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WELCOME! 
 
After the unfortunate cancellation of the EMHFC 2020 in Bochum due to the Covid-19 pandemic, it is 
now time to meet, to discuss, to network and to make good for all the things which could not take 
place in 2020. We are looking forward to lively discussions during 2 excellent keynote talks, 6 different 
sessions with 25 inspiring talks, 2 poster sessions with a total of 67 outstanding posters, 5 poster prizes, 
3 panel discussions, various coffee breaks with the opportunity to meet in the Networking Lounge, a 
challenging quiz and the new meet-the-expert session over the course of 3 days with a total of 224 
participants! 
  
This is the first digital version of the EMHFC bridging different research lines not only across Europe 
but world-wide (From Europe’s Labs to the Virtual World), all having the fear conditioning paradigm at 
the core, thus, we all speak the same language in the end! Every now and then, there will certainly be 
some minor technical problems, but hey, that’s life, we will try to solve them. We have partnered with 
a professional digital conference platform (elevent.ly) taking care of technical problems and allowing 
us to have fun together!  

 
Great to have you here, welcome to and enjoy the EMHFC@home! 

 
 
ORGANIZATION COMMITTEE 
 

Christian J. Merz 
Katharina Beck 
Yannick Boddez 
Johannes Finke 
Anna Gerlicher 

Dirk Hermans 
Alexandros 
Kastrinogiannis 
Nicole Kessel 
Iris Lange 

Sandra Linn 
Gaetan Mertens 
Tobias Otto 
Anika Pützer 
Faya Reinhold 

Kati Roesmann 
Francesca Starita 
Lotte Stemerding 
Oliver T. Wolf 

 
Chief Organizer Contact: Christian J. Merz, Department of Cognitive Psychology, Ruhr University 
Bochum, Germany, email: christian.j.merz@rub.de 
Website: https://emhfc.blogs.uni-hamburg.de/annual-meetings/emhfcathome/ 
 
 
 

FUNDING 

The EMHFC@home receives funding by the Deutsche Forschungsgemeinschaft (DFG, German 
Research Foundation, project number 316803389) within the Collaborative Research Center (SFB 
1280) “Extinction Learning”, a grant for international scientific events (ME 3831/6-1) and sponsoring 
from Brain Products and MES Forschungssysteme for the poster prizes.  
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CONFERENCE SITE 
 
Details on how to enter the Conference Site in elevent.ly will be distributed via email in advance. 
Explore the Conference Site after logging in by moving your cursor over the different areas or select 
the areas via the menu on the top. More information is provided on the homepage: 
https://emhfc.blogs.uni-hamburg.de/software-and-presentation-details/ 
 

 

 

Reception: Getting your Badge and information in case of technical issues. 

Rembrandt hall: Enjoying all sessions with talks, the keynotes, panel discussions and the quiz 

(also accessible via Zoom only). 

Networking Lounge: Networking during Coffee and Lunch Breaks as well as the Meet-the-

Expert. Feel free to individually connect here with others all the time! 

Poster Presentations: Attending both Poster Sessions. Feel free to individually connect here 

with the poster presenters all the time and have a look at their presentations uploaded as 

PDFs! 

On-demand cinema: Watching all poster presentations and talks provided by the individual 

participants as videos. Feel free to watch them anytime you would like to! 
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SOCIAL EXCHANGE AND NETWORKING 
 
Social exchange and networking have always been an integral part of the EMHFC – and we would like 
to maintain this. Elevent.ly provides a Networking Lounge, which can serve as a platform for casual or 
research-related exchange during the coffee and lunch breaks.  
 
Moreover, to make the social exchange both fun and beneficial for everyone, we have prepared a quiz 
“Does it ring a bell?” on Monday (13.30h-14.30h CEST) and a Meet-the-Expert on Tuesday (17.30-
18.30h CEST). We would like to invite everyone to the quiz, which you can enter via the Rembrandt 
hall (and the connected Zoom meeting) in elevent.ly. Please don’t be afraid of joining the quiz: 
knowledge about fear conditioning alone will not make the champion…  
 
Many of you have already signed in for the Meet-the-Expert – either as participants or as experts. This 
event is meant to be an opportunity to sit down and discuss in a small group with an expert in the field 
of fear conditioning about personal experiences, career advice, research topics etc. Those of you who 
registered for this event receive all the organizational information in advance (via email) and gather in 
the Networking Lounge for this event.  
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EMHFC@home Program 
 
 
Monday, 17th May 2021 (times given in Central European Summer Time, CEST) 

 

9:00-

10:45 

Welcome Notes 

SESSION 1: Observational Learning and Overt Behavior (Chair: Christian Merz) 

10:45-
11:15 

Coffee Break in the Networking Lounge 

11:15-

12:30 
SESSION 2: Generalization and Pain (Chair: Ann Meulders) 

12:30-
13:30 

Lunch Break in the Networking Lounge  

13:30-

14:30 
Quiz: "Does it ring a bell?" (Moderators: Katharina Beck, Anika Pützer, Kati Roesmann) 

14:30-

15:45 
SESSION 3: Inducing and Modulating Emotional Memories (Chair: Dirk Hermans) 

15:45-
16:15 

Coffee Break in the Networking Lounge 

16:15-
18:00 

Keynote Rebecca Shansky: Behavioral Diversity in Threat Responding: Sex-Dependent 

Strategies in Conditioned Fear Paradigms 

Panel Discussion afterwards (Panel: Rebecca Shansky, Ann Meulders, Dirk Hermans, 

Onur Güntürkün) 

 
 
 
Tuesday, 18th May 2021 (times given in Central European Summer Time, CEST) 
 

9:15-

10:30 
SESSION 4: Instrumental Avoidance (Chair: Bram Vervliet) 

10:30-
11:00 

Coffee Break in the Networking Lounge 

11:00-
12:15 

SESSION 5: State and Trait Factors Influencing Associative Learning (Chair: Carien van 

Reekum) 

12:15-
14:15 

Lunch Break in the Networking Lounge 

14:15-
15:15 

POSTER SESSION A 

15:15-
15:45 

Coffee Break in the Networking Lounge 

15:45-
17:30 

Keynote Stefan Hofmann: Translational Research from Extinction Learning to Exposure 

Therapy: Mind the Gap 

Panel Discussion afterwards (Panel: Carien van Reekum, Bram Vervliet, Stefan 

Hofmann) 

17:30-
18:30 

Meet-the-Expert in the Networking Lounge 
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Wednesday, 19th May 2021 (times given in Central European Summer Time, CEST) 
 

9:00-
10:00 

POSTER SESSION B 

10:00-
10:30 

Coffee Break in the Networking Lounge 

10:30-

11:45 
SESSION 6: Developmental Factors and Clinical Translation (Chair: Frank Wilhelm) 

11:45-

13:00 

Let’s talk about Open and Reproducible Science - Where to go from here? (Panel: Tom 

Beckers, Tina Lonsdorf, Christian Merz) 

Time to say goodbye 

 
 
Color code: 
Rembrandt hall in elevent.ly or Zoom meeting 

Networking Lounge in elevent.ly 

Poster area in elevent.ly 
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KEYNOTES 
 
Behavioral diversity in threat responding: sex-dependent strategies in conditioned fear 
paradigms 

Rebecca Shansky 

Department of Psychology, Northeastern University, Boston, USA 

For over half a century, classical auditory fear conditioning has been a mainstay for neuroscientists 
studying the mechanisms of learning and memory in rodents. However, the use of freezing as a singular 
measure of “fear” or “learning” can lead to misinterpreted data sets when animals exhibit alternative 
threat responses. This limitation is especially problematic in studies that include both sexes, as we have 
found that females are more likely than males to engage active response strategies (“darting”) in 
standard fear conditioning paradigms. I will discuss recent work by my lab to determine the situational 
and neurobiological determinants of darting, and speak to broader issues of the need to use both sexes 
in basic research. 

