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Abstract 

The propounded thesis investigated fear learning including fear conditioning, its 

generalization as well as its extinction in 133 healthy children and adolescents aged 8 to 17 

years. The main goal was to analyze these processes also in the course of childhood and 

adolescence due to far less research in this age span compared to adults. Of note, childhood is 

the typical period for the onset of anxiety disorders. To achieve this, an aversive discriminative 

fear conditioning, generalization and extinction paradigm, which based on the “screaming lady 

paradigm” from Lau et al. (2008) and was adapted by Schiele & Reinhard et al. (2016), was 

applied. All probands traversed the pre-acquisition (4 x CS-, 4 x CS+, no US), the acquisition 

(12 x CS-, 12 x CS+, reinforcement rate: 83%), the generalization (12 x CS-, 12 x GS4, 12 x 

GS3, 12 x GS2, 12 x GS1, 12 x CS+, reinforcement rate: 50%) and the extinction (18 x CS-, 18 

x CS+, no US). The generalization stimuli, i.e. GS1-GS4, were built out of CS- and CS+ in 

different mixtures on a percentage basis in steps of 20% from CS- to CS+. Pictures of faces of 

two actresses with a neutral expression were used for the discriminative conditioning, whereby 

the CS+ was paired with a 95-dB loud female scream at the same time together with a fearful 

facial expression (US). CS- and GS1-GS4 were never followed by the US. Subjective ratings 

(arousal, valence and US expectancy) were collected and further the psychophysiological 

measure of the skin conductance response (SCR). The hypotheses were 1) that underage 

probands show a negative correlation between age and overgeneralization and 2) that anxiety 

is positively correlated with overgeneralization in the same sample. ANOVAs with repeated 

measures were conducted for all four dependent variables with phase (pre-acquisition phase, 1. 

+ 2. acquisition phase, 1. + 2. generalization phase, 1. - 3. extinction phase) and stimulus type  

(CS-, CS+, GS1-GS4) as within-subject factors. For the analyses of the modulatory effects of 

age and anxiety in additional separate ANCOVAs were conducted including a) age, b) the 

STAIC score for trait anxiety and c) the CASI score for anxiety sensitivity as covariates. Sex 

was always included as covariate of no interest. On the one hand, findings indicated that the 

general extent of the reactions (arousal, valence and US expectancy ratings and the SCR) 

decreased with growing age, i.e. the older the probands the lower their reactions towards the 

stimuli regardless of the type of dependent variable. On the other hand, ratings of US 

expectancy, i.e. the likelihood that a stimulus is followed by a US (here: female scream coupled 

with a fearful facial expression), showed better discrimination skills the older the probands 

were, resulting in a smaller overgeneralization within older probands. It must be emphasized 

very clearly that no causality can be derived. Thus, it was only an association revealed between 
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age and generalization of conditioned fear, which is negative. Furthermore, no obvious impact 

of trait anxiety could be detected on the different processes of fear learning. Especially, no 

overgeneralization was expressed by the probands linked to higher trait anxiety. In contrast to 

trait anxiety, for anxiety sensitivity there was an association between its extent and the level of 

fear reactions. This could be described best with a kind of parallel shifts: the higher the anxiety 

sensitivity, the stronger the fear reactions. Likewise, for anxiety sensitivity no 

overgeneralization due to a stronger extent of anxiety sensitivity could be observed. 

Longitudinal follow-up examinations and, furthermore, neurobiological investigations 

are needed for replication purposes and purposes of gaining more supporting or opposing 

insights, but also for the profound exploration of the impact of hormonal changes during 

puberty and of the maturation processes of different brain structures. Finally, the question 

whether enhanced generalization of conditioned fear facilitates the development of anxiety 

disorders or vice versa remains unsolved yet. 
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Zusammenfassung 

Die vorgelegte Doktorarbeit untersuchte Furchtlernen, wobei Furchtkonditionierung, 

ihre Generalisierung als auch ihre Extinktion bei 133 gesunden Kindern und Jugendlichen 

zwischen 8 und 17 Jahren betrachtet wurden. Das Hauptziel war es diese Prozesse auch im 

Laufe der Kindheit und Jugend zu analysieren, weil es sehr viel weniger Forschung für diese 

Altersspanne gibt im Vergleich zu Erwachsenen. Zu beachten ist, dass die Kindheit den 

typischen Zeitpunkt für den Beginn von Angsterkrankungen darstellt. Um dieses Ziel zu 

erreichen, wurde ein aversives Furchtkonditionierungs, -generalisierungs- und -extinktions-

Paradigma verwendet, das auf dem „screaming lady paradigm“ von Lau et al. (2008) basiert 

und von Schiele und Reinhard et al. (2016) angepasst worden ist. Alle Probanden durchliefen 

die Prä-Akquisition (4 x CS-, 4 x CS+, kein US), die Akquisition (12 x CS-, 12 x CS+, 

Verstärkungsrate: 83%), die Generalisierung (12 x CS-, 12 x GS4, 12 x GS3, 12 x GS2, 12 x 

GS1, 12 x CS+, Verstärkungsrate: 50%) und die Extinktion (18 x CS-, 18 x CS+, kein US). Die 

Generalisierungsstimuli, d.h. GS1-GS4, wurden in unterschiedlichem Verhältnis aus CS- und 

CS+ auf einer Prozentbasis von 20%-Schritten zusammengesetzt (von CS- in Richtung CS+). 

Bilder von Gesichtern von zwei Schauspielerinnen mit einem neutralen Ausdruck wurden für 

die diskriminative Konditionierung verwendet, wobei CS+ mit einem 95-dB lauten weiblichen 

Schrei und gleichzeitig einem furchterfüllten Gesichtsausdruck verbunden worden ist (US). Auf 

CS- und GS1-GS4 folgte niemals US. Die subjektiven Ratings (Arousal, Valenz und die US 

expectancy) wurden erfasst und weiterhin auch die psychophysiologische Messung der 

Hautleitfähigkeit (SCR). Die Hypothesen lauteten, 1) dass minderjährige Probanden eine 

negative Korrelation zwischen Alter und Übergeneralisierung zeigen, und, 2) dass 

Ängstlichkeit positiv mit Übergeneralisierung in der selben Stichprobe korreliert ist. ANOVAs 

mit Messwiederholung wurden für alle vier abhängigen Variablen durchgeführt mit Phase (Prä-

Akquisitionsphase, 1. + 2. Akquisitionsphase, 1. + 2. Generalisierungsphase, 1. – 3. 

Extinktionsphase) und Stimulustyp (CS-, CS+, GS1-GS4) als Inner-Subjektfaktoren. Für die 

Analysen zur modulierenden Wirkung von Alter und Ängstlichkeit wurden zusätzlich separate 

ANCOVAs durchgeführt mit a) dem Alter, b) dem STAIC-Score für die Trait Anxiety und c) 

dem CASI-Score für die Angstsensitivität als Kovariaten. Das Geschlecht wurde immer als 

Kovariate ohne Bedeutung, d.h. nur zur statistischen Kontrolle, eingeschlossen. Auf der einen 

Seite deuten die Ergebnisse darauf hin, dass das allgemeine Ausmaß der Reaktionen (Arousal, 

Valenz und US expectancy Ratings und die Hautleitfähigkeit (SCR)) mit steigendem Alter 

abnehmen, d.h. umso älter die Probanden sind, um so geringer sind ihre Reaktionen auf die 
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Stimuli ganz unabhängig von der Art der abhängigen Variable. Auf der anderen Seite zeigen 

die Ratings der US expectancy, d.h. der Wahrscheinlichkeit, das auf einen Stimulus ein US 

(hier: weiblicher Schrei verbunden mit einem furchterfüllten Gesichtsausdruck) folgt, bessere 

Diskriminations-/Unterscheidungsfähigkeiten umso älter die Probanden waren, was wiederum 

eine geringere Übergeneralisierung bei den älteren Probanden zur Folge hatte. Es muss sehr 

klar und deutlich betont werden, dass kein kausaler Zusammenhang abgeleitet werden kann 

bzw. darf. Somit wurde nur ein Zusammenhang zwischen dem Alter und der Generalisierung 

konditionierter Furcht entdeckt, der negativ ist.  

Weiterhin konnte kein offensichtlicher Einfluss von Trait Anxiety auf die unterschiedlichen 

Prozesse des Furchtlernens gefunden werden. Insbesondere wurde keine Übergeneralisierung 

bei den Probanden mit höherer Trait Anxiety ausgedrückt.  

Im Gegensatz zur Trait Anxiety gab es für die Angstsensitivität eine Verbindung zwischen 

ihrem Ausmaß und dem Level der Furchtreaktionen. Dies könnte am besten mit Hilfe von einer 

Art von Parallelverschiebungen beschrieben warden: je höher die Angstsensitivität, desto 

stärker die Furchtreaktionen. Gleichermaßen konnte auch für die Angstsensitivität keine 

Übergeneralisierung aufgrund eines stärkeren Ausmaßes an Angstsensitivität beobachtet 

werden. 

Längsschnittliche Folgeuntersuchungen und weiterhin auch neurobiologische Untersuchungen 

werden für Replikationszwecke und weitere Zwecke gebraucht, um unterstützende oder 

gegensätzliche Erkenntnisse zu gewinnen, aber auch für die gründliche Exploration des 

Einflusses hormoneller Veränderungen während der Pubertät und von Reifungsprozessen 

verschiedener Gehirnstrukturen. Abschließend bleibt die Frage, ob die erhöhte Generalisierung 

konditionierter Furcht die Entwicklung von Angststörungen begünstigt oder vice versa, immer 

noch ungelöst.  
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1. Introduction 

“Angst ist für das Überleben unverzichtbar.” was said by Hannah Arendt (1906-1975), 

the famous German-American political theoretician and publicist, which means freely 

translated “fear is indispensable for survival”. It is crucial that threatening situations provoke 

fear, and furthermore, trigger an appropriate reaction in order to ensure the survival for all living 

beings. Thus, fear helped and helps mankind and the animal world to survive. A fear response 

is usually an adaptive reaction because it initiates a defensive reaction when confronted with 

real danger (Gazendam, Kamphius & Kindt, 2013; Beckers, Krypotos, Boddez, Effting & 

Kindt, 2012; Frijda, 1986). In this regard the better-safe-than-sorry strategy is noteworthy, 

which means that it is wiser from an evolutionary point of view to respond to a false alarm, i.e. 

mistakenly consider a harmless stimulus for a hazardous one, than failing in reacting to a 

hazardous stimulus erroneously considering it a harmless one (Dunsmore & Paz, 2015; Öhman, 

2008). Fear learning is an essential process. For example, if a child was stung by a wasp and 

even had an allergic reaction to it, then it is reasonable and completely understandable if the 

child intends to avoid all wasps and even other similar flying insects after that incident. This 

effect is called generalization, i.e. it was learned to show a resembling response to stimuli, 

which are only similar to threatening objects, animals, situations or environments, but not 

dangerous in real life. The ability to generalize is crucial, especially for young children, who 

are lacking life experience and need a defensive mechanism protecting them from harm in 

everyday life. With accumulating life experience in the course of childhood via adolescence 

into adulthood less and less protection is necessary. There is research, which confirms this 

perspective with results showing less generalization with increasing age (Schiele & Reinhard 

et al., 2016). In this context, discrimination, i.e. the capability to differentiate correctly between 

danger and safety cues, is of importance. The skill of learning to discriminate between secure 

and threatening environments is crucial in order to survive for both, animals and humans 

(Christianson et al., 2012). Its lack, however, can lead to an exaggerated ongoing bodily and 

mental tension because of the inability to detect safe surroundings where it is possible to have 

a rest and feel safe (Reinhard, 2017). Studies show that the discrimination between safety and 

threat cues improves with growing age (e.g. Michalska et al., 2016; Glenn et al., 2012a; Lau et 

al., 2011; Gao, Raine, Venables, Dawson & Mednick, 2010).  

Importantly, the terms fear and anxiety share similarities like the similar activated highly 

unpleasant state focused on menace, hazard, and danger with massive adverse feelings and 

heavy physical reactions (Öhman, 2008). However, they also must be distinguished regarding 
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some substantial differing splits: Whereas fear elicits reacting to particular and perceptible 

threats with the wish to flee from the specific situation, anxiety involves vague and intangible 

apprehensions (Öhman, 2008; Barlow, 2002).  

Although a fear reaction is usually considered as situationally adaptive, it can also 

become maladaptive in some cases, for example, when the fear response is far too excessive 

and no longer appropriate regarding the faced danger (Dunsmoor & Paz, 2015; van Meurs, 

Wiggert, Wicker & Lissek, 2014; Öhman, 2009; Barlow, 2002). Fear conditioning and fear 

generalization are two important fear learning processes, whose abnormalities are thought to be 

related to various anxiety disorders (Lissek et al., 2010; Lissek et al., 2005; Lenaert, van de 

Ven, Kaas & Vlaeyen, 2016; Lissek et al., 2014b; Lissek & Grillon, 2012; Davis, Castagna, 

Shaheen & Reuther, 2017; Lissek et al., 2008; Wong & Lovibond, 2018). Imagining a person 

suffering from a specific phobia it is reasonable to retrace it to an awful past experience with 

the subject of the phobic fear. Further, thinking of generalization, the step towards a generalized 

anxiety disorder (GAD) is justifiable and this disorder is associated with diffuse and vague 

apprehensions where no trigger is necessary to cause intense anxiety or even panic. However, 

usually this is not the case. The described phenomena represent pathological features and are 

usually an exception. Of course, the question arises why the learned fear or anxiety gets that 

excessive and pathological for some persons, when it does not happen for the vast majority 

(Reinhard, 2017).  

Anxiety disorders are common mental diseases with a lifetime prevalence of about 

28.8% (Mineka & Zinbarg, 2006; Kessler et al., 2005; Kim & Richardson, 2010) and typically 

have an early onset. For elementary-school-age children aged 6 to 12 years, for instance, the 

prevalence of any anxiety disorder is 12.3%, and for adolescents aged 13 to 18 years the 

prevalence is 11% (Costello, Egger, Copeland, Erkanli & Angold, 2011). Further, Kessler et al. 

(2005) report a median age of onset of 11 years for anxiety disorders. Thus, childhood and 

adolescence are the periods containing special risk to develop anxiety disorders (Beesdo, Knapp 

& Pine, 2009; Costello, Egger, & Angold, 2005). 

There are huge costs every year for the health care system for the treatment of anxiety 

disorders (Olesen, Gustavsson, Svensson, Wittchen & Jönsson, 2012; Vos et al., 2012; 

Wittchen et al., 2011, Gustavsson et al., 2011; Farrell & Barrett, 2007; Greenberg et al., 1999; 

Turner, Beidel, Spaulding & Brown, 1996). This issue, moreover, does not take into account 

the suffering of the people affected and their families. Anxiety disorders reduce the quality of 

life dramatically and furthermore burden work and social relationships. In addition, it must be 
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considered that the widespread comorbidity with other anxiety disorders or other mental 

disorders is a very meaningful topic leading to further suffering and impairments (Costello et 

al., 2011; Wancata, Freidl & Fabrian, 2011). Children affected by anxiety disorders can be 

confronted with stigma, victimization and discrimination (Davis et al., 2017; Wright, Jorm & 

Mackinnon, 2011; Jorm & Wright, 2008), which means facing additional problems impairing 

a proper development. Christie et al. (1988) showed a far higher risk for drug use disorders in 

young adults following an earlier anxiety disorder. A very similar finding is reported by 

Merikangas et al. (1998). Alcohol and drug disorders almost independent of the degree of 

severity of substance use disorders were chronologically following the outbreak of anxiety 

disorders. An elevated risk for future psychological health problems like anxiety in adulthood, 

depression, substance misuse and abuse and attempts of suicide are also suggested in many 

studies (Gregory et al., 2007; Beesdo et al., 2007; Boden, Fergusson, & Horwood, 2007; Pine, 

Cohen, Gurley, Brook & Ma, 1998; Keller et al., 1992; Flament, Koby & Rapoport, 1990; 

Ferdinand & Verhulst, 1995; Feehan, McGee & Williams, 1993; Berg, Rapoport & Whitaker, 

1989). There is a crucial challenge that we face in society: it is often not discovered if children 

or adolescents do have an anxiety disorder (e.g. Wancata, Windhaber, Bach & Meise, 2000; 

Wancata et al., 2011) or are at risk to develop an anxiety disorder and have a meaningful 

psychological stain.  

In the context of fear learning the process of extinction of conditioned fear is essential 

because of its weighty meaning for therapeutical interventions especially concerning anxiety 

disorders (Waters, Theresiana, Neumann & Craske, 2017; Greco & Liberzon, 2016; Craske, 

Treanor, Conway, Zbozinek & Vervliet, 2014; Vervliet, Craske & Hermans, 2013). Roughly 

40% of clinically anxious adolescents do not profit from exposure-based cognitive behavioral 

therapy (CBT), whereas about 60% of the adolescents show a reduction of their anxiety 

symptoms following a CBT. This result stresses the meaning of further research concerning 

extinction particularly in adolescents (Ryan, Zimmer-Gembeck, Neumann & Waters, 2019; 

Ginsburg et al., 2014). 

Appreciably, a heightened trait anxiety seems to represent a risk factor for developing 

an anxiety disorder (Torrents-Rodas et al., 2013). Trait anxiety means an overall propensity to 

show a negative way of reacting when being confronted with a stressful situation (Wong & 

Lovibond, 2018; Gazendam et al., 2013; Chambers, Power & Durham, 2004; Jorm, 

Christensen, Henderson, Jacomb, Korten & Rodgers, 2000; Gershuny & Sher, 1998). 

Furthermore, as already mentioned above, associative fear learning is regarded to be the main 
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mechanism for the development of anxiety disorders (Gazendam et al., 2013). Therefore, it is 

relevant not only to have a look at samples with clinically relevant fears as has been done often 

in the past until now (i.e. Lissek et al., 2009; Lau et al., 2008), but to put the focus also on 

subclinical groups at risk for the development of anxiety disorders (Wong & Lovibond, 2018; 

Arnaudova, Krypotos, Effting, Kindt & Beckers, 2017; Torrents-Rodas et al., 2013; Gazendam 

et al., 2013).  

Moreover, research indicates that anxiety sensitivity constitutes a risk factor for 

developing and maintaining anxiety disorders in minors (Evans et al., 2005). Anxiety sensitivity 

describes a permanent conviction that anxiety and its symptoms (for instance symptoms of the 

body) have dangerous psychological, corporal or social consequences, which exceed a pressing 

fear state or a pressing panic attack (Schneider, Adornetto, In-Albon, Federer, & Hensdiek, 

2009; Silverman, Fleising, Rabian & Peterson, 1991; Reiss & McNally, 1985). Further, anxiety 

sensitivity can also be characterized briefly as follows: if someone believes that anxiety 

symptoms are followed by negative effects (Silverman et al., 1991). 

Due to the shortage in studies and research dealing with underage samples especially 

comprising a wide age span regarding the development of fear learning, i.e. here fear 

conditioning, its generalization as well as its extinction specifically using the same paradigm, 

it is a main goal of this dissertation to contribute to this particular scientific field. For that the 

target is to show developmental stages from childhood via adolescence into the adulthood while 

considering every deviation and discrepancy in fear learning and its generalization as well as 

extinction in their meaning for maladaptive behavioral consequences like overgeneralization 

(e.g. in adolescents with anxiety disorders (El-Bar, Laufer, Yoran-Hegesh & Paz, 2017) and 

adult patients with panic disorder (Lissek et al., 2010).  

 

1.1 Study goals and structure of the thesis 

 This propounded doctoral thesis investigates fear learning, fear generalization and fear 

extinction in children and adolescents aged 8-17 years by the use of a behavioral laboratory-

assisted method with probands sitting in front of a monitor with fixed electrodes for 

psychophysiological measures. The studies included in this thesis aimed to have a closer look 

at the development between 8 and 17 years, thus there is a special focus on the timeline of age. 

Evidence suggests an enhanced generalization in healthy children compared to healthy adults 

(Schiele & Reinhard et al., 2016), thus, the current work aims at replicating this finding and to 
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determine when, i.e. at which age, the fear generalization gradient of children and youth 

assimilates to the one of healthy adults.  

Crucially, potential influencing factors are examined at in this context. Research 

corroborates the meaning of trait anxiety concerning fear conditioning and also the 

generalization of conditioned fear presenting various findings (e.g. Boddez et al., 2012; 

Gazendam et al., 2013; Haaker et al., 2015; Dvir, Horovitz, Aderka & Shechner, 2019; El-Bar 

et al., 2017; Sep, Steenmeijer & Kennis, 2019; but see also: Torrents-Rodas et al., 2013), which 

consequently is relevant in the connection with the development of anxiety disorders (e.g. 

Lissek et al., 2005, 2010; Wong & Lovibond, 2018). Further, the impact of anxiety sensitivity 

on different fear learning processes is also of main interest due to its role as risk factor in the 

context of anxiety disorders in underage persons (Evans et al., 2005). Thus, the influence of 

trait anxiety and anxiety sensitivity on fear conditioning, its generalization and the extinction 

of conditioned fear will be analyzed. Sex will be controlled statistically regarding its potential 

influence. Notably, the same differential fear conditioning, generalization and extinction 

paradigm, which will be described in detail later in this thesis, was deployed consistently for 

all studies. The comparability of all results among each other shall be ensured by this because 

this is often not the case due to many different paradigms applied in research studies concerning 

various fear learning processes like fear acquisition, its generalization and extinction. In order 

to take the early onset of anxiety disorders into account the sample includes young children 

aged 8 years, who usually already show successful fear conditioning (Gao et al., 2010; Block, 

Sersen & Wortis, 1970), up to adolescents aged 17 years. 

The first chapter of this thesis contains definitions regarding fear conditioning, fear 

generalization and fear extinction. Moreover, the theoretical context, background and the 

current state of research of the three defined processes in children and adolescents will be 

described. Additionally, a short outline of brain structures and pathways related to fear 

conditioning, its generalization and extinction will be given. Afterwards, an overview of the 

targets and hypotheses and the applied paradigm for all studies within this thesis will be 

introduced. The second chapter will comprise a study evaluating analyses related to fear 

conditioning, its generalization and extinction for the age span of childhood and adolescence (8 

to 17 years) concerning a potentially modulatory effect of the probands’ age. The next two 

chapters will present results out of analyses concerning the impact of trait anxiety (measured 

with the STAIC, see 1.4.2) and anxiety sensitivity (measured with the CASI, see 1.4.2) on fear 

conditioning, fear generalization and fear extinction. The analyses refer to behavioral - 
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subjective ratings - and psychophysiological data - skin conductance response (SCR). The final 

chapter will include a summary of the core outcomes and a discussion related to them. 

Limitations, an outlook and recommendations and ideas for future research will also be part of 

the last chapter. 

 

1.2 Theoretical background of fear conditioning, fear generalization and fear extinction 

1.2.1 Fear conditioning in children and adolescents 

Classical fear-conditioning is an associative learning process through which a neutral 

conditioned stimulus (CS) (for example an image or a light) causes a fear reaction after being 

repeatedly coupled with an aversive unconditioned stimulus (US) (for example a loud scream 

or an electric shock) (Lissek et al., 2014b). Inborn defensive unconditioned responses (URs) 

(for example startle or electrodermal activity) are elicited (Kim & Richardson, 2010). 

Moreover, in differential fear conditioning one conditioned stimulus, the danger cue CS+, is 

reinforced by the US (unconditioned stimulus), whereas the other stimulus, the safety cue CS-, 

never precedes the US (Schiele & Reinhard et al., 2016). The reinforcement rate defines the 

likelihood that the US appears when the CS+ is displayed, for example a rate of 100% means 

that the CS+ and the US are paired in each case, whereas a partial reinforcement means a pairing 

in less cases (Lonsdorf et al., 2017). In this thesis cued conditioning is focused on, while 

contextual conditioning is not of relevance.    

For fear conditioning the amygdala, which lays in the brain limbic circuit in the temporal 

lobe, is needed (Jovanovic, Nylocks & Gamwell, 2013; Phelps, 2006; LeDoux, 1998; LaBar, 

Gatenby, Gore, LeDoux & Phelps, 1998; Davis, 1990). The prefrontal cortex (PFC) with its 

medial, ventral and dorsolateral subregions is crucial especially for aware fear processing and 

the distinction between threatening and safe signals (Fullana et al., 2016; Lau et al., 2011). In 

particular, differential fear conditioning requires the insular cortex, which is also part of the fear 

circuit (Fullana et al., 2018; Fullana et al., 2016). Furthermore, the anterior cingulate (ACC), 

the hippocampus, the thalamus, the cerebellum, the striatum as well as sensorial cortices have 

been linked to fear conditioning, too.  

