterpretation of the existing literature, and strong claims intended to change accepted theory 

requires an entire body of research rather than one experiment. This single experiment has made 

such an interpretation at least thinkable, but will require replication with some variation before 

being able to challenge the dominant interpretation of the findings.  

If modulations of empathy were the only component in appetitive aggression, this would 

still not explain the enjoyment people get out of violence. Perhaps the ideal soldier would be one 

who could put aside their fear and their sympathy and carry out their necessary but violent job. 

However, people actively enjoy violence, killing, torture and rape, the AAS questionnaire 

touches on violence as exciting, like a sporting match, sexually arousing, empowering, and 

intoxicating like a drug (Weierstall & Elbert, 2011). This suggests indeed that appetitive 

aggression is the product of an interaction between cortical inhibitory mechanisms based upon 

empathy, and subcortical reward structures. Future studies need to investigate this possible 

interaction, for example using fMRI to observe subcortical reward structures and their dynamic 

connectivity with cortical structures.  

5.6 Appetitive Aggression in the General Population 

Panksepp (2006) called for a ‘cruelty readiness scale’ to assess the prevalence of cruelty 

throughout the general population and thereby begin to understand appetitive aggression as a 

universal phenomenon. The AAS (Weierstall & Elbert, 2011) fulfils this role, showing the 

distribution of this form of aggression across entire populations, and its interaction with life 

events, and trauma. This has shown that reward-driven appetitive aggression needs to be 

regarded as a universal trait, rather than limited to a psychopathic minority. The third project in 
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this thesis began the project of deepening the epidemiological scope of the examination of 

appetitive aggression by measuring EEG on a large population (N = 107) of active soldiers who 

have recently experienced combat. The EEG measure of frontal activity showed direct 

correlations with psychological variables of trauma and aggression, across the population. The 

validity of these correlations was demonstrated by the fact that several of these were congruent 

with previous literature, for example the relative decrease in right alpha activity seen for 

traumatized people was congruent with previous research (e.g. Kemp et al., 2010; McCaffrey, 

Lorig, Pendrey, McCutcheon, & Garrett, 1993; Rabe, Beauducel, Zöllner, Maercker, & Karl, 

2006).  

The final sample size will be larger (N ≈ 500) will enable more complex models directly 

examining the interaction of PTSD and appetitive aggression. They also allow the possibility of 

serving as a biomarker mediating between candidate genes and behaviour. Several studies have 

shown the way genetic polymorphisms of serotonin modulate impulsive aggressive behaviour, 

mediated by frontal regions (Buckholtz et al., 2008; Meyer-Lindenberg et al., 2006). Similar 

methods are possible with this research project. Hormones testosterone (Miskovic & Schmidt, 

2009; van Wingen, Mattern, Verkes, Buitelaar, & Fernández, 2010; Volman, Toni, Verhagen, & 

Roelofs, 2011) and cortisol (Kalin, Larson, Shelton, & Davidson, 1998; van Peer, Roelofs, & 

Spinhoven, 2008) and their interaction (Hermans, et al., 2008) have been shown to have a 

moderating influence upon frontal regions, genetic modifiers such as the expression of androgen 

receptors in the amygdala of these have also influenced aggressive responses (Manuck et al., 

2010). These could be examined in the sample population.  

5.7 Social Implications 

Appetitive violence is particularly observable in lands where moral and social customs 

have broken down, and appetitive aggression becomes adaptive (Elbert et al., 2010). If the rule 

of law still holds in a society, and children are raised to inhibit violent tendencies and understand 
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and empathize with other people, appetitive aggression is held in check, and expressed only 

within certain contexts, such as contact sports, violent films and computer games (Salen & 

Zimmerman, 2004). Within this project, we have examined situations in a peaceful society where 

appetitive aggression is permissible, and people in post-conflict lands, whose job demands the 

exercise of aggression. Both revealed neuro-oscillatory correlates of appetitive aggression, and 

neither show any evidence of any special cultural influences upon aggression in the different 

societies. Supplementing clinical psychological field studies with neuroimaging methods and 

making them comparable with laboratory studies will counter any argument of Western cultural 

bias in our theorizing.   

There is a perennial debate about the way in which violent media, in particular computer 

games, influence the behaviour of children and adults, with one side arguing that computer 

violence increases violence in society, and another side arguing just as vigorously that computer 

game violence does not (see Anderson et al. (2010) and for Ferguson (2007) meta-analytic 

reviews of both sides of this debate). Our research, though using media stimuli to induce 

violence related functional brain activity, does not take a side in this debate. Although the 

transference of violence from the gaming room to the outside world is controversial, the 

incontrovertible and strangely neglected fact that people enjoy playing violent computer games 

in the first place is the more fundamental phenomenon that stands in need of explanation. These 

results suggesting an intrinsic appetitive aggression, which manifests itself in situations where 

enjoyment of violence is permissible, are congruent with a diathesis-stress model of computer 

game aggression advocated by Ferguson and Dyck (2012). In these terms, aggression is not 

caused by the external influence of violent media, as proposed by e.g. Bushman and Anderson 

(2002). Instead, exposure to violent media can lower the threshold for expression of an intrinsic 

aggression.  

Vegetarianism and veganism have become increasingly popular in western cultures, 

driven by several different motives. Some people advocate a meat-free diet for ecological or 
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health reasons, but many vegans/vegetarians focus upon the rights of the animal, with the 

fundamental empathy for non-humans animals (Singer, 1990). If appetitive aggression has 

empathy as one of its major components, then one could expect lower levels of trait appetitive 

aggression in these people, and even corresponding different patterns of functional neural 

activity to animal-related stimuli. This would validate the interpretation of the neuro-oscillatory 

results through a different paradigm. 

5.8 General Conclusion 

This project has used three different approaches to examine the nature of appetitive 

aggression to test some of its fundamental assumptions from a physiological and 

neurophysiological point of view. They have validated the concept as distinct from reactive 

aggression, and opened up avenues of further research to better understand the relationship 

between appetitive aggression, and other psychological, genetic, and psychosocial variables. Any 

future neuroimaging study, and aggressive studies generally, will need to recognize appetitive 

aggression as fundamental element of human psychology. Our views of aggressive 

psychopathology may also need to be reinterpreted in the light of a fundamental model of human 

aggression.  
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Appendix A  Blood Study (Chapter 2): Study Information 

Fachbereich Psychologie 

Klinische Psychologie und Verhaltensneurologie 

 

Prof. Dr. Thomas Elbert      James Moran MSc.  

Zentrum für Psychiatrie Reichenau, Feuersteinstraße 55, 78479 Konstanz  James.Moran@uni-konstanz.de 

 

Allgemeine Informationen für Studienteilnehmer 

 

Lieber Teilnehmer, 

wir möchten uns bei Ihnen zunächst ganz herzlich für Ihre Bereitschaft 

bedanken, unsere Studie mit Ihrem Einsatz und Ihrer Zeit zu unterstützen. Im 

Folgenden finden Sie einen kurzen Überblick, der Ihnen die Studie und ihren Nutzen 

näher bringen soll und Ihnen Ihre Aufgabe beschreibt. 

ü Ziel und Hintergrund der Studie 

Das Ziel der Studie besteht darin, den Schwellenwert von verschiedenen 

Geruchstoffen bei Menschen zu bestimmen, das heißt, ab welcher Konzentration sie 

wahrgenommen werden können und wie angenehm oder unangenehm, ggf. die 

verschiedenen Geruchsintensitäten bewertet werden. Es ist unsere Annahme, laut 

anderen Studien, dass Geruche in verschiedenen Konzentrationen eine manchmal 

positive, manchmal negative Wirkung auf das emotionale Wohlbefinden haben können.  

ü Dauer und Vergütung 
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Die Gesamtdauer dieser Studie wird ca. 60 Minuten betragen. Als Vergütung und 

Dankeschön für Ihre Teilnahme erhalten Sie 10 Euro. 

ü Der Ablauf der Studie und Ihre Aufgabe 

Ihre Aufgabe in der folgenden Studie wird darin bestehen, eine Reihe von 

Geruchstoffen in verschiedenen Intensitäten zu riechen, und für diese jeweils 

anzugeben, ob sie diese riechen können, bzw. die Gerüche hinsichtlich der Kriterien 

Valenz, Dominanz und Erregung zu beurteilen. Danach werden wir Sie bitten, einen 

kurzen Persönlichkeitsfragebogen auszufüllen. 

ü Freiwillige Teilnahme 

Ihre Teilnahme an dieser Studie ist freiwillig. Sie können daher jederzeit und 

ohne Angabe von Gründen Ihre Zusage zur Teilnahme an der Studie zurückziehen, 

ohne dass sich hieraus persönliche Folgen für Sie ergeben. 

ü Speicherung personenbezogener Daten 

Alle personenbezogenen Daten, die wir für diese Studie von Ihnen erfassen, 

werden unmittelbar nach Abschluss der Studie gelöscht. Bis zum Abschluss der Studie 

haben Sie Anspruch auf Rücknahme Ihres Einverständnisses der Teilnahme und 

Löschung Ihrer Daten. Die voll anonymisierten Daten dürfen zu den angegeben 

Forschungszwecken zeitlich unbegrenzt weiter verwendet werden. 

ü Gesundheitsschutz 

Entsprechend dem aktuellen Stand der Wissenschaft entsteht für Sie keine 

Gesundheitsgefährdung bei der Teilnahme. Sollten Sie wider Erwarten ein Unwohlsein 

verspüren, bitten wir Sie darum, uns dieses umgehend mitzuteilen. 
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Wir wünschen Ihnen viel Spaß bei der Teilnahme. 

A 1   Screening Questions 

Fachbereich Psychologie 

Klinische Psychologie und Verhaltensneurologie 
 

Prof. Dr. Thomas Elbert         MSc. James Moran 

Zentrum für Psychiatrie Reichenau, Feuersteinstraße 55, 78479 Konstanz           James.Moran@uni-

konstanz.de 

 

Screening Fragen:  

• Allergien, Epilepsie, Atemwegserkrankungen (wichtige legale Ausschlusskriterien) 

• Anosmie, verminderte olfaktorische Funktion (Kann für selektive Geruchswahrnehmungsstörung 

meist nicht angegeben werden; nachfragen, ob eine Störung der Geruchswahrnehmung vorliegt. 

• Rauchen? (idealerweise sollte es nicht mehr als sieben gerauchten Zigaretten pro Woche sein) 

• Chirurgische Eingriffe im Bereich der Nase (z.B. richten der Nasenscheidewand etc.) 

• Neurologische Erkrankungen (Erkrankungen des Nervensystems, z.B. Epilepsie, Schädel-Hirn-
Trauma, Alzheimer-Demenz, Parkinson-Erkrankung, Korsakow- Syndrom, Chorea-Huntington, 
und Multiple-Sklerose) 

• sowie neurochirurgische Eingriffe (z.B. Eingriffe im Gehirn) 

• Psychiatrische Erkrankungen (Depression, Schizophrenie, Essstörungen, u.a.) 

• Hormonelle Erkrankungen (z.B. Schilddrüsenerkrankungen) 

• Stoffwechselerkrankungen (z.B. Diabetes) 

• Erkrankungen des Immunsystems (z.B. HIV) 

• Regelmäßige Medikamenteneinnahme (Bluthochdruck, Antirheumatika, Antihistaminika, 

Psychopharmaka, Hormonpräparate) 

• Grippale Erkrankungen 

• Altersgrenze 20-40 

• Erkaltung oder sonstige Sinus Probleme 

• Kaffee innerhalb der letzten halben Stunde 
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• Größere Mahlzeit innerhalb der letzten Stunde 

• Drogenkonsum innerhalb der letzten 24 Stunden 

• Exzessiver Alkoholkonsum innerhalb der letzten 24 Stunden 
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Prof. Dr. D.R. Dietrich 

Human and Environmental Toxicology  

Jacob-Burckhardtstr. 25 

78457 Konstanz 

Date: 26.9.2013 

Appendix B  Blood Study (Chapter 2): Risk / Safety Assessment 

	  

University	  of	  Konstanz,	  PO-‐Box	  X-‐918,	  D-‐78457	  Konstanz	  

	  

	  

	  

Ethics	  Committee	  

University	  of	  Konstanz	  

	  

	  

Risk	   /Safety	   Assessment	   of	   several	   compounds	   to	   be	   employed	   as	  

aerosolized	   scents	   in	   reinforcing	   stimulus	   studies	  By	   James	  Moran,	   Thomas	  

Elbert,	  and	  Roland	  Weierstall.	  

	  

Compounds	  in	  question	  and	  dilutions	  employed	  

1-‐Octen-‐3-‐one	   (CASRN:	   4312-‐99-‐6):	   	   no	   data	   in	   HSDB	   or	   MSDS	   re	  

acute/subchronic/	  chronic	  tox.	  The	  odor	  threshold	  in	  H2O:	  2-‐10	  ng/L,	  i.e.	  0.03	  –	  

1.16µg/m3.	   1-‐Octen-‐3-‐one	   is	   found	   as	   odor	   in	   mushrooms	   and	   wine.	   The	  

metallic-‐mushroom	  like	  odor	  is	  often	  associated	  with	  the	  “smell	  of	  blood”.	  