 
About the speaker 

Rebecca Shansky is a neuroscientist and professor of 
Psychology at Northeastern University, where she directs the 
Laboratory of Neuroanatomy and Behavior. Her research uses 
rodent models to explore the links between brain structure 
and function, focusing on how individual differences in 
response to trauma shape long-term memories. She is a vocal 
advocate for gender and sex equity in experimental design, 
highlighted recently in her Science Magazine perspective, “Are 
hormones a ‘female problem’ for animal research?” For more 
information, see: http://www.shanskylab.com/ 

  

http://www.shanskylab.com/
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Translational research from extinction learning to exposure therapy: mind the gap 

Stefan Hofmann 

Department of Psychological and Brain Sciences, Boston University, Boston, USA 

Laboratory models of threat and fear learning in animals and humans have the potential to illuminate 
methods for improving clinical treatment anxiety disorders. However, such translational research 
often neglects important differences between animals and humans. Specifically, the conscious 
experience of fear and anxiety, along with the capacity to deliberately engage top-down cognitive 
processes to modulate that experience, involves distinct brain circuitry and is measured and 
manipulated using different methods than typically used in animal research. I will identify how 
translational research that investigates methods of enhancing extinction learning in animals can more 
effectively model such elements in exposure therapy for humans, and how doing so will enhance the 
relevance of this research to the treatment of anxiety disorders. 

 
About the speaker 

Stefan G. Hofmann is Professor of Psychology at the Department 
of Psychological and Brain Sciences at Boston University. He was 
president of the Association for Behavioral and Cognitive 
Therapies and other international organizations and is editor-in-
chief of Cognitive Therapy and Research. He has published more 
than 300 peer-reviewed journal articles and 20 books and is a 
Highly Cited Researcher among many other awards, including 
the Humboldt Research Award and the Aaron T. Beck Award. His 
research focuses on the mechanism of treatment change, 
translating discoveries from neuroscience into clinical 
applications, emotion regulation, and cultural expressions of 
psychopathology. For more information, see: 
http://www.bostonanxiety.org/ 

 

 

 

 

 

  

http://www.bostonanxiety.org/
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SESSIONS Overview 
 
Monday, May 17th 2021 

 

No. Name Title 

S1a Yanfang Xia Assessing human threat conditioning by overt behaviors 

S1b Francesca Starita 
Fear in action: how Pavlovian fear learning shapes voluntary motor 
responses 

S1c Florian Bublatzky 
Observational learning and reversal of threat and safety: The role of 
gender and facial expressions 

S1d Yafeng Pan A multi-brain mechanism for observational threat learning 

S2a Thomas Kroker 
Transcranial direct current stimulation of the ventromedial prefrontal 
cortex modulates behavioral and neural patterns of fear generalization 

S2b Eveliina Glogan 
Comparing generalization gradients of pain-related fear and costly pain-
related avoidance 

S2c Hannah Berg 
Impaired Attenuation of Maladaptive Generalized Avoidance by Safety-
Related Brain Activity in Clinical Anxiety 

S2d Adriane Icenhour 
From Gut Feelings to Memories of Visceral Pain: Insights into pain-related 
learning and extinction from novel paradigms in experimental visceral 
pain  

S3a Tomislav D. Zbozinek  
Occasion Setting, Anxiety, and Their Computation in Human Fear 
Conditioning 

S3b Mateo Leganes-Fonteneau Reliable evidence for implicit aversive conditioning 

S3c Frank H. Wilhelm 
Trauma-film conditioning as an experimental psychopathology model for 
posttraumatic stress disorder and anxiety disorders: what have we 
learned in 10 years of research? 

S3d Emma Biggs 
Behavioral memory updating: Neural networks underlying the 
attenuation of emotional memories 

 

Tuesday, May 18th 2021 

 

No. Name Title 

S4a Andre Pittig Avoidance and its bi-directional relationship with conditioned fear 

S4b Eva A.M. van Dis 
Safety Behaviors Toward Innocuous Stimuli can Maintain or Increase 
Threat Beliefs 

S4c Kirsten Hilger 
Studying Pain-Related Fear in Virtual Reality: Differential Acquisition and 
Extinction of Affective, Behavioral and Biological Components 

S4d Anneloes M. Hulsman 
Neural mechanisms underlying costly fearful avoidance behaviour: how 
the brain weighs and integrates reward and threat information 

S5a Jayne Morriss 
The  role of intolerance of uncertainty in classical conditioning: Recent 
developments and directions for future research 

S5b Silvia Papalini Overnight fasting affects avoidance learning and relief 

S5c Edith Friesen 
Investigation of homeostatic sleep effects on extinction learning in a fear 
conditioning paradigm using aversive film clips 

S5d Madeleine Müller 
Weaker discrimination in threat learning and impaired extinction 
learning in smokers 
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Wednesday, May 19th 2021 

 

No. Name Title 

S6a Yael Skversky-Blocq 
Vicarious Fear Learning across Development: Nuances in Observational 
Fear Acquisition and Extinction among Children, Adolescents, and Adults 

S6b 
Anastasiya Ivanova-
Serokhvostova 

Acquisition of a conditioned-fear response in a child and adolescent 
clinical sample: the role of psychopathic traits 

S6c Miriam J.J. Lommen 
Extinction learning as pretrauma vulnerability factor of posttraumatic 
stress: a replication study 

S6d Kati Roesmann 
Neural correlates of fear conditionability and generalization are 
associated with treatment-outcomes to behavioral exposure in spider 
phobia - Evidence from magnetoencephalography 

S7a Tina B. Lonsdorf Let’s talk about open and reproducible science – Where to go from here? 
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SESSIONS Abstracts 
 

Monday, May 17th 2021 

 

SESSION 1: Observational Learning and Overt Behavior 
 
S1a - Assessing human threat conditioning by overt behaviors  

Xia, Yanfang; Melinščak, Filip; Bach, Dominik R.  

University of Zürich, Department of Psychiatry, Psychotherapy, and Psychosomatics, Neuroscience Center Zürich;, Zurich, 

Switzerland; 2. University of Zürich, Department of Psychiatry, Psychotherapy, and Psychosomatics, Neuroscience Center 

Zürich, Switzerland; 3. University College London, Wellcome Centre for Human Neuroimaging and Max Planck UCL Centre for 

Computational Psychiatry and Ageing Research, United Kingdom; University of Zürich, Department of Psychiatry, 

Psychotherapy, and Psychosomatics, Neuroscience Center Zürich, Switzerland; 3. University College London, Wellcome 

Centre for Human Neuroimaging and Max Planck UCL Centre for Computational Psychiatry and Ageing Research, United 

Kingdom; University of Zürich, Department of Psychiatry, Psychotherapy, and Psychosomatics, Neuroscience Center Zürich, 

Switzerland 

Pavlovian conditioning is widely used to study aversive learning. Assessment of human threat learning 
often relies on measurement of autonomic responses, or startle reflex modulation. Here, we sought 
to develop complementary quantification methods based on participants’ overt motor behaviors. Our 
first method exploited the effect of conditioned cues on formally unrelated instrumental behavior, 
known as Pavlovian-to-instrumental transfer (PIT). An existing human PIT procedure was modified and 
used (PIT1). Participants first trained an action-(loss of) reward association (whether Go/NoGo to 
Approach/Withdraw from a target to Win/Lose chocolate) during instrumental phase, then learned a 
Pavlovian association between full-screen color (CS) and electric shocks (US). In the transfer phase the 
instrumental task was conducted with Pavlovian CS present. We observed that the CS+, compared to 
CS-, increased response rate in Go-Withdraw trials (conditioned facilitation). This was confirmed in a 
second and independent experiment (PIT2) with an increased number of Go-Withdraw trials. Our 
second method is based on bias of overt attention by threat-conditioned cues. We developed a novel 
summary statistic of visual search during CS presentation, i.e. scanpath length. During the Pavlovian 
phase in PIT1, we observed shorter scanpath length, longer fixation duration, and more fixation on the 
screen center, in CS+ compared to CS- trials. Retrodictive validity, i.e. effect size to distinguish CS+ and 
CS-, was maximised by summarising scanpath over a 2-s time window before US onset. These findings 
were replicated in PIT2, and further confirmed in a third experiment with full-screen fractals as CSs. In 
a fourth experiment with auditory CS and instruction to fixate screen center, no scanpath length 
difference was found. In conclusion, our study suggests that overt behaviors, i.e. modulation of 
instrumental action, and spontaneous visual search, can be used to assess human threat learning. 
 