Remarkably, there is a link between children and youths with anxiety disorders and a 

bigger size of the amygdala (Jovanovic et al., 2014; De Bellis et al., 2000) and stronger 

amygdala activation is often described in anxious individuals of all ages as well as in individuals 

at risk for anxiety (Blackford & Pine, 2012; Lissek, 2012; McClure et al., 2007). In addition, 

patients with anxiety disorders express a higher activity within the insular cortex throughout 
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fear conditioning as well as the processing of threat (Marin et al., 2017; Hofmann, Ellard & 

Siegle et al., 2012). This is only a small extract out of the broad research concerning fear 

conditioning to get a little insight into the brain structures involved. 

In general, the many different past outcomes in this context might result from various 

CS-/US-types applied, wide-ranging methods conditioning paradigms were based on, distinct 

reinforcement rates and varying definitions for an effective fear conditioning (Shechner, Hong, 

Britton, Pine & Fox, 2014; Sehlmeyer et al., 2009).  

Conditioned fear reactions can be measured in many different kinds. The self-report in 

form of subjective ratings like arousal, valence, contingency, and similar measures is very 

widespread (Schiele & Reinhard et al., 2016). Arousal and valence build two orthogonal 

dimensions, while all other emotional states are put together of different parts of the two affects 

and thus are arranged circularly in a circumplex-model (Feldman Barrett & Russell, 1999; 

Rothermund, & Eder, 2011; see Figure 1.). Both arousal, i.e. activation, and valence, i.e. 

pleasantness, are described as conscious states of perception with neurophysiological correlates 

(Feldman Barrett & Russell, 1999; Lang, Bradley & Cuthbert, 1997; Heilman, 1997). High 

arousal and low valence would result from aversive stimuli like the danger cue, whereas low 

arousal and high valence would be expressed after appetitive stimuli like the safety cue. 

Contingency represents the awareness - instructed or learned - of the US expectancy (Fullana 

et al., 2016), which has an enormous influence on the subjective ratings in a self-report. 

Furthermore, there are psychophysiological measures like the skin conductance response (SCR) 

or the heart rate (Gao et al., 2010; Schiele & Reinhard et al., 2016; McEchron, Tseng & 

Disterhoft, 2000).  Skin conductance is classified as a nonspecific measurement of arousal 

(Lonsdorf et al., 2017; Glenn et al., 2012a).  It undergoes a change in the electrical conductance 

of the skin due to a changing sweat gland activity. There are also fear reflexes that can be 

measured like the fear-potentiated startle (FPS), an elevated eye-blink reflex, which is valence-

specific (Lonsdorf et al., 2017; Glenn et al., 2012a; Bradley, Cuthbert, & Lang, 1990). In their 

investigation Sevenster, Beckers & Kindt (2014) deduced that the fear-potentiated startle 

conditioning seems to be independent of, however, the SCR seems to be dependent on, 

conscious differential fear conditioning. Further, movement suppression or freezing is a very 

common measure for fearful behavior for example in rodents, fish but also primates (Tovote et 

al., 2016). Finally, the stress hormone cortisol is an example for endocrinal measures related to 

fear conditioning (Zorawski, Blanding, Kuhn, & LaBar, 2006). Hence, the application of 

various measurements for fear is possible to allow a more entire appraisal of fear conditioning 
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and the underlain operating principles (Graham, Yoon, Lee & Kim, 2009; Boddez et al., 2013). 

Although some important theoretical, but also methodological aspects must be considered. One 

aspect is that completely different dimensions of fear learning could be reflected by the different 

measurements. Another aspect is that during a parallel data recording a reciprocal interference 

could occur which could change or disturb or even cancel the experiment (Lonsdorf et al., 2017; 

Boddez et al., 2013), which seems not to be the case in this current work due to reasonable 

findings, which contribute to a greater picture in this scientific field. 

 

 

Figure 1. Circumplex-model with the two affects of arousal (activation – deactivation) and 

valence (pleasant – unpleasant). Adapted from Feldman Barrett and Russell (1998). 

 

In this context it is of interest to mention to which occurrence fear conditioning in 

children can be traced back. It was back in 1920 when Watson and Rayner conducted their well-

known psychological experiment called “little Albert”. The question of the ethical acceptance 

of this experiment will not be discussed here. The little boy was confronted again and again 

with a tremendously loud and unpleasant noise (US) simultaneously with a white rat. This 

procedure continued till the rat, i.e. a normally neutral stimulus, evoked fear in the absence of 

the US. This experiment was very meaningful because it demonstrated that fear conditioning is 

possible in humans in principle additionally to many different animals like monkeys, rabbits, 

rats, but also fish, fruit flies, snails and almost every category of animals which has been 

investigated (Graham et al., 2009). To date, this experiment for sure would not have passed any 

ethic committee, but there were some very important studies conducted in children and 
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adolescents concerning fear conditioning in the meantime. Due to ethical reasons it was not 

wanted to give electric shocks to children like it was the case for adults (i.e.  Pittner, Kadosh & 

Lau, 2016; Sperl, Panitz, Hermann & Müller, 2016). Hence, there were different approaches to 

achieve fear conditioning in children by means of loud sounds, e.g. an auto horn (Block et al., 

1970) or white noise in a tin can with metal jangling (Gao et al., 2010), also with electric shocks 

paired white lights (Morrow, Boring, Keough & Haesly, 1969), furthermore, via a linkage of 

geometric shapes with the noise of a three-pronged garden fork (Neumann et al., 2008a) or 

metal scrapping slate (Neumann et al., 2008b). Moreover, pictures of human faces with neutral, 

happy or angry expressions were connected with a neutral comment, a compliment or criticism 

(Haddad, Lissek, Pine & Lau, 2011) or knotted colored squares with white noise were used 

(Pattwell et al., 2012) or colored bells with an aversive alarm (Michalska et al., 2016; Shechner 

et al., 2015). In 2008 Lau and her colleagues created the “screaming lady” paradigm, where a 

fearful female face is combined with a loud female scream (together: US). In this respect, in 

various studies the effectivity of this paradigm, to trigger distinct fear reactions to the safety 

cue CS- and the danger cue CS+, was demonstrated (Den, Graham, Newall & Richardson, 2015; 

Glenn, Liebermann & Hajcak, 2012b; Lau et al., 2011, Glenn et al., 2012a).  

Importantly, there is evidence that fear conditioning improves, i.e. a stronger CS-US 

association is formed, with increasing age. Block, Sersen and Wortis showed in 1970 that two- 

to four-year old children did not show conditioning effects, whereas four- to six-year old 

children already displayed conditioning effects in part and that six- to eleven-year old children 

demonstrated clearly fear conditioning. The outcomes of the investigation of Gao and 

colleagues (2010) go in line with these results evincing that discriminative fear conditioning 

grows with increasing age with a crucial stage at the ages of five to six years. Another important 

outcome dealing with fear conditioning in children and adolescents is that older children, i.e. 

adolescents, can differentiate better between danger and safety cues than younger ones 

(Michalska et al., 2016; Glenn et al., 2012a; Jovanovic et al., 2014). Lau and colleagues (2011) 

showed that adolescents expressed less differentiating skills concerning danger and safety cues 

than adults. This grown capability to discriminate with increased age persists into adult age and 

is related to different maturational patterns of neural activities throughout fear learning (Hartley 

& Lee, 2015; Lau et al., 2011; Gogtay et al., 2004).  

Interestingly, a transformation of fears occurs in the course of the development for 

children, adolescents and adults. Whereas the childhood contains more concrete things in 

connection with fears, in the adolescence the issues related to fear become more and more 
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abstract (Lau et al., 2011; Weems & Costa, 2005; Gullone, 2000). In the course of the successive 

maturation stages the engagement of the subcortical parts of the brain like the hippocampus or 

the amygdala of the brain decreases while the use of the prefrontal parts gains growing weight. 

This is due to the fact that the subcortical regions ripen first, whereby the PFC structures ripen 

subsequently (Gogtay, 2004; Monk, 2008; Casey, Jones & Hare, 2008). Both take an active part 

in the process of fear learning (Lau et al., 2011). 

Notably, there are hints that abnormalities in fear conditioning are involved in the 

development of anxiety disorders (e.g. Beckers et al., 2012). Britton et al. (2013) and also 

Waters, Henry and Neumann (2009) reported about higher fear reactions of anxious children 

compared to healthy ones regarding the danger, but also the safety cue at the same time. 

Consistently, Craske and colleagues (2008) observed similar conditioning effects for their 

sample containing healthy and anxious children in orienting responses (first interval responses 

(FIR, 1-4 seconds after CS onset: 1.part of SCR), higher orienting responses of anxious children 

towards both the CS+ and CS-, but no significant main effect of group), whereby during the 

acquisition the children with anxiety disorders showed both larger anticipatory responding 

(second interval responses (SIR, 4-7 seconds after CS onset: 2.part of the  SCR) and larger 

responding to the timing of the US (third interval responses (TIR, 7-11 seconds after CS onset: 

3.part of the SCR) towards the danger as well as the safety cue in comparison to healthy children 

(significant main effect of group). Whereas Lau et al. (2008) showed that the fear reactions 

towards the danger cue only were higher in anxious adolescents than in healthy ones. The 

investigation of Liberman, Lipp, Spence & March (2006) displayed stronger ratings of arousal 

regarding the danger cue after fear acquisition for healthy children, while there were no 

differences in the arousal ratings for anxious children possibly reflecting a poorer capability to 

discriminate between the presented stimuli CS- and CS+ after fear conditioning. These results 

suggest difficulties to inhibit exaggeratedly strong responses to understood and learned safety 

cues in anxious minors (Craske et al., 2008). Moreover, Craske et al. (2012) reported that youths 

expressing a stronger startle reaction towards a safe condition presented after an unpleasant 

stimulus had a significantly higher risk of experiencing an anxiety disorder onset hereafter. 

Pliszka, Hatch, Borcherding & Rogeness (1993) compared children with ADHD, children with 

ADHD comorbid with anxiety disorders and healthy controls with the aid of a discriminative 

conditioning paradigm, however, no differences between the three groups could be revealed. 

Waters and Pine (2016) did not find significant differences between their child groups of 

healthy controls, anxious responders (to cognitive behavioral therapy) and anxious non-
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responders (to cognitive behavioral therapy) related to fear conditioning as reflected both in 

subjective ratings of arousal and valence and in the SCR (first interval responses (FIR) of SCR). 

Overall, there are not many studies addressing fear conditioning in healthy and/or in anxious 

children and adolescents. And as seen above outcomes are often very heterogeneous which 

might be due to several differences like applied methods and approaches, the overall small 

number of studies in children and adolescents, but also the age span looked at especially during 

growing up with changes concerning the created impact of used danger stimuli from childhood 

into adulthood (Pittner et al., 2016; Lonsdorf et al., 2017).  

To date, there are only few studies dealing with the question how individuals differ in 

fear conditioning as a function of trait anxiety (i.e. in adults: Torrents-Rodas et al., 2013). A 

heightened trait anxiety is regarded as a relevant risk factor related to anxiety disorders 

(Torrents-Rodas et al., 2013). As seen above in the text associative fear learning is considered 

to play an important role for developing of anxiety disorders (Gazendam et al., 2013). It is 

crucial at this point to have an additional look at subclinical groups with an underlying risk to 

develop an anxiety disorder. There are only a few studies containing research particularly 

related to groups at risk so far and their outcomes concerning abnormal associative fear learning 

or fear conditioning in high trait anxious individuals have been inconsistent: Kadosh and 

colleagues (2015) reported about a non-discriminative startle regarding the safety and danger 

cues in high anxious adolescents (aged 12 to 17), however, different to former outcomes in 

adults, i.e. for both stimuli categories the startle was lowest for an unanticipated condition (US 

pseudo-randomly) and the largest startle concerning the condition without any US. Thus, there 

were differences with regard to different contingencies. Haaker et al. (2015) as well as 

Gazendam et al. (2013) both drew the conclusion that adult high trait anxious individuals are 

linked with deficient safety learning. Boddez et al. (2012) is in line with the latter proving to 

some extent the association between trait anxiety and a deficiency concerning selective fear 

learning in adults. Although Torrents-Rodas et al. (2013) provided evidence that there are no 

effects of trait anxiety in healthy adults related to a differential fear conditioning. In contrast 

there is a study conducted in adults from Indovina, Robbins, Nunez-Elizalde, Dunn, & Bishop 

(2011) implying an association between trait anxiety and even a better discrimination learning 

with a further study supporting this result, though with the important limitation that it was for 

contextual fear conditioning, and therefore, comparability to cue fear conditioning cannot be 

assured, but could give at least a hint in this context (Glotzbach-Schoon et al., 2013). 
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Finally and most importantly, there is a recent meta-analysis containing studies 

regarding fear conditioning processes in adolescents with diagnosed anxiety disorders and in 

their healthy counterparts. Some of the included studies are mentioned above in a more detailed 

manner. All in all, the main results indicated resembling discriminative fear conditioning 

responses, although the anxious adolescents expressed higher fear reactions to the danger as 

well as safety cue than the healthy ones. In addition, the outcomes for the adolescent sample 

with anxiety disorders were similar to the outcomes found in adults with anxiety disorders in 

preceding investigations (Dvir et al., 2019). 

 

1.2.2 Fear generalization in children and adolescents 

Fear generalization is a learning mechanism through which fear reactions expand to an 

area of stimuli being similar to the conditioned danger cue, but non-threatening (Lissek et al., 

2010; Pavlov, 1927). Thus, in between the safety (CS-) and the danger cue (CS+), further 

stimuli can be found: they are a mixture of different proportions on a percentage basis between 

CS+ and CS-, so called morphs. Normally, there is a steady decline in generalization with 

decreasing resemblance of the shown stimulus to the danger cue (CS+) (Lissek et al., 2008). To 

present the extent of fear generalization, a fear generalization gradient or slope is used. The 

steeper the slope, the less fear is generalized in comparison to less steep generalization gradients 

(Schiele & Reinhard et al., 2016). There are also two numerical indices to express the extent of 

generalization in only one figure: the linear deviation score (LDS; Kaczkurkin et al., 2017; see 

p. 73 for an example) and the generalization index (GI; Lenaert et al., 2016; see p. 73 for an 

example). Generally, it seems that generalization of conditioned fear uses resembling 

neurocircuitry as involved in fear conditioning (like the ACC or the insula) and its regulation 

(like the vmPFC; Dymond, Dunsmoor, Vervliet, Roche & Hermans, 2015). Consistently with 

the outcomes above there is a neurobiological model of generalization of conditioned fear 

(Lissek et al., 2014a; Lissek, 2012) containing a dual-pathway hypothesis with the amygdala 

playing an important role relating to expressing and learning fear suggested by LeDoux (1996). 

From this perspective, possibly dangerous generalization stimuli, that are next to the danger 

cue, might be passed on straightforwardly from the sensory thalamus to the amygdala rerouting 

sensory cortex, and thus, quickly activating the display of a conditioned fear reaction via 

linkages with the insula, the brainstem and further regions (so called lower route: amygdala-

based fear circuits with a “quick and dirty” route to a rapid fear reaction) contained in the 

manner fear is exhibited psychologically as well as physiologically. At the same time the 
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thalamus transmits sensorial data about the GS to the visual cortex (so called higher route, 

which is slower and longer). Moreover, the generalization of conditioned fear is mediated via 

the structure of the hippocampus, which in the “schematic matching” evaluates the overlapping 

between the pattern of activation within the brain, which represents the GS and the priorly 

encoded danger signal. If there is enough overlapping between a generalization signal and the 

danger signal, then the hippocampus triggers a procedure of pattern completion (that is 

generalization) including the reactivation of the neural representation of the conditioned 

stimulus, thus activating a conditioned reaction. Otherwise, if the overlapping is not enough, a 

procedure of pattern separation within the hippocampus is triggered, that results in activating 

the vmPFC, which as a consequence initiates a downregulation of the amygdala (Dymond et 

al., 2015; Lissek et al., 2014a). Taken together, in this model the generalization of conditioned 

fear represents an equilibrium between fear excitation (that is amygdala and insula) by means 

of pattern completion (generalization) and the inhibition of fear (that is vmPFC) by pattern 

separation (for more detailed information see Lissek et al. (2014a), Lissek (2012) and Dymond 

et al. (2015)). However, further research is needed regarding this model and its components. 

Indeed, the exact function of the amygdala during the generalization of conditioned fear persists 

not clarified due to the lack of prior investigations via fMRI displaying a robust activation of 

the amygdala towards GS morphs throughout the generalization part (Dymond et al., 2015). 

Until now, there have been only few studies dealing with fear generalization in children 

and adolescents, especially, if compared to research connected to fear generalization in healthy 

adults as well as in patients suffering from different anxiety disorders. One of the first studies 

including fear generalization in children was the study from Glenn et al. (2012a), where 40 

healthy children aged 8 to 13 participated. An adaption of the aversive conditioning paradigm 

from Lau et al. (2008) was applied with one generalization stimulus (GS), which was a blended 

morph of the safety and danger cue to equal parts. Measurements comprised physiological (fear-

potentiated startle) and self-report data (fear ratings). There was a clear difference between 

younger and older children: whereas all children discriminated the danger from the safety cue 

as well in the phases of acquisition as in the phases of generalization of conditioned fear, the 

older children differentiated stronger between CS+ and CS-, and in addition, they gradated more 

differential diminishing between the stimuli CS+, GS and CS-. In younger children the 

gradation between the three stimuli in the generalization part was distinct regarding an overall 

smaller differentiation between CS+ and CS-, and furthermore, the smallest extent of the startle 

magnitude towards the GS and not CS- as in older children. This outcome for older children 
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reminded of similar results concerning fear generalization in adults (compare Lissek et al., 

2008; 2010; Hajcak et al., 2009). Research in animals is consistent with the results above, 

indicating that rather complex facets of fear learning, like fear generalization of conditioned 

fear, develops far into adult age (Kim & Richardson, 2010; Rudy & Pugh, 1996; Rudy, 1993; 

Campbell & Haroutunian, 1983). Moreover, Lau et al. (2011) provided further support in 

human research, that the ability for higher complexity within fear learning grows from youth 

into adulthood. 

Another study (Schiele & Reinhard et al., 2016) investigated fear generalization in 

healthy children aged 8 to 10 in comparison to healthy adults. An adaption of the aversive 

conditioning and generalization paradigm of Lau et al. (2008) was utilized, which corresponds 

to the one used in this work presenting three studies based on it. The main findings were a 

stronger fear generalization, i.e. an overgeneralization, expressed by healthy children in 

comparison to healthy adults as reflected by higher arousal ratings and higher SCR towards the 

generalization stimuli (GSs). Thus, the outcomes suggest that overgeneralization of conditioned 

fear might be a developmental pattern of fear learning. A related finding from animal research 

is of particular relevance here: Enlarged fear generalization of auditory conditioned fear could 

be detected in juvenile mice in comparison to mice of adult age (Ito, W., Pan, B.X., Yang, C., 

Thakur, S., Morozov, A., 2009). 

 In this context a further study shall be presented. Michalska and her colleagues (2016) 

analyzed fear learning and its generalization concerning shifts and variations during the 

development of children aged 5 to 10 years. The implemented fear conditioning paradigm 

contained a blue and a yellow cartoon bell as conditioned stimuli CS- and CS+ and a red cartoon 

bell linked with an aversive loud sound as unconditioned stimulus. Nine further blended cartoon 

bells lay in-between the blue and yellow cartoon bells in 10%-steps and served as generalization 

stimuli (GSs). SCR and subjective fear ratings were measured. There was a special 

methodological feature: the generalization took place within the extinction recall (see 1.2.3 for 

a definition) procedure three weeks after fear conditioning and extinction. Two of the core 

results were that older children discriminated stronger between the danger and safety cue 

compared to younger children and that generalization effects, i.e. increasing gradations from 

CS- to CS+, became significantly better with growing age of the children. In this study again, 

as already mentioned for the study of Glenn et al. (2012a), younger children expressed stronger 

reactions towards the safety cue CS- than for the generalization stimuli (GSs), which shared 

similarities with the danger cue CS+ to a varying extent.  
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Noteworthily, there is evidence that a stronger fear generalization is a characteristic 

feature in adult patients with different anxiety disorders (panic disorder (PD): Lissek et al., 

2010; post-traumatic stress disorder (PTSD): Lissek & Grillon, 2012; generalized anxiety 

disorder (GAD): Lissek et al., 2014b; but see also: Tinoco-González et al., 2015; further: e.g.  

Lissek et al., 2008). Hence, overgeneralization of conditioned fear is seen as a conditioning 

correlative of anxiety disorders (Lissek et al., 2014a).  

Furthermore, it is notable that Lenaert and colleagues (2014) found a relation between 

heightened reactions towards generalization stimuli (GSs), which were similar to the CS-, and 

a larger degree of anxiety at follow-up six month later in young healthy adults. Thus, this 

outcome implies that a pronounced fear generalization constitutes a risk factor for an elevated 

level of anxiety in future.  

It is important to come back again to healthy participants, who show elevated trait 

anxiety, and thus reach a subclinical dimension. Again, there is only research mainly on fear 

generalization and anxious personality characteristics in adults. In that respect, the meta-

analysis from Sep and colleagues (2019) demonstrated that there is a relation between anxious 

personality traits and fear generalization of conditioned fear reflected by a significant positive 

correlation, although it is only a small to medium sized effect. Thus, healthy adults with high 

anxious personality features are more prone to display a higher fear generalization to safe and 

novel stimuli. Possibly this sheds light on why they are more vulnerable to anxiety disorders. 

 Back again to the main focus on minors: A recent study from El-Bar and colleagues 

(2017) reported about overgeneralization in adolescents with anxiety disorders (aged 13 to 18 

years) in comparison to healthy age-matched controls. Furthermore, the whole sample of 

anxious probands aged 9 to 18 years displayed worse perceptual discrimination skills after 

conditioning than healthy controls, who showed the awaited enhancement concerning the 

discrimination, and moreover, the anxious participants showed an overall enhanced 

generalization than controls. Additionally, adolescents with anxiety disorders (aged 13 to 18 

years) generalized stronger than children with anxiety disorders (aged 9 to 12 years), while 

there was no significant difference between anxious and healthy children. In contrast healthy 

adolescents generalized less than anxious and healthy children. Summed up, with increasing 

age the extent of generalization grew in adolescent anxious participants, but decreased in 

adolescent healthy controls. Interestingly, male participants generalized more than female ones 

and discriminated less. In general, the extent of generalization was higher with a growing 

magnitude of anxiety and the discrimination declined.   
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1.2.3 Fear extinction in children and adolescents 

Fear extinction refers to the presentation of the danger cue (CS+) without aversive 

reinforcement. Consequently, as time goes by a new association is built: the stimulus forecasts 

the lack of the aversive incident (Christianson et al., 2012). A fear reaction is not triggered 

anymore (Myers, Ressler & Davis, 2006; Norrholm et al., 2006; Phelps, Delgado, Nearing & 

LeDoux, 2004). Thus, while fear conditioning is related to learning that a particular signal 

stands for danger, during extinction one learns that a formerly harmful signal has gotten secure 

(Greco & Liberzon, 2016; Hartley & Lee, 2015; Jovanovic et al., 2013). Notably, the learning 

of extinction creates a novel memory rivalling with the former initial danger association, that 

leads to the inhibition of fear (Craske et al., 2014; Bouton, 2004). Even though there are studies 

suggesting a deletion concerning fear memory in some cases (Kim & Richardson, 2008; 

Monfils, Cowansage, Klann & LeDoux, 2009). The applied reinforcement rate used in the fear 

conditioning part can have an impact on the extinction: a higher reinforcement rate (i.e. 100%) 

leads to a quicker extinction than a smaller reinforcement rate (Phelps et al., 2004). So far, the 

within-session extinction, also called extinction training (new learning about CS/US 

contingency), has been described, which was conducted in the current work. However, there is 

also a between-session extinction, the so-called extinction recall or extinction test (need to 

activate the formerly learned memory of CS/US contingency a particular while subsequent to 

learning), which often takes place 24 hours after extinction training and can be characterized 

by strong context dependence (Jovanovic et al., 2013). There are different aspects like 

spontaneous recovery (just after some time passes), renewal (alteration within context) or 

reinstatement (re-exposition towards an aversive stimulus) connected with the extinction recall, 

that entailed the finding that there is no deletion of the original fear memory within the 

extinction training, but a substitution via new learning (Craske et al., 2014; Quirk, 2006; 

Bouton, 2004). The amygdala, the hippocampus and the ventromedial prefrontal cortex 

(vmPFC) are comprised in neurobiological substantiation of the extinction (Fullana et al., 2018; 

Phelps et al., 2004; Milad & Quirk, 2002). For extinction inhibitory learning seems to be crucial, 

whereby further processes like habituation are also probably taking part (Craske et al., 2014). 