	  

Hexanal	   (Hexaldehyde;	   CASRN:	   66-‐25-‐1):	   The	   rat	   oral	   LD50	   =	   3700	  

mg/kg	   bw.	   Other	   animal	   tests	   suggest	   possible	   genotoxicity,	   carcinogenicity	  

and	   eye	   irritation	   (rabbit).	   However	   as	  with	   the	   other	   linear	   alkyl	   aldehydes	  

having	   carbon	   numbers	   ranging	   from	   C-‐6	   to	   C-‐10,	   genotoxicity	   and	  

carcinogenicity	   occurs	   at	   best	   at	   high	   concentrations	   and	   long	   exposure	  

durations	  and	  primarily	   in	  rodents.	   It	   is	  yet	  to	  be	  ascertained	  whether	  or	  not	  

these	   findings	   are	   to	   be	   extrapolated	   to	   humans	   (US	   EPA	   Screening	   Level	  

Hazard	  Characterization	  and	  Prioritization	  Document,	  September	  2008).	  
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Human	  testing	  at	  0,	  0.2,	  2	  and	  10	  ppm	  (10	  mg/l	  =	  10g/m3)	  for	  2	  hrs.	  2	  

ppm	   NOEL,	   10	   ppm	   with	   mild	   irritation.	   Source:	   Ernstgard	   L	   et	   al;	   J	   Occup	  

Environ	  Med	  48	  (6):	  573-‐80	  (2006).	  The	  average	  dose	  of	  hexaldehyde	  taken	  in	  

by	   the	   Dutch	   population	   through	   inhalation	   is	   16.5	   µg/day	   (Guicherit	   R,	  

Schulting	  FL;	  Sci	  Total	  Environ	  43:	  193-‐219	  (1985)	  

Heptanal	  (n-‐Heptaldehyde;	  CASRN:	  111-‐71-‐7):	  The	  rat	  oral	  LD50	  =	  14000	  

mg/kg	  bw.	  Other	  animal	   tests	   suggest	  possible	   carcinogenicity,	   skin	   irritation	  

and	  eye	  irritation	  (rabbit).	  The	  human	  skin	  sensitization	  test	  was	  negative.	  As	  

with	  the	  other	  linear	  alkyl	  aldehydes	  having	  carbon	  numbers	  ranging	  from	  C-‐6	  

to	  C-‐10,	  genotoxicity	  and	  carcinogenicity	  occurs	  at	  best	  at	  high	  concentrations	  

and	   long	   exposure	   durations	   and	   primarily	   in	   rodents.	   It	   is	   yet	   to	   be	  

ascertained	  whether	  or	  not	   these	   findings	  are	   to	  be	  extrapolated	   to	  humans	  

(US	  EPA	  Screening	  Level	  Hazard	  Characterization	  and	  Prioritization	  Document,	  

September	  2008).	  

n-‐Heptanal	   was	   found	   in	   9	   of	   15	   personal	   air	   samples	   at	   a	   mean	  

concentration	   of	   0.33	   ppb	   (0.33	   µg/L	   =	   0.33	  mg/m3)	   from	   samples	   taken	   in	  

Helsinki,	  Finland,	  tested	  May	  to	  September	  1997.	  Jurvelin	  JA	  et	  al;	  J	  Air	  Waste	  

Manage	  Assoc	  53:	  560-‐73	  (2003).	  

An	  average	  daily	  uptake	  of	  14	  µg	  (assuming	  185	  m3air	   inhaled/day)	   is	  

expected	  (Guicherit	  K,	  Schulting	  FL;	  Sci	  Total	  Environ	  43:	  193-‐219	  (1985)	  

Octanal	   (Octaldehyde;	   CASRN:	   124-‐13-‐0):	   The	   rat	   oral	   LD50	   =	   4616	  

mg/kg	   bw.	   Other	   animal	   tests	   suggest	   possible	   carcinogenicity.	   As	   with	   the	  

other	  linear	  alkyl	  aldehydes	  having	  carbon	  numbers	  ranging	  from	  C-‐6	  to	  C-‐10,	  

genotoxicity	  and	  carcinogenicity	  occurs	  at	  best	  at	  high	  concentrations	  and	  long	  

exposure	   durations	   and	   primarily	   in	   rodents.	   It	   is	   yet	   to	   be	   ascertained	  

whether	   or	   not	   these	   findings	   are	   to	   be	   extrapolated	   to	   humans	   (US	   EPA	  

Screening	   Level	   Hazard	   Characterization	   and	   Prioritization	   Document,	  

September	  2008).	  

Octanal	   is	   used	   as	   a	   flavoring,	   in	   perfumery,	   in	   the	   preparation	   of	  

synthetic	  citrus	  oils	  and	  for	  the	  synthesis	  of	  alpha-‐hexylcinnamaldehyde.	  



 152 

	  

Nonanal	   (Nonaldehyde;	   CASRN:	   124-‐19-‐6):	   The	   rat	   oral	   LD50	   =	   >5000	  

mg/kg	   bw.	   Other	   animal	   tests	   suggest	   possible	   genotoxicity,	   carcinogenicity	  

and	   skin	   irritation	   (rabbit).	   As	   with	   the	   other	   linear	   alkyl	   aldehydes	   having	  

carbon	   numbers	   ranging	   from	   C-‐6	   to	   C-‐10,	   genotoxicity	   and	   carcinogenicity	  

occurs	   at	   best	   at	   high	   concentrations	   and	   long	   exposure	   durations	   and	  

primarily	   in	  rodents.	   It	   is	  yet	  to	  be	  ascertained	  whether	  or	  not	  these	  findings	  

are	   to	   be	   extrapolated	   to	   humans	   (US	   EPA	   Screening	   Level	   Hazard	  

Characterization	  and	  Prioritization	  Document,	  September	  2008).	  

Monitoring	  data	   indicate	   that	   the	  general	  population	  may	  be	  exposed	  

to	  nonanal	  via	  inhalation	  of	  ambient	  air,	  ingestion	  of	  food	  and	  drinking	  water,	  

and	   dermal	   contact	   with	   this	   compound	   through	   use	   of	   consumer	   products	  

containing	  nonanal	  having	  a	  tallow,	  fruity	  smell.	  

	  

Decanal	  (Decaldehyde;	  CASRN:	  112-‐31-‐2):	  No	  data	  in	  HSDB	  or	  MSDS	  re	  

acute/subchronic/	   chronic	   tox.	   Other	   animal	   tests	   suggest	   possible	  

carcinogenicity	   and	   eye	   irritation	   (rabbit).	   The	   human	   skin	   irritation	   and	  

sensitization	  tests	  were	  negative.	  

The	  general	  population	  will	  be	  exposed	  to	  decaldehyde	  via	  inhalation	  of	  

ambient	   air,	   ingestion	   of	   food,	   and	   dermal	   contact	   primarily	   through	   use	   of	  

consumer	   products	   and	   food	   containing	   decanal	   having	   an	   orange	   skin,	  

flowery	   smell.	   Expired	  air	   samples,	  obtained	   from	  an	  urban	  population	  of	  28	  

normal	  healthy	  humans,	   contained	  decaldehyde	  at	  0.4	  ng/L	   in	  approximately	  

63%	   of	   the	   samples	   (Krotoszynski	   B	   et	   al;	   J	   Chrom	   Sci	   15:	   239-‐44	   (1977)	   (2)	  

Krotoszynski	  BK,	  O’Neill	  HJ;	  J	  Environ	  Sci	  Health	  A17:	  855-‐883	  (1982)	  (3)	  Onstot	  

JD	  et	  al;	  Characterization	  of	  HRGS/MS	  Unidentified	  Peaks	  From	  the	  Analysis	  of	  

Human	   Adipose	   Tissue.	   Vol	   1.	   Technical	   Approach.	  Washington,	   DC:	   USEPA,	  

Office	  of	  Toxic	  Substances,	  USEPA-‐560/5-‐87-‐002A	  (1987)	  

Aldehyde	  MIXTURE:	  The	  chemicals	  hexanal,	  heptanal,	  octanal,	  nonanal	  

and	  decanal	  belong	  to	  the	  group	  of	  n-‐alkyl-‐aldehydes.	  All	  of	  these	  compounds	  
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are	   considered	   to	   have	   low	   human	   acute	   toxicity,	   whereby	   hexanal	   and	  

decanal	  are	  considered	  as	  “generally	   recognized	  as	  safe”	  and	  thus	  permitted	  

as	   synthetic	   flavorings	   by	   the	   US	   Food	   and	   Drug	   Administration	   (US	   EPA	  

Screening	   Level	   Hazard	   Characterization	   and	   Prioritization	   Document,	  

September	  2008).	  

Butyric	  Acid	  (butanoic	  acid,	  CASRN:	  107-‐92-‐6):	  In	  humans	  butyric	  acid	  is	  

a	   mild	   to	   moderate	   irritant	   that	   causes	   easily	   reversible	   changes	   after	  

termination	  of	  exposure.	  In	  humans,	  the	  butyric	  acid	  elimination	  curve	  can	  be	  

divided	   into	  two	  parts	  corresponding	  to	  two	  half-‐lives:	   for	   the	   first	   (0.5	  min),	  

the	  slope	  suggests	  an	  accelerated	  excretion,	  while	  for	  the	  following	  (13.7	  min),	  

a	  slow	  plateau	  is	  observed.	  The	  rapid	  elimination	  of	  butyrate	  is	  a	  limiting	  factor	  

for	   practical	   applications.	   However,	   the	   lack	   of	   toxicity	   supports	   its	   use	   in	  

human	  therapy.	  Daniel	  et	  al.,	  Clin.	  Chim.	  Acta.	  1989	  May	  31;181(3):255-‐63	  

Phenethyl	   ethanol	   (Rose	  oil):	  The	  rat,	  mouse	  and	  guinea	  pig	  oral	  LD50	  

ranged	   between	   2500	   	   -‐	   6200	   mg/kg	   bw.	   A	   similar	   threshold	   conc.	   (0.5%	   =	  

6.108	  g/L)	  for	  conjunctival	  (eye)	  irritation	  were	  noted	  for	  phenethyl	  alcohol	  in	  

humans	   and	   rabbits	   Marzulli,	   F.N.,	   H.I.	   Maibach.	   Dermatotoxicology	   4th	   ed.	  

New	  York,	  NY:	  Hemisphere	  Publishing	  Corp.,	  1991,	  p.	  762.)	  

	  

Based	   on	   the	   previous	   literature	   that	   suggested	   that	   a	   mixture	   of	  

hexanal,	  hepatanal,	  octanal,	  nonanal,	  decanal	  and	  1-‐octen-‐3-‐one	  could	  create	  

a	  similar	  scent	  as	  the	  one	  of	  “blood”	  (Glindemann	  et	  al.,	  Angew.	  Chem.	  Int.	  Ed.	  

2006,	  45,	  7006	  –7009).	  This	  mixture	  was	  recreated	  using	  compounds	  listed	  in	  

Table	   1.	   Table	   2	   demonstrates	   some	   basic	   calculations	   derived	   from	  making	  

dilutions	  of	   individual	  compounds	   in	   the	  mixture	  as	  well	  as	   the	  mixture	   itself	  

and	   the	  amount	   that	  could	  be	  generated	  when	  applying	  1	  µl	  of	   the	  dilutions	  

generated.	   Similar	   dilutions	   and	   calculations	   were	   carried	   out	   for	   the	   two	  

positive	  controls	  butyric	  acid	  and	  rose	  oil	  (phenethyl	  ethanol).	  All	  calculations	  

in	   Table	   2	   demonstrate	   that	   even	   when	   applying	   the	   most	   concentrated	  

dilutions,	  the	  actual	  levels	  of	  the	  compounds	  employed	  are	  extremely	  low.	  

Table 1: Compounds 
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 Substance (10nl) CAS # Density 

[g/ml] 

MW 

[g/mol] 

1 Hexanal 66-25-1 0.802 100.16 

2 Heptanal 111-71-7 0.809 114.2 

3 Octanal 124-13-0 0.828 128.2 

4 Nonanal 124-19-6 0.827 142.24 

5 Decanal 112-31-2 0.830 156.27 

6 1-octen-3-one 4312-99-6 0.826 126.19 

7 Butyric Acid 107-92-6 0.959 88.11 

8 Phenethyl ethanol (Rose 

oil) 

60-12-8 1.0202 122.16 

	  

Table	  2:	  Dilution	  and	  mixture	  calculations	  

 Substance (10nl) Solution  of 10 nl 

concentrate in 1ml EtOH   

[µg/ml] 

1 µl Solution: 

Concentration at 4 LiterA air 

throughput, 100% 

Volatilisation 

[µg/m3] 

nMol/m3 

1 Hexanal 8,02 2,005 20,01 

2 Heptanal 8,09 2,025 17,73 

3 Octanal 8,28 2,07 16,15 

4 Nonanal 8,27 2,07 14,55 

5 Decanal 8,30 2,075 13,28 

6 1-octen-3-one 8,26 2,6 20,60 

7 Mix of 1-6 Σ 10 nl Conc. of 1-

6 in 1 ml EtOHSolution 

- Σ Pos 1-6 = 302,32 

8 Butyric Acid 9,59 2,3975 27,21 

9 Phenethyl 

ethanol (Rose oil) 

10,202 2,5505 20,89 

	  A	  Volunteer	  exposure	  scenario	  is	  400	  ml	  air	  per	  minute	  for	  10	  minutes	  =	  

4	  liters	  in	  total.	  