 

S1b - Fear in action: how Pavlovian fear learning shapes voluntary motor responses  

Starita, Francesca; Garofalo, Sara; di Pellegrino, Giuseppe  

University of Bologna, Department of Psychology, Cesena, Italy 

During Pavlovian fear learning, intrinsically neutral stimuli become warning cues for impending threat, 
eliciting changes in subjective experience, physiological and motor responses. Notably, in humans, 
while extensive research has been devoted to study the changes in subjective experience and 
physiological response, the way in which Pavlovian fear learning shapes motor response remains open 
for investigation. Here, thirty participants performed reaching movements toward two different 
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neutral targets while movement kinematics was recorded (baseline phase). A Pavlovian fear learning 
phase followed, during which one target was paired with an aversive shock (i.e. conditioned target, 
CT+), while the other was used as a control (i.e. CT-). Then, participants repeated the initial reaching 
movements (test phase). Results showed that the Pavlovian learning phase lead to successful learning, 
as indexed by greater skin conductance response to CT+ than CT-. Crucially, neutral stimuli that 
acquired fear-related properties through pairing with an aversive event exerted a powerful influence 
on movement kinematics. At test, the vigor (i.e. response time and maximum velocity) of participants’ 
motor response increased when reaching towards CT+ as compared to CT-. This increase in vigor 
manifested even in the absence of an actual threat, as it was found both when participants were under 
the threat of shock delivery (i.e. electrodes attached to wrist) and when they were not (i.e. electrodes 
not attached). We argue that such changes in motor behavior may reflect distinct and so far unknown 
aspects of Pavlovian fear learning, potentially contributing to adaptive as well as maladaptive learning. 
Funding: Bial Foundation [Grants Programme 2020/21, grant number 47/20] 
 

 

S1c - Observational learning and reversal of threat and safety: The role of gender and facial 

expressions  

Florian Bublatzky; Olsson, Andreas; Spethmann, Tana; Haag, Maike; Schellhaas, Sabine  

Central Insitute of Mental Health, Department of Psychosomatic Medicine and Psychotherapy, Germany, Mannheim, 

Germany; Karolinska Institute, Department of Clinical Neuroscience, Sweden  

Learning by observing other people is highly adaptive, especially when it comes to learning about 
others who might be dangerous. Whether vicariously learned threat and safety associations change 
with new observations is not well understood. In the present study, 32 participants first viewed a 
learning video in which a demonstrator undergoes a differential threat/safety conditioning procedure 
with 4 neutral faces (2 female/male) serving as conditioned stimuli (CS+/CS-). Participants then 
completed the same experiment as the demonstrator in the video, however, CS+/CS- faces were 
displayed with happy and angry facial expressions (6s each, with 10-15s ITI), auditory startle probes 
were presented in two thirds of the trials (32 startle probes, 104 dB), and no electric shocks were 
applied. Preliminary results show that CS+ relative to CS- faces were perceived as more unpleasant, 
arousing, and threatening, and lead to pronounced startle reflex. In addition, startle reflex was more 
pronounced for male relative to female faces. Subsequently, in a second video, the contingencies were 
partially reversed, with one CS+/CS- at a time retaining the threat/safety cue while the others switched 
from the threat to safety cue and vice versa. After reversal learning, threat effects persisted for ratings 
but decreased for startle reflex. However, threat-potentiated startle reflex occurred specifically for 
angry CS+ faces. Thus, vicariously learned threat and safety can be flexibly updated by new 
observations, and such reversal processes vary with facial information (gender and facial expressions). 
Funding: This work was supported by the German Research Foundation (BU 3255/1-1 and BU 3255/1-
2). 
 

 

S1d - A multi-brain mechanism for observational threat learning  

Yafeng Pan; Mikkel C Vinding, Daniel Lundqvist, Andreas Olsson  

Karolinska Institutet, Department of Clinical Neuroscience, Stockholm, Sweden 

BACKGROUND AND AIM: Observational threat learning - the ability to learn about threats in the 
environment by observing a conspecific (“Demonstrator”) - is critical for adaption and survival across 
species. Here we test (1) whether this form of social threat learning can be tracked by brain-to-brain 
coupling (BtBC) across Demonstrators and Observers and (2) how (if at all) social status can impact 
such learning and BtBC.  



13 
 

METHODS: We first filmed and recorded skin conductance responses (SCR) from Demonstrators (N = 
3, each pairing with 20 Observers) performing a Pavlovian threat learning task involving directly 
experienced aversive stimulation during magnetoencephalography (MEG) scanning. We then showed 
these videos to naïve Observers (N = 60, observational acquisition) during scanning (and SCR recording 
and eye tracking). Before observational acquisition, social status was manipulated via a math 
competition task: half of Observers believed they observed a higher-status and lower-status 
Demonstrator, respectively. After observational acquisition, Observers performed a direct test in the 
absence of the Demonstrator to measure their learning outcomes.  
RESULTS: Preliminary results showed differential SCR and pupil dilation (CS+ > CS-) during the direct 
test in Observers, verifying successful learning. During observational acquisition, importantly, 
Observers exhibited low-frequency (1-4 Hz) BtBC with Demonstrators for CS+ compared to CS-. 
Ongoing analyses entail: (1) Prediction of learning based on BtBC; (2) Effects of social status on learning 
and BtBC; (3) Exploring the source for BtBC (e.g., joint attention).  
CONCLUSIONS: This study will offer novel multi-brain perspectives and methods for neurophysiological 
investigations of social learning with strong clinical relevance for understanding phobias and other 
anxiety disorders. 
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SESSION 2: Generalization and Pain 
 
S2a - Transcranial direct current stimulation of the ventromedial prefrontal cortex modulates 

behavioral and neural patterns of fear generalization  

Kroker, Thomas; Roesmann, Kati; Hein, Sarah; Rehbein, Maimu; Winker, Constantin; Leehr, Elisabeth, 

J.; Klucken, Tim; Junghöfer, Markus  

University of Muenster, Institute for Biomagnetism and Biosignalanalysis, Muenster, Germany 

Background: Overgeneralization of fear is a pathogenic marker of anxiety and stress-related disorders, 
and has been linked with perceptual discrimination deficits, reduced fear inhibition, and prefrontal 
hypo-reactivity to safety signaling stimuli.  
Objective: We aimed to examine whether behavioral and neural patterns of fear generalization are 
influenced by the “fear-inhibiting” ventromedial prefrontal cortex (vmPFC). 
Methods: Three groups of healthy participants received excitatory (N=27), inhibitory (N=26) or sham 
(N=26) transcranial direct current stimulation (tDCS) of the vmPFC after a fear conditioning and before 
a fear generalization phase. As dependent variables, we obtained fear ratings and UCS-expectancy 
ratings, perceptual aspects of fear generalization (perceptual discrimination), pupil dilations and 
source estimations of event-related fields elicited by conditioned and generalization stimuli (CS, GS). 
Results: After inhibitory (compared to excitatory and sham) vmPFC stimulation, we observed reduced 
performance in perceptual discrimination and less negative “inhibitory” gradients in frontal structures 
at mid-latency and late time intervals. Fear and UCS-expectancy ratings as well as pupil dilation 
remained unaffected by stimulation. 
Conclusions: Reduced vmPFC functioning consequent upon inhibitory vmPFC stimulation may serve as 
a model for pathological fear generalization (reduced discrimination, impaired fear inhibition). Thus, 
excitatory vmPFC-tDCS might help to restore aberrant processes of fear generalization in anxiety 
disordered patients encouraging further basic and clinical research. 
Funding: This work was funded by the German Research Foundation (DFG) – project number 44541416 
(CRC-TRR 58: Project C08 to MJ and TS, Project C09 to UD and UL, Project C07 to TS and MH) and the 
grant “Innovative Medizinische Forschung” (IMF) of the medical faculty of Münster (grant number 
RO211907 to KR). 
 