Potentially, the vmPFC is meaningful for the inhibition of a conditioned fear reaction at the 

inception of the extinction (Greco & Liberzon, 2016). More precisely, there is evidence 

concerning neural processes fear extinction bases on, which goes in line with an inhibitory 

model: the amygdala seems to be affected by inhibition stemming from the medial prefrontal 

cortex (mPFC) as consequence of extinction learning (Craske et al., 2014).  
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Hence, when the fear reaction towards CS+ goes down, then the extinction training is 

effective (Dvir et al., 2019). More precisely, extinction is accompanied by declines of 

physiological reactions as well as self-report replies towards the danger cue reaching a similar 

degree as the safety cue (Ryan et al., 2019). 

There have been quite different research outcomes presented in this context. For 

example, in two past studies the extinction training was successful both for children aged 8 to 

11 years as well as for youths aged 13 to 17 years as reflected by all dependent measures like 

SCR and various subjective ratings as well as in addition the fear-potentiated startle (FPS) in 

the adolescents’ group (Neumann et al., 2008a, 2008b). Furthermore, Waters and colleagues 

(2017) reported that regarding the US expectancy ratings towards the danger signal decreased 

significantly and did not differ significantly from the safety signal after one third of all trials 

for children, youths and adults. Though the age group of children generally displayed larger US 

expectancy ratings than youths and adults. Children showed a successful extinction learning of 

differential CS evaluations (valence), which was not achieved by the group of youths and adults. 

Additionally, the group of adolescents expressed more negative appraisal both towards the 

danger and safety cue compared to the group of adults. Another relevant study (Michalska et 

al., 2016) investigated various aspects of fear learning in three age groups: 5- and 6-, 7- and  

8-, 9- and 10-year old children. The age groups did not differ concerning extinction training. 

Extinction was successful as reflected by SCR, however, the subjective ratings showed that the 

differential CS ratings were not extinguished, but importantly, the subjective ratings towards 

CS+ went significantly down (CS- declined slightly) comparing the end of the fear conditioning 

phase to after the extinction training. Moreover, Jovanovic and colleagues (2014) examined 

children aged 8 to 13 years, whereby no age-based differences emerged reflected by the SCR, 

the US expectancy ratings and the fear-potentiated startle (FPS). Further, for the SCR and the 

US expectancy there were no anxiety-related differences. Only for the FPS higher anxiety was 

associated with lower FPS responses. 

On the contrary, a special meaning of the period of adolescence was found in the next 

animal and human studies: Pattwell and colleagues (2012) explored the extinction of 

conditioned fear from childhood into adolescence and adulthood in mice as well as in humans. 

Interestingly, the period of adolescence was characterized by a weakened extinction learning 

both in mice and humans in comparison to pre-adolescence and adult age. A paucity of synaptic 

plasticity within prefrontal cortical regions throughout youth might be linked with a numbed 

control over extinction learning of conditioned fear. A further study supports the above finding: 
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adolescent rats displayed declined extinction learning than younger rats, whose extinction 

learning resembled the one of adult rats (Kim, Li & Richardson, 2011). Noteworthily, there is 

an activation of neurons within the inhibitory area of the infralimbic cortex (IL) of the medial 

prefrontal cortex (mPFC) following extinction, however, only in preadolescent and adult rats, 

but not in the adolescent ones (Jovanovic et al., 2013; Kim et al., 2011). One might conclude 

that the diminished extinction resulted not from neural-based development, but from an 

attenuation of inhibitory circuits over the course of youth (Jovanovic et al., 2013). Possibly, 

there are alterations for the amygdala regarding synaptic inputs from the thalamus in this phase 

of life (Pan, Ito & Morozov, 2009) elucidating the dearth of extinction of conditioned fear 

(Jovanovic et al., 2013). 

Considerably, retarded extinction is argued to be a decisive part in models basing on 

fear learning for the development of anxiety disorders and also for their persistence (Waters et 

al., 2009). Studies of Liberman et al. (2006), Craske et al. (2008) and Waters et al. (2009) 

indicate a delayed extinction in children with manifest anxiety disorders. 

A recent meta-analysis is also of high relevance here. It was found that on the one hand 

the extinction patterns after a differential fear conditioning resembled each other for clinically 

anxious and not anxious adolescents. On the other hand, clinically anxious juvenile probands 

expressed stronger fear reactions towards both the danger and safety cue than their normally 

developing peers within the extinction training (Dvir et al., 2019). These outcomes go in line 

with the findings of two meta-analyses, which compared anxious and healthy adult probands 

(Duits et al., 2015; Lissek et al., 2005).  

 

1.3 Aims and hypotheses 

 The main focus of the current dissertation is on fear learning, its generalization as well 

as extinction during the development from childhood via adolescence into adulthood. In 

addition, the impact of trait anxiety and anxiety sensitivity on fear learning, its generalization 

and extinction will be examined.  

 Infancy and young age bear the vulnerability for the development of an anxiety disorder 

as elucidated in detail above (see under 1.). There is evidence that adolescent and adult patients 

with various anxiety disorders displayed overgeneralization of conditioned fear (e.g. El Bar et 

al., 2017; Lissek et al., 2010, 2014b; Lissek & Grillon, 2012). Interestingly, healthy children 

aged 8 to 10 years showed an overgeneralization of conditioned fear in contrast to healthy 

adults. Importantly, maturational differences between younger and older children with regard 
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to the prefrontal cortex might play a crucial role for the emergence of overgeneralization in 

younger healthy children (Tottenham & Gabard-Durnam, 2017; Vink, Derks, Hoogendam, 

Hillegers & Kahn, 2014; Decety, Michalska & Kinzler, 2012). The underlying mechanism for 

this phenomenon could be based on age-related perceptual variations. Thus, the question arises 

if and how fear generalization gradients alter during the course of childhood and adolescence 

up until adult age. Rephrased: Are there specific changes and if so, then at which age level 

during this time span exactly? The hypothesis is that there is a negative correlation between 

overgeneralization and age in minor participants. 

Again, in contrast to research in adult age there are very few studies dealing with 

similarities and differences concerning fear generalization in children and adolescents with 

anxiety disorders in comparison to healthy children and adolescents. A comparison regarding 

fear generalization in healthy children and adolescents with a dimensional perspective on 

different aspects of anxiety would also be of great interest in this context.  

So, another aim of this work was to examine fear learning and its generalization of 

conditioned fear as well as its extinction in a sample of children and adolescents between 8 and 

17 years considering the modulatory effect of trait anxiety and anxiety sensitivity. The next 

hypothesis rests upon the above presented studies in adolescents and adults with enhanced trait 

anxiety or anxiety disorders (see under 1.) and is as follows: the extent of fear generalization in 

children as well as adolescents is positively associated with the height of anxiety. 

In terms of fear acquisition and extinction the expectation is that all ages show generally 

comparable robust effective learning effects, however, with overall higher fear reactions to both 

CS+ and CS- with a stronger extent of anxiety. This expectation is mainly based on the meta-

analysis of Dvir and colleagues (2019) due to the fact that the observed sample consisted of 

healthy children and adolescents.  

 

1.4 Fear conditioning, generalization and extinction paradigm 

 For all studies presented in the current work the same experimental paradigm was 

applied. Also, the whole way of proceeding was identical regarding the recruitment of the 

participants, the criteria of inclusion and exclusion, the measurement of the arousal, valence 

and contingency ratings, and the psychophysiological data (SCR), its data reduction and all the 

statistical calculations. 
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1.4.1 Sample 

188 healthy children and adolescents were recruited from primary and secondary 

schools within the greater area of Wuerzburg as part of the collaborative research center SFB-

TRR-58 subproject Z02 in the Department of Child and Adolescent Psychiatry. Nine children 

and adolescents had to be excluded from the analysis because they did not finalize the 

experiment due to a big stressful fear reaction - the probands communicated their wish to exit 

the experiment immediately - and 46 because of technical problems during the physiological 

recordings (mainly at the beginning of the study for instance due to various adaptions of the 

paradigm or no markers had been set by mistake, and due to further different problems during 

the physiological recordings). The final sample consisted of 133 children and adolescents (70 

female) in the age range of 8 to 17 years (mean age: 12.27, SD: 2.82) for the (pre-)acquisition 

and generalization phases. There were no significant differences in the age groups regarding 

sex (χ²(9) = 8.82, p = .454, φ = 0.26, see Table 1.). All participants were native German 

speakers. A manifest or lifetime DSM-IV axis l disorder, ingestion of psychoactive medication, 

and an IQ < 85 determined by the German version of the Culture Fair Intelligence Test 2 (Weiss, 

2006) were exclusion criteria. The SCR data could not be analyzed for one participant for the 

extinction part, that is why the final sample contained only 132 children and youths for the three 

extinction phases. The study was approved by the ethical committee of the Medical Faculty of 

the Julius-Maximilian-University of Würzburg (study numbers 211/16 and 106/10) and 

complied with the latest version of the declaration of Helsinki. All probands and also their 

parents gave written informed consent and every family was paid € 30 compensation for their 

participation. 

 

Table 1. Age and sex distribution within the sample 

age male female N 

8 9 4 13 

9 8 8 16 

10 7 8 15 

11 7 7 14 

12 9 6 15 

13 5 3 8 

14 4 11 15 

15 5 9 14 

16 5 10 15 

17 4 4 8 
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1.4.2 Questionnaires 

 The children and adolescents of the sample had to fill in questionnaires during the whole 

procedure. One of it was the German version of the Trait scale of the Stait-Trait Anxiety 

Inventory for Children (STAIC-T from Spielberger, 1973; German version: STAIK-T 

Unnewehr, Joormann, Schneider & Margraf, 1992) for the estimation of the trait anxiety. The 

internal consistency is given with Cronbach’s alpha of .81 (Schneider et al., 2009). During the 

STAIC the probands had to evaluate 20 assertions related to themselves in a self-report 

regarding trait anxiety on a three-point Likert scale: “almost never” = 1, “sometimes” = 2 and 

“often” = 3. An unweighted sum score without reversion of polarity can be calculated, while a 

score lies within the minimum of 20 and the maximum of 60. In their meta-analytic review 

Seligman, Ollendick, Langley and Baldacci (2004) show support for the capability of the 

STAIC to distinguish between children suffering from anxiety disorders and healthy children, 

which makes the STAIC very valuable. 

Another questionnaire used was the Children Anxiety Sensitivity Index (CASI), which is 

a modification from the ASI by Peterson and Reiss (1987) and has 18 items (Silverman et al., 

1991) and a high internal consistency (Cronbach’s alpha ≥ .79, Schneider et al., 2009). The 

English version was translated into a German version Kinder-Angstsensitivitätsindex (KASI) by 

Schneider and Hensdiek in 1994 (Schneider et al., 2009), but has only 17 items because one 

item had not enough selectivity after the translation into German (Barkmann, Schulte-Markwort 

& Brähler, 2011). The answers were a self-report basis on a three-point Likert scale with 

“never” = 1, “sometimes” = 2 and “often” = 3 and build an unweighted sum score between 17 

and 51 without polarity reversal.  

  

1.4.3 Task 

The “screaming lady paradigm” based on Lau et al. (2008) and adapted by Schiele & 

Reinhard et al. (2016) was used (see Figure 2.). The photos of two actresses showing a neutral 

facial expression (NimStim Face Stimulus Set; Tottenham et al., 2009) were used as danger cue 

CS+ or safety cue CS-. One of the two pictures was randomly chosen as danger cue CS+. The 

US combined a loud female scream (95 dB; International Affective Digital Sounds system) and 

a fearful facial expression of the same actress categorized as the danger cue CS+. Four 

generalization stimuli (GS) depicting gradual morphs from CS+ to CS- in 20%-steps (GS1-4) 

were created using the graphics software Sqirlz Morph Version 2.1 (Xiberpix, Solihull, UK). 



39 

 

For the presentation of the paradigm the software Presentation (Version 18.3, Neurobehavioral 

Systems, Inc., Albany, CA) was used. 

The duration of the presentation of the CSs as well as the GSs was six seconds each. For 

the US the duration was one and a half seconds exactly after the end of the CS+. The intertrial 

intervals (ITI) varied between nine and twelve seconds with a presented white fixation cross 

pivotally on the monitor. The chronology of the presented stimuli was pseudo-randomized 

meaning that the same stimulus type never was displayed more often than two times 

subsequently. 

The task contained four successive parts. The pre-acquisition (four CS- and four CS+, 

free of US), two identical acquisition phases (each phase: six CS- and six CS+, pairing of CS+ 

and US in five trials (83%)), two equal generalization phases (every phase: six CS- and six CS+ 

as well as six of each of the four GSs, pairing of CS+ and US in three trials (50%) aiming at a 

prevention of an early extinction) and the extinction containing three indiscriminate phases (six 

CS- and six CS+, no US). A pairing of CS- and the four GSs with the US never took place. The 

CS-US contingencies were not explained to the probands prior to the experiment.  

Participants had the instruction to look inactively at photos of two female faces. 

Furthermore, an unpleasant noise would be presented from time to time. The participants were 

informed that it could happen to become frightened and scared and that the experiment could 

be ceased at all times.  
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                         4x CS-, 4x CS+          6x CS-, 6x CS+                             6x CS+, 6x CS+    

 

     6x CS-, 6x CS+, 6x GS1, 6x GS2, 6x GS3, 6x GS4          6x CS-, 6x CS+, 6x GS1, 6x GS2, 6x GS3, 6x GS4 

 

                                        6x CS-, 6x CS+         6x CS-, 6x CS+        6x CS-, 6x CS+ 

Figure 2. Schematic overview of the fear conditioning, generalization and extinction paradigm 

with a pre-acquisition phase being followed by two acquisition phases, which are followed by 

two generalization phases and at the end three extinction phases (based on Lau et al. (2008), as 

adapted by Schiele & Reinhard et al. (2016)). 
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1.4.4 Ratings 

Each phase, that is the pre-acquisition phase, the two acquisition phases, the two 

generalization phases and the three extinction phases, was followed by ratings of arousal, 

valence and contingency, i.e. the US expectancy. Arousal was stated on a 9-point Likert scale 

with the scope from “very calm” (1) to “very arousing” (9). Valence was stated on a 9-point 

Likert scale with the scope from “very unpleasant” (1) to “very pleasant” (9). The contingency 

was measured on a scale from 0% to 100% in 10%-steps (here scaled from 1 to 11) reflecting 

the estimated likelihood of an unpleasant sound after the presentation of every stimulus. 

 

1.4.5 Physiological recordings and data reduction 

The skin conductance response (SCR) was recorded during the whole experiment. The 

Brainproducts V-Amp-16 and the Vision Recorder software (Brainproducts, Gilching, 

Germany) were utilized at a sampling rate of 1000 Hz. The analysis was done offline using the 

Vision Analyzer 2 software (Brainproducts, Gilching, Germany). The skin conductance was 

derived from the thenar and hypothenar eminences of the left palm of the hand with the aid of 

two Ag/AgCl electrodes. The amplifier provided a steady electricity of 0.5 V. A high cutoff 

filter of 1 Hz as well as a notch filter of 50 Hz were implemented for the SCR signal. The 

definition for the SCR was the base-to-peak difference in μS between the beginning of the 

response, i.e. from 900 to 4000 ms after stimulus onset, and the peak, i.e. from 2000 to 6000 

ms after stimulus onset. The smallest reaction accepted for SCR was 0.02 μS. Smaller values 

were set to 0. SCR data was normalized in accordance with the procedure delineated by 

Dunsmoor, Prince, Murty, Kragel, & LaBar (2011) (see also Schiele & Reinhard et al., 2016).  

  

1.4.6 Statistical analyses 

For the statistical analyses, the software IBM SPSS (version 25, SPSS Inc., Chicago, 

IL) was used. 2 x 3 repeated-measures ANOVAs were applied for the purpose of proving 

learning effects on the basis of conditioning within the subjective ratings of arousal, valence, 

US expectancy and the objective measurements of the SCR. The within-subject factors were 

stimulus type, including CS- and CS+, and phase, comprising the pre-acquisition, the 1. 

acquisition and the 2. acquisition phase. Further, 6 x 2 repeated-measures ANOVAs were 

performed in order to investigate generalization effects. Once more stimulus type, i.e. CS-, CS+ 

and in addition GS1 - 4, as well as phase, with the 1. and 2. generalization phase, constituted 

the within-subject factors. With regard to the generalization gradients for all four dependent 
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variables (arousal, valence and US expectancy ratings and the SCR) trend analyses were 

executed to examine the course of the curve more precisely. Finally, 2 x 3 repeated-measures 

ANOVAs were also calculated in order to monitor if and to which extent the conditioning 

became extinguished at long last. In the 1. study age and sex were defined as covariates (sex as 

covariate of no interest), whereby in the 2. study the STAIC score and in the 3. study the CASI 

score were included as additional covariates (age and sex as covariates of no interest). The 

resulting modulatory effect of the particular covariate should be explored. When significant 

main or interaction effects existed, two-tailed Pearson correlations were built.  

AN(C)OVAs were followed by post-hoc t-tests for significant interactions. Alpha was 

set at 0.05 and for all post-hoc t-tests the Bonferroni correction was applied where necessary. 

Greenhouse-Geisser corrections for non-sphericity were used where required, despite this, 

uncorrected degrees of freedom are presented for the sake of better readability. Corrected p-

values and partial ƞ² for significant results are stated.  

 

2. Fear conditioning, its generalization and extinction in children and adolescents aged 8 

to 17 years – the impact of age in underage probands 

As already depicted quite detailed above, literature shows a successful fear conditioning for 

children from middle childhood (e.g. Gao et al., 2010) and adolescents (e.g. Schiele & Reinhard 

et al., 2016), which is comparable to results encountered in adults.  That is why, in the first 

study of the current work, a robust and successful fear conditioning is expected for the whole 

sample. In respect of the generalization of conditioned fear, too little research has been done 

until now. Thus, it is aimed in this work to replicate and expand the results of one of the first 

studies, i.e. from Schiele, Reinhard and colleagues (2016), which included a huge sample of 

healthy children, looked at the process of fear generalization and compared it to a huge sample 

of healthy adults. There, the sample of children clearly expressed overgeneralization in 

comparison to the adult sample. Hence, the hypothesis is that overgeneralization is negatively 

correlated with the probands’ age.  

Like for fear conditioning, the expectation concerning its extinction is that children and 

adolescents show comparable outcomes to adults, i.e. a generally successful extinction training. 

A part of the presented data in this chapter has been published in a research article in 

the journal European Child & Adolescent Psychiatry (Reinhard, Slyschak et al., 2021). 
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2.1 Results 

 In this chapter, the modulatory effect of the probands’ age will be examined for fear 

learning with its different parts of fear acquisition, fear generalization and, also, its extinction 

(statistically controlled for sex as covariate of no interest, see Tables in the APPENDIX). 

 

2.1.1 (Pre-)Acquisition phases 

 Subjective ratings: Regarding the ratings of arousal and the US expectancy, significant 

main effects of stimulus type (arousal: F (1,132) = 62.03, p < .001, η2 = .32; US expectancy: F 

(1,132) = 36.09, p < .001, η2 = .22) as well as phase (arousal: F (2,233) = 36.57, p < .001, η2 = 

.22; US expectancy: F (2,220) = 8.21, p = .001, η2 = .06) could be revealed and, furthermore, 

significant interaction effects of stimulus type x phase (arousal: F (2,245) = 24.89, p < .001, η2 

= .16; US expectancy: F (2,264) = 39.10, p < .001, η2 = .23). Concerning the ratings of valence, 

a significant main effect of stimulus type (F (1,132) = 20.57, p < .001, η2 = .14) as well as a 

significant interaction effect of stimulus x phase were observed (F (2,241) = 20.23, p < .001, η2 

= .13).  

Thus, for the arousal ratings the danger cue CS+ was generally rated as more arousing 

than the safety cue CS-. Further, independent of the stimuli the two acquisition phases had 

higher arousal ratings compared to the pre-acquisition phase. And, the two-way interaction of 

stimulus type x phase means, that the difference between the arousal ratings concerning the two 

stimuli was distinct in the pre-acquisition phase, where both stimuli had quite similar arousal 

ratings, in comparison to both acquisition phases, where the CS+ was rated significantly higher 

than the CS-. The post hoc t-tests for the arousal ratings revealed no significant differences 

between CS- and CS+ after the pre-acquisition (t (132) = -0.43, p = .669), but there were 

significant differences between the stimuli after the 1. acquisition phase (t (132) = -7.11, p < 

.001) and, also, after the 2. acquisition phase (t (132) = -7.19, p < .001, see Figure 3.). 
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Figure 3. Arousal ratings (with confidence intervals (CI)) towards CS- (light bars) and CS+ 

(dark bars) after the pre-acquisition, the 1. acquisition (ACQ 1) and the 2. acquisition phase 

(ACQ 2). After ACQ 1 and ACQ 2, the discrimination concerning the stimulus types was 

apparent. ***p < .001  

 

Regarding the valence ratings (see Figure 4.), the CS+ was evaluated less pleasant, i.e. 

with lower valence ratings, than the CS- and, first, there was no significant difference between 

the stimuli (pre-acquisition phase), but afterwards the valence ratings towards the CS+ were 

significantly smaller compared to the CS- (1. + 2. acquisition phases). Also, for the valence 

ratings the post hoc t-tests indicated, that there were no significant differences between the CS- 

and the CS+ post per-acquisition (t (132) = -1.43, p = .154), but similarly as for arousal and US 

expectancy, the differences between the stimuli were significant both after the 1. acquisition 

phase (t (132) = 3.82, p < .001) and after the 2. acquisition phase (t (132) = 5.79, p < .001, see 

Figure 4.).  

 

*** *** 
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Figure 4. Valence ratings (with confidence intervals (CI)) towards CS- (light bars) and CS+ 

(dark bars) after the pre-acquisition, the 1. acquisition (ACQ 1) and the 2. acquisition phase 

(ACQ 2). After ACQ 1 and ACQ 2, the discrimination concerning the stimulus types was 

apparent. ***p < .001 

 

Furthermore, the CS+ had higher US expectancy ratings than the CS- regardless of the 

phase and both acquisition phases comprised generally higher ratings than the pre-acquisition 

phase independent of the stimuli. The differentiation between both stimuli became significant 

in both acquisition phases in comparison to the pre-acquisition phase. Very similarly in respect 

of the US expectancy ratings, the post hoc t-tests displayed, like already for the arousal ratings, 

no significant differences between CS- and CS+ after the pre-acquisition phase (t (132) = -

0.072, p = .942), but also for the US expectancy the stimuli were rated significantly different 

after the 1. acquisition phase (t (132) = -1.98, p = .05) and the 2. acquisition phase (t (132) = -

9.04, p < .001, see Figure 5.). 

 

 

*** *** 
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Figure 5. US expectancy ratings (with confidence intervals (CI)) towards CS- (light bars) and 

CS+ (dark bars) after the pre-acquisition, the 1. acquisition (ACQ 1) and the 2. acquisition phase 

(ACQ 2). After ACQ 1 and ACQ 2, the discrimination concerning the stimulus types was 

apparent. ***p < .001, *p < .05  

 

Physiological reaction: Comparable to the subjective ratings, significant main effects 

of stimulus type (F (1,132) = 5.89, p = .017, η2 = .04) as well as phase (F (2,237) = 5.21, p = 

.008, η2 = .04) could be detected, however, the interaction effect of stimulus type x phase was 

not significant (F (2,240) = 1.76, p = .178, η2 = .01). As a whole, the probands expressed higher 

SCR regarding the CS+ than towards the CS-. Altogether, the height of the psychophysiological 

arousal, regardless of the stimuli, was significantly higher in the 1. acquisition phase compared 

to the 2. acquisition phase (M1. acquisition phase = 0.20, SD1. acquisition phase = 0.14 vs. M2. acquisition phase 

= 0.16, SD2. acquisition phase = 0.14, t (132) = 3.83, p < .001, see Figure 6.). This result could point 

to a habituation effect. 