	  The	  “synthetic	  blood	  mixture”	  was	  generated	  via	  a	  1:	  10	  dilution	  of	  the	  

“Mix	  1-‐6”	  in	  Table	  2	  in	  water	  (Table	  3).	  The	  corresponding	  final	  concentration	  

of	  each	  compound	  within	  this	  synthetic	  blood	  mixture	  was	  also	  calculated	  and	  

is	  also	  shown	  in	  Table	  3.	  From	  this	  “synthetic	  blood	  mixture”	  a	  serial	  dilution	  in	  

water	   using	   half-‐logarithmic	   steps	  was	   generated	   and	   the	   ensuing	   individual	  
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concentrations	  of	  each	  compound	   in	   that	  mixture	  per	   the	   respective	  dilution	  

step	   calculated	   (Table	   4).	   A	   similar	   procedure	   was	   employed	   for	   the	   two	  

positive	  controls	  rose	  oil	  and	  butyric	  acid	  with	  the	  exception	  that	  at	  the	  outset	  

15	   ml	   of	   the	   undiluted	   compounds	   were	   employed	   as	   the	   starter	  

concentration.	   Analogous	   to	   the	   dilution	   series	   of	   the	   “synthetic	   blood	  

mixture”	   serial	   dilutions	   of	   rose	   oil	   and	   butyric	   acid	   in	  water	  was	   generated	  

using	  half-‐logarithmic	  steps	  and	  the	  ensuing	  individual	  concentrations	  of	  each	  

compound	  in	  that	  respective	  dilution	  step	  calculated	  (Table	  5).	  

Table	  3:Original	  synthetic	  blood	  mixture	  employed	  

Substance (10nl) Solution of 10 nl 

concentrate in 1ml EtOH   

[µg/ml] 

Blood Mixture 

1:10 dilution of EtOH solution in 1 ml 

H2O 

Mix of hexanal, 

hepatanal, octanal, 

nonanal, decanal and 1-

octen-3-one  

Σ 10 nl conc. of 

hexanal, hepatanal, 

octanal, nonanal, decanal 

and 1-octen-3-one in 1 ml 

EtOH  

0,802 µg Hexanal 

0,809 µg Heptanal 

0,828 µg Octanal 

0,827 µg Nonanal 

0,830 µg Decanal 

0,826 µg 1- octen-3-one 

 

Table	  4:	  Dilutions	  of	  the	  blood	  mix	  employed	  and	  the	  corresponding	  concentrations	  of	  each	  

individual	  component	  of	  the	  blood	  mix	  within	  1	  ml	  at	  the	  respective	  dilution	  

Blood Mix ml 

ad 15 ml H2O Half-log 

dilution series 

Hexanal 

[ng/ml mix] 

Heptanal 

[ng/ml 

mix] 

Octanal 

[ng/ml 

mix] 

Nonanal 

[ng/ml 

mix] 

Decanal 

[ng/ml 

mix] 

1-octen-3-

one 

[ng/ml 

mix] 

15 401 404,5 414 413,5 415 413 

4,74341649 126,80733 127,9141 130,9182 130,7601 131,234 130,6021 

1,5	   40,1	   40,45 41,4 41,35 41,5 41,3 

0,474341649	   12,680733	   12,79141 13,09182 13,07601 13,1234 13,06021 

0,15	   4,01	   4,045 4,14 4,135 4,15 4,13 

0,047434165	   1,2680733	   1,279141 1,309182 1,307601 1,31234 1,306021 

0,015	   0,401	   0,4045 0,414 0,4135 0,415 0,413 

0,004743416	   0,1268073	   0,127914 0,130918 0,130760 0,13123 0,130602 
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0,0015	   0,0401	   0,04045 0,0414 0,04135 0,0415 0,0413 

0,000474342	   0,0126807	   0,012791 0,013091 0,013076 0,01312 0,013060 

0,00015	   0,00401	   0,004045 0,00414 0,004135 0,00415 0,00413 

4,74342E-‐05	   0,0012680	   0,001279 0,001309 0,001307 0,00131 0,001306 

0,000015	   0,000401	   0,000404 0,000414 0,000413 0,00041 0,000413 

4,74342E-‐06	   0,0001268	   0,000127 0,000130 0,000130 0,00013 0,000131 

0,0000015	   0,0000401	   0,000040 0,000041 0,000041 0,00004 0,000041 

4,74342E-‐07	   1,268E-‐05	   1,27E-‐05 1,30E-‐05 1,30E-‐05 1,3E-‐05 1,31E-‐05 

	  

Table	  5:	  Dilutions	  of	  the	  positive	  controls,	  rose	  oil	  (Phenethyl	  ethanol)	  and	  butyric	  acid	  and	  the	  

corresponding	  concentrations	  of	  each	  individual	  component	  within	  1	  ml	  at	  the	  respective	  

dilution	  

Roseoil or Butyric Acid 

ml 

ad 15 ml H2O Half-log 

dilution series 

Rose Oil 

[µg/ml mix] 

Butyric 

Acid 

[ng/ml mix] 

15 510,1 479,5 

4,74341649 161,30778 151,6312 

1,5	   51,01	   47,95 

0,474341649	   16,130778	   15,16312 

0,15	   5,101	   4,795 

0,047434165	   1,6130778	   1,516312 

0,015	   0,5101	   0,4795 

0,004743416	   0,1613078	   0,151631 

0,0015	   0,05101	   0,04795 

0,000474342	   0,0161308	   0,015163 

0,00015	   0,005101	   0,004795 

4,74342E-‐05	   0,0016131	   0,001516 

0,000015	   0,0005101	   0,000480 

4,74342E-‐06	   0,0001613	  

0,00015163

1 

0,0000015	   0,0000510	   0,000048 

4,74342E-‐07	   1,613E-‐05	   1,516E-‐05 
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Human	  exposure	  to	  individual	  scents	  and	  the	  synthetic	  blood	  mixture	  

Based	  on	  the	  plan	  outlined	  by	  James	  Moran,	  Thomas	  Elbert,	  and	  Roland	  

Weierstall	  there	  are	  two	  steps	  in	  the	  experimental	  design:	  

Step	  1,	  determination	  of	  the	  detection	  threshold:	  	  

Volunteers	   were	   asked	   to	   take	   a	   sniff	   of	   the	   dilution	   directly	   at	   the	  

bottle	  containing	  the	  dilution.	  Starting	  at	  a	  synthetic	  blood	  mixture	  dilution	  of	  

1:632455	  and	  then	  moving	  upwards	  in	  dilutions	  to	  the	  point	  where	  the	  scent	  

could	   be	   detected.	   An	   initial	   assessment	   of	   potential	   thresholds	  was	   carried	  

out	   with	   the	   PIs	   of	   this	   project	   (James	   Moran,	   Thomas	   Elbert,	   and	   Roland	  

Weierstall),	   based	   on	   the	   knowledge	   that	   “sniffing”	   the	   odorants	   would	  

provide	   some	   evidence	   of	   where	   threshold	   of	   human	   nociceptor	   detection	  

could	   lie	   while	   the	   actual	   exposures	   to	   the	   compounds	  would	   be	   extremely	  

minimal	   and	   thus	   no	   health	   risks	   would	   be	   incurred.	   These	   “sniffing-‐

experiments”	  do	  suggest	  that	  a	  dilution	  of	  1:63	  of	  the	  synthetic	  blood	  mixture	  

was	  detectable	  as	  a	  distinct	  scent.	  This	  level,	  containing	  approx.	  4	  ng	  of	  each	  of	  

the	   compounds	   per	  ml	   of	  mixture	   (Table	   4)	   thus	   should	   serve	   as	   a	   point	   of	  

departure	  for	  experiments	  in	  Step	  2.	  

Step	   2,	   psychological	   reactions	   in	   conjunction	   with	   the	   in	   situ	   nasal	  

exposure	  to	  4	  liters	  of	  scent	  containing	  air	  and	  visual	  stimulation:	  

Volunteers	   are	   exposed	   to	   an	   airflow	   of	   400	   ml	   per	   minute	   for	   ten	  

minutes	   via	   nasal	   tubing.	   Thus	   the	   total	   exposure	  would	   lead	   to	   a	   total	   of	   4	  

liters	  of	  air	  containing	  scent.	  Based	  on	  step	  1	  determined	  point-‐of-‐departures	  

and	   the	  use	  of	  100	  µl	   total	   scent	  mixture	  employed,	   the	  worst	  case	  scenario	  

would	   be	   an	   exposure	   to	   approx.	   2.4	   ng	   of	   the	   mixture	   of	   synthetic	   blood,	  

respectively	   to	   401,	   405,	   414,	   414,	   415,	   and	   413	   pg	   of	   hexanal,	   heptanal,	  

octanal,	  nonanal,	  decanal	  and	  1-‐octen-‐3-‐one	  within	  the	  mixture	  during	  the	  10	  

minute	  exposure.	  	  

As	   the	   toxicology	   database	   is	   rather	   scant	   with	   data,	   gain	   the	   worst	  

case	  is	  assumed	  and	  thus	  the	  most	  “toxic”	  of	  all	  compounds,	  i.e.	  hexanal	  in	  the	  

synthetic	   blood	   mixture,	   is	   	   employed	   as	   representative	   for	   the	   other	  
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compounds.	   Indeed,	  there	   is	  a	  NOEL	  (No-‐observed-‐effect	   level)	   for	   inhalatory	  

and	  eye	  irritation	  in	  humans.	  This	  NOEL	  was	  determined	  at	  2mg	  hexanal/liter	  

air	  (Ernstgard	  L	  et	  al;	  J	  Occup	  Environ	  Med	  48	  (6):	  573-‐80	  (2006)),	  whereby	  the	  

higher	  concentration	  of	  10	  mg/liter	  air	  resulted	  in	  only	  mild	  irritation.	  Notably	  

the	  exposure	  setting	  in	  which	  this	  NOEL	  was	  determined	  used	  a	  total	  exposure	  

time	   of	   2	   hours	   (120	  minutes),	   i.e.	   a	   12-‐fold	   longer	   exposure	   regiment	   than	  

that	   planned	   for	   by	   Moran	   and	   Weierstall.	   When	   calculating	   down	   to	   a	   10	  

minute	  exposure	  this	  NOEL,	  by	  direct	  linear	  extrapolation,	  could	  compare	  to	  an	  

exposure	   of	   166	   667	   ng	   hexanal	   i.e.	   or	   a	   416	   666	   fold-‐higher	   exposure	   than	  

planned	  during	  the	  Moran	  and	  Weierstall	  experiments.	  

As	   “the	   synthetic	   blood	   mixture”	   contains	   5	   other	   compounds	   at	  

comparable	   concentrations,	   one	   can	   sum	   up	   the	   concentrations	   of	   the	  

individual	   compounds	   as	   if	   they	  were	   hexanal	   and	   one	   thus	  would	   calculate	  

with	   the	   total	   of	   2.4	  ng	  hexanal	   equivalents	   in	   the	  100	  µl	   of	   synthetic	  blood	  

mixture	  the	  volunteers	  would	  be	  maximally	  exposed	  to.	   In	  comparison	  to	  the	  

NOEL10	  min	  of	   166	   667	   ng	   hexanal,	   the	   2.4	   ng	   hexanal	   equivalents	   are	   still	   69	  

448-‐fold	  lower.	  

Conclusions	  

Based	  on	  the	  calculations	  and	  experimental	  designs	  employed	  by	  James	  

Moran,	   Thomas	   Elbert,	   and	   Roland	  Weierstall,	   the	  maximum	   concentrations	  

human	   volunteers	   could	   be	   exposed	   to	   are	   approx.	   70-‐thousand–fold	   lower	  

than	  the	  concentrations	  that	  were	  determined	  previously	  to	  show	  no	  effect	  in	  

humans.	   In	   addition,	   the	   precautionary	   screening	   for	   any	   possible	   olfactory	  

health	  related	  problem	  in	  all	  volunteers,	  e.g.	  allergies,	  neurological	  problems,	  

regular	   medication	   etc.,	   prior	   to	   admitting	   the	   individual	   volunteer	   to	   the	  

program	   will	   provide	   for	   an	   additional	   margin	   of	   safety.	   Thus	   no	   adverse	  

effects	  are	   to	  be	  expected	   from	   the	  experiments	  with	  human	  volunteers	  as	  

planned	  by	  James	  Moran,	  Thomas	  Elbert,	  and	  Roland	  Weierstall.	  The	  safety	  

and	   health	   of	   all	   human	   volunteers,	   even	   those	   that	   might	   have	   a	   higher	  

sensitivity	   or	   a	   genetic	   predilection	   of	   unknown	   background,	   is	   absolutely	  

ensured.	  
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In	  case	  of	  questions,	  please	  do	  not	  hesitate	  to	  contact	  me	  

Sincerely	  

	  

	  

Prof.	  Daniel	  Dietrich	  

	   	  



 160 

Appendix C  Blood Study (chapter 2) PEA Threshold Test 
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Appendix D  Blood Study (Chapter 3): Emotion Rating Protocol 

Geschlecht:  

männlich:  

weiblich: 

Bedingung:  

Erste:  

Zweite:  

Bitte ihre Rating vom Geruch ankreuzen:  

 

 

 

 

 

 

 

 

 

Weitere Kommentaren:  
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Appendix E  Blood Study (Chapter 3) Ovulatory Phase Questions 

Bei Frauen verändert sich der Geruchssinn über den Mentruationszyklus hinweg, deshalb ist es für 

uns wichtig, dass Sie bitte kurz folgende Fragen beantworten: 

 
 

Nehmen Sie die Pille?                 JA        NEIN           
 
    Wenn ja, welche? 
 