 
S2b - Comparing generalization gradients of pain-related fear and costly pain-related avoidance  

Glogan, Eveliina; Gatzounis, Rena; Meulders, Ann  

Maastricht University, Department of Clinical Psychological Science, Maastricht, Netherlands; KU Leuven, Health Psychology, 

Belgium  

Although adaptive during acute pain, when generalized to safe movements/behaviors, fear, and 
avoidance of pain in particular, come at extreme individual costs (e.g. reduced quality of life), 
culminating in disability. Furthermore, evidence suggests that fear and avoidance can dissociate, 
especially when avoidance is costly. Thus, we investigated how closely costly avoidance generalization 
corresponds to consistent findings in fear generalization, namely, whether avoidance shows a 
generalization gradient and an area shift. Using a robotic arm, an Experimental Group instrumentally 
learned to avoid a low-cost, pain-associated arm-movement (T+; 80% punished), by choosing to 
perform a high-cost, safe, arm-movement (T-; never punished). Costs were operationalized as effort 
to overcome resistance from the robot, and deviation required to perform T-. A group of Yoked 
controls received pain on the same trials as the Experimental Group, non-contingent with the 
movements they chose. Avoidance was thus operationalized as the maximal deviation from the 
shortest possible movement per trial, and as choices of movement trajectories. During the 
generalization test, in the absence of pain, three intermediate arm-movements (G1-3) were 
introduced between T+ and T-, and an extreme version of T- (G4). Pain-expectancy, pain-related fear, 
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and EMG eyeblink amplitudes, were used as indices of contingency- and fear learning. Avoidance 
generalized in the Experimental Group, that is, this group showed larger deviations than the Yoked 
Group. However, the group difference quickly disappeared, which seemed to be driven by exploratory 
behavior in the Yoked Group rather than extinction in the Experimental Group. We also found 
generalization gradients and area shifts in pain-expectancy and pain-related fear, but not in avoidance 
(choice data). There were no significant effects in the EMG data. These preliminary results offer further 
evidence that avoidance is affected by factors distinct from fear. 
Funding: This research was supported by a Vidi grant from the Netherlands Organization for Scientific 
Research (NWO), The Netherlands (grant ID 452-17-002) granted to Ann Meulders. 
 
 

S2c - Impaired Attenuation of Maladaptive Generalized Avoidance by Safety-Related Brain Activity 

in Clinical Anxiety  

Berg, Hannah; Cooper, Samuel E.; Hunt, Christopher O.; Webler, Ryan; Manbeck, Adrienne; Hammell, 

Abbey; Burton, Philip C.; Kushner, Matt G.; Sponheim, Scott R.; Lissek, Shmuel  

University of Minnesota, Department of Psychology, Minneapolis, MN, United States; University of Minnesota, Department 

of Psychiatry  

Though overgeneralization of Pavlovian fear to safe stimuli resembling conditioned danger-cues is a 
known feature of clinical anxiety, its role in maladaptive avoidance has been understudied. The current 
work investigates neural substrates of Pavlovian generalization as predictors of maladaptive, 
generalized avoidance decisions as well as diagnostic and personality variables that moderate this 
relationship. A transdiagnostic sample of individuals with anxiety-related disorders (n=51) and a 
control group with no psychiatric history (n=35) completed a measure of anxiety sensitivity, then 
underwent fMRI while completing a conditioning-based approach-avoidance conflict task affording 
neural indices of Pavlovian generalization and behavioral measures of maladaptive generalized 
avoidance. Pavlovian generalization was seen in the activation of brain regions related to fear 
excitation (dorsomedial prefrontal cortex, anterior insula) and the deactivation of brain regions 
associated with fear inhibition (two loci of ventromedial prefrontal cortex; vmPFC). The magnitude of 
generalization in both vmPFC loci predicted maladaptive generalization of avoidance more weakly 
among those with anxiety-related disorders versus controls (moderating effects of patient status: 
p=0.007; p=0.031) as well as among those with elevated anxiety sensitivity (moderating effects of 
anxiety sensitivity: p=0.022; p=0.045). Results suggest that vmPFC engagement during Pavlovian 
generalization may be less effective at inhibiting maladaptive avoidance decisions among those with 
anxiety disorders or elevated anxiety sensitivity. Anxiety sensitivity is identified as a risk factor for 
maladaptive avoidance following Pavlovian fear generalization. 
Funding: R01MH107382 
 
 
S2d - From Gut Feelings to Memories of Visceral Pain: Insights into pain-related learning and 

extinction from novel paradigms in experimental visceral pain 

Icenhour, Adriane; Koenen, Laura R.; Pawlik, Robert J., Petrakova, Liubov; Engler, Harald; Elsenbruch, 

Sigrid 

University Hospital Essen, Department of Neurology, Essen, Germany; Ruhr University Bochum, Institute of Medical 

Psychology & Medical Sociology, Germany 

Chronic visceral pain in disturbances of gut-brain interactions is an important yet often underestimated 
clinical and societal problem. Effective treatment is notoriously difficult, owing at least in part to its 
complex and incompletely understood etiology. The relevance of pain-related learning and memory 
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processes in the pathophysiology and treatment of chronic visceral pain is increasingly recognized. 
Classical Pavlovian conditioning paradigms provide powerful experimental approaches to investigate 
visceral pain-related learning and extinction and have yielded important insights into underlying 
mechanisms, including contributing brain circuits. However, to gain a deeper understanding into the 
specificity of interoceptive, visceral pain-related learning and memory processes and to converge 
experimental approaches to patients’ clinical reality, adaptations, refinements, and extensions of 
classical conditioning paradigms appear essential. Exemplary for such endeavors, this talk will 
introduce a series of functional magnetic resonance imaging studies aiming to elucidate the neural 
circuitry subserving unique features of conditioning in interoceptive, visceral pain in the face of 
multiple environmental threats, as well as homoreflexive, context-dependent conditioning and 
extinction with visceral signals serving as both, pain-predictive and painful stimuli. Results from these 
approaches indicate visceral pain to constitute a particularly salient entity, which may drive 
preferential learning. They further provide first evidence of a crucial involvement of the central fear 
network in interoceptive, context-dependent conditioning and extinction in the visceral domain. 
Together, these data may contribute to unravelling mechanisms underlying visceral pain-related fear 
and hypervigilance as two key characteristics in the pathophysiology of chronic visceral pain and could 
inspire future experimental models reflecting different aspects of patients’ day-to-day experiences. 
Funding: Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) project number 
316803389 – SFB 1280 
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SESSION 3: Inducing and Modulating Emotional Memories 
 
S3a - Occasion Setting, Anxiety, and Their Computation in Human Fear Conditioning  

Zbozinek, Tomislav D.; Wise, Toby; Qi, Song; Perez, Omar; Fanselow, Michael; Mobbs, Dean  

California Institute of Technology, Division of Humanities and Social Sciences, Pasadena, USA; University of California Los 

Angeles, Department of Psychology, USA; National Institute of Mental Health, USA; University of Santiago of Chile, 

Department of Business and Economics, Chile  

Contexts and discrete stimuli often influence the association between a conditional stimulus (CS) and 
unconditional stimulus (US). This phenomenon, called occasion setting, is central to the development 
and modulation of fear. We conducted a human fear conditioning study with stimuli trained in 
differential fear conditioning, positive occasion setting, and negative occasion setting and investigated 
the effects of trait anxiety on fear. Measures of fear included skin conductance, US expectancy, and 
self-report fear. We predicted that if occasion setting is based on modulating danger/safety of an 
ambiguous CS, then trait anxiety should be associated with greater fear of CSs trained with occasion 
setters. Results show that a) participants were able to successfully learn which stimuli predicted the 
US, and b) as hypothesized, the stimuli trained to be negative and positive occasion setters did not 
transfer their occasion setting abilities to simple reinforced and non-reinforced stimuli, respectively 
(i.e., the CS+ and CS-). Additionally, individuals with high compared to low trait anxiety generally 
showed greater increases in fear of CSs trained with occasion setters. Furthermore, we developed a 
novel occasion setting computational model theoretically based on modulation. This model builds 
upon the Rescorla-Wagner model by allowing a stimulus to have values in four independent 
parameters: direct excitation (V), direct inhibition (V̅), positive occasion setting (P), and negative 
occasion setting (N). Additionally, our model allows occasion setting to be learned only when a CS is 
ambiguous – meaning, the CS only sometimes predicts the US. CS ambiguity is operationalized as γ = 
V * V̅ (i.e., direct excitation multiplied by direct inhibition). Using Bayesian hierarchical modeling, our 
model’s fit (R2 = .678) outperformed the Rescorla-Wagner model (R2 = -.121). These results are highly 
relevant for improving our understanding and treatment of anxiety disorders. 
Funding: National Science Foundation #1911441 
 