 

 

 

* *** 
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Figure 6. Skin conductance response (SCR, with confidence intervals (CI)) towards CS- (light 

bars) and CS+ (dark bars) after the pre-acquisition, the 1. acquisition (ACQ 1) and the 2. 

acquisition phase (ACQ 2). After ACQ 2, the discrimination concerning the stimulus types was 

apparent. ***p < .001 

 

Taken together, the subjective ratings clearly displayed a successful fear conditioning, 

whereby the results for the psychophysiological reaction support this: By the 2. acquisition 

phase at the latest, the CS+ evoked significantly higher arousal and US expectancy ratings as 

well as SCR and, further, lower valence ratings, respectively.  

 

 Effects of age: The arousal ratings, the valence ratings, the US expectancy ratings and 

the SCR experienced some significant modulations by age (see Table 2.). A significant main 

effect of the covariate age was revealed for the arousal ratings (see Table 2.). A Pearson 

correlation was calculated between age and the arousal for the three phases together (r (131) = 

-0.21, p = .015): With growing age the arousal ratings were significantly lower for all three 

phases of pre-acquisition, the 1. and 2. acquisition phase, whereby the stimulus type did not 

play any role. As for arousal, also for the US expectancy ratings a significant main effect of the 

covariate age was detected (see Table 2.). The Pearson correlation between age and the US 

expectancy for the three phases together was significant and negative: r (131) = -0.30, p = .001. 

Thus, with growing age the probands showed lower ratings of US expectancy in every of the 

*** 
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three phases (pre-acquisition, 1. acquisition and 2. acquisition phase), independent of the 

stimulus type. Regarding the skin conductance response (SCR), like for the arousal and the US 

expectancy, there was a significant main effect of the covariate age (see Table 2.). Correlating 

age with the SCR of the three phases, a significant negative correlation was yielded: r (131) = 

-0.27, p = .002. Consequently, older participants expressed an overall lower SCR in all three 

phases (pre-acquisition, 1. acquisition and 2. acquisition phase), regardless of the stimulus type.  

 

Table 2. Results of ANCOVAs for the pre-acquisition, 1. and 2. acquisition phases. Effects 

regarding age on arousal, valence and US expectancy ratings and also on skin conductance 

response (SCR) (statistically controlled for sex as covariate of no interest) 

 main effect of age stimulus type x age phase x age stimulus type x phase 

x age 

Arousal F (1,130) = 5.77, 

 p = .018, η2 = .04 

F (1,130) = 1.26,  

p = .263, η2 = .01 

F (2,233) =4.87,   

p = .011, η2 = .04 

F (2,238) = 2.35,  

p = .103, η2 = .02 

Valence F (1,130) = 2.02, 

 p = .158, η2 = .02 

F (1,130) = 1.06,   

p = .306, η2 = .01 

F (2,229) = 0.47,  

p = .600, η2 = .004 

F (2,244) = 8.21,  

p < .001, η2 = .06 

US expectancy F (1,130) = 11.31, 

p = .001, η2 = .08 

F (1,130) = 5.93,   

p = .016, η2 = .04 

F (2,219) = 3.29,   

p = .047, η2 = .03 

F (2,257) = 10.67,  

p < .001, η2 = .08 

SCR F (1,130) = 9.85,  

p =.002, η2 = .07 

F (1,130) = 0.22,   

p = .639, η2 = .002 

F (2,234) = 0.26,  

p = .747, η2 = .002 

F (2,236) = 0.19,  

p = .804, η2 = .001 

 

 

Moreover, in this context Pearson correlations were created between age and such 

effects including the factor stimulus type (see Table 2.), pursuant to a method presented by 

Andreatta and colleagues (2020). Hence, for the valence ratings regarding the significant three-

way interaction of stimulus x phase x age (F (2,244) = 8.21, p < .001, η2 = .06, see Table 2.) a 

differential score was built, first, for the 1. acquisition phase, i.e. the safety cue CS- was 

subtracted from danger cue CS+ (ACQ 1[CS+ minus CS-]), and, then, also for the 2. acquisition 

phase (ACQ 2 [CS+ minus CS-]). Afterwards the differential score between the differential 

score of the 1. acquisition phase and the differential score of the 2. acquisition score was 

calculated (ACQ 2 [CS+ minus CS-] – ACQ 1 [CS+ minus CS-]). Further, a Pearson correlation 

was created between this latter differential score and age. A not significant positive correlation 

resulted (r (131) = 0.10, p = 0.277). Both Pearson correlations for the differential scores of the 

1. acquisition phase (r (131) = 0.033, p = 0.705) and, also, for the 2. acquisition phase (r (131) 

= 0.117, p = 0.180) respectively with age did not reach significance neither.  
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  Regarding the significant two-way interaction of stimulus type x age for the US 

expectancy (F (1,130) = 5.93, p = .016, η2 = .04, see Table 2.), means of each stimulus, i.e. CS- 

and CS+, averaged over the 1. and 2. acquisition phases were built. Subsequently, the 

differential score was created through subtracting the mean of the safety cue CS- from the mean 

of the danger cue CS+. A significant positive correlation (r (131) = 0.23, p = .009) could be 

detected out of it and age, meaning that with growing age the differentiation between CS- and 

CS+ got better (see Figure 7.).  

 

 

Figure 7. Correlation between age and the differential score between CS+ and CS-, whereby 

both stimulus types were averaged over the 1. and 2. acquisition phase, for US expectancy 

ratings. An enhanced discrimination between CS+ and CS- with an increasing age was indicated 

by the significant positive correlation. 

  

Concerning the significant three-way interaction of stimulus type x phase x age for the 

US expectancy ratings (F (2,257) = 10.67, p < .001, η2 = .08), another time, differential scores 

between the safety and danger cue were created for each of the two phases, i.e. for the 1. and 2. 

acquisition phase separately. Afterwards, the differential score of the 1. acquisition phase was 

subtracted from the differential score of the 2. acquisition score (ACQ 2 [CS+ minus CS-] – 

ACQ 1 [CS+ minus CS-]). A significant negative correlation (r (131) = -0.34, p < .001, see 

Figure 8.) emerged between the calculated differential score and age. This displays that with 

(r (131) = 0.23, p = .009) 
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growing age, the differentiation between CS- and CS+ of the US expectancy ratings decreased 

after the 2. acquisition phase in comparison to after the 1. acquisition phase or, vice versa, that 

with decreasing age the differentiation between CS- and CS+ of the US expectancy ratings grew 

after the 2. acquisition phase in comparison to after the 1. acquisition phase. In order to unravel 

these effects, the differential scores after every phase, i.e. the 1. and 2. acquisition phase, were 

correlated with age, revealing a significant positive correlation between age and the differential 

score of the 1. acquisition phase (r (131) = 0.38, p < 0.001, see Figure 9.(a)), however, not for 

the 2. acquisition phase (r (131) = 0.001, p = .987, see Figure 9.(b)). This indicates, that with 

increasing age the probands showed a larger differentiation between the CS- and CS+ after the 

1. acquisition phase or, vice versa, with decreasing age the participants discriminated less 

between CS- and CS+ after the 1. acquisition phase, which was not the case anymore after the 

2. acquisition phase.  

 

 

Figure 8. Correlation between age and the differential score of the two separate differential 

scores of each acquisition phase (ACQ 2 [CS+ minus CS-] – ACQ 1 [CS+ minus CS-]). The 

significant negative correlation indicates, that with growing age the discrimination between CS- 

and CS+ for the US expectancy ratings declined after the 2. acquisition phase (ACQ 2) 

compared to after the 1. acquisition phase (ACQ 1). 

  

 

r (131) = -0.34, p < .001 
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(a) 

 

(b) 

 

Figure 9. Correlations between age and differential scores between CS+ and CS- for US 

expectancy ratings for (a) the 1. acquisition phase (ACQ 1) and (b) the 2. acquisition phase 

(ACQ 2). A better differentiation between CS+ and CS- with increasing age after ACQ 1 is 

described by the significant positive correlation. No such significant correlation with age 

appeared after ACQ 2. 

r (131) = 0.38, p < .001 

r (131) = 0.01, p = .987 
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Further on, also for the US expectancy ratings a significant positive correlation turned 

up between age and the difference between the 1. and 2. acquisition phase for the safety cue 

CS- (r (131) = 0.37, p < .001, see Figure 10.(a)). Thus, with growing age the differentiation 

between the safety cue CS- between the 1. and 2. acquisition phase increased. This outcome 

suggests that the quicker recognition of the safety cue CS- as a secure stimulus seems to cause 

variations depending on age. For the danger cue CS+ a significant negative correlation was 

found (r (131) = -.18, p = .038, see Figure 10.(b)), which though did not survive Bonferroni 

correction. 

 

(a) 

 

 

 

 

 

 

 

 

 

 

 

r (131) = 0.37, p < .001 
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(b) 

 

Figure 10. Correlation between age and the difference between the 1. acquisition phase (ACQ 

1) and the 2. acquisition phase (ACQ 2) concerning (a) the safety cue CS- and (b) the danger 

cue CS+ for the US expectancy ratings. A better differentiation for CS- between ACQ 1 and 

ACQ 2 with increasing age is described by the significant positive correlation. The negative 

correlation for CS+ did not survive the Bonferroni correction. 

 

Besides, for the arousal ratings a significant interaction of phase x age (F (2,233) = 4.87, 

p = .011, η2 = .04) was observed. By means of Pearson correlations, analogous to the handling 

with interactions with stimulus type, between age and the arousal ratings of each phase, this 

interaction effect was looked at, in order to understand what it describes: With increasing age, 

the arousal ratings became generally smaller after the 1. and 2. acquisition phase (1. acquisition: 

r (131) = -0.21, p = .014; 2. acquisition: r (131) = -0.27, p = .002). No such variation based on 

age could be observed after the pre-acquisition phase (pre-acquisition: r (131) = -0.03, p = .724).   

 

Additionally, there was a significant interaction of phase x age (F (2,219) = 3.29, p = 

.047, η2 = .03) for the US expectancy ratings. As conducted for arousal, only for the US 

expectancy here, Pearson correlations were calculated between age and the US expectancy 

ratings of each phase to get an idea about the meaning of this interaction: With increasing age 

the participants expressed generally a smaller US expectancy after the pre-acquisition phase (r 

r (131) = -0.18, p =.038 
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(131) = -0.34, p < .001) and, also, after the 1. acquisition phase (r (131) = -0.25, p = .004). This 

effect, based on age, could not be detected anymore after the 2. acquisition phase (r (131) = -

0.128, p = .143), i.e. there was no variation resulting from differing ages.   

  

2.1.2 Generalization phases 

 Subjective ratings: 

For the arousal ratings a significant main effect of stimulus type (F (3,446) = 34.30, p < 

.001, η2 = .21) was observed displaying an uptrend from the safety cue CS- to the danger cue 

CS+. The probands rated the CS+ as significantly more arousing (t (132) = -8.00, p < .001) than 

the CS- (see Figure 11.). The participants generalized conditioned fear up to the both morphs 

GS1 and GS2 as these stimuli were rated as significantly more arousing (GS1: t (132) = -6.05, 

p < .001; GS2: t (132) = -3.57, p = .001) as compared to the safety cue CS- (see Figure 11.). 

No significant differences were found for the two morphs GS3 (t (132) = -1.91, p = .058) and 

GS4 (t (132) = -0.85, p = .398). The generalization gradient contained a significant linear (F 

(1,132) = 71.47, p < .001, η2 = .35) and a quadratic trend (F (1,132) = 11.83, p = .001, η2 = .08). 

 

 

Figure 11. Generalization gradient for the arousal ratings (with confidence intervals (CI)) 

averaged over the 1. and 2. generalization phase. Extent of generalization (each stimulus (CS+ 

and GS1-GS4) compared to CS-) illustrated with orange dots. ***p < .001 

*** 

*** 
*** 
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  In respect of the valence ratings, a significant main effect of stimulus type (F (3,397) = 

31.72, p < .001, η2 = .19) was revealed indicating a downtrend from CS- to CS+. The 

participants rated the danger cue as significantly more negative (t (132) = 7.25, p < .001) 

compared to the safety cue (see Figure 12.). The probands generalized conditioned fear up to 

GS1 and GS2 due to significantly smaller ratings regarding these stimuli (GS1: t (132) = 5.56, 

p < .001; GS2: t (132) = 3.00, p = .003) in comparison to the CS- (see Figure 12.). There were 

no significant differences for GS3 and GS4 (all p values ≥ .362). The generalization gradient 

combined a significant linear (F (1,132) = 57.46, p < .001, η2 = .30) and a quadratic trend (F 

(1,132) = 16.26, p < .001, η2 = .11). 

 

 

Figure 12. Generalization gradient for the valence ratings (with confidence intervals (CI)) 

averaged over the 1. and 2. generalization phase. Extent of generalization (each stimulus (CS+ 

and GS1-GS4) compared to CS-) illustrated with orange dots. ***p < .001 

 

As for arousal, also for the US expectancy ratings, a significant main effect of stimulus 

type (F (3,350) = 91.35, p < .001, η2 = .41) was found presenting an uptrend from the safety 

towards the danger cue. The participants showed higher US expectancy to the CS + (t (132) = 

-12.14, p < .001) than to the CS- (see Figure 13.). In Addition, the participants generalized 

conditioned fear, as for arousal and valence, up to GS1 and GS2 showing significantly higher 

US expectancy ratings (GS1: t (132) = -9.45, p < .001; GS2: t (132) = -4.68, p < .001) as relative 

*** 
*** 
*** 
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to the CS- (see Figure 13.). No significant differences were revealed for GS3 (t (132) = -2.11, 

p = .037, did not survive the Bonferroni correction) and GS4 (t (132) = -.18, p = .861). 

Furthermore, there was a significant main effect of phase (F (1,132) = 5.78, p = .018, η2 = .04) 

and a significant interaction of stimulus type x phase (F (4,540) = 3.89, p = .004, η2 = .03) for 

US expectancy. If comparing the 1. to the 2. generalization phase, it gets obvious that the 

participants rated the US expectancy mainly higher in the 1. phase. Regarding the significant 

two-way interaction of stimulus type x phase, there was a shift to a better discrimination 

between the stimulus types from the 1. to the 2. generalization phase as detected via post hoc t-

tests (CS-: t (132) = 2.53, p = .013; GS4: t (132) = 2.68, p = .008; GS3: t (132) = 3.06, p = .003; 

GS2: t (132) = 1.73, p = .086; GS1: t (132) =0.88, p = .383; CS+: t (132) = -1.88, p = .062; see 

Figure 14.). Whereas for the safety cue CS- and all morphs GS1-4, the participants expressed 

a lower US expectancy, towards the danger cue CS+, they displayed a higher US expectancy, 

finally, in the 2. generalization phase compared to the 1. generalization phase. Statistical 

analyses yielded a significant linear (F (1,132) = 153.28, p < .001, η2 = .54) and a quadratic 

trend (F (1,132) = 47.17, p < .001, η2 = .26) concerning the generalization gradient. 

 

 

Figure 13. Generalization gradient for the US expectancy ratings (with confidence intervals 

(CI)) averaged over the 1. and 2. generalization phase. Extent of generalization (each stimulus 

(CS+ and GS1-GS4) compared to CS-) illustrated with orange dots. ***p < .001  

 

*** 
*** 

*** 
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Figure 14. Generalization gradients for the US expectancy ratings (with confidence intervals 

(CI)) for the 1. and 2. generalization phase. A better discrimination between CS-, GS4, GS3, 

GS2, GS1 vs. CS+ arose for the entire sample after the 2. generalization phase. *p < .025 due 

to Bonferroni correction 

 

Physiological reaction: 

As for all subjective ratings, also, for the psychophysiological measure of SCR a 

significant main effect of stimulus type (F (3,442) = 6.23, p < .001, η2 = .05) was observed. An 

uptrend from the CS- to the CS+ crystallized. Significant higher SCR was found towards the 

danger cue CS+ in comparison to the safety cue CS- (t (132) = -2.70, p = .008, see Figure 15.). 

Further, for the SCR there were no significant differences concerning GS1, GS2, GS3 and GS4 

compared to CS- (GS1: t (132) = -1.86, p = .066, but all other p values ≥ .145, see Figure 15.). 

Moreover, a significant main effect of phase (F (1,132) = 9.07, p = 0.003, η2 = .06) could be 

found, with overall higher SCR during the 2. generalization phase compared to the SCR during 

1. generalization phase (post hoc t-tests: (CS-: t (132) = -1.44, p = .152; GS4: t (132) = -0.57, p 

= .570; GS3: t (132) = -2.74, p = .007; GS2: t (132) = -1.28, p = .203; GS1: t (132) = -1.72, p = 

.087; CS+: t (132) = -2.52, p = .013; see Figure 16.). Again as for the subjective ratings, there 

were a significant linear (F (1,132) = 11.58, p = .001, η2 = .08) and a quadratic trend (F (1,132) 

= 9.35, p = .003, η2 = .07) within the generalization gradient of the SCR. 

 

* 
* 

* 
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Figure 15. Generalization gradient for the skin conductance response (SCR, with confidence 

intervals (CI)) averaged over the 1. and 2. generalization phase. Extent of generalization (each 

stimulus (CS+ and GS1-GS4) compared to CS-) illustrated with orange dots. **p < .01 

  

 

Figure 16. Generalization gradients for the skin conductance responses (SCR, with confidence 

intervals (CI)) for the 1. and 2. generalization phase. * p < .025 due to Bonferroni correction. 

 

** 

* 

* 
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To sum it up, the subjective ratings of arousal, valence and US expectancy show a 

typical course of a generalization gradient of conditioned fear. This was less evident when 

looking at the generalization gradient based on SCR. Whereas for the subjective ratings fear 

was generalized up to the 2. morph GS2, counting from the danger cue CS+ (compare with 

Figures 11.-13.), for the SCR fear was generalized only towards CS+ (compare with Figure 

15.). The fear generalization gradient included linear and quadratic trends for all four dependent 

variables. In addition, for the US expectancy ratings the degree of differentiation of the 

presented stimulus types improved from the 1. to the 2. generalization phase indicating an 

improvement of learning, i.e. a better discrimination of the stimulus types, within the whole 

sample. 

 

 Effects of age: 

For the arousal ratings there was a significant main effect of the covariate age (F (1,130) 

= 12.04, p = .001, η2 = .09). Thus, with increasing age the extent of the arousal ratings 

significantly decreased regardless of the stimulus and the phase, i.e. the participants expressed 

generally less excitement with higher age (r (131) = -0.29, p = .001). Concerning the 

generalization gradient neither a linear (F (1,130) = 3.79, p = .054, η2 = .03) nor a quadratic 

trend (F (1,130) = 0.86, p = .355, η2 = .01) could be detected anymore. 

Also, in regard to the valence ratings a significant main effect of the covariate age (F 

(1,130) = 4.94, p = .028, η2 = .04) was found. Hence, with growing age the valence ratings 

significantly increased independent of the stimulus and the phase, i.e. the probands showed 

generally a more pleasant state with higher age compared to younger participants (r (131) = 

0.21, p = .016). A linear trend (F (1,130) = 6.75, p = .010, η2 = .05), but no quadratic trend (F 

(1,130) = 0.01, p = .924, η2 < .001) any longer, was contained in the generalization gradient.  

For the US expectancy a significant main effect of the covariate age (F (1,130) = 14.97, 

p < .001, η2 = .10) was revealed, too. Therefore, the older the probands were, the lower their 

stated ratings of US expectancy were, i.e. the less they expected an aversive noise in general 

independent of phase and stimuli (r (131) = -0.33, p < .001). Within the generalization gradient 

neither a linear (F (1,130) = 2.97, p = .087, η2 = .02) nor a quadratic trend (F (1,130) = 0.85, p 

= .771, η2 = .001) were present anymore. 

Like for all subjective ratings, also for the amplitude of SCR there was a significant 

main effect of the covariate age (F (1,130) = 16.33, p < .001, η2 = .11). With higher age the 

participants displayed an overall smaller SCR regardless of stimuli or phase (r (131) = -0.35, p 
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< .001). The generalization gradient comprised a linear trend (F (1,130) = 4.43, p = .037, η2 = 

.03), however, no quadratic trend (F (1,130) = 1.03, p = .313, η2 = .01) any longer. 

 

Table 3. Results of ANCOVAs for the 1. and 2. generalization phases. Effects regarding age 

on arousal, valence and US expectancy ratings and also on skin conductance response (SCR) 

(statistically controlled for sex as covariate of no interest) 

 main effect of age stimulus type x age phase x age stimulus type x phase 

x age 

Arousal F (1,130) = 12.04,  

p = .001, η2 = .09 

F (3,439) = 0.86,  

p = .473, η2 = .01 

F (1,130) = 0.13,  

p = .718, η2 = .001 

F (5,585) = 1.72,  

p = .137, η2 = .01 

Valence F (1,130) = 4.94,  

p = .028, η2 = .04 

F (3,388) = 0.71,   

p = .547, η2 = .01 

F (1,130) = 0.78,  

p = .378, η2 = .01 

F (5,617) = 0.96,  

p = .442, η2 = .01 

US expectancy F (1,130) = 14.97,  

p < .001, η2 = .10 

F (3,343) = 0.61,   

p = .586, η2 = .01 

F (1,130) = 1.40,  

p = .239, η2 = .01 

F (4,532) = 1.97,  

p = .096, η2 = .02 

SCR F (1,130) = 16.33,  

p < .001, η2 = .11 

F (3,435) = 0.42,   

p = .764, η2 = .003 

F (1,130) = 0.30,  

p = .585, η2 = .002 

F (5,599) = 0.29,  

p = .905, η2 = .002 

 

 

Additionally, a closer look shall be taken concerning the extent of generalization of 

conditioned fear and age. In accordance with a technique elucidated by Lenaert and colleagues 

(2016), a generalization index (GI) was created for every proband aiming at giving details about 

the individual extent of generalization of conditioned fear. Therefore, all US expectancy ratings 

of the morphs were added up and divided through the individual ratings of the danger cue CS+, 

i.e. GI = (GS1 + GS2 + GS3 + GS4) / CS+. It is interpreted as follows: With an increasing GI 

score the extent of generalization grows.  

As the interaction effect of stimulus type x age was significant pursuant to the US 

expectancy ratings in the acquisition part, they, i.e. the US expectancy ratings, were explored 

exemplifying. A Pearson correlation was built between the GI score of the 1. generalization 

phase of the US expectancy and age, which was negative (r (131) = -0.19, p = .033, see Figure 

17.). Thus, with increasing age, the GI score diminishes indicating a smaller extent of 

generalization, or, vice versa with decreasing age the GI score grows displaying a bigger extent 

of generalization. (2. generalization phase: r (131) = -0.167, p = .055; 1. + 2. generalization 

phases put together: r (131) = -0.169, p = .052). 
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Figure 17. Correlation between age and the generalization index (GI) score calculated for the 

US expectancy ratings. With increasing age the fear generalization decreased as reflected by 

the significant negative correlation.  

  

2.1.3 Extinction phases 

Subjective ratings: 

For arousal there were a significant main effect of stimulus type (F (1,132) = 14.30, p < 

.001, η2 = .10) and a significant main effect of phase (F (2,247) = 13.14, p < .001, η2 = .09), but 

they did not result in a significant interaction of stimulus type x phase (F (2,245) = 0.23, p = 

.782, η2 < .00). So, the ratings for the CS+ were generally higher than for the CS- in every 

extinction phase as can be seen in Figure 18. (1. extinction phase: t (132) = -2.88, p = .005; 2. 

extinction phase: t (132) = -3.22, p = .002; 3. extinction phase: t (132) = -3.17, p = .002). And 

from phase to phase, the ratings for the safety and the danger cue, taken together, went down. 