Haben Sie regelmäßig Ihre Menstruation?         JA        NEIN 
     
    Wenn Nein, Gründe:  
 

Wann war der erste Tag Ihrer letzten Menstruation? 
 
 
 
 
 
Wie viele Tage dauert Ihr durchschnittlicher Menstruationszyklus? (21- 34 Tage möglich, meist 28) 
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Appendix F  MEG Study (Chapter 3) Experimental Stimuli 

F 1  Appetitive 

Hmmm.. das erste Mal als ich irgendwie merkte dass ich echt dieses Bedürfnis zum 

Kämpfen hab, war ich so... ich muss so ... 10 gewesen sein. Ja. Wir haben oft mit den Jungs aus 

der Nachbarschaft Krieg gespielt. Ich liebte es in den Büschen zu liegen bis mir einer in den 

Hinterhalt ging. Das eine Mal habe ich mir so nen kräftigen geschnappt. Der war echt verdammt 

stark. Wir haben gekämpft und gekämpft aber ich hab ihn einfach nicht festhalten können. Au 

man. Hehe. Naja und dann hab ich halt einen Stein genommen und ihm damit voll ins Gesicht 

geschlagen. Ich hatte ihm einen Zahn rausgehauen und er blutete richtig stark aus dem Mund. 

Und geschrien hat er. Klar, hat das damals richtig ärger mit meinen Eltern gegeben, aber... nun 

ja.. ich hatte den Kampf gewonnen. Und ich fühlte mich danach echt stark. Fast wie unbesiegbar. 

Das war schon gut.  

Schon ne ganz andre Nummer war es dann später in der Gang. Da war ich grad so in der 

Pubertät. Am Anfang haben wir andere Kinder auf den Spielplätzen nur so zum Spaß ein 

bißchen geklatscht. Aber später gings dann richtig zur Sache. Viertel gegen Viertel. Wir gegen 

die. Wir sind durch die Straßen gezogen und haben die andern richtig gejagt. Das war echt ne 

geile Zeit. Wenn wir einen hatten haben wir ihm die Seele aus dem Leib geprügelt.  die haben 

wir manchmal echt übel zugerichtet. Mm, oder was anderes was wir gemacht haben ist dass wir 

zu denen ins Viertel eingedrungen sind und uns einen geschnappt haben. Dann hast Du den 

zusammengeschlagen und wenn er sich nicht mehr rührte haben wir ihm unser Tag mit Edding 

ins Gesicht geschmiert.   

Nach der Lehre war ich bei einer Hooligangruppe. Wir haben uns nach den Spielen mit 

denen von den anderen Vereinen verabredet und es kam zu richtig heftigen Schlägereien; naja, 

dafür macht man es ja. Du musstest immer sehr vorsichtig sein. Nicht nur, dass die anderen Dich 

nicht krankenhausreif schlagen, sondern auch, dass die Bullen Dich nicht kriegen. Aber Angst 
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hatte keiner von uns. Wenn Du die Gegner durch die Straßen der Großstädte hetzt dann 

interessiert das nicht mehr was passieren kann. Das einzige was Du dann im Kopf hast war 

möglichst viele von denen fertig zu machen. Wir haben uns oft noch abends in der Kneipe 

getroffen und über unsere Erlebnisse geredet. Das gibt einem den richtigen Kick wenn man 

mitfiebert wie die anderen das erlebt haben. Und es machte Lust auf mehr.  

Also, das ist passiert: Es ist Nacht und ich laufe noch spät durchs Industriegebiet nach 

Hause. Geschlagen hatte ich mich schon seit über eine Woche nicht mehr, aber es hatte sich 

einfach nichts ergeben, und ich hatte langsam echt mal wieder richtig Lustdrauf. An einer 

Fußgängerbrücke sehe ich so eine Gruppe Jugendlicher die am Saufen ist. Ich denke mir 

eigentlich nichts und laufe an denen vorbei. Aber mir fällt ein Kerl mit einer weißen Basecap 

auf, weil er mich so komisch anstarrt. Er hat breite Schultern, ziemlich kleine Augen und so ein 

arrogantes Grinsen im Gesicht. Als ich näher komme werden sie auf einmal alle still und dann 

höre ich wie jemand aus der Gruppe irgendwas murmelt. Als ich dann an ihnen vorbei laufe, 

fangen die laut zu lachen an. Der Kerl fühlt sich wohl ziemlich stark und findet das lustig. Ich 

gehe weiter auf die andere Straßenseite. Also über die Hauptstraße und nicht über die 

Fußgängerbrücke. Aber in dem Moment spüre ich schon wieder dieses Kribbeln. Im 

Augenwinkel sehe ich, dass jemand auf der Brücke über mir langläuft. Ganz kurz sehe ich 

wieder dieses weiße Basecap. Die Stahlröhren von der Brücke dröhnen richtig als er zu laufen 

anfängt. Als ich auf der anderen Seite der Straße ankomme steht er auch schon direkt unten an 

der Brücke und versperrt mir den Weg. Wenn ich mich jetzt so erinner was damals passiert ist... 

ich muss echt sagen, dass noch jetzt jeder Schlag und Tritt dem ich ihm verpasst habe mich wie 

in einen Rausch versetzt.  Woah. Ich spür auch jetzt grad richtig die Energie in mir.  
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F 2   Reactive  

Eigentlich konnte ich mich immer ganz gut kontrollieren auch wenn ich schon oft in 

meinem Leben rumgeschubst worden bin. Klar, ich habe mir dann schon oft vorgestellt wie es ist 

den anderen das mal zurückzuzahlen.  

Ach, es gibt einige Situationen. Eine an die ich mich grad erinner... da waren ein Freund 

von mir und ich mit unseren Freundinnen in einer Bar verabredet. Wir kamen nur ein paar 

Minuten zu spät. Wir hatten halt den Bus verpasst... ja, kann passieren. Aber der Barkeeper hatte 

den Frauen schon einen Drink hingestellt. Und dann flirtet er auch noch mit ihnen direkt vor 

meiner Nase. Ich dachte mir geht’s noch? Und dann hatte er auch noch meine 

Getränkbestellungen vergessen und ich war der einzige der wie ein Depp ohne was zu trinken da 

saß. Doch es kam noch besser. Als ich dann später von der Toilette kam sah ich, wie er 

irgendwas zu meiner Freundin tuschelte. Natürlich habe ich meine Freundin  direkt gefragt was 

der Kerl wollte. Hey, und dann sagt sie mir, dass er gefragt hätte, ob sie für die Nacht schon 

etwas vorhabe. Man man man. Ich habe mir natürlich ausgemalt wie es wäre ihm dafür eine 

reinzuhauen. Mir platzt noch jetzt der Kragen wenn ich daran denke. Meine Freundin sagte mir, 

ich hätte es nicht nötig ihn zu schlagen und solle es gut sein lassen und dann habe ich es nicht 

gemacht. Aber meine Wut ging erstmal nicht mehr so schnell zurück. Und die Stimmung am 

ganzen Wochenende war natürlich bei mir auch im Keller. Und so was ist mir ja nicht nur einmal 

passiert.  So ähnliche Sachen wie diese kamen irgendwie häufiger vor.  

Eines Tages zum Beispiel saß ich in einem Restaurant alleine an einem großen Tisch. 

Eine Gruppe von jungen Kerlen kam mit ihren Freundinnen herein. Sie guckten sich um wo noch 

Platz ist. Eigentlich gab es genug Plätze und freie Tische für alle. Aber dann kommt da einer von 

denen und stellt sich direkt neben mich; so dicht, dass ich am liebsten weggerutscht wäre. Und 

dann meint er doch tatsächlich, dass ich mich verziehen soll. Ich hab zwar weiterhin versucht auf 

mein Essen zu starren und so zu tun als ob nicht sei.. aber in dem Moment.. ich habe richtig 
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gespürt wie so eine riesen Wut in mir hochkam... und ich aber auch nicht wusste was ich am 

besten machen sollte. Ich meine, klar, hätte ihm am liebsten direkt eine reingeschlagen, aber... 

da... in dem Moment...  naja, und dann kam da auch schon ein Kellner und dann ist das ganze 

nicht eskaliert. Aber ehrlich.. so ein Idiot.   

Also, das ist passiert: Es ist Nacht und ich laufe noch spät durchs Industriegebiet nach 

Hause. An einer Fußgängerbrücke sehe ich so eine Gruppe Jugendlicher die am Saufen ist. Ich 

denke mir eigentlich nichts und laufe an denen vorbei. Aber mir fällt ein Kerl mit einer weißen 

Basecap auf, weil er mich so komisch anstarrt. Er hat breite Schultern, ziemlich kleine Augen 

und so ein arrogantes Grinsen im Gesicht. Als ich näher komme werden sie auf einmal alle still 

und dann höre ich wie jemand aus der Gruppe irgendwas murmelt. Als ich dann an ihnen vorbei 

laufe, fangen die laut zu lachen an. Mir war sofort klar, dass die über mich lachen. Ich gehe 

weiter auf die andere Straßenseite. Also über die Hauptstraße und nicht über die 

Fußgängerbrücke. Im Augenwinkel sehe ich aber, dass jemand auf der Brücke über mir 

langläuft. Ganz kurz sehe ich wieder dieses weiße Basecap. Die Stahlröhren von der Brücke 

dröhnen richtig als er zu laufen anfängt. Als ich auf der anderen Seite der Straße ankomme steht 

er auch schon direkt unten an der Brücke und versperrt mir den Weg. Er starrt mich an als ob ich 

sein Opfer wär. Na und ich habe keine Wahl einen anderen Weg zu nehmen. Und dann kocht 

meine Wut einfach über. Wenn ich mich jetzt so erinner was damals passiert ist... ich muss 

sagen, dass ich auch jetzt noch die ganze Wut gegen all die Leute spüre die mich immer wie 

Dreck behandelt haben. Es ist als ob Wut und Hass in meinem Körper pochen... und mit jedem 

Schlag entlädt sich alles.  

F 3   Control Patient 

Also, das ist passiert: Es ist Nacht und ich laufe noch spät durchs Industriegebiet nach 

Hause. An einer Fußgängerbrücke sehe ich, wie sich eine Gruppe Jugendlicher versammelt hat 

und am Saufen ist. Ich laufe an der Gruppe vorbei. Mir fällt ein Kerl mit einer weißen Basecap 
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auf, weil er mich so komisch anstarrt. Er hat breite Schultern, auffällig kleine Augen und so ein 

arrogantes Grinsen im Gesicht. Als ich näher komme werden sie auf einmal still und dann höre 

ich wie jemand aus der Gruppe irgendwas murmelt. Als ich dann an ihnen vorbei laufen, fangen 

die an laut zu lachen. Es ist klar, dass sie über mich lachen. Ich gehe auf die andere Straßenseite 

über die Hauptstraße und nicht über die Fußgängerbrücke. Im Augenwinkel sehe ich, dass 

jemand auf der Brücke über mir geht. Flüchtig sehe ich wieder diese weiße Basecap. Ich höre 

das laute Echo von den Stahlröhren als seine Schritte schneller werden. Als ich auf der anderen 

Seite der Straße ankomme steht er plötzlich direkt unten an der Brücke und versperrt mir den 

Weg. Er starrt mich an als ob ich sein Opfer sei. Ich laufe auf ihn zu um ihn anzugreifen. 

F 4   Main Event 

In diesem Moment lauf ich einfach auf ihn drauf. Ich pack ihn und schups ihn so mit 

voller wucht gegen die Wand, dass er mit dem Kopf gegen den Beton knallt. Und ich versuch 

irgendwie seinen hals zu packen. Und wie wir so ineinander verkeilt sind spüre ich, dass er 

richtig mit aller Kraft versucht sich zu wehren. Er schlägt mit seinen Händen wie wild um sich. 

Ich bin sooo nah mit meinem Gesicht an seinem, dass ich sogar seinen Atem spüren kann. und er 

stinkt total nach Alkohol aus dem Mund. Ich sehe ganz deutlich seine kleinen stahlblauen Augen 

und er hat auch Sommersprossen auf der Nase. Seine Zähne sind total aufeinander gepresst. 

Dann krieg ich von ihm eine auf die recht Schläfe. Er hat nen richtigen Hammer und ich weiß für 

einen kleinen Moment garnicht mehr wo ich bin. Aber dann kriegt er meinen Ellbogen mitten ins 

Gesicht. Ich brech ihm damit die Nase. Sie ist ziemlich krumm zur Seite gebogen. Für einen 

kleinen Moment sieht es so aus, als ob er ohnmächtig wird aber irgendwie berappelt er sich 

wieder.  