 

S3b - Reliable evidence for implicit aversive conditioning 

Leganes-Fonteneau, Mateo 

Center of Alcohol and Substance Use Studies, Rutgers University, New Brunswick, USA; University of Sussex, Psychology 

school, UK 

Literature on implicit Pavlovian conditioning has generated a long-standing debate, and evidence for 
implicit aversive learning effects has often been criticized for its lack of experimental rigor and 
statistical reliability. We set out to investigate whether attentional and emotional responses to 
aversive conditioned stimuli can occur implicitly. 
Across two experiments, participants completed an aversive conditioning task in which abstract 
geometrical shapes were conditioned with high or low probabilities of hearing an aversive white noise. 
A novel Bayesian awareness categorization tool was applied to obtain evidence for participants who 
lacked stimulus-outcome contingency awareness. Then, conditioned stimuli were presented in an 
emotional attentional blink (Exp.1, n=40; n=21 unaware) and a modified flanker task (Exp.2, n=86; n= 
69 unaware) to measure attentional conditioned effects. Finally, participants rated the subjective 
valence and arousal aversive CS. 
We found that, for participants unaware of contingencies, conditioned stimuli associated with high 
probabilities of aversive noise were harder to detect in the emotional attentional blink; while on the 
flanker task they generated more attentional interference. Regarding the development of subjective 
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responses, only aware participants showed learning effects. We further examined whether the post-
hoc categorization would generate regression-to-the-mean effects. For both experiments, the 
awareness categorization did not lead to regression to the mean, revealing a reliable determination of 
awareness states. 
These findings provide strong evidence for the existence of implicit aversive learning as demonstrated 
via conditioned attentional responses, and build an analytical framework that can be extrapolated to 
other implicit paradigms. 
 
 
S3c - Trauma-film conditioning as an experimental psychopathology model for posttraumatic stress 

disorder and anxiety disorders: what have we learned in 10 years of research? 

Wilhelm, Frank H.; Rattel, Julina A.; Franke, Laila K.; Danböck, Sarah K., Wegerer, Melanie; Miedl, 

Stephan F. 

University of Salzburg, Division of Clinical Psychology and Psychopathology, Salzburg, Austria 

Posttraumatic stress disorder (PTSD) is a mental disorder with particularly clear fear conditioning-
based etiology. However, since its clinical presentation is characterized by intrusive re-experiencing of 
trauma memories, experimental analogue studies have largely focused on episodic memory models 
using the trauma film paradigm. We proposed that experimental psychopathology studies of PTSD 
should combine fear conditioning and episodic memory approaches for studying PTSD etiology more 
naturalistically. For this, we developed the conditioned-intrusion paradigm, with aversive films as UCS 
and neutral sounds or pictures as CS. We could show that after trauma conditioning, intrusions can be 
elicited by CS+ during a memory-triggering task and in daily life by cues resembling the CS+ or the 
various CSs naturally embedded in the trauma films. In a series of psychophysiology and neuroscience 
studies we established a number of pretraumatic risk factors involved in differential conditioning and 
intrusion formation, e.g., negative life events, female gender, low estrogen level, and oral 
contraceptive use. Peritraumatic neurocognitive mechanisms include trauma reactivity (i.e., UR, in 
valence ratings and neural areas of the saliency network), differential fear conditionability (in valence 
ratings), immediate extinction deficits (in SCR, anterior Insula, dACC), and stimulus generalization. 
Posttraumatic factors include abnormalities in resting state connectivity and sleep processing. In 
summary, trauma film conditioning proved an important extension of established fear conditioning 
approaches. It increases ecological validity of fear conditioning for modeling clinical symptoms of PTSD, 
including its involuntary and spontaneously occurring dysfunctional mental imagery processes. Since 
similar episodic memory processes play a role in the etiology and maintenance of various anxiety 
disorders, the trauma-film conditioning approach could well complement traditional approaches. 
 

S3d - Behavioral memory updating: Neural networks underlying the attenuation of emotional 

memories  

Emma Biggs; Vervliet, Bram; Van Oudenhove, Lukas; Beckers, Tom  

KU Leuven, Center for the psychology of learning and experimental psychopathology, Leuven, Belgium;   

The disruption of emotional memory reconsolidation may have clinical application in the improvement 
of treatments for anxiety disorders. Previous research has found that reactivating a fear memory can 
enhance the effect of subsequent extinction learning and thus reduce the later return-of-fear, although 
inconsistent findings have raised questions about the boundary conditions of this effect. It has been 
proposed that reactivation-extinction procedures result in an updating of a labile memory, while 
extinction training without reactivation results in the creation of a competing memory trace. Recent 
advancements in neuroimaging methods now allow the posited neural mechanisms of (reactivation-
)extinction to be tested. In this study we used a 2-day fear conditioning protocol, and a within-subjects 
design, to compare response to a CS+ that has been reactivated (CS+r) to a CS+ that has not been 
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reactivated (CS+nr). Using dynamic causal modeling we found that during extinction the CS+r and 
CS+nr show significantly different modulatory influences on the connectivity between ventromedial 
prefrontal cortex (vmPFC) and the amygdala. The implications for our understanding of the neural 
mechanisms underlying extinction learning, but also behavioral memory updating will be discussed. 
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Tuesday, May 18th 2021 

 

SESSION 4: Instrumental Avoidance 
 
S4a - Avoidance and its bi-directional relationship with conditioned fear 

Andre Pittig; Alex Wong, Juliane Boschet, Valentina Glück, Paula Engelke 

University of Würzburg, Department of Psychology I, Würzburg, Germany 

Fear motivates different types of defensive behaviors. These behaviors are, however, not merely 
byproducts of fear. In this overview talk, we aim to highlight and discuss a bi-directional relationship 
between conditioned fear and instrumental defensive behavior in humans. We discuss mechanisms 
involved in the link from fear to goal-directed avoidance (e.g., relief, generalization), that may become 
habitual. These defensive behaviors may in turn reduce, preserve, or amplify conditioned fear 
responding (e.g., protection-from-extinction, behavior-as-information). Multiple factors moderate this 
bi-directional relationship. However, the exact mechanisms by which these factors moderate the bi-
directional relationship between fear and instrumental defensive behavior are still largely unknown 
(e.g., modulating avoidance directly vs. indirectly via conditioned fear). Finally, we discuss major 
implications: First, understanding factors moderating the bi-directional relationship provides insights 
into risk and resilience factors for anxious psychopathology. Second, specific experimental models and 
clinical interventions can be mapped onto distinct defensive behaviors (e.g., goal-directed vs. habitual 
avoidance). More precise matching will help to develop nuanced models and interventions to reduce 
pathological behaviors and individualize treatments. 
Funding: DFG PI1269/2-1 
 
 
S4b - Safety Behaviors Toward Innocuous Stimuli can Maintain or Increase Threat Beliefs  

van Dis, Eva A.M.; Krypotos, Angelos-M.; Zondervan-Zwijnenburg, Maria A. J.; Tinga, Angelica M.; 

Engelhard, Iris M.  