 

r (131) = -0.19, p = .033 
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Figure 18. Arousal ratings (with confidence intervals (CI)) towards CS- (light bars) and CS+ 

(dark bars) after the 1., 2. and 3. extinction phase. **p < .01  

  

In regard to valence, only a significant main effect of stimulus type (F (1,132) = 15.12, 

p < .001, η2 < .10, see Figure 19.) could be detected with higher ratings towards the safety cue 

in comparison to the danger cue within each extinction phase (1. extinction phase: t (132) = 

4.38, p < .001; 2. extinction phase: t (132) = 2.63, p = .010; 3. extinction phase: t (132) = 2.53, 

p = .013). Neither a significant main effect of phase (F (2,247) = 1.96, p = .146, η2 < .02) nor a 

significant interaction effect of stimulus type x phase (F (2,239) = 2.05, p = .136, η2 = .02) were 

yielded. 

 

** ** ** 
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Figure 19. Valence ratings (with confidence intervals (CI)) towards CS- (light bars) and CS+ 

(dark bars) after the 1., 2. and 3. extinction phase. ***p < .001; *p < .05 

 

Concerning the US expectancy, both a significant main effect of stimulus type (F 

(1,132) = 60.39, p < .001, η 2= .31) and of phase (F (2,252) = 27.85, p < .001, η2 = .17) were 

found resulting in a significant interaction of stimulus type x phase (F (2,255) = 6.63, p = .002, 

η2 = .05). In general, the ratings for the danger cue were significantly higher compared to the 

safety cue in all extinction phases (1. extinction phase: t (132) = -7.89, p < .001, 2. extinction 

phase: t (132) = -6.01, p < .001, 3. extinction phase: t (132) = -5.38, p < .001, see Figure 20.). 

Furthermore, from the 1. extinction phase via the 2. extinction phase to the 3. extinction phase 

both ratings, i.e. CS- and CS+, fell, whereby the drop was stronger towards the CS+ than 

towards CS- (see Figure 20.).  

 

*** * * 
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Figure 20. US expectancy ratings (with confidence intervals (CI)) towards CS- (light bars) and 

CS+ (dark bars) after the 1., 2. and 3. extinction phase. ***p < .001  

 

 Physiological reaction: 

For the SCR a significant main effect of stimulus type (F (1,130) = 10.12, p = .002, η2 

< .07, see Figure 21.) was revealed reflecting an always stronger skin conductance response 

(SCR) regarding the CS+ compared to the CS- in every extinction phase (MCS+ = 0.14, SDCS+ = 

0.01 vs. MCS- = 0.12, SDCS- = 0.01, t (130) = 3.18, p = .002). Neither a significant main effect 

of phase (F (2,260) = 0.64, p = .531, η2 = .01) nor a significant interaction of stimulus type x 

phase (F (2,260) = 1.18, p = .309, η2 = .01) could be observed. 

 

 

*** *** *** 
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Figure 21. Skin conductance response (SCR, with confidence intervals (CI)) towards CS- (light 

bars) and CS+ (dark bars) after the 1., 2. and 3. extinction phase.  

 

In total, the extinction was not successful. In fact, during all three extinction phases the 

participants distinguished significantly between the CS- and the CS+ regarding the arousal, 

valence as well as US expectancy ratings. Consistently, there was a significant main effect of 

stimulus type for the SCR, but its forms were not that strong in comparison with the subjective 

ratings. Further, the arousal and US expectancy ratings, independent of the stimulus type, 

decreased from phase to phase, although always maintaining the significant discrimination 

between the CS- and the CS+. In this special context, the drop for the US expectancy ratings 

from phase to phase was remarkably greater towards the CS+ than the CS-. 
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Table 4. Results of ANCOVAs for the 1., 2. and 3. extinction phases. Effects regarding age 

on arousal, valence and US expectancy ratings and also on skin conductance response (SCR) 

(statistically controlled for sex as covariate of no interest) 

 main effect of age stimulus type x age phase x age stimulus type x phase 

x age 

Arousal F (1,130) = 0.40,  

p = .528, η2 = .003 

F (1,130) = 2.39,  

p = .125, η2 = .02 

F (2,243) = 0.41,  

p = .649, η2 = .003 

F (2,241) = 1.22,  

p = .296, η2 = .01 

Valence F (1,130) = 1.50,  

p = .223, η2 = .01 

F (1,130) = 5.65,   

p = .019, η2 = .04 

F (2,242) = 1.46,  

p = .234, η2 = .01 

F (2,235) = 0.52,  

p = .576, η2 = .004 

US expectancy F (1,130) = 0.86,  

p = .356, η2 = .01 

F (1,130) = 0.21,   

p = .646, η2 = .002 

F (2,249) = 0.61,  

p = .539, η2 = .01 

F (2,249) = 2.39,  

p = .097, η2 = .02 

SCR F (1,128) = 3.09,  

p = .081, η2 = .02 

F (1,128) = 0.49,   

p = .487, η2 = .004 

F (2,256) = 0.27,  

p = .765, η2 = .002 

F (2,256) = 0.85,  

p = .427, η2 = .01 

 

 

 

Effect of age: 

For arousal there were no significant main effects of the covariate age nor significant 

interaction effects with age (see Table 4.).  

 

A significant interaction effect of stimulus type x age (see Table 4.) was found regarding 

valence. Analogous to the two acquisition phases, a differential score was created between the 

CS+ and the CS-, whereby each stimulus type was averaged over the three extinction phases. 

Then, this differential score was correlated with age: a significant negative correlation resulted 

(r (131) = -0.25, p = .004). Thus, with growing age of the participants the differential score 

decreased (see Figure 22.). Additionally, a Pearson correlation between age and the CS+ was 

built, which was significant and negative (r (131) = -0.20, p = .024, see Figure 23.), however, 

the correlation for age and the CS- did not reach significance (r (131) = 0.09, p = .283, see 

Figure 24.), i.e. with increasing age the danger cue CS+ was rated less pleasant by the probands. 

As for the arousal and US expectancy ratings, also for the valence ratings no significant main 

effect of the covariate age nor further significant interaction effects with age could be observed 

(see Table 4.). 
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Figure 22. A Pearson correlation between age and the differential score between CS+ and CS- 

for the valence ratings (both stimulus types were averaged over the three extinction phases). 

The significant negative correlation indicates that the variation between CS+ and CS- 

diminished with increasing age. 

 

 

Figure 23. A Pearson correlation between age and the mean of the danger cue CS+, out of the 

averaged extinction phases, for the valence ratings.  

r (131) = -0.20; p = .024 

r (131) = -0.25; p = .004 
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Figure 24. A Pearson correlation between age and the mean of the safety cue CS-, out of the 

averaged extinction phases, for the valence ratings. 

 

As for arousal, also for the US expectancy ratings there were no significant main effects 

of the covariate age nor significant interaction effects with age (see Table 4.).  

 

 Physiological reaction: 

Concerning the SCR, neither the main effect of the covariate age nor interaction effects 

with age were significant (see Table 4.). 

 

3. Impact of trait anxiety in underage probands on fear conditioning, its generalization 

and extinction 

As previously reported (see under 1.), evidence for the role of trait anxiety, with regard 

to fear conditioning as well as for its generalization, is quite heterogenous. There are many 

studies evincing a connection between overgeneralization and anxiety disorders (e.g. in 

adolescents: El Bar et al., 2017; in adults: Lissek, et al., 2010) and, additionally, there is a recent 

meta-analysis providing support for such a positive linkage, when looking at the subclinical 

level of high trait anxiety in healthy adults (Sep et al., 2019). Moreover, in contrast to healthy 

underage probands, clinically anxious probands show an impairment of cue discrimination 

pointing to disrupted safety signal learning (in underage samples: Liberman et al., 2006; Waters 

r (131) = 0.09; p = .283 
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et al., 2009, Britton et al., 2013; in adult samples: Lissek et al., 2005, 2009; Duits et al., 2015), 

whereby trait anxiety could be even seen as a harbinger of anxiety disorders (Chambers et al., 

2004). 

Taking all these results into account, the hypothesis ergo states a positive correlation 

between high trait anxiety and an elevated generalization of conditioned fear, i.e. 

overgeneralization, in the sample. Thus, the observed association between subclinical levels of 

high anxious personality traits or even anxiety disorders and an enhanced generalization of 

conditioned fear shall also be determined in this minor sample.  

For fear acquisition and extinction, an effective robust learning is expected with 

generally stronger fear reactions towards both the danger as well as the safety stimulus in high 

anxious probands. This hypothesis is mainly based on the outcomes of the meta-analysis of 

Dvir et al. (2019). Age and sex will be statistically considered (see further Tables in the 

APPENDIX) as covariates of no interest because there is evidence that girls have an elevated 

risk for clinically relevant anxiety (Lewinsohn, Gotlib, Lewinsohn, Seeley & Allen, 1998) and 

because the modulatory effect of age was already examined in the previous chapter (see under 

2.).    

 

3.1 Results 

In this part the impact of trait anxiety on fear acquisition, its generalization and 

extinction shall be investigated (statistically controlled for age and sex as covariates of no 

interest, see further Tables in the APPENDIX).  

 

3.1.1 (Pre-)Acquisition phases 

All main effects of the STAIC score as well as all interaction effects with the STAIC 

score are presented in Table 5. (statistically controlled for the covariates of no interest age and 

sex).   
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Table 5. Results of ANCOVAs for the pre-acquisition, 1. and 2. acquisition phases. Effects 

regarding the STAIC score on arousal, valence and US expectancy ratings and also on skin 

conductance response (SCR) (statistically controlled for age and sex as covariates of no interest) 

 main effect of STAIC stimulus type x STAIC phase x STAIC stimulus type x phase 

x STAIC 

arousal F (1,129) = 1.19,  

p = .277, η2 = .01 

F (1,129) = 1.86,  

p = .175, η2 = .01 

F (2,233) = 2.58, 

p = .083, η2 = .02 

F (2,236) = 1.02,  

p = .355, η2 = .01 

valence F (1,129) = 0.82, 

p = .336, η2 = .01 

F (1,129) = 0.18,   

p = .673, η2 = .001 

F (2,228) = 0.50,  

p = .584, η2 = .004 

F (2,241) = 1.11,  

p = .327, η2 = .01 

US expectancy F (1,129) = 5.04,  

p = .027, η2 = .04 

F (1,129) = 0.001,   

p = .975, η2 < .001 

F (2,218) = 0.004, 

p = .992, η2 < .001 

F (2,255) = 1.26,  

p = .285, η2 = .01 

SCR F (1,129) = 0.05,  

p = .817, η2 < .001 

F (1,129) = 4.68,   

p = .032, η2 = .04 

F (2,234) = 2.39, 

p = .099, η2 = .02 

F (2,236) = 1.82,  

p = .167, η2 = .01 

 

 

For the US expectancy ratings a significant main effect of the covariate STAIC score (F 

(1,129) = 5.04, p = .027, η2 = .04) arose indicating a small positive association between higher 

STAIC scores and higher US expectancy ratings (r (131) = 0.06, p = .502, see Figure 25.). 
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Figure 25. A Pearson correlation between the STAIC score and the US expectancy ratings 

averaged over the pre-acquisition, 1. and 2. acquisition phases. A small positive association 

between higher STAIC scores and higher US expectancy ratings is reflected by the positive 

correlation. 

 

Moreover, a significant interaction of stimulus type x STAIC score (F (1,129) = 4.68, p 

= .032, η 2= .04) could be found regarding the SCR. In order to understand this interaction, a 

differential score was built between the CS+ and the CS-, whereby each stimulus was averaged 

over the pre-acquisition, the 1. and the 2. acquisition phase. Then, this differential score was 

correlated with the STAIC score resulting in a negative, however, not significant correlation (r 

(131) = -0.13, p = .131, see Figure 26.). Hence, the discrimination between the danger and the 

safety cue decreased with a growing STAIC score. Looking at the CS+ and the CS- separately 

and correlating each stimulus with the STAIC score, two negative not significant correlations 

result: for the CS+ (r (131) = -0.14, p = .108) the SCR declined a little bit stronger with a 

growing STAIC score than for the CS- (r (131) = -0.05, p = .554). However, this effect is rather 

small. 

 

r (131) = 0.06, p = .502 



72 

 

 

Figure 26. A Pearson correlation between the STAIC score and the differential score between 

CS+ and CS- for the SCR, whereby each stimulus type was averaged over the pre-acquisition, 

1. and 2. acquisition phase. A smaller discrimination between CS+ and CS- with an increasing 

STAIC score is reflected by the negative correlation. 

 

Neither other main effects of the STAIC score nor further interaction effects with the 

STAIC score reached significance (see Table 5.). 

 

3.2.1 Generalization phases 

 During the generalization phases, neither significant main effects of the STAIC score 

nor significant interaction effects including the STAIC score emerged (see Table 6.). Moreover, 

for the arousal ratings neither a significant linear (F (1,129) = 2.46, p = .119, η2 = .02) nor a 

quadratic trend (F (1,129) = 0.05, p = .827, η2 < .001) were yielded for the generalization 

gradient. Concerning the valence ratings a significant linear (F (1,129) = 5.52, p = .020, η2 = 

.04), however, no quadratic trend (F (1,129) = 0.35, p = .557, η2 = .003) was comprised in the 

generalization gradient. Neither a significant linear (F (1,129) = 0.86, p = .355, η2 = .01) nor a 

quadratic trend (F (1,129) = 1.86, p = .175, η2= .01) existed relating to the generalization 

gradient in respect of the US expectancy ratings. Also, for the SCR the linear (F (1,129) = 2.60, 

p = .109, η2 = .02) and the quadratic trend (F (1,129) = 1.70, p = .195, η2 = .01) did not reach 

significance. 

r (131) = -0.13, p = .131 
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Table 6. Results of ANCOVAs for the 1. and 2. generalization phases. Effects regarding the 

STAIC score on arousal, valence and US expectancy ratings and also on skin conductance 

response (SCR) (statistically controlled for age and sex as covariates of no interest) 

 main effect of STAIC stimulus type x STAIC phase x STAIC stimulus type x phase 

x STAIC 

arousal F (1,129) = 1.19,  

p = .277, η2 = .01 

F (3,435) = 0.26,  

p = .873, η2 = .002 

F (1,129) = 0.81,  

p = .371, η2 = .01 

F (4,580) = 0.51,  

p = .750, η2 = .004 

valence F (1,129) = 1.72,  

p = .192, η2 = .01 

F (3,383) = 0.77,   

p = .509, η2 = .01 

F (1,129) = 3.33,  

p = .070, η2 = .03 

F (5,612) = 0.53,  

p = .744, η2 = .004 

US expectancy F (1,129) = 0.77,  

p = .382, η2 = .01 

F (3,338) = 1.19,   

p = .310, η2 = .01 

F (1,129) = 1.07,  

p = .304, η2 = .01 

F (4,529) = 0.67,  

p = .617, η2 = .01 

SCR F (1,129) = 0.06,  

p = .815, η2 < .001 

F (3,430) = 0.57,   

p = .655, η2 = .004 

F (1,129) = 0.96,  

p = .328, η2 = .01 

F (5,595) = 0.42,  

p = .820, η2 = .003 

 

 

Purely explorative, as example and only to present and compare both aforementioned 

scores, that describe the extent of the generalization of conditioned fear, the linear deviation 

score (LDS, Kaczkurkin et al., 2017) and the generalization index (GI, Lenaert et al., 2016) are 

created in the following for the SCR. 

 The LDS is calculated as stated here: (CS- + CS+) / 2 – (GS4 + GS3 + GS2 + GS1) / 4. 

For the SCR higher values of the LDS represent less generalization, whereas lower values and 

values close to cero or already negative values stand for a larger extent of generalization.  

Hence, with an increasing STAIC score, i.e. stronger trait anxiety, the LDS for the SCR 

of the 1. generalization phase decreased meaning that the extent of generalization grew (r (131) 

= -0.22, p = .012). There is support for this outcome, when looking at the GI (for details see p. 

60): A growing STAIC score was accompanied by an increasing generalization index (GI, 

higher GI means higher extent of generalization) for the SCR in the 1. generalization phase 

indicating a higher extent of generalization (r (116) = 0.35, p < .001). 

 

3.2.3 Extinction phases 

       Comparable to the generalization phases, also for the extinction phases neither 

significant main effects of the STAIC score nor significant interaction effects with the STAIC 

score appeared (see Table 7.). 
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Table 7. Results of ANCOVAs for the 1., 2. and 3. extinction phases. Effects regarding the 

STAIC score on arousal, valence and US expectancy ratings and also on skin conductance 

response (SCR) (statistically controlled for age and sex as covariates of no interest) 

 main effect of STAIC stimulus type x STAIC phase x STAIC stimulus type x phase 

x STAIC 

arousal F (1,129) = 3.70,  

p = .057, η2 = .03 

F (1,129) = 0.40,  

p = .530, η2 = .003 

F (2,241) = 0.61,  

p = .532, η2 = .01 

F (2,239) = 0.39,  

p = .665, η2 = .003 

valence F (1,129) = 1.31,  

p = .254, η2 = .01 

F (1,129) = 0.05,   

p = .832, η2 < .001 

F (2,240) = 1.60,  

p = .205, η2 = .01 

F (2,233) = 1.20,  

p = .300, η2 = .01 

US expectancy F (1,129) = 0.10,  

p = .749, η2 = .001 

F (1,129) = 0.03,   

p = .854, η2 < .001 

F (2,258) = 0.08,  

p = .924, η2 = .001 

F (2,258) = 0.86,  

p = .424, η2 = .01 

SCR F (1,127) = 0.02,  

p = .893, η2 < .001 

F (1,127) = 0.02,   

p = .893, η2 < .001 

F (2,254) = 1.32,  

p = .270, η2 = .01 

F (2,254) = 1.22,  

p = .297, η2 = .01 

 

 

 

4. Impact of anxiety sensitivity in underage probands on fear conditioning, its     

generalization and extinction 

Of further interest is the impact of other self-report data, here specifically for anxiety 

sensitivity, on fear acquisition, its generalization and, also, the extinction training. Anxiety 

sensitivity means a constant belief that anxiety and related symptoms like bodily symptoms are 

followed by harmful physical, mental or social consequences, which go beyond acute fear or 

an acute panic attack (Schneider et al., 2009; Silverman et al., 1991; Reiss & McNally, 1985). 

A heightened anxiety sensitivity before the onset of an anxiety disorder is considered to be a 

vulnerability factor, especially, for the development of a panic disorder or agoraphobia 

(McNally, 2002; Ginsburg & Drake, 2002; Hayward, Killen, Kraemer & Taylor, 2000). The 

work of Evans et al. (2005) indicates that anxiety sensitivity is a risk factor for the development 

and maintenance of anxiety disorders in underage persons. 

Hence, trait anxiety as well as anxiety sensitivity are important in connection with fear 

and anxiety, however, they represent different facets in this context. Importantly, it must be 

considered that there is a significant positive correlation between them. Different findings in 

the third and fourth chapter would reflect distinctive features of trait anxiety versus anxiety 

sensitivity. In general, there is not much research on anxiety sensitivity in fear learning 

processes like fear conditioning, generalization and extinction, especially, in an underage 

population up to the present. This investigation shall extend this field of research. 
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As for trait anxiety, the influence of age and sex was statistically considered (see further 

Tables in the APPENDIX) due to findings in the former chapter about the impact of age (see 

under 2.)  and, further, because girls have an enhanced risk for anxiety disorders (Lewinsohn et 

al., 1998).     

 

4.1 Results 

The following part describes the influence of anxiety sensitivity on fear acquisition, its 

generalization and extinction. In addition, the impact of age and sex was statistically considered 

as covariates of no interest (see further Tables in the APPENDIX).  

 

4.1.1 (Pre-)Acquisition phases 

In respect of the arousal ratings a significant main effect of the covariate CASI score (F 

(1,129) = 6.62, p = .011, η2 = .05) could be revealed meaning that an increasing CASI score 

was accompanied by higher arousal ratings (r (131) = 0.18, p = .037). As for arousal, also for 

valence a significant main effect of the covariate CASI score (F (1,129) = 4.21, p = .042, η2 = 

.03) arose with higher CASI scores being squired by declining ratings of valence (r (131) = -

0.14, p = .112). For the US expectancy ratings, the main effect of the covariate CASI score (F 

(1,129) = 1.66, p = .200, η2 = .01) was not significant. Also, for the SCR no significant main 

effect of the covariate CASI score (F (1,129) = 0.70, p = .406, η2 = .01) existed. 

 

Table 8. Results of ANCOVAs for the pre-acquisition, 1. and 2. acquisition phases. Effects 

regarding the CASI score on arousal, valence and US expectancy ratings and also on skin 

conductance response (SCR) (statistically controlled for age and sex as covariates of no interest) 

 main effect of CASI stimulus type x CASI phase x CASI stimulus type x phase 

x CASI 

Arousal F (1,129) = 6.62,  

p = .011, η2 = .05 

F (1,129) = 0.17,  

p = .685, η2 = .001 

F (2,232) = 1.37, 

p = .255, η2 = .01 

F (2,235) = 0.99,  

p = .366, η2 = .01 

Valence F (1,129) = 4.21,  

p = .042, η2 = .03 

F (1,129) = 0.003,   

p = .955, η2 < .001 

F (2,228) = 1.97,  

p = .147, η2 = .02 

F (2,241) = 0.38,  

p = .672, η2 = .003 

US expectancy F (1,129) = 1.66,  

p = .200, η2 = .01 

F (1,129) = 0.06,   

p = .803, η2 < .001 

F (2,217) = 1.82,  

p = .170, η2 = .01 

F (2,254) = 2.37,  

p = .097, η2 = .02 

SCR F (1,129) = 0.70,  

p = .406, η2 = .01 

F (1,129) = 1.17,   

p = .282, η2 = .01 

F (2,233) = 0.78,  

p = .448, η2 = .01 

F (2,234) = 0.25,  

p = .754, η2 = .002 
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4.1.2 Generalization phases 

For arousal a significant main effect of the covariate CASI score (F (1,129) = 9.25, p = 

.003, η2 = .07) was revealed. Consequently, probands with higher CASI scores showed an 

overall stronger arousal compared to probands with lower CASI scores (r (131) = 0.21, p = 

.018). Neither a significant linear (F (1,129) = 0.39, p = .534, η2 = .003) nor a quadratic trend 

(F (1,129) = 0.54, p = .466, η2 = .004) determined the generalization gradient. 

Regarding the valence ratings a significant main effect of the covariate CASI score (F 

(1,129) = 9.35, p = .003, η2 = .07) was detected with decreasing valence ratings, i.e. a smaller 

extent of pleasantness, when the CASI score, i.e. the anxiety sensitivity, got larger (r (131) =  

-0.21, p = .017). The generalization gradient comprised a significant linear trend ((F (1,129) = 

4.09, p = .045, η 2= .03), but no quadratic one (F (1,129) = 1.53, p = .218, η2 = .01). 

Moreover, a significant interaction of phase x CASI score (F (1,129) = 6.05, p = .015, 

η2 = .05) was found, whereby a growing CASI score was accompanied by higher ratings of US 

expectancy (r (131) = 0.22, p = .012) in the 1. generalization phase, however, not in the 2. 

generalization phase (r (131) = 0.04, p = .660). As for arousal and valence, also for the US 

expectancy a significant main effect of the covariate CASI score (F (1,129) = 5.68, p = .019, η2 

= .04) was observed with higher US expectancy ratings for probands characterized by higher 

CASI scores (r (131) = 0.14, p = .108). Neither a significant linear (F (1,129) = 0.04, p = .835, 

η2 < 0.001) nor a quadratic trend (F (1,129) = 1.92, p = .168, η2 = .02) marked the generalization 

gradient. 

Unlike for the subjective ratings, there was no significant main effect of the covariate 

CASI score (F (1,129) = 0.28, p = .600, η2 < .01) concerning the SCR. There were neither a 

significant linear (F (1,129) = 0.29, p = .593, η2 = .002) nor a quadratic trend (F (1,129) = 0.05, 

p = .827, η2 < .001) within the generalization gradient. 