Dann spüre ich seine Hand an meiner Kehle. Er drückt einfach mit voller Kraft zu. Ich 

krieg seinen Arm gepackt und drück mit der anderen Hand meinen Daumen direct in sein Auge. 
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Er schreit auf und taumelt etwas. Ich nutze den moment um ihm richtig mit der Hacke in die 

Kniekehle zu treten, so dass es einfach einknickt.  

Er lässt mich los.  Plötzlich stürzt er sich wie ein Stier mit dem Kopf nach unten in meine 

Richtung. Er brüllt dabei wie ein Tier. Aber ich erwisch ihn schon wieder an seinem Arm den er 

in meine Richtung streckt. Ich krieg ihn irgendwie rumgedreht und reiß den Arm so fest ich kann 

nach oben. Ich spüre ganz deutlich wie es erst so einen zähen Widerstand vom Schultergelenk 

gibt. Aber dann gibt es nach, die Sehnen reißen und irgendwas splittert. Sein Arm ist ausgerenkt, 

und hängt schlaff.  

Er geht nen Schritt zurück und ich will grad wieder auf ihn drauf, aber dann rennt er auch 

schon los. Eigentlich biegt nur um eine Straßenecke aber ich verliere ihn plötzlich aus dem 

Auge. Auf ein Mal scheint auf der Straße und dem Parkplatz um die Ecke alles leer zu sein. Ich 

hör mich sagen „Ich krieg Dich. Du oder ich“. Mein erster Gedanke ist, dass er bei den Autos auf 

dem Parkplatz sein könnte. Also schmeiß mich ich auf die Knie und schaue unter den Autos 

nach. Nirgends ist er. Ich muss ihn kriegen. Ich will weiterlaufen ja. Aber dann sehe ich die 

Müllcontainer am Rande des Parkplatzes. Sie sind bis oben voll mit Schutt. Noch ein paar alte 

Bretter und Farbeimer stehen da rum. Ein rostiger Zaunpfahl aus Metall guckt aus einer Tonne 

raus. Oben ist er abgesägt, das Metall ist noch blank.  Und unten hängen Betonreste dran. Ich 

ziehe ihn aus dem Container.  Hinter den Mülltonnen kann er nicht sein. Aber so fünf Meter von 

mir stehen noch Glas- und Papiercontainer. In der Ecke wo sie stehen ist keine Laterne mehr und 

es ist stockdunkel. Leise gehe ich dort hin. Ich habe das Gefühl dass selbst mein Atmen lauter ist 

als meine Schritte. Ich kann erst gar nichts sehn.  Aber irgendwas sagt mir schau noch mal genau 

hin. Tatsächlich. Ich erkenne zuerst die Jogginghose und dann ist er da. Völlig leise und 

zusammengekrümmt hockt er da. Ich renne los. Er springt panisch auf und sucht  zwischen den 

Mülltonnen nach einem Ausgang. Ein alter Transporter mit flacher Ladefläche ist zwischen uns 

geparkt. Ich springe auf die Ladefläche. Ich habe den Eisenpfahl im Anschlag. Bereit 

zuzuschlagen. Das rostige Metall hat beim Laufen die Haut meiner Hände aufgerissen. Ich ziele 



 169 

auf seinen Kopf. Der Pfahl schwingt wie beim Baseball. Das erste Mal kann er noch ausweichen 

doch beim Zurückschwingen erwische ich wieder seine Schulter. Der Schlag ist so heftig dass 

meine beiden Arme richtig vibrieren. Er knallt mit dem Hinterkopf gegen die Fensterscheibe von 

der Fahrerkabine. Keuchend rutscht er zu Boden und haut mit dem Kopf noch einmal auf ein 

Trittbrett. Ich springe von der Ladefläche und stehe nun über ihm. Sein ganzer Körper bebt. Ich 

beobachtete sein langsames Kriechen. Den Zaunpfahl habe ich noch immer in der Hand. Ich steh 

aber nur so da und schau ihn an.  Seine Bewegungen werden wieder schneller. Ich mache einen 

Schritt zur Seite, als er in eine freie Lücke kriechen will. Er schnappt nach Luft. Er will was 

sagen, aber das ist mir egal. Alle Energie die sich in den letzten Minuten in mir angestaut hat, all 

diese Gefühle scheinen in mir zu einem Höhepunkt zu kommen. Und dann hält mich nichts 

mehr. Ich schlage mit dem Pfosten in sein Gesicht, einmal, zweimal, dreimal, viermal, fünfmal, 

sechsmal. Eigentlich ist es schon vollbracht, der Kerl ist leblos und tot. Aber ich schlage weiter 

auf ihn ein.  Es ist schwer zu sagen wie lange ich auf ihn einschlage, es ist die Polizei die mich 

stoppt. Ich habe im Nachhinein erfahren, dass seine Freunde die Bullen gerufen hatten. 

F 5   Neutral Story 

Seit den frühen Morgenstunden liege ich wach und kann nicht schlafen. In  den letzten 

Tagen wird es morgens immer früh hell, was mir eigentlich ganz gut gefällt. Ich beschließe die 

Küche zu putzen so lang es nichts anderes zu tun gibt. Ich mache das öfters morgens. Ich 

beginne damit, das angebrannte Öl von der Herdplatte zu kratzen. Die Pfanne vom gestrigen 

Abendessen stand auch noch dort zum Einweichen und die Kruste vom Risotto lässt sich leicht 

entfernen, nachdem sie nun die Nacht über im schaumigen Wasser gelegen hatte. Nach ein paar 

Stunden kommt meine Mutter nach unten. Sie ist etwas verärgert darüber, dass ich wieder am 

Saubermachen bin weil es meinen Bruder aufweckt der sein Zimmer direkt neben der Küche und 

dem Wohnzimmer hat. Das Wetter draußen ist bewölkt und es weht ein leichter Wind. Ich fühlte 

mich körperlich erschöpft. Das Essen von gestern lag mir schwer im Magen und ich spüre ein 

stechendes und säuerliches Gefühl von der fettigen Pasta-Sauce. Bevor ich zur Uni gehe besuche 
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ich noch am Fitnessstudio. Ein paar andere machen dort auch gerade ihre Übungen. Ich bin mit 

keinem von ihnen befreundet. Ich bekomme vom Fitnesstrainer den Schlüssel für die 

Umkleidekabine, ziehe mich um und beginne mit meinem Trainingsprogramm. Zunächst 

verbringe ich 10 Minuten auf dem Ergometer, spüre wie mein Puls ansteigt und sich Wärme in 

meinem gesamten Körper ausbreitet. Mein T-Shirt saugt sich mit meinem Schweiß voll. Direkt 

neben mir trainiert auch jemand. Ich frage mich, ob mein Körpergeruch ihn wohl stört. Ich drehe 

meinen Kopf ein kleines Stück und schaue ihn an. Er hat Kopfhörer auf und scheint sich auf 

seine Übungen zu konzentrieren. Danach gehe ich zu den Kraftmaschinen und irgendwie scheint 

es so, als sei das Gewicht heute schwerer als sonst. Ich komme heute schneller außer Atem. Ich 

spüre ein Brennen und als ich zur letzten Trainingseinheit komme fühlen sich meine Muskeln 

wie betäubt und bleiern an. Nach dem Fitnessstudio rufe ich in der Praxis meines Hausarztes an 

um nachzufragen, ob es heute noch einen freien Termin gibt. Seine Sprechstundenhilfe sagt mir, 

dass er mich nach dem Mittag noch dran nehmen kann. Ich nehme den Bus zur Uni. Der 

Vorlesung höre ich nicht aufmerksam zu sondern schaue stattdessen durch das Fenster auf die 

Wiese und die Bäume. Das Grün ist ansprechend und beruhigend. Ich versuche mich wieder auf 

das zu konzentrieren was der Professor sagt, habe aber den Faden der Vorlesung verloren. Ich 

mache meine Notizen aber meine Schrift ist nur schwer zu lesen und ich kritzele ziellos 

zwischen den Zeilen. Nach der Vorlesung kaufe ich mir einen Kaffee, gehe ein Stück  über den 

Campus und setze mich vor die Bibliothek. Ohne großes Interesse verfolge ich, wie andere an 

mir vorbeigehen. Eine Gruppe Männer läuft an mir vorbei und macht Scherze. Einer von ihnen 

ist etwas übergewichtig und trägt eine Brille mit dicken Gläsern. Er sieht etwas älter aus. 

Wahrscheinlich arbeitet er als Post-Doc. Er sieht so aus wie der typische Physiker. Ein 

asiatisches Pärchen läuft hinter ihnen. Ein Mann mit Hawai-Shirt diskutiert lautstark mit einem 

anderen Studenten. Die beiden scheinen Philosophie zu studieren. Anscheinend genießen sie die 

Meinungsverschiedenheit. Der Kaffe ist ohne Zucker nicht so lecker. Ich habe erst vor kurzer 

Zeit angefangen meinen Kaffee ohne Zucker zu trinken um zu sehen, ob ich mich dran 
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gewöhnen könnte. Nachdem ich meinen Kaffee ausgetrunken habe gehe ich zur Bushaltestelle. 

Es ist gerade einmal halb eins. Der Bus kommt etwas früher und ich steige ein. Die gepolsterten 

Sitze sind bequemer als draußen auf dem Gras zu sitzen. Ich schaue durch das Fenster auf den 

Parkplatz. Die Büsche auf dem Parkplatz sind bereits überwachsen. Ich sehe wie einige Spatzen 

unter den Blättern rascheln. Schließlich startet der Motor und der Bus setzt sich in Bewegung. 

Um diese Zeit ist viel Verkehr auf den Straßen. Der Bus verbringt viel Zeit damit einfach nur zu 

stehen. Es sind noch andere Menschen im Bus. Keiner von ihnen spricht, außer einem kleinen 

Kind das sich mit seiner Mutter unterhält. Es rutscht auf seinem Sitz unruhig hin und her und 

stellt dumme Fragen. Um sie herum türmen sich die Einkaufstaschen. Vor mir sitzt ein alter 

Mann mit einer marineblauen Mütze. Ich steige  außerhalb des Einkaufszentrums aus dem Bus 

und gehe die kleine Gasse zur Praxis meines Arztes hoch. Ich drücke den Knopf der 

Gegensprechanlage und starre für einen Augenblick durch das Milchglas der Türe. Der 

Türöffner surrt und ich gehe hinein, sage Hallo zu der Sprechstundenhilfe und setzte mich im 

Wartezimmer auf einen der Plastikstühle die auch für draußen gedacht sein könnten. Ich bin 

etwas zu früh. Ich schaue mir die Zeitschriften auf dem Beistelltisch vor mir an. Sie interessieren 

mich nicht wirklich. Leider habe ich kein Buch in meiner Tasche. Also warte ich und lasse 

meinen Gedanken freien Lauf.  
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Appendix G  MEG Study (Chapter 3) Questionnaires   

 

 

 

 

Fachbereich Psychologie 

Klinische Psychologie und Verhaltensneurologie 

 

Prof. Dr. Thomas Elbert            James Moran 

M.Sc. 

Zentrum für Psychiatrie Reichenau, Feuersteinstraße 55, 78479 Konstanz           James.Moran@uni-

konstanz.de 

 

Allgemeine Informationen für Studienteilnehmer 

 

Lieber Teilnehmer, 

wir möchten uns bei Ihnen zunächst ganz herzlich für Ihre Bereitschaft 

bedanken, unsere Studie mit Ihrem Einsatz und Ihrer Zeit zu unterstützen. Im 

Folgenden finden Sie einen kurzen Überblick, der Ihnen die Studie und ihren Nutzen 

näher bringen soll und Ihnen Ihre Aufgabe beschreibt. 

 

ü Ziel und Hintergrund der Studie 
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Das Ziel der Studie besteht darin, den Einfluss von Erlebnisberichten auf die 

Verarbeitung emotionaler Bilder zu erfassen. Zusätzlich möchten wir untersuchen, ob 

dies auch zu hormonellen Veränderungen führt, da Hormone als Botenstoffe im Körper 

auch an der Verarbeitung von Reizen beteiligt sind. Mit Ihrer Teilnahme leisten Sie 

daher einen sehr wertvollen Beitrag an einem neuen Element in der Wissenschaft. 

 

ü Dauer und Vergütung 

Die Gesamtdauer dieser Studie wird 150 Minuten betragen. Als Vergütung und 

Dankeschön für Ihre Teilnahme erhalten Sie je nach Wahl 2,5 VPN-Stunde oder           

25 Euro. 

Der Ablauf der Studie und Ihre Aufgabe 

Zunächst wird Ihnen ein gesprochener Tatbericht über Kopfhörer präsentiert, 

während Ihre Hirnwellen mit Hilfe eines Magnetoenzephalographs (MEG) aufgezeichnet 

werden. Dieses Experiment untersucht wie gut auch nicht ausgewiesene Fachgutachter 

in der Lage sind, die Motive von Tätern im Rahmen der forensischen Begutachtung zu 

erfassen, wie gut sie sich in diesen hineinversetzen können und in wie weit die 

Konfrontation mit Gewalt eine Belastung darstellt. Nachdem Sie den Tatbericht gehört 

haben besteht Ihre Aufgabe darin, Fragen zu diesem zu beantworten. Neben Ihrer 

eigenen Bewetrung des Tathergangs und der Einschätzung des Täters werden wir 

Ihnen ebenfalls Bilder präsentieren, die Sie hinsichtlich verschiedener Kriterien 

bewerten sollen. Wir möchten bei Ihnen zusätzlich die Hormone Testosteron im 

Speichel sowohl vor der Geschichte als auch direkt vor und nach dem Bilderordnen 

messen. Hierfür müssen Sie eine Speichelprobe abgeben. Zeitgleich zur Speichelprobe 

werden Ihre Herzrate erhoben.  