Utrecht University, Department of Clinical Psychology, Utrecht, The Netherlands 

Safety behaviors can prevent or minimize a feared outcome. However, in relatively safe situations, 
safety behaviors may be less adaptive, presumably, because people will misattribute safety to these 
behaviors. This research aimed to investigate whether safety behaviors in safe situations can lead to 
increased threat beliefs. In Study 1, we aimed to replicate a fear conditioning study (N = 68) in which 
the experimental, but not the control group, received the opportunity to perform safety behavior to 
an innocuous stimulus (i.e., CS-). This study demonstrated that performing safety behavior to a CS- 
maintains threat expectancy, although skin conductance data did not corroborate this result. In Study 
2, we examined whether threat beliefs had increased for some individuals in the experimental group, 
using a multi-dataset latent class analysis on data from Study 1 and two earlier studies (N = 213). This 
meta-analysis revealed that about a quarter of individuals who performed safety behavior toward a 
CS- showed increased threat expectancy to this cue, while virtually nobody in the control group 
exhibited an increase. Taken together, safety behavior in relatively safe situations may have 
maladaptive effects as it generally maintains and sometimes even increases threat beliefs. Future 
research should test whether and for whom safety behavior in relatively safe situations culminates in 
clinical anxiety. 
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S4c - Studying Pain-Related Fear in Virtual Reality: Differential Acquisition and Extinction of 

Affective, Behavioral and Biological Components  

Hilger, Kirsten; Zedler, Christina; Häge, Anne-Sophie; Jost, Michael; Pauli, Paul  

University of Würzburg, Junior Research Group Networks of Behavior and Cognition (associated with the Department of 

Psychology I), Würzburg, Germany  

Pain-related fear is critically involved in the development and maintenance of chronic pain. Recent 
empirical research suggests a key role of learning mechanisms, especially of classical and operant 
conditioning. Experimental paradigms were developed to investigate movement-pain associations and 
resulting pain-related fear within controlled laboratory settings. However, such paradigms were 
mostly characterized by limited ecological validity. Therefore, this study introduces a new 
experimental conditioning paradigm combining continuous heat-pain stimuli with large arm 
movements in a naturalistic virtual scenery. Self-reported pain-related fear, pain expectancy, 
avoidance behavior and electrodermal reactions were assessed in 42 healthy subjects during a) an 
acquisition phase (contingent movements-pain association) and b) an extinction phase (no movement-
pain association). Pain-related fear and pain expectancy ratings demonstrate a significant interaction 
between learning trial and phase (F = 4.508, p = .004; F = 8.526, p < .001) indicating successive 
acquisition and extinction of the movement-pain association. Avoidance behavior and skin 
conductance responses demonstrate no such interaction but a significant main effect of phase (F = 
13.739, p < .001; F = 12.236, p < .001) suggesting fast acquisition and extinction within the first trials; 
no effects were observed for skin conductance levels. Our results suggest the involvement of two 
different learning mechanisms in the acquisition and extinction of pain-related fear: While affective 
and cognitive fear components (ratings) seem to evolve rather slow and more gradually, avoidance 
behavior and physiological arousal seem to evolve faster. Our study informs about different 
mechanisms potentially involved in the development of chronic pain and introduces a new 
experimental paradigm with potential for clinical applications. 
 
 
S4d - Neural mechanisms underlying costly fearful avoidance behaviour: how the brain weighs and 

integrates reward and threat information  

Hulsman, Anneloes M.; Klaassen, F.H.; Roelofs, K.; Klumpers, F.  

Behavioural Science Institute, Radboud University, Nijmegen, The Netherlands; Donders Institute, Radboud University  

Excessive avoidance behaviour is a key symptom of anxiety disorders and might be a better predictor 
of poor disease outcome than current levels of anxiety. In excessive avoidance, potential rewards are 
often sacrificed to avoid potential negative outcomes. Even though these costly avoidance decisions 
play an important role in anxiety, little is known about the underlying neural mechanisms. Previous 
human research suggests involvement of subcortical regions (e.g. amygdala) and corticostriatal 
networks, but these studies typically do not investigate how the brain weighs and integrates reward 
and threat information prior to the decision to approach or avoid. 
In our fMRI study we used an avoidance task in which subjects make active approach/avoid decisions 
under varying reward (monetary gains) and threat (electrical stimulation) prospects.  
Preliminary results suggest that our task successfully induced an approach-avoidance conflict: threat-
induced avoidance declined with increasing reward levels. First neural results hint towards the 
involvement of brain regions that are important for both appetitive and defensive processes (e.g. the 
nucleus accumbens, bed nucleus of the stria terminalis, and amygdala). Moreover, they suggest 
distinct regions supporting threat and reward effects on avoidance – both during the phase leading up 
to the decision to approach/avoid and during the subsequent anticipation of the outcome. Taken 
together, our preliminary results suggest that a combination of appetitive and defensive neural 
processes are leading up to the decision to approach or avoid. 
Funding: NWO 
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SESSION 5: State and Trait Factors Influencing Associative Learning 
 
S5a - The role of intolerance of uncertainty in classical conditioning: Recent developments and 

directions for future research 

Jayne Morriss 

University of Reading, Reading, UK 

Intolerance of uncertainty (IU), the tendency to find uncertainty aversive, is an important 
transdiagnostic dimension in mental health disorders. Over the last decade, there has been a surge of 
research on the role of IU in classical conditioning procedures, which serve as analogues to the 
development, treatment, and relapse of anxiety, obsessive-compulsive, and trauma- and stressor-
related disorders. Here, I provide an overview of the existing literature on IU in classical conditioning 
procedures and integrate findings based on the shared or discrete parameters of uncertainty 
embedded within these procedures. Under periods of unexpected uncertainty, where threat and 
safety contingencies change, high IU, over other self-reported measures of anxiety, is specifically 
associated with poorer threat extinction learning and retention, as well as overgeneralisation. Under 
periods of estimation and expected uncertainty, where the parameters of uncertainty are being 
learned or have been learned, such as threat acquisition training and avoidance learning, the findings 
are mixed for IU. These findings suggest that individual differences in IU play a significant role in 
maintaining learned fear and anxiety, particularly under volatile environments. Recommendations for 
future research are outlined, with discussion focusing on how parameters of uncertainty can be better 
defined to capture how IU is involved in the maintenance of learned fear and anxiety. 
 
 
S5b - Overnight fasting affects avoidance learning and relief 

Silvia Papalini; Laura Neef, Tom Beckers, Lukas Van Oudenhove, and Bram Vervliet 

1 Faculty of Psychology and Educational Sciences, KU Leuven, Belgium 2 Laboratory of Biological Psychology, Faculty of 

Psychology and Educational Sciences, KU Leuven, Belgium. 3 Leuven Brain Institute, KU Leuven, Belgium. 4 Laboratory for 

Brain-Gut Axis Studies, Translational Research Center for Gastrointestinal Disorders, Department of Chronic Diseases and 

Metabolism, KU Leuven, Belgium 

2 Laboratory of Biological Psychology, Faculty of Psychology and Educational Sciences, KU Leuven 

Prolonged fasting influences threat and reward processing, two fundamental systems that underpin 
adaptive and maladaptive behaviors. Specifically, in animals, overnight fasting sensitizes dopamine-
based error signaling that governs avoidance, reward, and fear-extinction learning. Despite emerging 
evidence that overnight fasting also affects reward and fear learning in humans, effects on human 
avoidance learning have not been studied yet. Here, we examined the effects of 16h overnight fasting 
on instrumental avoidance and safety learning. To this end, 50 healthy women were randomly assigned 
to a fasting (N=25) and a re-feeding group (N=25) and performed a previously validated Avoidance-
Relief Task. We found that overnight fasting decreases unnecessary avoidance during safety. This 
effect was fully mediated via a reduction in relief-pleasantness during the signaled absence of threat. 
A similar reduction in relief pleasantness was found during fear-extinction learning. These findings 
indicate that fasting optimizes avoidance and safety learning. Future studies should test this effect in 
individuals suffering from excessive fear and avoidance behaviors. 
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S5c - Investigation of homeostatic sleep effects on extinction learning in a fear conditioning 

paradigm using aversive film clips  

Friesen, Edith; Sopp, M. Roxanne; Brückner, Alexandra H.; Ferreira de Sa, Diana; Michael, Tanja  

Saarland University, Department of Psychology, Saarbrücken, Germany;   

Trauma-focused psychotherapy for posttraumatic stress disorder (PTSD) involves the reactivation of 
traumatic memories, which is assumed to result in fear extinction. Research suggests that sleep 
disturbances can impede learning processes such as fear extinction. However, the underlying 
mechanisms remain unclear. It is hypothesized that sleep facilitates learning by promoting synaptic 
plasticity during preceding slow wave sleep (SWS). Based on this hypothesis, we tested whether SWS-
rich sleep prior to extinction training enhances the effectiveness of extinction learning. 
We used a partial sleep deprivation design and a differential fear conditioning paradigm, modified to 
resemble fear learning in PTSD. During acquisition training, a neutral face (conditioned stimulus) was 
paired with the presentation of aversive film clips (unconditioned stimuli) while another neutral face 
was followed by neutral film clips (control condition). On the subsequent evening, the sleep group 
received a sleep opportunity, whereas the wake group stayed awake. Thereafter, both groups were 
subjected to extinction training and a return-of-fear test. Extinction recall was assessed in a retention 
test after another sleep opportunity in both groups. Sleep was measured by means of 
polysomnographic recordings in the laboratory. 
61 participants took part in the experiment. Linear mixed model analyzes did not reveal increased 
extinction learning or extinction recall in the sleep group compared to the wake group. 
Previous studies indicate that sleep enhances subsequent memory encoding. By contrast, our results 
did not show strengthened fear extinction after SWS-rich sleep. Models focusing on the role of rapid 
eye movement sleep in restoring encoding capacity might be important to consider. Further research 
should investigate these putative processes and their implications for PTSD treatment. 
Funding: This study was funded by the German Research Foundation (SO 1716/1-1). 
 