 

Taken together, with an increasing CASI score the arousal and the US expectancy 

ratings grew, while the valence ratings went down, respectively. However, such an effect could 

not be observed for the SCR. 
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Table 9. Results of ANCOVAs for the 1. and 2. generalization phases. Effects regarding the 

CASI score on arousal, valence and US expectancy ratings and also on skin conductance 

response (SCR) (statistically controlled for age and sex as covariates of no interest) 

 main effect of CASI stimulus type x CASI phase x CASI stimulus type x phase  

x CASI 

Arousal F (1,129) = 9.25,  

p = .003, η2 = .07 

F (3,437) = 1.47,  

p = .217, η2 = .01 

F (1,129) = 0.03,  

p = .856, η2 < .001 

F (4,580) = 1.16,  

p = .326, η2 = .01 

Valence F (1,129) = 9.35,  

p = .003, η2 = .07 

F (3,381) = 1.16,   

p = .325, η2 = .01 

F (1,129) = 1.62,  

p = .206, η2 = .01 

F (5,610) = 1.32,  

p = .255, η2 = .01 

US expectancy F (1,129) = 5.68,  

p = .019, η2 = .04 

F (3,340) = 1.60,   

p = .196, η2 = .01 

F (1,129) = 6.05,  

p = .015, η2 = .05 

F (4,528) = 2.02,  

p = .089, η2 = .02 

SCR F (1,129) = 0.28,  

p = .600, η2 = .002 

F (3,434) = 0.83,   

p = .491, η2 = .01 

F (1,129) = 0.16,  

p = .687, η2 = .001 

F (5,596) = 1.14,  

p = .338, η2 = .01 

 

 

4.1.3 Extinction phases  

A significant main effect of the covariate CASI score (F (1,129) = 9.42, p = .003, η2 = 

.07) could be revealed meaning that a growing CASI score was squired by a stronger arousal (r 

(131) = 0.26, p = .002). For valence a significant interaction of phase x CASI score (F (2,238) 

= 4.03, p = .022, η2 = .03) could be detected indicating that with an increasing CASI score in 

the 1. extinction phase (r (131) = -0.07, p= .420) the valence went slightly down, in contrast to 

the 2. extinction phase (r (131) = 0.07, p = .441), where the valence increased to some extent, 

and the 3. extinction phase (r (131) = 0.05, p = .567), where it increased slightly less compared 

to the 2. extinction phase. Further, there was a three-way significant interaction of stimulus type 

x phase x CASI score (F (2,235) = 3.21, p = .047, η2 = .02). In order to be consistent with the 

way of interpreting a three-way interaction, a differential score (CS+ minus CS-) was calculated 

for each extinction phase. Afterwards, a correlation was created between every differential 

score and the CASI score. The participants expressed a slowly growing differential score for 

the valence with higher CASI scores in the 1. extinction phase (r (130) = 0.04, p = .648), 

whereas this changed in the 2. extinction phase (r (130) = -0.02, p = .850), where the differential 

score became smaller and, afterwards, in the 3. extinction phase (r (130) = -0.13, p = .129) even 

smaller. There was no significant main effect of the covariate CASI score (F (1,129) = 0.29, p 

= .593, η2 < .01). Regarding the US expectancy ratings no significant main effect nor interaction 

effects concerning the CASI score were found. In respect of the SCR, a significant three-way 

interaction of stimulus type x phase x CASI (F (2,254) = 3.76, p = .025, η2 = .03) was revealed. 
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With a higher CASI score the probands expressed a declining differential score (CS+ minus 

CS-) of the SCR in the 2. extinction phase (r (131) = -0.24, p = .005), but neither in the 1. (r 

(131) = 0.08, p = .391) nor in the 3. extinction phase (r (131) = 0.02, p = .795).     

 

As already for the fear conditioning and the fear generalization part, also for the 

extinction part higher CASI scores were associated with higher arousal ratings. For the other 

three dependent variables no such associations could be observed (see also Table 10.). 

 

 

Table 10. Results of ANCOVAs for the 1., 2. and 3. extinction phases. Effects regarding the 

CASI score on arousal, valence and US expectancy ratings and also on skin conductance 

response (SCR) (statistically controlled for age and sex as covariates of no interest) 

 main effect of CASI stimulus type x CASI phase x CASI stimulus type x phase 

x CASI 

Arousal F (1,129) = 9.42,  

p = .003, η2 = .07 

F (1,129) = 0.35,  

p = .557, η2 = .003 

F (2,241) = 0.38,  

p = .669, η2 = .003 

F (2,238) = 0.77,  

p = .455, η2 = .01 

Valence F (1,129) = 0.29,  

p = .593, η2 = .002 

F (1,129) = 0.02,   

p = .888, η2 < .001 

F (2,238) = 4.03,  

p = .022, η2 = .03 

F (2,235) = 3.21,  

p = .047, η2 = .02 

US expectancy F (1,129) = 0.32,  

p = .575, η2 = .002 

F (1,129) = 0.37,   

p = .542, η2 = .003 

F (2,258) = 0.17,  

p = .848, η2 = .001 

F (2,258) = 1.29,  

p = .276, η2 = .01 

SCR F (1,127) = 0.24,  

p = .623, η2 = .002 

F (1,127) = 1.47,   

p = .227, η2 = .01 

F (2,254) = 0.003,  

p = .997, η2 < .001 

F (2,254) = 3.76,  

p = .025, η2 = .03 

 

 

5. General discussion 

5.1 Main findings 

Different processes in the context of fear learning like fear conditioning and its 

generalization as well as fear unlearning like the extinction of conditioned fear evolutionarily 

are very adaptive for living beings to be able to respond rapidly and adequately to environmental 

changes, especially when facing potential danger (Ahrens et al., 2016; LeDoux, 2003). Thus, 

survival is more likely (Vervliet et al., 2013). The above mentioned (un-)learning mechanisms, 

implemented in an experimental paradigm, help to examine fundamental procedures of fear 

(un-)learning and especially classical fear conditioning seems to fit very well as a model for the 

process of acquiring pathological fear (Mineka & Zinbarg, 2006). Thereby, developmental 
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changes based on maturation of different brain areas seem to be crucial. Whereas the amygdala 

as part of the limbic subcortical region is fully developed at an early stage in life, the PFC needs 

far more time to reach its mature state and full functionality (Tottenham & Gabard-Durnam, 

2017; Vink et al., 2014; Decety et al., 2012). From an evolutionary perspective this might 

explain the enhanced generalization of conditioned fear found in very young healthy children 

compared to healthy adults. This overgeneralization of stimuli resembling the danger cue might 

protect children lacking life experience enforcing therewith more cautiousness regarding their 

conduct particularly in unknown surroundings. Since at young age in life the environment is 

full of uncertainness and very much has to be learned for future life compared to adult age 

(Tottenham & Gabard-Durnam, 2017). Step by step experience with various situations in life 

grows and with increasing age via youth into adult age fear generalization gradually declines 

(Schiele & Reinhard et al., 2016). Anomalies in the different mechanisms of fear learning as 

well as unlearning can cause impairments regarding the skill of flexible adaptability in new 

challenging surroundings. Hence, inappropriate and unsuitable fear reactions could result 

reflected by for example an enhanced fear acquisition, overgeneralization or a not achieved 

extinction of conditioned fear. The question from which level on anxiety patients depart from 

healthy counterparts concerning fear learning led to the consideration that elevated acquisition 

and generalization effects, defects regarding inhibition processes and resistance to extinction 

might be potential factors (Ahrens et al., 2016; Duits et al., 2015; Briscione, Jovanovic & 

Norrholm, 2014; Lissek et al., 2005). Lissek and colleagues (2010, 2014b, 2012) found an 

association between overgeneralization and diagnosed anxiety disorders in adults like the panic 

disorder (PD), the generalized anxiety disorder (GAD) and also the post-traumatic stress 

disorder (PTSD), whereas Ahrens et al. (2016) detected deviations regarding fear reactions 

towards conditioned and generalized threat cues in social anxiety disorder (SAD), although not 

a large overgeneralization as distinguishing feature, but a generalization of heart rate reactions 

(fear bradycardia). In addition, comparable results of overgeneralization were detected for 

youths with anxiety disorders compared to healthy counterparts (El-Bar et al., 2017). 

Furthermore, overgeneralization in young adulthood has shown a relation to a stronger extent 

of anxiety six month later at the follow-up examination (Lenaert et al., 2014). These findings 

inevitably lead to the question whether overgeneralization of conditioned fear in childhood, 

which does not decline via youth into adult age, might result in maladaptive behavioral 

outcomes and forward the development of anxiety disorders. Waters and colleagues (2009) 

indicate an impaired inhibition of reactions towards safety stimuli as well as a delayed and 
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impeded extinction as learning procedures playing potentially a role for the development of 

anxiety disorders in young age. Liberman and colleagues (2006) also point to a delay 

concerning the extinction of conditioned fear in children with anxiety disorders, whereby there 

is further support for this finding from Craske and colleagues (2008). 

The present doctoral thesis had the target to contribute to a better understanding of 

aberrant procedures in the context of fear learning as well as unlearning as a transdiagnostic 

characteristic of psychopathology in anxiety disorders. 

 First of all, this present thesis aimed to explore the effects of age on fear conditioning, 

its generalization and as well as its extinction. Therefore, it was of particular interest to focus 

on generalization of conditioned fear to examine trajectories during the development in the 

context of fear learning. Moreover, the potential impact of trait anxiety on the one hand and of 

anxiety sensitivity on the other hand on fear conditioning, its generalization and also its 

extinction was explored. One main goal of these conducted studies was to contribute to the 

scientific field by replicating previous research outcomes as well as expanding and advancing 

them and, furthermore, hopefully foster linkages to new therapeutic and preventive concepts in 

the context of anxiety disorders. To achieve the goal of this thesis, 133 healthy children and 

adolescents aged 8 to 17 years fulfilled a discriminative fear, generalization and extinction 

paradigm, meanwhile measuring arousal, valence and US expectancy ratings and, further, the 

skin conductance responses, which can be considered as a physiological index of arousal. 

Besides that, the probands had to complete the questionnaires STAIC and CASI in order to 

determine the levels of trait anxiety and anxiety sensitivity in the presented sample of healthy 

minors. All statistical analyses controlled for effects of sex (as covariate of no interest, results 

see in the tables in the APPENDIX). 

The following subchapter contains the core findings of the presented work, which will 

be outlined and discussed especially in the context of their influence on the different fear 

learning processes, which in turn could be possible promoting aspects in the development as 

well as the maintenance of anxiety disorders. 

The acquisition of conditioned fear, i.e. fear conditioning, was overall successful as 

reflected by higher arousal and US expectancy ratings as well as SCR and lower valence ratings, 

respectively, towards the danger cue CS+ in comparison to the safety cue CS-. This states a 

clear and supportive replication of former investigations including the same fear conditioning 

and generalization task in a sample of children and youths (Glenn et al., 2012a; Lau et al., 2008; 

Schiele & Reinhard et al., 2016). Hence, healthy children and adolescents display a successful 
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and stable fear conditioning comparable to healthy adults. Interestingly, the participants‘ age 

played an important role reflected by significant main effects of arousal and US expectancy 

ratings as well as SCR, however, not for the valence ratings. Thus, the older the probands were 

the less excitement was expressed by them and the smaller their ratings of likelihood for an 

aversive noise in general and, further, the lower the SCR they exhibited. These results could be 

illustrated with a kind of parallel shift towards smaller arousal and less US expectancy as well 

as smaller SCR with increasing age. Notably, these findings are in line with the results reported 

by Silvers et al. (2017), which indicate that children show overall stronger responses towards 

aversive as well as neutral stimulus types reflected both by their subjective reports and reactions 

within the amygdala in comparison to youths. This is also consistent with the following 

previous finding: Fearfulness and fear intensity decrease with age (Gullone & King, 1997; 

Gullone, 2000; King et al. 1989). Additionally, this supports the evolutionary view described 

more detailed above, that children should display a more cautious behaviour due to their lack 

of life experience in various surroundings in order to enhance their survivability. Moreover, the 

age mattered regarding the SCR amplitudes insofar, that the older the underage participants 

were the smaller the psychophysiological reactions were they exhibited, which is in line with 

former research (e.g. Lau et al., 2011; El-Sheikh, Keiley & Hinnant, 2010; El-Sheikh, 2007; 

Janes, Hesselbrock & Stern, 1978; overview of resembling continuing development of the 

electrodermal activity, i.e. a decrease for young to higher adult ages: see Mertens, 2016).  

Moreover, as research literature (e.g. Michalska et al., 2016; Glenn et al., 2012a; Lau et 

al., 2011; Gao et al., 2010) states, also the findings of this work demonstrate, that the ability to 

discriminate between CS+ and CS- improves with increasing age from childhood into advanced 

youth, as indexed by the US expectancy ratings at least. More precisely, the older the probands 

were the better they differentiated between CS+ and CS- already until the end of the 1. 

acquisition phase compared to younger probands. Although after the 2. acquisition phase no 

such discrepancy could be detected any longer. This means that the younger probands required 

more time for discrimination learning, but reached a comparable discrimination learning 

outcome as the older probands, but only until the end of the 2. acquisition phase, which is very 

similar to what Waters et al. (2017) found: comparable successful discrimination learning 

outcome, but the children needed far more trials than the youths and adults. Back again to the 

current work: Consequently, with increasing age the probands displayed quicker a better 

discrimination between the danger and the safety cue for the US expectancy ratings. Moreover, 

adolescent participants acquired the knowledge about the forecasting property of CS- about 
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safety and the forecasting property of CS+ about danger quicker than younger participants, i.e. 

with growing age the probands learned quicker the meaning connected with the signal as secure 

or not. This superior and quicker learning procedure was reflected by a smaller generalization 

index (GI) score indicating a decline of the extent of generalization of conditioned fear for older 

probands.  

Finally, there were two interesting different observations made for the arousal and the 

US expectancy ratings. Concerning the ratings of arousal, first, no differences linked to age 

were found in the pre-acquisition phase, however, then the ratings revealed that after the 1. as 

well as the 2. acquisition phase arousal decreased with growing age of the participants. Whereas 

in regard to the US expectancy ratings, first, a difference linked to age existed already after the 

pre-acquisition as well as the 1. acquisition phase. More accurately, first, the older probands 

expressed overall lower US expectancy ratings than younger ones, whereby after the 2. 

acquisition phase no variations due to age could be detected anymore. Again, these two findings 

fit with the evolutionary perspective: Younger children displayed higher arousal for a longer 

time than youths, whose arousal decreased more rapidly due to more experience in life, and 

younger children generally estimated the probability of risk, i.e. US expectancy, as higher from 

the beginning, however, after enough trials their learning outcome, as reflected by the US 

expectancy, was comparable to the one expressed by youths. Both findings state good strategies 

enhancing survivability. 

Besides, an evident generalization was expressed by the subjective ratings, i.e. the 

evaluations towards the generalization stimuli, however, the amplitudes of the electrodermal 

reactions did not display a significant generalization effect. Significant linear and, additionally, 

significant quadratic effects were detected within trend analyses for both the subjective ratings 

and the SCR. Especially, the outcome of the quadratic effects fits with prior observations in 

samples of healthy adult probands (Schiele & Reinhard et al., 2016; Lissek et al., 2010). 

Considering the fact that the psychophysiological measures were recorded non-stop, when the 

underage participants accomplished the paradigm, in contrast to the subjective ratings, which 

were gathered after every single phase of the paradigm, it is not unusual that deviations, when 

comparing the results of the subjective ratings to the results of the psychophysiological 

reactions, could have emerged. Hence, one and the same stimulus can cause variations 

concerning automatically expressed physiological reactions compared to the cognitive 

evaluation of it (Lonsdorf et al., 2017; LeDoux, 2014; Boddez et al., 2013; Öhman, Carlsson, 

Lundqvist & Ingvar, 2007). Considerably, Lonsdorf et al. (2017) mention a paper of Lovibond 
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and Shanks (2002), where they recommend evaluating also subjective ratings of US expectancy 

after every trial and not after an entire phase to have a higher reliability and validity, however, 

this could possibly interfere with the experimental procedure of learning.  

Regarding the extent of generalization, which is typically indicated by the pairwise 

comparison between the danger cue CS+ and each of the four morphs GS1-GS4 vs. the safety 

cue CS-, it was evident up to the second morph GS2, when counting from the danger cue CS+ 

via the first morph GS1 for the subjective ratings. Both morphs, i.e. GS1 and GS2, exhibited 

predominantly very similar features like the danger cue CS+ itself and induced stronger 

negative reactions, i.e. a larger fear response, in comparison to the safety cue CS-. The other 

two morphs GS3 and GS4 contained more features from the safety cue CS- and were followed 

by ratings resembling the ones towards the CS-. For the psychophysiological measure of SCR 

the extent of generalization was by far not that pronounced compared to the subjective ratings. 

Only the danger cue CS+ evoked significantly higher responses in comparison to the safety cue 

CS-. As already elaborated above, discrapancies between subjective (that is ratings) and more 

objective measures (that is SCR for example) are not unusual (e.g. Lonsdorf et al., 2017; 

LeDoux, 2014; Boddez et al., 2013; Öhman et al., 2007).  

Comprehensibly and expectably, independent of the probands‘ age the learning 

performance, indexed by the US expectancy ratings, improved for the whole sample after the 

2. generalization phase compared to the ratings after the 1. generalization phase. This means 

more detailed that the entire sample showed an increased discrimination between all five secure 

stimuli and the danger signal, i.e. the safety signal as well as all four morphs were rated with 

even lower US expectancy than the danger signal, which was rated with even higher US 

expectancy, after the 2. generalization phase. This extent of differentiation was not yet achieved 

after the 1. generalization phase. 

Consistently with the (pre-)acquisition phases, statistical anlyses showed a clear impact 

of the probands‘ age both on the subjective ratings and the psychophysiological reactions for 

the generalization phases. Main effects for arousal, valence and US expectancy ratings as well 

as for the SCR showed that with increasing age the probands in general reacted less strong 

regardless of the stimulus type compared to younger probands. Again, the picture of a kind of 

parallel shift is very helpful: with growing age the generalization gradients move downward 

towards smaller arousal and US expectancy ratings as well as lower SCR and upward towards 

higher valence ratings, respectively. In the generalization part the age effect was additionally 

reflected by the valence ratings, which was not the case for the (pre-)acquisition part. Also here 
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the results are consistent with the findings of Silvers and colleagues (2017), Gullone & King 

(1997), Gullone (2000) and King et al. (1989) as already elaborated above for the (pre-) 

acquisition. In this context it must be taken thoroughly into consideration that within the 

examined age span of healthy children and youths a crucial and decisive bias could have an 

effect. The development of anxiety disorders begins normally in childhood age and a median 

onset of 11, 13 and 15 years has been suggested (Kessler et al., 2005; Beesdo, Pine, Lieb & 

Wittchen, 2010; Christie et al., 1988), i.e. at a time point during the first half of adolescense. 

This possibly has already led to an exclusion of adolescents with a diagnosed anxietey disorder, 

so that the youths included in the sample were more „healthy“ than the younger children within 

the sample, who might have been excluded due to a diagnosis of an anxiety disorder just some 

years later.  

Research in animals presents a similar influence of age on generalization (Ito et al., 

2009; Rudy & Pugh, 1996; Campbell & Haroutunian, 1983) as found for the US expectancy 

ratings in this thesis, i.e. a decline of the extent of fear generalization with increasing age. In 

addition Schiele & Reinhard et al. (2016) found a clear difference concerning the generalization 

gradients of young children aged 8 to 10 years, who exhibited a recognisable overgeneralization 

compared to adult probands as reflected by the arousal ratings and the SCR. Potential reasons 

that the impact of the age became visible only regarding the US expectancy ratings, but neither 

for the arousal and valence ratings nor for the SCR, could have been the broad age span selected 

and, additionally, the small statistical power. Moreover, in accordance with Lonsdorf et al. 

(2017) the US expectancy ratings are more associated with cognitive comprehension and not 

primarily with reacting to fear. In contrast, arousal and valence ratings represent subjective 

evaluations. Arousal stands for the intensity of fear, which could be low or high or somewhere 

in between. Valence stands for the quality of the reaction, which could be negative in case of 

an aversive stimulation like for example after a danger signal or positive in case of an appetitive 

stimulation like for example after a safetey signal. As a consequence, the US expectancy ratings 

display rather the cognitive development with respect to contingency awareness to a greater 

extent compared to the ratings of arousal and valence. This finding, which is evident only for 

the US expetancy ratings, means that there seems to be an improvement during the development 

in the sense of an enhanced differentiation between the different stimulus types and a decline 

concerning the extent of generalization of conditioned fear in accordance with animal as well 

as human research data as mentioned above. The maturation of the prefrontal cortex (PFC) 

might play a decisive role regarding the inhibition of fear responses towards signals, which 
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have never been linked to danger, i.e. in this case the secure stimulus types CS- and GS1-GS4. 

Thus, contingency awareness, concluded from the US expectancy ratings, is correlated with age 

in the course of the process of fear learning and more specifically the process of the 

generalization of conditioned fear. 

Interestingly, for the SCR there was a kind of a parallel shift from the 1. to the 2. 

generalization phase with overall higher elctrodermal reactions within the 2. generalization 

phase in comparison to the 1. generalization phase. Strikingly, this result contradicts the first 

supposed expectation of a possible habituation effect. Maybe the four new morphs triggered a 

kind of delayed novelty effect, which affected all stimuli because the new morphs could have 

been realized not before the 2. generalization phase in a clear manner. Thus, resulting only then 

in a better differentiation between the secure stimuli, i.e. the safety cue and the four morphs, 

and the danger cue, whereby the SCR towards CS+ was significantly higher than towards CS-, 

but only in the 2. generalization phase (see Figure 16.). The novelty effect describes that 

humans tend to express the strongest stress reaction when they are confronted with a possibly 

harmful event for the first time, whereby the stress reaction declines whith fading newness 

(Gravetter & Forzano, 2015). A recent study suggested that diminished SCR might constitute 

the consequence of the paling of the novelty effect (Rutten & Geerts, 2020), whereas here in 

the current work the heightened SCR maybe reflects the fully unfolded newness within the 2. 

generalization phase.   

The extinction training did not bring the expected deletion of the discrimination between 

the safety and the danger cue neither as indexed by the subjectve ratings nor by the SCR. The 

subjective ratings demonstrated that throughout all three extinction phases the differentiation 

between the safety and the danger signal was clearly still preserved. For the SCR the main effect 

of the stimulus type could also been detected for the extinction phases, however, it was not that 

pronounced compared to the arousal, valence and US expectancy ratings. Additionally, for the 

arousal and the US expectancy ratings a generell decline regardless of the stimulus type was 

revealed, although still containing the discrimination between CS+ and CS-from phase to phase. 

In particular, the described drop of the US expectancy ratings towards both stimulus types was 

notably stronger towards CS+ than CS-. Thus in sum, the extinction was not successful. Various 

reasons could have played a decisive role for this outcome. First, one reason could be the length 

of the extinction training, i.e. that it was just not long and extensive enough. Each of the three 

extinction phases included six times the safety cue and further six times the danger cue. Maybe 

the presentation of every stimulus type only six times was insufficient per phase. The studies 
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of Glenn and colleagues (2012a) as well as of Schiele and Reinhard and colleagues (2016) used 

the same paradigm, but did not report about extinction. While the study of Lau and colleagues 

(2008) implemented the same paradigm including an extinction training. However, it contained 

only 30 trials divided into 6 (3 x CS+; 3 x CS-) at the end of the first day of the experiment 

following a preacquisition and conditioning part and further 24 (12 x CS+; 12 x CS-) on the 

second day. Consistently, also in this study an extinction was not achieved with still constant 

discrimination between the CS+ and the CS-. The authors argued that in this context especially 

the partial reinforcement could have played a crucial role inasmuch as not 100% of all danger 

stimuli CS+ were linked with the female scream (US) and that is why it is possible that the 

probands did not bring CS+ together with safeness although no US was presented within the 

entire extinction training. Lau and colleagues (2008) used a reinforcement rate of 75% and in 

the current work it was 82% during acquisition, which was reduced to 50% during 

generalization. Potentially, the probands did not perceive a big difference between the 25% of 

the danger cues not being connected with US during acquisition and the latter complete absence 

of the US after CS+ during the extinction training. This could be in an analogous manner for 

the current thesis looking at the extinction training after the generalization with only 50% of 

CS+ being linked with US. 

Interestingly, one modulating effect of age concerning the participants‘ valence ratings 

could be found for the extinction phases. With increasing age the probands‘ valence ratings 

towards CS- and CS+ differed less than for younger probands for the extinction part, i.e. 

averaged over the three phases of the extinction. Unraveling this effect it becomes obvious that 

it is based on the decline of the valence ratings towards CS+ with growing age, however, not 

towards CS-. This means that older participants expressed smaller valence ratings, which means 

less pleasentness, towards the CS+ compared to the younger ones, whereas the valence ratings 

towards CS- were similar for all ages. Here, one possible reason for the variation between 

younger and older probands could be a better memorized learning about the connection between 

CS+ and the aversive noise, which was conditioned within the acquisition part and maintained 

during the generalization part, resulting in a less pleasant evaluation of the CS+ from the 

beginning of the extinction expressed by the adolescents.  