 

ü Freiwillige Teilnahme 

Ihre Teilnahme an dieser Studie ist freiwillig. Sie können daher jederzeit und 

ohne Angabe von Gründen Ihre Zusage zur Teilnahme an der Studie zurückziehen 

ohne dass sich hieraus persönliche Folgen für Sie ergeben. 
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ü Speicherung personenbezogener Daten 

Alle personenbezogenen Daten, die wir für diese Studie von Ihnen erfassen, 

werden unmittelbar nach Abschluss der Studie gelöscht. Bis zum Abschluss der Studie 

haben Sie Anspruch auf Rücknahme Ihres Einverständnisses der Teilnahme und 

Löschung Ihrer Daten. Die voll anonymisierten Daten dürfen zu den angegeben 

Forschungszwecken zeitlich unbegrenzt weiter verwendet werden. 

 

ü Gesundheitsschutz 

Entsprechend dem aktuellen Stand der Wissenschaft entsteht für Sie keine 

Gesundheitsgefährdung bei der Teilnahme.  

 

 

Wir wünschen Ihnen viel Spaß bei der Teilnahme. 
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Fachbereich Psychologie 

Klinische Psychologie und Verhaltensneurologie 

 

Prof. Dr. Thomas Elbert       James Moran M.Sc. 

Zentrum für Psychiatrie Reichenau, Feuersteinstraße 55, 78479 Konstanz          James. Moran@uni-

konstanz.de 

 

 

Einverständniserklärung für Studienteilnehmer 

 

ü Informationen zu der Studie 

Ich habe die schriftlichen Informationen „Allgemeine Informationen für 

Studienteilnehmer“ erhalten, gelesen und verstanden und ich bin in ausreichender Form 

über die Ziele und Methoden dieser Studie informiert worden. Ich hatte ausreichend 

Gelegenheit dazu, meine Fragen und Bedenken dem Versuchsleiter gegenüber zu 

äußern und habe umfassende und zufrieden stellende Antworten erhalten. 

 

ü Datenschutz 

Alle personenbezogenen Daten (wie beispielsweise Alter, Geschlecht und 

Angaben über Erkrankungen etc.) unterliegen dem Datenschutz und werden streng 

vertraulich behandelt. Ich erkläre mich damit einverstanden, dass meine persönlichen 

Daten sowie meine Testdaten aufgezeichnet und anonymisiert (das heißt ohne 

Namensnennung) für die wissenschaftliche Auswertung im Rahmen der Fragestellung 

dieser Studie verwendet werden. Einer möglichen Veröffentlichung der anonymisierten 
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Daten dieser Studie stimme ich mit meiner Teilnahme zu. Ich habe jederzeit das Recht, 

die Aufzeichnung und Speicherung meiner personenbezogenen Daten zu widerrufen. 

 

ü Freiwillige Teilnahme 

Meine Teilnahme an der Studie ist freiwillig. Ich kann jederzeit und ohne 

Angaben von Gründen meine Zusage zur Teilnahme an der Studie zurückziehen ohne 

dass sich daraus negative Folgen für mich ergeben. 

 

 

 

Name, Vorname 

 

_____________________________________________________________________________ 

Datum, Unterschrift 
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Teilnehmerbogen/Studienprotokoll 

Ausschlusskriterien klären: 

• Kaffee innerhalb der letzten halben Stunde 

• Größere Mahlzeit innerhalb der letzten Stunde 

• Rauchen innerhalb der letzten Stunde 

• Drogenkonsum innerhalb der letzten 24 Stunden 

• Exzessiver Alkoholkonsum innerhalb der letzten 24 Stunden 

• Neurologische Erkrankungen (Erkrankungen des Nervensystems, z.B. Epilepsie) 

sowie neurochirurgische Eingriffe (z.B. Eingriffe im Gehirn) 

• Psychiatrische Erkrankungen (Depression, Schizophrenie, Essstörungen, u.a.) 

• Hormonelle Erkrankungen (z.B. Schilddrüsenerkrankungen) 

• Stoffwechselerkrankungen (z.B. Diabetes) 

• Erkrankungen des Immunsystems (z.B. HIV) 

• Regelmäßige Medikamenteneinnahme(Bluthochdruck, Antirheumatika, 

Antihistaminika, Psychopharmaka, Hormonpräparate) 

• Grippale Erkrankungen 

• Deutschkenntnisse  

 

Mit erfassen: 

• Regelmäßiger Alkoholkonsum: nein q    ja q, ___________________ 

          Menge: ___________ / Tag 

• Drogenkonsum:   nein q    ja q, ___________________ 

          Menge: ___________ / Tag 

• Raucher (>7 Zigaretten/Woche): nein q    ja q, Anzahl: _____ /Woche 
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• Größe: _________ cm  Gewicht: ___________ kg  

 

Teilnehmercode: _________________   

Datum:  ___ . ___ . ______ 

Uhrzeit Beginn: ______ : ______ 

Uhrzeit Ende:  ______ : ______ 

 

1. Soziodemographie (vom Versuchsleiter zu erfragen) 

  

Alter:             _____     

Nationalität:  _______________ 

Muttersprache: _______________ 

 

Edinburgh Handedness Inventory: % Rechts 

 

2. Prä-Test/Baseline 

 Speichelprobe:    q 

 SAM I:     q 

 Uhrzeit:    _____ : _____h 
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3. Geschichte q 

  

 

4. Post-Test 1 

 Speichelprobe:    q 

 SAM II:     q 

 Uhrzeit:    _____ : _____h 

 

5. IAPS Bilderrating, AVQ + Buss & Perry Fragebogen q 

 

6. Post-Test 2 

 Speichelprobe:    q 

 SAM III:     q 

 Uhrzeit:    _____ : _____h 

   

8. Fragebögen (Fragen bzgl. Schuld, Freiheitstrafe, Empathie, 

Moralität, Erleben der Geschichte, Gewalterleben und Erleben von 

Alltagssituationen) q 

  

9. Debriefing   
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Fragebogen  

Lieber Teilnehmer, 

bitte füllen Sie nun den folgenden Fragebogen aus. Dieser gliedert sich in drei 

Teile. In  jedem Teil wird Ihnen kurz geschildert worauf sich dieser bezieht und welche 

Ihre Aufgabe ist. Nachdem Sie alle Fragen beantwortet haben, stecken Sie den 

Fragebogen bitte in den vorgesehenen Briefumschlag, da die Auswertung anonym 

erfolgt. Es ist für uns entscheidend, dass Sie alle Fragen ehrlich beantworten. Bitte 

achten Sie auch darauf, keine Frage auszulassen.  

Vielen Dank! 
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Im folgenden Teil finden Sie 15 Fragen die sich auf die Wahrnehmung und 

Verarbeitung von Gewalthandlungen beziehen. Bitte versetzen Sie sich in das 

Erleben zurück das sie hatten als sie den Tathergang gehört haben. Versuchen 

Sie aus diesem Gefühl heraus zu beurteilen, ob sie sich vorstellen könnten, dass 

die folgenden Aussagen auf Sie zutreffen könnten, unabhängig von dem 

Augenzeugenbericht.  	  

 

  Ich stimme 

nicht zu 

   Ich 

stimme zu 

1 Hören Sie anderen gerne zu wenn diese 

Geschichten erzählen wie sie getötet haben? 

 

0 1 2 3 4 

2 Macht für Sie die Herausforderung einen starken 

Gegner zu besiegen den Kampf lustvoller als bei einem 

schwachen Gegner?  

 

0 1 2 3 4 

3 Empfinden Sie es als aufregend einem Gegner 

Leid zuzufügen? 
0 1 2 3 4 

4 Fühlen Sie sich siegessicher wenn Sie in den 

Kampf ziehen 
0 1 2 3 4 

5 Macht es Ihnen Spaß sich auf einen Kampf 

vorzubereiten?  
0 1 2 3 4 

6 Werden Sie beim Kämpfen durch das Verlangen 

zu Jagen und zu Töten kontrolliert?  
0 1 2 3 4 

7 Bereitet es Ihnen Freude andere zum Kämpfen 

anzustacheln? 
0 1 2 3 4 

8 Macht es Ihnen mehr Spaß einen Gegner zu 

besiegen wenn Sie ihn bluten sehen? 
0 1 2 3 4 

9 Werden Sie von der Gewalt mitgerissen sobald 

ein Kampf begonnen hat?  
0 1 2 3 4 

10 Haben Sie andere verletzt weil Sie es wollten 

ohne dass es eine Begründung oder einen Befehl gab? 
0 1 2 3 4 

11 Sobald Sie sich daran gewöhnt hatten grausam zu 

sein, hatten Sie das Bedürfnis immer grausamer zu sein?  0 1 2 3 4 

12 Wissen Sie wie es sich anfühlt einen „Hunger“ 

oder ein Bedürfnis zu spüren kämpfen zu wollen? 
0 1 2 3 4 
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  Ich stimme 

nicht zu 

   Ich 

stimme zu 

13 Ist kämpfen das einzige was Sie in ihrem 

Leben machen möchten? 
0 1 2 3 4 

14 Kann es für Sie sexuell erregend sein andere 

Menschen anzugreifen? 
0 1 2 3 4 

15 Hören Sie auf sich Sorgen zu machen, dass 

Sie getötet werden könnten, sobald Sie anfangen zu 

kämpfen? 

0 1 2 3 4 
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Im folgenden Teil finden Sie 27 Fragen die sich auf die Wahrnehmung und 
Verarbeitung von Gewalthandlungen beziehen. Bitte versetzen Sie sich in das 
Erleben zurück das sie hatten als sie den Tathergang gehört haben. Versuchen 
Sie aus diesem Gefühl heraus zu beurteilen, ob sie sich vorstellen könnten, dass 
die folgenden Aussagen auf Sie zutreffen könnten, unabhängig von dem 
Augenzeugenbericht.  Versuchen Sie, spontan zu antworten und nicht zu lange 
nachzugrübeln! 

 

 

 

1.    Manchmal kann ich dem Verlangen, eine 

andere Person zu schlagen, nicht wider-

stehen.  r r r r 

2.    Ich sage es meinen Freunden offen, 

wenn ich anderer Meinung als sie bin.  r r r r 

3.    Ich rege mich schnell auf, aber mein 

Ärger verraucht auch wieder schnell.  r r r r 

4.    Manchmal verzehrt mich Eifersucht. r r r r 

5.    Wenn ich nur entsprechend gereizt 

werde, kann ich jemand anderen 

durchaus schlagen.  r r r r 

6.    Ich widerspreche anderen Menschen 

häufig. r r r r 

7.    Wenn ich frustriert bin, zeige ich 
r r r  

 



 184 

meine Verärgerung.  r 

8.    Manchmal spielt mir das Leben übel mit.  r r r r 

9.  Wenn mich jemand schlägt, schlage 

ich zurück.  r r r r 

10.Manchmal fühle ich mich wie ein 

Pulverfass, jederzeit bereit zu 

explodieren.  r r r r 
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11.Glück scheinen immer nur die anderen zu 

haben.  r r r r 

12.Ich werde häufiger in Schlägereien 

verwickelt als andere.  r r r r 

13.Wenn andere mit mir nicht 

übereinstimmen, kann ich mich nicht 

zurückhalten, mit ihnen darüber zu 

streiten.  r r r r 

14.Ich bin eine ausgeglichene Person.  r r r r 

15.Ich frage mich, warum ich manchmal so 

verbittert bin.  r r r r 

16.Wenn es sein muss, verteidige ich meine 

Rechte auch mit Gewalt.  r r r r 

17.Meine Freunde sagen, ich sei etwas 

streitlustig.  r r r r 

18.Ich bin schon so ausgerastet, dass ich 

Gegenstände zerschlagen habe.  r r r r 

19.Manche Leute haben mich schon so weit 

gebracht, dass wir uns geprügelt haben.  r r r r 

20.Ich brause manchmal wegen 

Nichtigkeiten auf.  r r r r 
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21.Gegenüber allzu freundlichen Fremden 

bin ich misstrauisch.  r r r r 

22.Ich kann mir keinen Grund vorstellen, 

weshalb ich jemals eine andere Person 

schlagen würde.  r r r r 

23.Es fällt mir schwer, meinen Zorn zu 

kontrollieren.  r r r r 

24.Manchmal habe ich das Gefühl, dass 

andere hinter meinem Rücken über mich 

lachen.  r r r r 

25.Ich habe schon Leute bedroht, die ich gut 

kenne.  r r r r 

26. Einige meiner Freunde halten 

mich für einen Hitzkopf.  