 
S5d - Weaker discrimination in threat learning and impaired extinction learning in smokers  

Müller, Madeleine; Rauh, Jonas; Weisser, Smilla; Höfeld, Adriane; Haaker, Jan  

University Medical Center Hamburg-Eppendorf, Department of Systems Neuroscience, Hamburg, Germany; University 

Medical Center Hamburg-Eppendorf, Department of Psychiatry and Psychotherapy, Germany  

Smoking is highly prevalent in patients with mental illness, in particular those with anxiety disorders. 
To determine whether smoking is a risk factor for maladaptive fear responses, it is crucial to 
understand the effect of smoking on threat learning and the subsequent formation of fear memories. 
We conducted an online-study with a differential threat learning task on day 1 in which a CS+ was 
predictive for aversive pictures. On day 2 we probed threat retrieval and extinction learning, as well as 
generalization of US expectancy. We compared US expectancy and fear ratings between one non-
smoker (n=64) and three smoker groups with different interventions into their smoking habit (each 
n=46). After threat learning, smoker showed a weaker stimulus discrimination in fear ratings than non-
smoker, driven by higher fear to the safe CS- in smokers. Similarly, retrieval test on day 2 showed the 
same outcome. During extinction training, fear ratings for both CS decreased in non-smokers. In 
contrast, fear ratings to the CS+ even increased in the smoker group. We could not find statistical 
support for differences between smoker groups with different interventions on smoking habits. Since 
trial-wise US expectancy ratings showed no statistical differences between groups in threat learning 
or generalization test, this suggests that smokers learned when to expect a threat, but rated their fear 
experience higher when compared to non-smoker. 
But why do smokers show a weaker discrimination in threat learning and impaired extinction learning 
compared to non-smokers? To test that, we investigated the effect of acute nicotine, the active 
ingredient of cigarette smoke, on non-smokers, in a context-dependent cue conditioning paradigm. 
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First results show weaker stimulus discrimination when non-smokers receive nicotine before the 
threat learning task compared to placebo controls. Our results suggest that smoking and nicotine 
administration affect discrimination of threat and safety. 
 
 
 
 
  



25 
 

Wednesday, May 19th 2021 

 

SESSION 6: Developmental Factors and Clinical Translation 
 
S6a - Vicarious Fear Learning across Development: Nuances in Observational Fear Acquisition and 

Extinction among Children, Adolescents, and Adults 

Skversky-Blocq, Yael; Shmuel, Shahar; Cohen, Oded; Shechner, Tomer 

University of Haifa, Haifa, Israel 

Observational fear learning is a robust model explaining fear acquisition and extinction yet fear 
learning research has devoted little attention to it, especially across development. The first study 
compared observational fear acquisition across youth and adults. 36 children, 41 adolescents, and 40 
adults underwent observational fear acquisition followed by a direct exposure test. Skin conductance 
response (SCR) and self-reported fear were measured. Results showed successful observational fear 
learning in all age groups as indexed by SCR, yet developmental differences emerged: children showed 
overall higher physiological arousal during acquisition and were less successful at reporting the CS-US 
contingency compared to adolescents and adults. Additionally, adolescents tended to overgeneralize 
their fear compared to adults. The second study explored direct versus observational extinction 
following observational fear acquisition. 81 adults and 93 adolescents underwent observational fear 
acquisition followed by one of three extinction conditions: (1) observational, (2) direct, (3) no 
extinction. Finally, all participants underwent observational reinstatement and a direct exposure test. 
SCR, self-reported fear, eye-tracking, and trial-by-trial risk assessment were measured. Results showed 
successful differential observational fear acquisition in both age groups and no SCR differences 
between the conditions during fear extinction. During the test, adolescents showed poorer 
discrimination between the CSs compared to adults. Additionally, the no extinction condition showed 
greater differential risk assessment and higher SCR compared to the direct and observational 
conditions. Taken together, these studies are the first to take a cross-sectional approach to 
understanding observational fear learning. Both studies revealed developmental differences that have 
theoretical and clinical implications for future vicarious fear learning studies and exposure therapy. 
 
 
S6b - Acquisition of a conditioned-fear response in a child and adolescent clinical sample: the role of 

psychopathic traits  

Ivanova-Serokhvostova, Anastasiya; Molinuevo, Beatriz; Torrents-Rodas, David; Bonillo, Albert; Pérez-

Bonaventura, Iris; Corrales, Montserrat; Pàmias-Massana, Montserrat; Ramos-Quiroga, Antoni J.; 

Torrubia, Rafael  

Universitat Autònoma de Barcelona, Department of Psychiatry and Forensic Medicine, Institute of Neurosciences,, Barcelona, 

Spain; Philipps-Universität Marburg, Faculty of Psychology, Germany; Universitat Autònoma de Barcelona, Department of 

Psychobiology and Methodology of Health Sciences, Spain; Universitat Autònoma de Barcelona, Department of Basic, 

Developmental and Educational Psychology, Spain; Corporació Sanitària Parc Taulí, Spain; Vall d’Hebron Research Institute, 

Group of Psychiatry, Mental Health and Addictions, Spain  

Deficits in fear conditioning related to psychopathy have been widely studied in adults. However, 
evidence in children and adolescents is scarce and inconsistent. This research aimed to expand 
knowledge about fear conditioning in psychopathy and its dimensions in child and early adolescent 
clinical populations. Participants were 45 boys (outpatients) aged 6-14 years (M = 10.59, SD = 2.04). 
They were assessed with the parents’ and teachers’ versions of the Child Problematic Traits Inventory 
(CPTI). A fear conditioning paradigm (Neumann, Waters, Westbury & Henry, 2008) for children and 
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adolescents was used. Conditioned stimuli (CS+ and CS-) were geometric shapes and the 
unconditioned stimulus (US) was an unpleasant sound of metal scraping on slate (83 dB). Difference 
scores (CS+ minus CS-) in skin conductance responses (SCR) and self-reported cognitive and affective 
measures were considered as indices of fear conditioning. Results showed that: a) deficits in fear 
conditioning were related to some psychopathy dimensions but not to psychopathy as a unitary 
construct; b) the Impulsivity-Need for Stimulation dimension was a predictor of impaired fear 
conditioning at a cognitive level; c) the interaction of Callous-Unemotional and Impulsivity-Need for 
Stimulation dimensions was a significant predictor of impaired electrodermal fear conditioning; d) by 
contrast, Grandiose-Deceitful dimension was marginally associated with a greater electrodermal fear 
conditioning. In conclusion, psychopathy dimensions and their interactions, but not psychopathy as a 
whole, predicted deficits in fear conditioning as measured by SCR and cognitive indices. These findings 
confirm the notion that psychopathic traits are associated with deficits in fear conditioning in child and 
adolescent clinical populations and provide support for a multidimensional approach to youth 
psychopathy. 
Funding: This research was financially supported by the Ministerio de Economía y Competitividad, 
Spanish Government (MINECO/FEDER, UE), reference: PSI2015-67441-R and by the AGAUR, 
Generalitat de Catalunya (2017 SGR1586). A.I. is recipient of a Ph.D. fellowship by the Generalitat de 
Catalunya (FI2017). 
 