  So far, this part of the thesis contributes to the scientific discourse and field of research 

on fear learning with its different aspects. One core finding is that there is a correlation between 

the extent of fear generalization and age within a time range, which bears high risk for 

developing anxiety disorders (i.e. Kessler et al., 2005; Beesdo et al., 2010; Christie et al., 1988). 
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Although it must be considered in this context that the development of anxiety disorders is 

based on highly intricate processes and, in addition, on various numerous factors, which interact 

among each other. Hence, this scientific field requires far more research including catamnestic 

and longitudinal follow-up investigations taking into account e.g. the neurobiological fear 

circuits, which might play a mediating role concerning fear generalization during the 

development beginning with young age via youth into adult age. Also, the impact of changes 

concerning gonodal hormones in particular must be considered, especially, when puberty is 

reached as well as potential consequences of hormonal contraceptives (e.g. hormonal 

contraceptives: Lonsdorf et al., 2015; gonadal hormones: Maeng & Milad, 2015; Lebron-Milad 

& Milad, 2012; Milad et al., 2010).   

In the second experiment, the influence of trait anxiety, reflected by the STAIC score 

(STAIC-T from Spielberger, 1973; German version: STAIK-T Unnewehr, Joormann, 

Schneider, & Margraf, 1992), was investigated in the same sample as described above, i.e. in 

healthy participants aged 8 to 17 years. Again, subjective ratings of arousal, valence and the US 

expectancy as well as the psychophysiological measure of the SCR were utilized. The 

hypothesis regarding heightened responses with a stronger trait anxiety got support merely by 

some hints displayed by only one of four dependent measures, namely the US expectancy. The 

further dependent measures, i.e. the arousal and valence ratings and the SCR, fit with the 

findings of Torrents-Rodas and colleagues (2013), where no effects of trait anxiety could be 

revealed concerning fear conditioning. For the US expectancy ratings in the preacquisition and 

the two acquisition phases a significant main effect of the STAIC score was observed, however, 

not for the other subjective ratings nor for the psychophysiological measure of the SCR. Thus, 

with a growing trait anxiety the probands rated the US expectancy higher, i.e. they estimated 

an aversive noise to emerge with a higher likelihood than probands with lower trait anxiety. 

This result can be illustrated with a kind of parallel shift of the ratings with increasing trait 

anxiety. Only the finding for this dependent variable supported the hypothesis of stronger fear 

responses being connected with higher trait anxiety. Interestingly and as already mentioned, 

this was only the case for the US expectancy, which has more to do with the recognition on a 

cognitive level than reacting to fear (Lonsdorf et al., 2017). Thus, one possible explanation is, 

that here the probands with higher trait anxiety could just have put the better-safe-than-sorry 

strategy to use. This is no contradiction to all the other dependent measures: neither the 

subjective perception and expression of arousal and valence nor the psychophysiological 
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measure of SCR have to be affected by the rather rational choice of the better-safe-than-sorry 

strategy. 

Furthermore, a smaller discrimination ability could be revealed for higher STAIC scores 

as reflected by the SCR, but none of the subjective ratings showed support for this finding. 

More precisely, the SCR towards the danger signal declined slightly stronger than the SCR 

towards the safety signal with an increasing STAIC score. This outcome finds support through 

the study reported by Kadosh and colleagues (2015), where no discriminative learning in high 

anxious youths was observed as indexed by the fear-potentiated startle. As already mentioned 

above variations, in respect of the SCR as an unconscious and automatic psychophysiological 

reaction compared to an evaluation on a conscious and cognitive level concerning the same 

stimuli can emerge (Lonsdorf et al., 2017; LeDoux, 2014; Boddez et al., 2013; Öhman et al., 

2007).  

Importantly, there was no support for the hypothesis stating a positive association 

between the extent of trait anxiety and the generalization of conditioned fear. Neither for the 

generalization phases nor for the extinction phases significant main or interaction effects 

involving the STAIC score could be detected. Hence, the generalization gradients were not 

influenced by the extent of trait anxiety with the exception of the trends, which did not reach 

significance anymore (only the linear trend for the valence ratings remained significant). This 

findings regarding fear generalization go in line with previous results reported by Torrents-

Rodas et al. (2013), where no effect of trait anxiety could be detected in a sample of healthy 

adults. Thus, there was no support concerning the hypotheses concerning fear generalization 

nor regarding fear extinction. Interestingly, Wong & Lovibond (2020) found no variations due 

to trait anxiety in fear generalization to new type of generalization stimuli (GSs), which 

obviously were part of the secure or the menacing section, measured by SCR and shock 

expectancy ratings. Although the main outcome was that probands with high trait anxiety 

expressed stronger generalized fear towards the GSs, which suited in both sections, compared 

to probands with low trait anxiety if the GSs contained ambiguous threat values. The authors 

explained that this is not a result of a higher probability of probands with high trait anxiety to 

discern ambiguous features as being part of the menacing section, but that they overvalue the 

menace when the degree of menace is ambiguous. Hence, the ambiguity of menace has a 

modulatory effect of trait anxiety on categorical fear generalization. 

  Moreover, the impact of anxiety sensitivity as indexed by the CASI score (Schneider et 

al., 2009) was explored in a third experiment, whereby the same sample was looked at as already 
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presented for the first and second experiment. The same dependent measures of subjective 

ratings and the psychophysiological measure of SCR were examined. Likewise, the hypotheses 

were set in an analogous manner to the ones for trait anxiety. Significant main effects were 

found concerning the arousal as well the valence ratings for the preacquisition and both 

acquisition phases. Hence, with stronger anxiety sensitivity, reflected by growing CASI scores, 

the probands rated arousal higher and valence lower, respectively. This observation is traceable 

considering the subjectivity of the exhibited feelings. Anxiety sensitivity is very connected with 

bodily sensations, which makes subjective ratings expressing stronger fear responses, i.e. a 

more excited state and a less pleasent state, absolutely plausible. Hence, the hypothesis about 

an association between higher fear reactions and higher anxiety levels is more fulfilled for 

anxiety sensitivity than for trait anxiety. However, there is no common dependent variable for 

trait anxiety and anxiety sensitivity supporting the hypothesis. In contrast to trait anxiety, which 

was supported by US expectancy in favour of the hypothesis, for anxiety sensitivity the other 

two subjective variables, i.e. the arousal and valence ratings, speak in favour of the hypothesis. 

Though two further variables did not support this hypothesis: Neither for the US expectancy 

ratings, reflecting a rather cognitive comprehension outcome, nor for the SCR, reflecting 

physiological arousal, significant main effects could be detected. These findings are not 

contradictive considering the findings for the different subjective ratings because the US 

expectancy does not depict a fear reaction like arousal and valence do in a subjective manner 

and for the SCR the unconsciousness and automatic mode must be seen. As already delineated 

above, such variations regarding the outcomes resulting from different ways of measurement 

are not uncommon (i.e. Londsdorf et al., 2017; LeDoux, 2014; Boddez et al., 2013; Öhman et 

al., 2007). In sum, this hypothesis is partly confirmed by study data. 

Whereby the previously mentioned effects, which were in favour of the hypothesis about 

an association between higher anxiety levels and higher fear responses, were supported by the 

findings for the generalization phases. There, even for all three subjective ratings, i.e. the rather 

subjective feelings (arousal and valence) as well as the aspect of cognitive comprehension (US 

expectancy), main effects of the CASI score emerged, meaning that higher CASI levels were 

accompanied by larger arousal as well as US expectancy ratings and smaller valence ratings, 

respectively. However, this finding still was not reflected by the pyshiological arousal, i.e. the 

SCR. This additional significant increase of the US expectancy ratings along with stronger 

anxiety sensitivity in the generalization part, contrary to the (pre-)acquisition part, could be 

explained in this way: the statistical power might be too small or the considered age span too 
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wide, affecting the results for the first three phases of the paradigm and, possibly, the probands 

needed longer to grasp the relation between the CS+ and CS- as reflected by the US expectancy 

ratings, but accomplished it during the generalization phases and used the better-safe-than-sorry 

strategy. Taken together, the hypothesis suggesting a positive correlation between anxiety 

sensitivity and overgeneralization was not true for the fear generalization: It must be stressed 

that the extent of the generalization remained similar for all probands regardless of the level of 

anxiety sensitivity, only the intensity of the fear reactions was higher for stronger anxiety 

sensitivity levels, which can be illustrated by a kind of parallel shift: upward for the arousal and 

the US expectancy ratings and downward for the valence ratings, respectively. An 

overgeneralization could not be observed. 

Interestingly, after the 1. generalization phase the US expectancy ratings were generally 

higher for stronger anxiety sensibility regardless of the stimulus type, whereas this effect did 

not appear after the 2. generalization phase. Thus, first participants who exhibited a stronger 

anxiety sensitivity, reflected by a higher CASI score, showed higher US expectancy ratings, but 

only in the 1. generalization phase. Then, for the 2. generalization phase no such variation due 

to the extent of anxiety sensitivity showed up, finally resulting in a comparable learning 

outcome independent of the height of the CASI score. 

As for trait anxiety, also for anxiety sensitivity the trend analyses showed only one 

significant linear trend, namely for the generalization gradient of the valence ratings, but no 

other trends concerning the further dependent variables reached significance. 

For the three extinction phases only for the arousal ratings a main effect of the CASI 

score could be found, indicating that higher arousal ratings were accompanied by stronger 

anxiety sensitivity. Hence, higher levels of the expressed arousal were associated with stonger 

extents of anxiety sensitivity throughout the whole experiment. In contrast to the (pre-) 

acquisition and generalization parts, during the extinction the valence ratings were not 

influenced by the height of anxiety sensitivity. Whereas the US expectancy ratings were not 

affected by the extent of the anxiety sensitivity neither during the (pre-)acquisition nor the 

extinction phases, this was different for the generalization phases. There, stronger anxiety 

sensitivity was linked with higher ratings. Summing it up, these outcomes can be described best 

as a kind of parallel shift always, when there was an association between the level of anxiety 

sensitivity and the height of fear reactions. For the arousal ratings, there was a kind of parallel 

shift towards stronger fear responses with an increasing CASI score in every single phase of 

the experiment. Furthermore, for the valence the kind of parallel shift went towards lower 
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valence ratings with higher CASI scores in the (pre)acquisition and generalization parts, 

however, not during the extinction training. Concerning the US expectancy ratings the kind of 

parallel shift moved towards higher US expectancy with growing anxiety sensitivity, though 

only during generalization. 

Moreover, regarding the valence ratings the differentiation between CS+ and CS- was 

first larger for the probands with higher anxiety sensitivity, whereas after the 2. and even more 

after the 3. extinction phase the probands with stronger anxiety sensitivity discriminated less 

between the safety and the former danger signal, compared to the probands with lower anxiety 

sensitivity. Thus, exhibited on the level of the subjective feeling of pleasentness towards the 

safety and the former danger cue, the expected outcome of an approximation of the ratings and 

consequently a decreasing discrimination between the stimulus types showed up. This could 

not be detected for the other two subjective ratings. This finding for the valence ratings could 

be a first hint that highly anxiety sensitive probands learned better and also faster maybe due to 

stronger attention processes in more threatening situations, what led to an earlier beginning of 

extinction of fear than in less anxiety sensitive probands.  

Besides, when looking at the SCR there is an observation of a decline of the 

discrimination between CS+ and CS- with a growing anxiety sensitivity, but this is only evident 

in the 2. extinction phase. This could be seen as quite in line with the valence ratings as a first 

hint in probands with a stronger extent of anxiety sensitivity for a better and faster learning of 

the new lacking association between the danger signal and the aversive female scream resulting 

in a decreasing differentiation between both stimulus types, i.e. the safety and the former danger 

cue.  

In conclusion, for trait anxiety and anxiety sensitivity different findings emerged. This 

underpins the different single features of anxiety that they represent, indexed by their different 

scores, defined in their inventories. Consequently, anxiety sensitivity with its bodily component 

seems to influence fear learning procedures to a stronger extent than trait anxiety.  

 

5.2 Conclusions 

To sum it up, further research is important due to all the further questions, which still 

cannot be answered, in this context. Although there are noteworthy findings contributed by the 

current thesis: First, age focusing on a range from 8 to 17 years has an impact on fear learning 

insofar as the findings indicate overall decreasing fear reactions with growing age of the 

probands. All stimuli types, independent of their sort, were affected by the diminished reactions 



92 

 

of the older probands comparable to kind of parallel shifts depending on the probands‘ age. 

Further, the discrimination ability, which was reflected by the US expectancy ratings, got better 

with growing age, illustrating that older probands overgeneralized less compared to younger 

ones. Consequently, the outcome suggests enhanced fear generalization to be a developmental 

correlate in the context of fear learning. Although it must be stressed very clearly at this point, 

that there is no causality reflected by the finding, but merely a negative association between 

age and fear generalization. As a result, the question still cannot be answered unequivocally, 

whether enhanced generalization of conditioned fear facilitates the development of anxiety 

disorders or vice versa. Second, trait anxiety seems not to affect fear learning processes like 

fear acquisition, its generalization or extinction. Third, anxiety sensitivity plays a noteworthily 

role in the context of all fear learning procedures, looked at in this current thesis. The level of 

anxiety sensitivity was associated with the height of the fear responses comparable to kind of 

parallel shifts, depending on the extent of the anxiety sensitivity.  

 

5.3 Limitations 

There are some methodical limitations, among others, which should be mentioned 

regarding the presented work. It was a cross sectional study, which always provides only 

information about one specific moment. However, it also can bring relevant data. Although, in 

general and especially in developmental contexts, longitudinal studies should preferably be 

envisaged. Particularly because of the wide age range, a higher statistical power aiming to 

achieve a higher replicability in psychological research (Maxwell, Lau & Howard, 2015) and, 

thus, a bigger number of participants would have been more desirable and appropriate. 

Furthermore, the age span between 8 and 17 years includes the crucial onset of puberty with its 

hormonal, as already mentioned above, and other bodily changes, which could play a decisive 

role for fear learning and should be considered in further research more specifically.  

Moreover, another aspect, that could have had an influence, is the choice of the stimulus 

type itself, which were faces of young adult females. Here, the potential impact of an adaptation 

to juvenile faces of both sexes within the paradigm would be of justified interest. Additionally, 

also the social aspect of human faces could have a further effect, especially for probands with 

social anxiety. An adjustment using for example geometric shapes without any social 

connotation could be a conceivable option like already implemented in adult anxiety patients 

(e.g. Lissek et al., 2010). In conclusion, differences concerning the reaction towards the stimuli 

by reason of age of the presented faces (as stimuli) or the type of stimuli cannot be ruled out, 
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although the screaming lady paradigm has been applied repetitively in some variations for all 

age groups from childhood via adolescence into adulthood (e.g. Schiele & Reinhard et al., 2016; 

Ahrens et al., 2016; Lau et al., 2008, 2011; Glenn et al., 2012a; Haddad, Xu, Raeder & Lau, 

2013).  

Noteworthily and as already elaborated above, the collection of subjective ratings took 

place only at the end of each phase and not throughout the experiment, which in contrast was 

the case for the measurement of the electrodermal activity (EDA, here SCR). An expansion to 

a more continuous way (for example trial-by-trial) for the gathering of the subjective ratings 

would enable a better examination of the precise course of the fear learning procedure straightly 

linked to fear conditioning, its generalization or extinction, whereas it would have to be proven 

that the continuous method does not influence the fear learning process itself (Lonsdorf et al., 

2017; Lovibond & Shanks, 2002). Also, it would be meaningful to look at fear learning 

processes separately for both sexes, i.e. girls and boys, to have more detailed information about 

developmental differences and courses within one certain sex in order to adapt potential 

therapeutic or preventive measures appropriately. Of further interest are also genetic aspects 

that have impact on the versatility within fear learning processes, whereby there are first 

findings presented by Reinhard and colleagues (2019). Here, more studies including genetic 

aspects for the purpose of replication and further insights are necessary. Furthermore, fMRI 

studies would be valuable in this context as well.  

 

5.4 Outlook, clinical implications and considerations and thoughts for future research 

In the context of fear learning attentional processes, for example captured via eye 

tracking, should be considered very carefully because they might have a crucial influence. 

Dudeney, Sharpe and Hunt (2015) reported for example in their meta-analysis about a 

significantly larger attentional bias towards signals associated with menace in clinically anxious 

children than in their healthy counterparts. Furthermore, this bias seemed to be moderated by 

age, namely that the extent to which anxious and healthy children differed grew with higher 

age. The authors explained that all of the younger children showed a bias towards signals 

associated with menace in comparison to neutral signals, however, with increasing age the bias 

declined in healthy children, while in anxious children the bias remained.  

The startle probe as fear specific measure in contrast to the SCR (Glenn et al., 2012a) 

would be also of interest in this context, however, it must be considered that its implementation 

would change the paradigm and its resulting findings substantially (Sjouwerman, Niehaus, 
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Kuhn & Lonsdorf, 2016). It must be taken into account that instructions given concerning 

awareness also have a meaningful effect on learning procedures (Weidemann, Satkunarajah & 

Lovibond, 2016) and hence their absence or presence must be implemented consistently. 

 Moreover, healthy, subclinical and also clinical samples of all ages should be compared 

in the context of fear learning and its different processes. Noticeably, still there is far more 

research in adult healthy, subclinical and clinical samples, which might have ethical reasons for 

the conduct as well as general acceptance of such experimental scientific work, where children 

and adolescents are going to be scared on purpose. Here, not only parents prefer to choose not 

to participate in order not to traumatize their healthy child in the worst case and, especially not 

to worsen the situation, if the child already suffers from a anxiety disorder. Thus, it is extremely 

important to build a good contact based on trust and confidence and to really take time to inform 

the families with children about the crucial meaning of this scientific field, particularly for 

preventive and new and more personalized therapeutic measures. Questions and doubts of the 

families have to be taken very seriously and have to constitute the highest priority in order to 

convince families to support this research and have a good as well as safe feeling to participate 

and contribute to new more targeted preventive and therapeutic ways in the field of anxiety 

research, which is a relevant topic already since childhood, as seen more detailed above. 

Furthermore, the role of comorbidities within anxiety disorders, which can vary in number and 

type(s), should be explored more thoroughly regarding their impact on fear learning procedures.  

There are already promising findings, which deserve full consideration for future 

therapeutic measures: Shore, Kadosh, Lommen, Cooper & Lau (2017) demonstrated in a youth 

sample that subjective fear evaluations could be reduced significantly towards the danger as 

well as saftey cue, which were acquired during fear conditioning, via a cognitive reappraisal 

training in comparison to the controls post extinction. During this training the probands 

examined alternative and harmless interpretations related to the danger cue (i.e. scream). 

Another very promising finding about one possibility to reduce the generalization of 

conditioned fear effectively is presented by Feng and colleagues (2017) via the induction of 

positive emotions in healthy adults. This finding opens a new dimension for therapeutic 

interventions, although facing further questions of how to induce positive emotions 

experimentally and in daily life reliably, which can be a very individual issue, and how to enable 

anxious individuals to maintain positive emotional states or even better to create positive 

emotions themselves. Hughes and Kendall (2008) found quite supportive results, when they 

investigated the impact of a positive emotional condition on how children with a manifest 
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anxiety disorder would interpret an ambiguous menacing signal. Clinically anxious children 

displayed a negative bias interpreting menace, while this was not the case when they had 

positive emotions. Consequently, the question emerges whether further research based on these 

outcomes also is true for anxious adult and adolescent probands reducing their degree of 

overgeneralization or whether the extent of fear responses, like in this current work the level 

expressed by probands with higher anxiety sensitivity, could be relocated downwards to similar 

levels like probands with lower anxiety sensitivity. 

To conclude, the scientific research concerning developmental aspects affecting the 

generalization of conditioned fear has to be expanded by far, that is it must be looked more 

detailed and precisely at the course from childhood via adolescence into adulthood in large and 

representative healthy, subclinical and clinical anxious samples of all ages. Especially 

replication studies are what is most needed now in order to prove the previous findings to be 

right and promising or wrong giving new directions for scientific experimental research. 

            Despite the enormous gain of insights and recognitions concerning psychological 

disorders within the last century, the comprehension of their constituents and procedures 

contained is still inchoate. Often psychological disorders are mainly diagnosed due to specific 

symptoms and obvious features of a particular disease, whereof a prescription of drug treatment 

or/and psychotherapy results usually. This process is based on two substantial diagnostic 

manuals: the Diagnostic and Statistical Manual of Mental Disorders (DSM-5, use mainly in the 

USA) and the International Classification of Diseases (ICD-11, international use). Both are 

established and important for nationwide health, clinical diagnostic analysis, service 

performance as well as use in scientific work (Clark, Cuthbert, Lewis-Fernández, Narrow and 

Reed, 2017). Compared with these two the Research Domain Criteria (RDoC), founded by the 

National Institute of Mental Health (NIHM), were created in order to integrate neuroscience 

and basic behavioural science for a more profound comprehension of psychological disorders. 

This NIHM research domain criteria matrix includes six main domains of human operability, 

i.e. negative and positive valence, cognitive systems, systems for social process, 

arousal/modulatory systems and sensorimotor systems. Every domain embraces some 

behavioral elements or constructs. These constructs are examined on a continuum of 

typical/healthy to atypical/pathological functioning, whereby placed into the influential context 

of the individuals‘ sociocultural environment and neurodevelopment. Measuring constructs is 

possible via classes of variables or units of analysis: genes, molecules, cells, circuits, 

physiology, behavior and self-reports. The presented RDoC matrix was conceptualized in order 
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to develop further and make progress by means of repeatedly new joining research outcomes 

consequently being followed by modifications integrating the latest research results and 

building new and/or revised constructs as well as domains (Clark et al., 2017; retrieved from 

https://www.nimh.nih.gov/research/research-funded-by-nimh/rdoc/about-doc.shtml). Hence, 

RDoC aims at the creation of a scientific fundament for neuroscience-based diagnostic schemes 

in the future, which enable and foster more concise treatment purposes via the incorporation of 

decisive neural circuits. As a result RDoC will strengthen and ameliorate translational research 

(Sanislow, Ferrante, Pacheco, Rudorfer & Morris, 2019).    

Moreover, computer-based neuroscience provides encouraging and auspicious 

approaches for data-supported and incorporating techniques potentially making it possible to 

delineate various phases of one disease, i.e. the gradual beginning vs. the full clinical picture. 

The accuracy, specificity as well as sensitivity of diagnostic means could benefit from this. In 

contrast, science in psychiatry normally relies upon one operating principle, based frequently 

on a linear causal model (Sanislow et al., 2019). These three presented systems, that is the ICD-

11, the DSM-5 and the RDoC, are characterized by some resembling as well as completely 

different parts, but all of them aim at the diminution of the sorrows and impairments connected 

with psychological disorders (Clark et al., 2017).  

 This current thesis aimed at shedding additional light on crucial questions related to fear 

learning processes and related influencing factors contributing to the development of anxiety 

disorders in children and youths. Since the onset of anxiety disorders is usually in childhood, 

focusing on this decisive age span is of enormous importance - not only for understanding these 

processes from a developmental point of view, but also in the context of targeted prevention. 