 

r 

 

r 

 

r 

 

r 

27. Wenn Leute besonders nett zu mir sind, 

frage ich mich, was sie von mir wollen.  r r r r 
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Teil II 

Im zweiten Teil möchten wir zunächst von Ihnen wissen, welche 

Gewalterfahrungen Sie bereits gemacht haben. Im Folgenden finden Sie eine Liste mit 

möglichen             Gewalthandlungen. Bitte kreuzen Sie jeweils an, ob Sie persönlich 

jemals eine solche Handlung ausgeführt haben, ob Sie jemals miterlebt haben, dass 

Freunde von Ihnen eine solche Handlung ausgeführt haben, ob Sie des weiteren jemals 

Zeuge einer  solchen Handlung waren und/oder ob Ihnen jemals jemand erzählt hat, 

dass er/sie eine solche Handlung erlebt hatte. Bitte kreuzen Sie alle Antworten an die 

zutreffen, d.h. es sind pro Handlung o bis 4 Kreuze in einer Zeile möglich. Bitte 

beachten Sie nochmals, dass alle Ihre Antworten streng vertraulich behandelt werden 

und ausschließlich in anonymisierter Form ausgewertet werden.  

N

r. 

Handlung: Haben Sie jemals… Selbst 

ausgeführt 

Von Freun-den 

ausgeführt 

Allgemein 

bezeugt 

Von anderen 

gehört 

1 … eine andere Person körperlich 

verletzt (z.B. mit Fäusten geschlagen)?  

    

2 … eine andere Person mit einer Waffe 

verletzt? 

    

3 … eine andere Person zum Schreien 

gebracht? 

    

4 … eine andere Person zum bluten 

gebracht? 

    

5 … eine andere Person dazu gebracht Sie 

zu bitten von ihr abzulassen? 

    

      

6 … einer anderen Person starke 

Schmerzen zugefügt? 

    

7 … Verletzungen zugefügt?     

8 … einer anderen Person ernsthaften 

körperlichen Schaden zugefügt, so dass diese 

ärztliche Behandlung brauchte? 

    

9 … eine andere Person angegriffen, als     
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Sie die freie Wahl hatten? 
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Nr

. 

Handlung: Haben Sie jemals… Selbst 

ausgeführt 

Von Freun-den 

ausgeführt 

bezeugt Von anderen 

gehört 

10 … eine andere Person verletzt, die 

sich nicht wehren konnte? 

    

11 … andere instruiert eine andere Person 

zu verletzten? 

    

12 … eine andere Person, die Sie 

verletzen wollten, verfolgt? 

    

13 ...  zurückgeschlagen, wenn Sie 

attackiert wurden? 

    

14 … anderen Geschichten darüber 

erzählt, wie sie andere Personen verletzt 

haben? 

    

15 ... sich in einem Kampf verteidigen 

müssen? 
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Nun folgt eine Skala um die Tat hinsichtlich der moralischen Vertretbarkeit 
zu bewerten. Bitte markieren Sie mit einen vertikalen Strich auf der unten 
dargestellten Linie Ihr subjektives Empfinden, wie sie die Tat bewerten würden: 

moralisch vertretbar                                                               moralisch nicht 

vertretbar 
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Die folgenden Fragen beziehen sich auf Ihr Erleben der Geschichte, die Sie zuvor gehört 

haben. Bitte kreuzen Sie jeweils an, in wie weit die Aussagen auf Ihr Erleben zutreffen. 

 

1. Ich habe die Geschichte realistisch nachempfinden können:  

 gar nicht q gering q mittel q stark q extrem q 

 

2. Die Geschichte ist lebhaft:  

 gar nicht q gering q mittel q stark q extrem q 

 

3. Ich habe die Geschichte als aufregend empfunden. 

 gar nicht q gering q mittel q stark q extrem q 

 

4. Ich habe die Geschichte als angenehm empfunden:  

 gar nicht q gering q mittel q stark q extrem q 

 

5. Ich habe die Geschichte als unangenehm empfunden:  

 gar nicht q gering q mittel q stark q extrem q 

 

6. Ich habe mich in der Geschichte in die Lage des Opfers versetzt: 

 gar nicht q gering q mittel q stark q extrem q 
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 ganz 

wenig oder 

gar nicht 

ein bisschen einigermassen erheblich  äusserst 

aktiv q q q q q 

bekümmert q q q q q 

interessiert q q q q q 

freudig erregt q q q q q 

verärgert q q q q q 

stark q q q q q 

schuldig q q q q q 

erschrocken q q q q q 

feindselig q q q q q 

angeregt q q q q q 

stolz q q q q q 

gereizt q q q q q 

begeistert q q q q q 

beschämt q q q q q 

wach q q q q q 

nervös q q q q q 

entschlossen q q q q q 

aufmerksam q q q q q 
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7. Ich habe mich in der Geschichte in die Lage des Täters versetzt: 

 gar nicht q gering q mittel q stark q extrem q 

 

8. Ich hatte das Gefühl „in die Geschichte einzutauchen“:    

 gar nicht q gering q mittel q stark q extrem q 

 

10. Ich habe die erzählte Geschichte als gewalttätig empfunden: 

 gar nicht q gering q mittel q stark q extrem q   

 

Die folgenden Fragen beziehen sich auf Ihr Erleben der ersten Geschichte, die Sie gehört 

haben. Dieser Fragebogen enthält eine Reihe von Wörtern, die unterschiedliche Gefühle und 

Empfindungen beschreiben. Lesen Sie jedes Wort und tragen dann in die Skala neben jedem Wort 

die Intensität ein. Sie haben die Möglichkeit, zwischen fünf Abstufungen zu wählen. 

 

Die folgenden Fragen beziehen sich auf Ihr Erleben der zweiten Geschichte, die Sie 

gehört haben. Dieser Fragebogen enthält eine Reihe von Wörtern, die unterschiedliche Gefühle 

und Empfindungen beschreiben. Lesen Sie jedes Wort und tragen dann in die Skala neben jedem 

Wort die Intensität ein. Sie haben die Möglichkeit, zwischen fünf Abstufungen zu wählen. 

 ganz 

wenig oder 

gar nicht 

ein bisschen einigermassen erheblich  äusserst 

durcheinander q q q q q 

ängstlich q q q q q 
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aktiv q q q q q 

bekümmert q q q q q 

interessiert q q q q q 

freudig erregt q q q q q 

verärgert q q q q q 

stark q q q q q 

schuldig q q q q q 

erschrocken q q q q q 

feindselig q q q q q 

angeregt q q q q q 

stolz q q q q q 

gereizt q q q q q 

begeistert q q q q q 

beschämt q q q q q 

wach q q q q q 

nervös q q q q q 

entschlossen q q q q q 

aufmerksam q q q q q 

durcheinander q q q q q 
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ängstlich q q q q q 
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Appendix H  Trait Correlates of MEG activity 

The following data was gathered for the MEG experiment in chapter 3. Although our 

group manipulation produced predicted differences in neuro-oscillatory activity, there were also 

results at trait level for the sample as a whole. These results are in themselves interesting, but 

more as a supplement to the main arguments of the dissertation, they are thus recorded here. 

Table 23 shows correlations between different questionnaire measurements of aggression, 

aggressive life events, arousal, and emotional ratings of the stories for the whole sample of 

participants across all groups (N = 61). In addition to questionnaire ratings, we also tested 

associations between trait characteristics and neuro-oscillatory activity. For this we calculated 

the correlation between the questionnaires and spectral power (Delta: 2-5 Hz; Thelta; 5-8 Hz; 

Alpha: 8-12 Hz; Beta/Gamma 20-40 Hz) for each sensor, creating topographical maps of 

increased activity. The questionnaires used included the AAS, the BPAQ and a third event list of 

aggressive events called the Self-Aggression life events questionnaire (SA). This related 

specifically to aggressive events experienced by the participants. This consisted of 15 events, 

and participants were asked to mark whether they had carried out these themselves, whether their 

friends had carried them out, whether they had witnessed these events or heard of these 

happening in their social circle. This made 4 dimensions with a potential score of 15 each, and a 

total maximum score of 60.   
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1.1 AAS Topoplots 
Correlations (-0.5 to 0.5)   p-value masked map (  < 0.05)  

Delta (2-5 Hz) 

 

 

 

Theta (5-8 Hz) 

 

 

 

Alpha (8-12 Hz) 
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1.2 SA (total) Topoplots 

Correlations (-0.5 to 0.5)   p-value masked map (  < 0.05) 

Delta (2-5 Hz)  

 

 

 

Theta (5-8 Hz)  
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1.3 BPAQ 

Correlations (-0.5 to 0.5)   p-value masked map (  < 0.05) 

Delta (2-5 Hz)  

 

 

 

Theta (5-8 Hz) 

 

 

 

Alpha (8-12 Hz) 
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H 2  Discussion 

2.1 Behavioural Correlations 

Behavioural Correlations argue for the validity of the paradigm, with patterns of 

identification with perpetrator, victim as well as the positive and negative arousal evoked by the 

paradigm showing theoretically congruent relations with AAS, SA and BPAQ. People with 

higher aggression on the AAS and BPAQ measures found the story more pleasant/less negative, 

more positively arousing/less negatively arousing, identified more with the perpetrator/less with 

the victim. People with higher AAS and BPAQ scores also had higher levels of personal 

violence in their lives. Although the AAS was designed for people in conflict lands rather than 

participants in a peaceful society, it still showed plausible patterns of correlations.  

2.2 Trait defined Neuro-Oscillatory Clusters 

The AAS was associated with the right parietal/region, the BPAQ was also associated 

with activity in this region, albeit weaker. To have two different aggression questionnaires show 

similar activity in this region strengthens the case made in Chapter 3 for interpreting this region 

as aggression relevant. The regions associated with SA were similar to the left frontal clusters 

seen for the aggression conditions. This is also in line with the findings of the group 

manipulation, and other literature associating increased aggression with left frontal activity 

(Coan & Allen, 2004; Harmon-Jones, Gable, & Peterson, 2010; Hermans et al., 2008; Van Honk 

et al., 2010). 

The results can also be related to Chapter 4, which measured neuro-oscillatory 

correlations with trait measures of aggression and events. In that paper, AAS scores were related 

to a general frontal GDM in a Beta band (in this case 12-24 Hz). Here, trait AAS scores show no 

frontal activity, but BPAQ scores were associated with a higher alpha activity. Aggression 

events are related to higher GFP in the Burundi dataset in Beta (EO) and Gamma (EC) (24-48 

Hz) frequency bands. These were similar to correlations for trauma events, so it is not clear 
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whether neuro-oscillatory activity relating to aggression events is related to appetitive or trauma-

related processing. There was a similar overlap between EC:EO Ratios for Trauma Events and 

Aggression Events.  

In conclusion, comparisons between these results and the Burundi study might become 

clearer once we have the complete dataset for Burundi, and we can examine the differences 

between trauma-related activity and aggression-related activity at a more nuanced level. The fact 

that both studies show such clear correlations with neuro-oscillatory activity, even concerning 

life events, is in itself an interesting phenomenon that can be utilized in future studies.  
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Appendix I  Hormone Correlates of MEG Activity 

I 1  Introduction 

In addition to the MEG and questionnaire data, we also measured hormones testosterone 

(T) and cortisol (CRT). These results are in themselves interesting, but are too tangential to the 

theme of the dissertation to merit inclusion in the main argument. 

T and CRT interactions have an important modulating influence on aggression-related 

brain structures in non-human animals (Nelson & Trainor, 2007; Simpson, 2001). CRT is the 

product of the activation of the hypothalamic pituitary adrenal axis (HPA), which controls the 

different stages of the defence cascade. T is controlled by the hypothalamic pituitary gonadal 

system (HPG). These two systems interact in an antagonistic fashion, with CRT inhibiting T at 

each stage of the HPG, and T inhibiting the HPA at the level of the hypothalamus (Montoya, 

Terburg, Bos, & Van Honk, 2012; Viau, 2002). A high T to CRT ratio appears to distinguish 

higher aggression in psychopathological samples (Glenn, Raine, Schug, Gao, & Granger, 2011), 

and in laboratory induced aggression, for aggressive responses to hostile angry faces (Terburg, 

Morgan, & van Honk, 2009; van Honk et al., 2004; van Honk et al., 1999), and decision-making 

tasks (van Honk, Schutter, Hermans, & Putman, 2003; van Honk et al., 2004). In the former 

tasks, the association has also been demonstrated to mediate OFC, amygdala and hypothalamus 

activation (Hermans, et al., 2008). Van Honk, Harmon-Jones, Morgan, and Schutter (2010) 

propose that reactive aggression and a controlled ‘proactive’ aggression are both mediated by a 

T:CRT ratio, and that a third factor, serotonin, which is associated with prefrontally mediated 

impulsiveness (Buckholtz et al., 2008; Meyer-Lindenberg et al., 2006) makes the difference 

between the two.  

Although a compelling theory, this neglects the element of rewarding qualities in 

aggression, we hold therefore, the distinction between aggression forms revolves around the 

opposition of defensive reaction to threat (CRT-mediated stress response) and a reward-based 
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appetitive aggression (T-modulated reward processes), rather than a more controlled 

instrumental or proactive aggression. Although T by itself has a very complex relation to 

aggression in humans, associated with social dominance, and judgment (Archer, 2006; Carré, et 

al., 2011), T has been associated with reward in general (e.g. Hermans et al. (2010)), and with 

rewarding aspects of aggression in particular: One study from Klinesmith, Kasser, and 

McAndrew (2006) showed that handling a gun as opposed to a children’s toy increased T, which 

mediated subsequent aggressive behaviour. In another experiment from our group using dramatic 

testimonies, participants are asked to put themselves in the position of a killer vs. victim 

(Weierstall, et al., 2014). This was shown to increase or decrease T in men, according to whether 

the person is assigned to take the appetitive (perpetrator) or reactive (victim), role in the story, 

respectively.  