Although this thesis could contribute to gaining more insight into these fundamental processes, 

there surely remain open questions - especially in underage samples - which need to be 

addressed by future research. 
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APPENDIX 

1. Tables  

1.1 Results with no covariates 

 

Table A1. Results of ANOVAs for the pre-acquisition, 1. acquisition and 2. acquisition 

phases. Main effects of stimulus type as well as phase and further their interaction effects on 

arousal, valence and US expectancy ratings and also on skin conductance response (SCR) 

 stimulus type phase stimulus type x phase 

Arousal 

 

F (1,132) = 62.03, 

p < .001, η2 = .32 

F (2,233) = 36.57, 

p < .001, η2 = .22 

F (2,245) = 24.89, 

p < .001, η2 = .16 

Valence 

 

F (1,132) = 20.57, 

p < .001, η2 = .14 

F (2,232) = 1.65 

p = .198, η2 = .01 

F (2,241) = 20.23, 

p < .001, η2 = .13 

US expectancy 

 

F (1,132) = 36.09, 

p < .001, η2 = .22 

F (2,220) = 8.21, 

p = .001, η2 = .06 

F (2,264) = 39.10, 

p < .001, η2 = .23 

SCR F (1,132) = 5.89, 

p = .017, η2 = .04 

F (2,237) = 5.21, 

p = .008, η2 = .04 

F (2,240) = 1.76, 

p = .178, η2 = .01 

 

 

Table A2. Results of ANOVAs for the 1. and 2. generalization phases. Main effects of 

stimuli and phase and also their interaction effects of arousal, valence and US expectancy as 

well as the skin conductance response (SCR) 

 stimulus type phase stimulus type x phase 

Arousal 

 

F (4,446) = 34.30, 

p < .001, η2 = .21 

F (1,132) = 0.001, 

p = .979, η2 < .001 

F (5,593) = 0.13, 

p = .979, η2 < .001 

Valence 

 

F (3,397) = 31.72, 

p < .001, η2 = .19 

F (1,132) = 0.15, 

p = .698, η2 < .001 

F (5,629) = 1.47, 

p = .199, η2 = .01 

US Expectancy 

 

F (3,350) = 91.35, 

p < .001, η2 = .41 

F (1,132) = 5.78, 

p = .018, η2 = .04 

F (4,540) = 3.89, 

p = .004, η2 = .03 

SCR F (3,442) = 6.23, 

p < .001, η2 = .05 

F (1,132) = 9.07, 

p = .003, η2 = .06 

F (5,606) = 1.05, 

p = .383, η2 = .01 
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Table A3. Results of ANOVAs for the three extinction phases. Main effects of stimuli and 

phase and also their interaction effects of arousal, valence and US expectancy as well as the 

skin conductance response (SCR) 

 stimuli type phase stimuli type x phase 

Arousal 

 

F (1,132) = 14.30,  

p < .001, η2 = .10 

F (2,247) = 13.14,  

p < .001, η2 = .09 

F (2,245) = 0.23,  

p = .782, η2 = .002 

Valence 

 

F (1,132) = 15.12,  

p < .001, η2 = .10 

F (2,247) = 1.96,  

p = .146, η2 = .02 

F (2,239) = 2.05,  

p = .136, η2 = .02 

US Expectancy 

 

F (1,132) = 60.39,  

p < .001, η2 = .31 

F (2,252) = 27.85,  

p < .001, η2 = .17; 

F (2,255) = 6.63,  

p = .002, η2 = .05 

SCR F (1,130) = 10.12,  

p = .002, η2 = .07 

F (2,260) = 0.64,  

p = .531, η2 = .01 

F (2,260) = 1.18,  

p = .309, η2 = .01 

 

 

1.2 Results with covariate of no interest: sex (and age as covariate of special interest) 

 

Table A4. Results of ANCOVAs for the pre-acquisition, 1. and 2. acquisition phases. 

Effects regarding sex on arousal, valence and US expectancy ratings and also on skin 

conductance response (SCR) (with covariates: age and sex) 

 main effect of sex stimulus type x sex phase x sex stimulus type x phase 

x sex 

Arousal F (1,130) = 0.006, 

p = .938, η2 < .001 

F (1,130) = 0.20,  

p = .655, η2 = .002 

F (2,233) =0.84,   

p = .423, η2 = .01 

F (2,238) = 1.26,  

p = .283, η2 = .01 

Valence F (1,130) = 1.48,  

p = .226, η2 = .01 

F (1,130) = 4.57,   

p = .034, η2 = .03 

F (2,229) = 0.42,  

p = .635, η2 = .003 

F (2,244) = 0.64,  

p = .520, η2 = .01 

US expectancy F (1,130) = 0.91,  

p = .341, η2 = .01 

F (1,130) = 0.57,   

p = .453, η2 = .004 

F (2,219) = 0.62,   

p = .515, η2 = .01 

F (2,257) = 1.16,  

p = .315, η2 = .01 

SCR F (1,130) = 0.08,  

p =.778, η2 = .001 

F (1,130) = 1.15,   

p = .286, η2 = .01 

F (2,234) = 0.68,  

p = .495, η2 = .01 

F (2,236) = 0.46,  

p = .614, η2 = .004 
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Table A5. Results of ANCOVAs for the 1. and 2. generalization phases. Effects regarding 

sex on arousal, valence and US expectancy ratings and also on skin conductance response 

(SCR) (with covariates: age and sex) 

 main effect of sex stimulus type x sex phase x sex stimulus type x phase 

x sex 

Arousal F (1,130) = 0.17,  

p = .684, η2 = .001 

F (3,439) = 1.49,  

p = .213, η2 = .01 

F (1,130) =0.17,   

p = .681, η2 = .001 

F (5,585) = 0.95,  

p = .439, η2 = .01 

Valence F (1,130) = 1.30,  

p = .256, η2 = .01 

F (3,388) = 0.59,   

p = .624, η2 = .004 

F (1,130) = 0.08,  

p = .776, η2 = .001 

F (5,617) = 0.91,  

p =.473, η2 = .01 

US expectancy F (1,130) = 0.06,  

p = .804, η2 < .001 

F (3,343) = 1.46,   

p = .230, η2 = .01 

F (1,130) = 0.89,   

p = .347, η2 = .01 

F (4,533) = 0.47,  

p =.759, η2 = .004 

SCR F (1,130) = 0.97,  

p =.327, η2 = .007 

F (3,435) = 2.22,   

p = .078, η2 = .02 

F (1,130) = 0.09,  

p = .769, η2 = .001 

F (5,599) = 1.41,  

p = .222, η2 = .01 

 

 

Table A6. Results of ANCOVAs for the 1., 2. and 3. extinction phases. Effects regarding 

sex on arousal, valence and US expectancy ratings and also on skin conductance response 

(SCR) (with covariates: age and sex) 

 main effect of sex stimulus type x sex phase x sex stimulus type x phase 

x sex 

Arousal F (1,130) = 1.50,  

p = .223, η2 = .01 

F (1,130) = 1.11,  

p = .294, η2 = .01 

F (2,243) =0.16,   

p = .843, η2 = .001 

F (2,241) = 0.14,  

p = .859, η2 = .001 

Valence F (1,130) = 1.00,  

p = .319, η2 = .01 

F (1,130) = 0.04,   

p = .839, η2 < .001 

F (2,242) = 2.95,  

p = .058, η2 = .02 

F (2,235) = 0.09,  

p = .898, η2 = .001 

US expectancy F (1,130) = 0.25,  

p = .620, η2 = .002 

F (1,130) = 1.39,   

p = .241, η2 = .01 

F (2,249) = 1.35,   

p = .262, η2 = .01 

F (2,249) = 1.15,  

p = .318, η2 = .01 

SCR F (1,128) = 1.82,  

p =.180, η2 = .01 

F (1,128) = 1.28,   

p = .260, η2 = .01 

F (2,256) = 1.43,  

p = .240, η2 = .01 

F (2,256) = 0.20,  

p = .817, η2 = .002 
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1.3 Results with covariates of no interest: sex and age ( STAIC as covariate of special  

      interest, see chapter 3.) 

1.3.1 Results for the covariate: age 

 

Table A7. Results of ANCOVAs for the pre-acquisition, 1. and 2. acquisition phases. 

Effects regarding sex on arousal, valence and US expectancy ratings and also on skin 

conductance response (SCR) (with covariates: STAIC, age and sex) 

 main effect of age stimulus type x age phase x age stimulus type x phase 

x age 

Arousal F (1,129) = 6.83,  

p = .010, η2 = .05 

F (1,129) = 0.49,  

p = .486, η2 = .004 

F (2,233) =2.89,   

p = .063, η2 = .02 

F (2,236) = 1.42,  

p = .245, η2 = .01 

Valence F (1,129) = 2.61,  

p = .109, η2 = .02 

F (1,129) = 0.75,   

p = .389, η2 = .01 

F (2,228) = 0.69,  

p = .483, η2 = .01 

F (2,241) = 7.11,  

p = .001, η2 = .05 

US expectancy F (1,129) = 15.26,  

p < .001, η2 = .11 

F (1,129) = 5.47,   

p = .021, η2 = .04 

F (2,218) = 3.06,   

p = .058, η2 = .02 

F (2,255) = 8.01,  

p < .001, η2 = .06 

SCR F (1,129) = 8.63,  

p =.004, η2 = .06 

F (1,129) = 1.13,   

p = .289, η2 = .01 

F (2,234) = 0.02,  

p = .978, η2 < .001 

F (2,236) = 0.38,  

p = .667, η2 = .003 

 

 

Table A8. Results of ANCOVAs for the 1. and 2. generalization phases. Effects regarding 

sex on arousal, valence and US expectancy ratings and also on skin conductance response 

(SCR) (with covariates: STAIC, age and sex) 

 main effect of age stimulus type x age phase x age stimulus type x phase 

x age 

Arousal F (1,129) = 13.25,  

p < .001, η2 = .09 

F (3,435) = 0.73,  

p = .548, η2 = .01 

F (1,129) =0.36,   

p = .550, η2 = .003 

F (5,580) = 1.81,  

p = .116, η2 = .01 

Valence F (1,129) = 6.28,  

p = .013, η2 = .05 

F (3,383) = 0.56,   

p = .637, η2 = .004 

F (1,129) = 0.12,  

p = .731, η2 = .001 

F (5,612) = 0.90,  

p =.479, η2 = .01 

US expectancy F (1,129) = 15.66,  

p < .001, η2 = .11 

F (3,338) = 0.76,   

p = .500, η2 = .01 

F (1,129) = 0.72,   

p = .398, η2 = .01 

F (4,529) = 1.33,  

p =.257, η2 = .01 

SCR F (1,129) = 14.43,  

p < .001, η2 = .10 

F (3,430) = 0.43,   

p = .755, η2 = .003 

F (1,129) = 0.06,  

p = .802, η2 < .001 

F (5,595) = 0.27,  

p = .918, η2 = .002 
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Table A9. Results of ANCOVAs for the 1., 2. and 3. extinction phases. Effects regarding 

sex on arousal, valence and US expectancy ratings and also on skin conductance response 

(SCR) (with covariates:  STAIC, age and sex) 

 main effect of age stimulus type x age phase x age stimulus type x phase 

x age 

Arousal F (1,129) = 1.33,  

p = .251, η2 = .01 

F (1,129) = 2.74,  

p = .100, η2 = .02 

F (2,241) =0.61,   

p = .536, η2 = .01 

F (2,239) = 1.34,  

p = .263, η2 = .01 

Valence F (1,129) = 2.24,  

p = .137, η2 = .02 

F (1,129) = 5.45,   

p = .021, η2 = .04 

F (2,240) = 2.05,  

p = .135, η2 = .02 

F (2,233) = 0.99,  

p = .367, η2 = .01 

US expectancy F (1,129) = 0.63,  

p = .428, η2 = .01 

F (1,129) = 0.15,   

p = .698, η2 = .001 

F (2,258) = 0.45,   

p = .631, η2 = .003 

F (2,258) = 1.57,  

p = .211, η2 = .01 

SCR F (1,127) = 2.66,  

p =.105, η2 = .02 

F (1,127) = 0.49,   

p = .484, η2 = .004 

F (2,254) = 0.70,  

p = .497, η2 = .01 

F (2,254) = 0.31,  

p = .737, η2 = .002 

 

 

1.3.2 Results for the covariate: sex 

 

Table A10. Results of ANCOVAs for the pre-acquisition, 1. and 2. acquisition phases. 

Effects regarding sex on arousal, valence and US expectancy ratings and also on skin 

conductance response (SCR) (with covariates: STAIC, age and sex) 

 main effect of sex stimulus type x sex phase x sex stimulus type x phase 

x sex 

Arousal F (1,129) = 0.12,  

p = .731, η2 = .001 

F (1,129) = 0.01,  

p = .923, η2 < .001 

F (2,233) =0.26,   

p = .746, η2 = .002 

F (2,236) = 0.74,  

p = .469, η2 = .01 

Valence F (1,129) = 1.97,  

p = .163, η2 = .02 

F (1,129) = 4.70,   

p = .032, η2 = .04 

F (2,228) = 0.58,  

p = .540, η2 = .004 

F (2,241) = 0.80,  

p = .443, η2 = .01 

US expectancy F (1,129) = 2.24,  

p = .137 η2 = .02 

F (1,129) = 0.52,   

p = .474, η2 = .004 

F (2,218) = 0.59,   

p = .526, η2 = .01 

F (2,255) = 0.65,  

p = .522, η2 = .01 

SCR F (1,129) = 0.05,  

p =.830, η2 < .001 

F (1,129) = 2.52,   

p = .115, η2 = .02 

F (2,234) = 0.19,  

p = .802, η2 = .002 

F (2,236) = 0.94,  

p = .387, η2 = .01 
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Table A11. Results of ANCOVAs for the 1. and 2. generalization phases. Effects regarding 

sex on arousal, valence and US expectancy ratings and also on skin conductance response 

(SCR) (with covariates: STAIC, age and sex) 

 main effect of sex stimulus type x sex phase x sex stimulus type x phase 

x sex 

Arousal F (1,129) = 0.02,  

p = .900, η2 < .001 

F (3,435) = 1.27,  

p = .284, η2 = .01 

F (1,129) =0.39,   

p = .536, η2 = .003 

F (5,580) = 0.96,  

p = .436, η2 = .01 

Valence F (1,129) = 2.06,  

p = .154, η2 = .02 

F (3,383) = 0.76,   

p = .514, η2 = .01 

F (1,129) = 0.03,  

p = .863, η2 < .001 

F (5,612) = 0.75,  

p =.579, η2 = .01 

US expectancy F (1,129) = 0.21,  

p = .648, η2 = .002 

F (3,338) = 1.44,   

p = .235, η2 = .01 

F (1,129) = 1.37,   

p = .244, η2 = .01 

F (4,529) = 0.58,  

p =.684, η2 = .004 

SCR F (1,129) = 0.80,  

p =.374, η2 = .01 

F (3,430) = 1.79,   

p = .142, η2 = .01 

F (1,129) = 0.002,  

p = .966, η2 < .001 

F (5,595) = 1.06,  

p = .380, η2 = .01 

 

 

 

 

Table A12. Results of ANCOVAs for the 1., 2. and 3. extinction phases. Effects regarding 

sex on arousal, valence and US expectancy ratings and also on skin conductance response 

(SCR) (with covariates:  STAIC, age and sex) 

 main effect of sex stimulus type x sex phase x sex stimulus type x phase 

x sex 

Arousal F (1,129) = 0.52,  

p = .471, η2 = .004 

F (1,129) = 1.38,  

p = .242, η2 = .01 

F (2,241) =0.28,   

p = .738, η2 = .002 

F (2,239) = 0.07,  

p = .925, η2 = .001 

Valence F (1,129) = 1.57,  

p = .212, η2 = .01 

F (1,129) = 0.02,   

p = .886, η2 < .001 

F (2,240) = 3.22,  

p = .045, η2 = .02 

F (2,233) = 0.28,  

p = .736, η2 = .002 

US expectancy F (1,129) = 0.31,  

p = .577, η2 = .002 

F (1,129) = 1.19,   

p = .277, η2 = .01 

F (2,258) = 1.38,   

p = .254, η2 = .01 

F (2,258) = 1.53,  

p = .218, η2 = .01 

SCR F (1,127) = 1.59,  

p =.209, η2 = .01 

F (1,127) = 1.11,   

p = .295, η2 = .01 

F (2,254) = 0.74,  

p = .478, η2 = .01 

F (2,254) = 0.10,  

p = .905, η2 = .001 
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1.3 Results with covariates of no interest: sex and age ( CASI as covariate of special  

interest, see chapter 4.) 

1.4.1 Results for the covariate: age 

 

Table A13. Results of ANCOVAs for the pre-acquisition, 1. and 2. acquisition phases. 

Effects regarding sex on arousal, valence and US expectancy ratings and also on skin 

conductance response (SCR) (with covariates: CASI, age and sex) 

 main effect of age stimulus type x age phase x age stimulus type x phase 

x age 

Arousal F (1,129) = 7.60,  

p = .007, η2 = .06 

F (1,129) = 1.12,  

p = .291, η2 = .01 

F (2,232) =4.18,   

p = .020, η2 = .03 

F (2,235) = 1.95,  

p = .149, η2 = .02 

Valence F (1,129) = 2.83,  

p = .095, η2 = .02 

F (1,129) = 1.05,   

p = .308, η2 = .01 

F (2,228) = 0.73,  

p = .467, η2 = .01 

F (2,241) = 7.98,  

p = .001, η2 = .06 

US expectancy F (1,129) = 12.29,  

p = .001, η2 = .09 

F (1,129) = 5.65,   

p = .019, η2 = .04 

F (2,217) = 2.82,   

p = .071, η2 = .02 

F (2,254) = 9.40,  

p < .001, η2 = .07 

SCR F (1,129) = 10.34,  

p =.002, η2 = .07 

F (1,129) = 0.36,   

p = .548, η2 = .003 

F (2,233) = 0.16,  

p = .833, η2 = .001 

F (2,234) = 0.24,  

p = .775, η2 = .002 

 

 

 

Table A14. Results of ANCOVAs for the 1. and 2. generalization phases. Effects regarding 

sex on arousal, valence and US expectancy ratings and also on skin conductance response 

(SCR) (with covariates: CASI, age and sex) 

 main effect of age stimulus type x age phase x age stimulus type x phase 

x age 

Arousal F (1,129) = 15.46,  

p < .001, η2 = .11 

F (3,437) = 0.90,  

p = .449, η2 = .01 

F (1,129) =0.15,   

p = .704, η2 = .001 

F (4,580) = 1.76,  

p = .127, η2 = .01 

Valence F (1,129) = 7.06,  

p = .009, η2 = .05 

F (3,381) = 0.62,   

p = .598, η2 = .01 

F (1,129) = 0.52,  

p = .473, η2 = .004 

F (5,610) = 1.05,  

p =.387, η2 = .01 

US expectancy F (1,129) = 17.69,  

p < .001, η2 = .12 

F (3,340) = 0.58,   

p = .604, η2 = .01 

F (1,129) = 0.79,   

p = .376, η2 = .01 

F (4,528) = 1.72,  

p =.142, η2 = .01 

SCR F (1,129) = 16.51,  

p < .001, η2 = .11 

F (3,434) = 0.54,   

p = .678, η2 = .004 

F (1,129) = 0.24,  

p = .624, η2 = .002 

F (5,596) = 0.30,  

p = .902, η2 = .002 
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Table A15. Results of ANCOVAs for the 1., 2. and 3. extinction phases. Effects regarding 

sex on arousal, valence and US expectancy ratings and also on skin conductance response 

(SCR) (with covariates:  CASI, age and sex) 

 main effect of age stimulus type x age phase x age stimulus type x phase 

x age 

Arousal F (1,129) = 1.07,  

p = .304, η2 = .01 

F (1,129) = 2.12,  

p = .148, η2 = .02 

F (2,241) =0.31,   

p = .717, η2 = .002 

F (2,238) = 1.05,  

p = .347, η2 = .01 

Valence F (1,129) = 1.63,  

p = .204, η2 = .01 

F (1,129) = 5.44,   

p = .021, η2 = .04 

F (2,238) = 1.93,  

p = .151, η2 = .02 

F (2,235) = 0.82,  

p = .430, η2 = .01 

US expectancy F (1,129) = 0.72,  

p = .399, η2 = .01 

F (1,129) = 0.14,   

p = .705, η2 = .001 

F (2,258) = 0.53,   

p = .591, η2 = .004 

F (2,258) = 1.94,  

p = .146, η2 = .02 

SCR F (1,127) = 3.25,  

p =.074, η2 = .03 

F (1,127) = 0.73,   

p = .396, η2 = .01 

F (2,254) = 0.27,  

p = .764, η2 = .002 

F (2,254) = 0.48,  

p = .620, η2 = .004 

 

 

1.4.2 Results for the covariate: sex 

 

Table A16. Results of ANCOVAs for the pre-acquisition, 1. and 2. acquisition phases. 

Effects regarding sex on arousal, valence and US expectancy ratings and also on skin 

conductance response (SCR) (with covariates: CASI, age and sex) 

 main effect of sex stimulus type x 

sex 

phase x sex stimulus type x phase 

x sex 

Arousal F (1,129) = 0.16,  

p = .692, η2 = .001 

F (1,129) = 0.15,  

p = .696, η2 = .001 

F (2,232) =0.61,   

p = .530, η2 = .01 

F (2,235) = 1.01,  

p = .360, η2 = .01 

Valence F (1,129) = 2.18,  

p = .142, η2 = .02 

F (1,129) = 4.43,   

p = .037, η2 = .03 

F (2,228) = 0.64,  

p = .510, η2 = .01 

F (2,241) = 0.69,  

p = .493, η2 = .01 

US expectancy F (1,129) = 1.23,  

p = .269, η2 = .01 

F (1,129) = 0.60,   

p = .440, η2 = .01 

F (2,217) = 0.45,   

p = .604, η2 = .03 

F (2,254) = 0.88,  

p = .413, η2 = .01 

SCR F (1,129) = 1.47,  

p =.702, η2 = .001 

F (1,129) = 1.43,   

p = .233, η2 = .01 

F (2,233) = 0.51,  

p = .582, η2 = .004 

F (2,234) = 0.53,  

p = .571, η2 = .004 
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Table A17. Results of ANCOVAs for the 1. and 2. generalization phases. Effects regarding 

sex on arousal, valence and US expectancy ratings and also on skin conductance response 

(SCR) (with covariates: CASI, age and sex) 

 main effect of sex stimulus type x sex phase x sex stimulus type x phase 

x sex 

Arousal F (1,129) = 0.002,  

p = .968, η2 < .001 

F (3,437) = 1.19,  

p = .314, η2 = .01 

F (1,129) =0.19,   

p = .668, η2 = .001 

F (4,580) = 1.11,  

p = .353, η2 = .01 

Valence F (1,129) = 2.40,  

p = .124, η2 = .02 

F (3,381) = 0.61,   

p = .605, η2 = .01 

F (1,129) = 0.02,  

p = .900, η2 < .001 

F (5,610) = 0.74,  

p =.584, η2 = .01 

US expectancy F (1,129) = 0.30,  

p = .586, η2 = .002 

F (3,340) = 1.33,   

p = .266, η2 = .01 

F (1,129) = 1.59,   

p = .210, η2 = .01 

F (4,528) = 0.68,  

p =.613, η2 = .01 

SCR F (1,129) = 1.08,  

p =.301, η2 = .01 

F (3,434) = 2.37,   

p = .063, η2 = .02 

F (1,129) = 0.06,  

p = .810, η2 < .001 

F (5,596) = 1.20,  

p = .308, η2 = .01 

 

 

 

 

Table A18. Results of ANCOVAs for the 1., 2. and 3. extinction phases. Effects regarding 

sex on arousal, valence and US expectancy ratings and also on skin conductance response 

(SCR) (with covariates:  CASI, age and sex) 

 main effect of sex stimulus type x sex phase x sex stimulus type x phase 

x sex 

Arousal F (1,129) = 0.76,  

p = .384, η2 = .01 

F (1,129) = 0.94,  

p = .334, η2 = .01 

F (2,241) =0.10,   

p = .894, η2 = .001 

F (2,238) = 0.18,  

p = .823, η2 = .001 

Valence F (1,129) = 1.12,  

p = .293, η2 = .01 

F (1,129) = 0.05,   

p = .828, η2 < .001 

F (2,238) = 3.35,  

p = .040, η2 = .03 

F (2,235) = 0.19,  

p = .804, η2 = .001 

US expectancy F (1,129) = 0.32,  

p = .575, η2 = .002 

F (1,129) = 1.19,   

p = .278, η2 = .01 

F (2,258) = 1.42,   

p = .243, η2 = .01 

F (2,258) = 1.35,  

p = .261, η2 = .01 

SCR F (1,127) = 1.96,  

p =.164, η2 = .02 

F (1,127) = 0.93,   

p = .337, η2 = .01 

F (2,254) = 1.38,  

p = .253, η2 = .01 

F (2,254) = 0.07,  

p = .932, η2 = .001 
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2. Flyer for the advertising of the study and the recruitment of participants 
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3. Informed consent form and sign-up sheet for the study 

3.1 Informed consent form and sign-up sheet for children 
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3.2 Informed consent form and sign-up sheet for parents 
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4. Questionnaires 

4.1 STAIC-Trait 
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4.2 CASI 
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