There are a lot of possibilities for hypotheses for comparing psychological variables 

(AAS, BPAQ, SA, PANAS), with neuro-oscillatory variables (Group defined clusters from 

Chapter 3; data-driven sensor level correlations with Hormones), with hormonal correlates (T 

change; CRT change; T:CRT Change Ratio; basal T:CRT Ratio).  

The initial hypothesis, based upon theories above, would be that T change, CRT change 

and T:CRT Change Ratios would be differentially affected by the group manipulations of 

Reactive vs. Appetitive Aggression. So, Van Honk et al (2010) argue that their definition of 

aggression subtypes: reactive vs. proactive aggression, where the fundamental difference is in 

control over the expression of aggression, are both equally moderated by T:CRT ratios. 

Differences between aggression subtypes are determined by serotonin. In contrast, our 

hypothesis, is that aggression is best divided according to hedonic characteristics, as appetitive 

vs. reactive aggression, and it has not yet been tested whether these are differentially related to 

T:CRT ratios. 
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There are many possibilities for further exploratory tests, some of which are carried out 

here. Carrying out a lot of tests without specific a priori hypotheses naturally implies greater 

possibilities of chance results, but for exploratory purposes, they could provide interesting 

starting points for further experiments. Firstly, testing whether there is any association between 

hormone measures generally, and the group-defined ROIs (see Chapter 3). Secondly, testing 

whether there are correlations between hormone measures and questionnaire variables. Thirdly, 

an entirely data-driven correlation between hormone measures and each sensor for different 

spectral bands is carried out.  
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I 2  Methods 

See Chapter 3 Methods and Materials for details of the paradigm. 

For the Hormone measurements, out of the 61 participants, 6 could not be tested for 

saliva samples due to technical difficulties either during measurement or assay, a further 5 were 

cut as extreme outliers (>3 SD from mean) (N = 50). For correlations with MEG data, from 

which 11 participants had to be removed, the total sample size was N = 41.  

2.1 Questionnaires 

AAS, BPAQ, SA, PANAS (see Chapter 3 and Appendix H) and Pleasantness and 

unpleasantness of the aggressive stories, which was rated on a 5-point Likert scale from 1 to 5.  

2.2 Saliva T and CRT Assay 

We took saliva samples for T and CRT before and immediately after the story, and then 

with a follow-up measure after filling out two of the questionnaires. We used a Salivette 

collection device (Sarstedt). These were stored in a fridge at 2-8°C after the trial and then 

centrifuged within 24 hours after testing. Salivettes are spun at 3000 x g for 5 minutes at room 

temperature. The saliva collects at the bottom of the tube, and the capped tubes are stored at -

40°C.  T was analysed with competitive chemiluminescence immunoassays (LIA) with a 

sensitivity of 0.0025 ng/ml (IBL, Hamburg). Bead-based competitive binding assay were used to 

measure concentrations of salivary CRT. Undiluted saliva and CRT standards were incubated at 

room temperature overnight in 96-well microtiterplates with CRT—BSA conjugated polystyrene 

beads and fluorescein isothiocyanate (FITC)-conjugated rabbit anti-cortisolantibody (HTB192, 

Chromaprobe, Maryland Heights, MO, USA). Beads were washed and resuspended after 

incubation, in phosphate-buffered saline that contained 0.05% Tween-20. They were then 

analysed using flow cytometer with the specification of a high-throughput sampler (LSR II, BD 

Immunocytometry Systems, San Jose, CA, USA). 
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2.3 T and CRT Outcome Variables  

Three measurements of T and CRT were taken: Once shortly before the experimental 

manipulation; once immediately after, and a follow-up measure 20 minutes afterwards. The 

change in T and CRT as a result of the experiment is tested with a mixed model repeated-

measures analysis.  

A second measure of T change and CRT change is used for correlates with psychological 

measures and neuro-oscillatory activity. T Change is the prior T measure subtracted from the T 

measure immediately after the experimental manipulation, normalized by the prior T measure. 

The same logic was applied for the CRT change. There was also the possibility of taking a T or 

CRT change measure based upon the third saliva sample, rather than the second. This was 

carried out, but did not yield appreciably different results than for the reported change measures, 

and so is not reported here.  

The T:CRT Change Ratio was calculated from the above change measures. It should be 

noted, that one can calculate a lot of different T:CRT ratios, e.g. Glenn et al., (2011) measured 

basal T against CRT change. We chose to take the ratio of the change in both T and CRT, 

because basal hormone ratings require a great deal more experimental control, as is detailed in 

the next section. 

In addition, Baseline T and CRT were also analysed. This is the raw value of the initial T 

and CRT measures. We did not plan the experiment to measure basal T or CRT, but rather 

change effects, and ratios. The reliability of the basal measures is limited, as we could not 

control for the time of measurement, some people were measured in the morning, afternoon, and 

evening, and these are critical controls for hormones (CRT: Posener, Schildkraut, Samson, & 

Schatzberg, 1996; T: Resko & Eik-Nes, 1966). Practical circumstances, as well as basic 

priorities (i.e. literature-based interest in T:CRT ratios) prevented us from standardizing the time 

of measurement to control for this (as recommended by Schutter & van Honk, 2005). 
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2.4 Statistical Tests 

Group effects on T and CRT across the three measurements are first tested with a Mixed 

model Repeated-Measures analysis. Group effects on T:CRT Change Ratio are tested with a one-

way ANOVA.  

Correlations between all above hormonal measures and group-defined neuro-oscillatory 

clusters from Chapter 3 are tested. Hormone measures are also correlated with questionnaire 

measures.  

Finally, correlations between T:CRT Change Ratio and each sensor of the MEG at 

different spectral frequencies (Delta: 2-5 Hz; Thelta; 5-8 Hz; Alpha: 8-12 Hz; Beta/Gamma 20-

40 Hz) are tested. Significant clusters are defined as a minimum of 5 contiguous sensors, as in 

Chapter 3.  

I 3  Results  

3.1 T and CRT measures 

1.1 T  

A repeated measures model was carried out, finding no group differences in T across all 

three measures. T results fulfilled sphericity criteria (χ2 = 0.542, p = 0.76). There was a general 

decrease in T across the three measurements, (F(2, 92) = 16.07, p < 0.001, ηρ2 = 0.26) but no 

significant interaction between condition and T (F(4, 92) = 0.5, p = 0.72, ηρ2  = 0.02).   

1.2 CRT 

A repeated measures model was carried out, finding no group differences in CRT 

Statistics adjusted for non-null sphericity results (χ2 = 58.21, p < 0.001), using Huynh-Feldt 

estimates (ε = 0.62) indicated a general decrease in CRT across the three measurements, (F(1.23, 

59.08) = 20.04, p < 0.001, ηρ2 = 0.30). There was no interaction between condition and CRT 

(F(2.46, 59.08) = 0.75, p = 0.47, ηρ2  = 0.03).  
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1.3 T:CRT Change Ratio 

A one-way ANOVA was carried out to test whether there were differences between the 

three groups (appetitive, reactive, control) for T:CRT Change Ratio. There were no significant 

differences between groups (F(2, 43) = 0.22, p = 0.80). 
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3.2 T and CRT Correlations with Group-Determined MEG Clusters 

Figure 32 Clusters of significant activity for group comparisons (A = appetitive; R = 

reactive; C = control) 

 

 

 

 

 

 

Table  24 Correlations between oscillatory clusters and questionnaire measures 

 N Delta Frontal 

(R) 

Delta Frontal 

(A) 
Delta Parietal Alpha Frontal 

AAS 50 .000 .056 -.384** .165 

B&P total 50 .150 .146 -.286* .337* 

SA (total) 50 .401** .424** -.015 .402** 

T:CRT Change  41 .349* .332* .085 .396** 

Baseline T 42 -.431** -.268 -390* -.180 

Baseline CRT 44 -.193 -.131 .125 .144 

T change 41 .343* .282 .133 .226 

CRT change 43 -.140 -.117 -.074 -.376* 

* p ≤ 0.05; ** p ≤ 0.01 (2-tailed).  

 

 

 

 

 

Delta R vs. C Delta A vs. C Delta A vs. R Alpha A vs. C 
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Figure 33 Scatterplot of endogenous testosterone with Parietal/temporal cluster  

 

 

 

 

 

 

 

 

 

Table  25 Correlations between hormone measures and questionnaire measures 

 Change  

T:CRT Ratio 

CRT Change T Change 

N 50 52 50 

AAS .091 -.079 .082 

BPAQ physical  .341* -.195 .249 

BPAQ verbal  .129 -.235 -.006 

BPAQ anger  .122 .030 .130 

BPAQ hostility  .047 -.059 .030 

BPAQ Total .255 -.147 .183 

SA (total) -.121 .114 -.083 

Negative arousal -.203 .100 -.064 

Positive arousal -.337* .114 -.286* 

* p ≤ 0.05 (2-tailed).  
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3.3 T:CRT change topoplots 

Correlations (-0.5 to 0.5)   p-value masked map (  < 0.05)  

Delta (2-5 Hz) 
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3.4 Contrast between Experimental Condition and Neutral Condition 

 

Figure 34 Correlation of T:CRT Change Ratio with its corresponding clusters in each 

frequency band separated for Aggression and Neutral conditions. Clusters were defined as 

a minimum of 5 contiguous significant sensors, as per Chapter 3. Significance at p < 0.05 is 

marked with an asterisk.  
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I 4  Discussion 

4.1 T and CRT Change 

There were no induced group differences for T and CRT change. T and CRT both 

showed a decrease across the course of the conditions, congruent with the general diurnal 

decrease in these hormones throughout the day (CRT: Posener, Schildkraut, Samson, & 

Schatzberg, 1996; T: Resko & Eik-Nes, 1966). Practical circumstances prevented us from 

standardizing the time of measurement to control for this (as recommended by e.g. Schutter & 

van Honk, 2005). We were primarily interested in relative T and CRT change (and the ratio of 

T:CRT reported below), but nevertheless report endogenous T and CRT. 

4.2 T:CRT ratio  

The T:CRT change ratio did not show any differences between groups. Behavioural 

correlations were also limited. There were isolated correlations with the physical dimension of 

the BPAQ and positive arousal, but in view of the lack of correlations or trends in the other 

related dimensions, these would need to be replicated to avoid over-interpreting random 

variance.  

4.3 T:CRT Change Ratio correlations with Group defined Neuro-Oscillatory 

Clusters 

Results became more interesting when examining correlations of questionnaire data and 

also T:CRT change ratio with Neuro-Oscillatory activity. T:CRT change ratio was related to 

clusters of significant activity in left frontal regions for both delta and alpha frequency bands, 

similar to SA activity, reported in Appendix H. This supports the notion that these hormones 

mediate relations between amygdala and frontal cortical regions. Associations have already been 

found in beta/delta coupling for CRT (Schutter & van Honk, 2005) and also for the influence of 

endogenous T on functional connectivity in amygdala/prefrontal cortex (Volman, et al., 2011) as 

well as the T:CRT ratio (Hermans et al., 2008). This does not contradict the hypothesis of Van 
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Honk et al., (2010), who held that aggression subtypes were separated by serotonin, rather than 

T:CRT Ratios. It was our hypothesis that our separation of aggression subtypes, based upon 

reactive vs. appetitive aggression, emphasizing hedonic differences, as opposed to  Van Honk et 

al’s (2010) reactive vs. proactive aggression, emphasizing control, would be separately 

influenced by hormone results.  

4.4 Endogenous T Correlations with Group-Defined Neuro-Oscillatory Clusters 

Methodological caveats notwithstanding, endogenous T was correlated with the 

parietal/temporal cluster, which is congruent with previous findings showing that it prenatally 

modified by T (Lombardo et al., 2012) and shows associations with adult endogenous T (Paus et 

al., 2010) as well as genetic variation in androgen receptors (Raznahan et al., 2010). This 

provides further support for our interpretation of this region as being related to a suppression of 

empathy in the group manipulation of appetitive vs. reactive aggression.  

4.5 Hormonally-Defined Neuro-Oscillatory Clusters 

As an exploratory measure, we decided to calculate the correlation of the questionnaire 

and hormonal measures for each sensor, creating a topographical map of the ROI relating to 

T:CRT change ratio, was associated with a higher central frontal activity across all frequency 

bands. This was dynamically associated with the aggression condition, rather than the neutral 

condition, further validating the experimental manipulation in chapter 3. A future experiment 

could test the source of this T:CRT related activity. Candidate regions could include the Anterior 

Cingulate Cortex (ACC), which has been shown to be associated with circulating endogenous 

testosterone in elderly men (Moffat & Resnick, 2007). Similarly, the Dorso-Lateral Prefrontal 

Cortex (DLPFC) has also been associated with DLPFC modulation of amygdala during an anger 

provocation task in healthy participants (Denson, et al., 2012).   
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