 
S6c - Extinction learning as pretrauma vulnerability factor of posttraumatic stress: a replication study 

Miriam J.J. Lommen; Yannick Boddez 

University of Groningen, Groningen, The Netherlands 

Background: Extinction learning seems to fail in patients with posttraumatic stress disorder. Few 
studies have tested whether this is a consequence of PTSD symptomatology or rather a pre-trauma 
vulnerability factor that puts individuals at risk to develop PTSD. A previous prospective study in 
soldiers found reduced extinction learning pre-deployment to be predictive of PTSD symptoms after 
deployment, when controlling for stressor severity, PTSD symptoms at baseline and neuroticism 
(Lommen et al., 2013). The present study tested whether this finding could be replicated in another 
high-risk sample, namely firefighters. 
Method: A fear conditioning paradigm was conducted in a sample of 508 firefighters at the baseline 
assessment of a 5-year prospective study. PTSD symptoms and stressor severity were repeatedly 
assessed with self-report questionnaires (at baseline, 6 months later and at 1 year). Neuroticism was 
measured with a self-report questionnaire at baseline. 
Results: Reduced extinction learning did not predict PTSD symptom severity when it was included as 
the only predictor in the analysis. Surprisingly though, when controlling for PTSD symptoms at baseline, 
neuroticism and stressor severity, extinction learning became a significant predictor, in the opposite 
direction as expected: Reduced extinction learning predicted lower PTSD symptoms. Higher PTSD 
symptom severity at baseline and higher reported stressor severity over the year predicted higher 
PTSD symptoms in the period of 1 year follow-up. 
Discussion: Extinction learning was not a predictor of PTSD development in a sample of fire fighters, 
with which this study fails to replicate earlier findings in other high risk profession samples. The results 
show that extinction learning might not be a general risk factor of PTSD for all individuals, and multiple 
factors seem to be relevant and influencing each other, emphasizing the need for more prospective 
studies unraveling these complex relationships. 
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S6d - Neural correlates of fear conditionability and generalization are associated with treatment-

outcomes to behavioral exposure in spider phobia - Evidence from magnetoencephalography  

Kati Roesmann; Toelle, Julius; Leehr, Elisabeth Johanna; Böhnlein, Joscha; Seeger, Fabian; 

Schwarzmeier, Hanna; Siminski, Niklas; Herrmann, Martin J.; Dannlowski, Udo; Lueken, Ulrike; Klucken, 

Tim; Straube, Thomas; Junghöfer, Markus  

Department of Clinical Psychology, University of Siegen, Germany; University of Münster, Institute for Biomagnetism and 

Biosignalanalysis; University of Münster, Department of Psychiatry and Psychotherapy; University of Würzburg, Department 

of Psychiatry, Psychosomatics, and Psychotherapy; University of Münster, Institute of Medical Psychology and Systems 

Neuroscience; University of Berlin, Department of Psychology  

Background: As models of anxiety disorders include aberrant fear conditioning and generalization as 
important pathogenic factors, we investigated whether pre-treatment conditionability and 
generalization effects in spider-phobic patients moderate their response to exposure-based 
treatment. 
Methods: Ninety patients with spider phobia completed pre-treatment clinical and magneto-
encephalography (MEG) assessments, one session of virtual reality exposure therapy, and a post-
treatment clinical assessment. In a pre-treatment MEG fear conditioning and generalization 
procedure, involving fear conditioning with phobia related and unrelated unconditioned stimuli (UCS), 
we obtained fear ratings, UCS-expectancy ratings, and event-related fields to conditioned stimuli (CS+, 
CS-) and 7 generalization stimuli (GS) on a perceptual continuum from CS+ to CS-.  
Results: Non-responders to later treatment showed behavioral overgeneralization indicated by more 
linear generalization gradients in fear ratings. Convergent to this, MEG source estimations revealed 
reduced (inhibitory) frontal responses to safety-signaling CS- (and alike GS) compared to CS+ in non-
responders during both conditioning and generalization. Fear ratings of CS+ and CS- however, showed 
no association with later therapy outcomes. 
Conclusions: These results provide initial evidence that aberrant prefrontal inhibitory mechanisms 
during fear-acquisition and fear-generalization, as well as behavioral fear-overgeneralization are 
associated with reduced treatment-outcomes and may thus stimulate the development of mechanism-
based augmentation strategies for behavioral therapies. 
Funding: This work was funded by the German Research Foundation (DFG) – project number 44541416 
(CRC-TRR 58: Project C08 to MJ and TS, Project C09 to UD and UL, Project C07 to TS and MH) and the 
grant “Innovative Medizinische Forschung” (IMF) of the medical faculty of Münster (grant number 
RO211907 to KR). 
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Let’s talk about Open and Reproducible Science - Where to go from here 
 

S7a - Let’s talk about open and reproducible science – Where to go from here? 

Lonsdorf, Tina B. 

Institute of Systems Neuroscience, University Medical Center Hamburg Eppendorf, Hamburg, Germany 

Open and reproducible science has gained momentum in the past. I will showcase examples from open 
science practices and reproducibility research in the field of fear conditioning research. First, I will focus 
on the definition of technical terms and a brief field-specific summary. I will present recent empirical 
case examples as well as new tools from and for our research field. For example, recording, processing 
and analyzing fear conditioning data requires numerous methodological choices. Consequently, a 
single raw data set can give rise to a multitude of processed data sets (the ‘multiverse’) due to the co-
existence of multiple reasonable processing pipelines. The same applies to statistical approaches. This 
results in unclear comparability, reliability and data quality across pipelines, studies and laboratories – 
a question which the field has started to address empirically and systematically.    
Second, I will provide a brief introduction into the topic of data sharing and showcase the status quo 
in our field. Data sharing is increasingly being advocated by stakeholders, politics, scientific societies 
and researchers alike and mandated by an increasing number of journals and funding agencies. The 
(potential) advantages of making data publicly available are multifold (e.g., optimal use of resources, 
facilitating data aggregation and scientific advance, transparency and credibility). Yet, these 
advantages can only be utilized when the shared data are indeed functional. I will present the results 
of an inventory of >70 publicly available datasets of psychophysiological data, outline the field-specific 
challenges identified and provide a detailed outlook into the future by suggesting and discussing 
potential solutions (e.g. consortia) on how to use publicly available data in fear conditioning research 
to their full potential. 
These case examples set the stage for a discussion on the role of open and reproducible science 
practices for our research field with the researchers in the field.  
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POSTER SESSIONS Overview 
 
Poster Session A - Tuesday, May 18th 2021 

No. Name Title 

A01 Asimina Aslanidou The Effect of Threat Uncertainty on Fear Generalization  

A02 
Simone Battaglia 

The role of dlPFC in human reconsolidation: erasing fear responses 
through rTMS  

A03 
Katharina Beck 

The influence of stress on the retrieval of counterconditioning of 
appetitive and aversive consequences in an instrumental task  

A04 Juliane M. Boschet Costly avoidance of Pavlovian fear stimuli and its temporal dynamics  

A05 Gemma Cameron Living in Lockdown: Protection Increases Fear and Avoidance  

A06 
Samuel E. Cooper 

PTSD and OCD Symptom Dimensions Predict Aberrant Learning in a 
Web-Based Causal Learning Task  

A07 
Leonard Faul 

Proximal threats promote enhanced acquisition and persistence of 
reactive fear-learning circuits  

A08 
Diana Ferreira de Sá 

Can pandemic fear impact fear learning processes? Effects of COVID-19 
related anxiety and objective related burden on fear conditioning and 
generalization  

A09 
Johannes B. Finke 

Meta-analytic evidence for pupil dilation as an index of Pavlovian 
conditioning  

A11 
Ashley A. Huggins 

Neural Activation During Fear Extinction Acutely Post-Trauma Predicts 
Chronic PTSD Severity  

A12 
Alexandros Kastrinogiannis 

How far would you go to survive? An Approach-avoidance foraging task 
in immersive virtual reality  

A13 Nicole E. Keller The Neural Correlates of Rewarded Fear Extinction  

A14 
Sanja Klein 

Similarity of neural response patterns during aversive and appetitive 
conditioning across different samples  

A15 
Maren Klingelhöfer-Jens 

Performance adjustments in and test-retest reliability of fear 
conditioning: Assessing rank stability across experimental phases and 
across a 6-month time-window  

A16 
Edgar Nazarenus 

Individual differences in generalizing fear extinction learning across the 
spectrum of trait anxiety – a project proposal  

A17 
Marie K. Neudert 

The relevance of context-dependent extinction recall for intrusions in 
response to the worst life event  

A18 
Karita E. Ojala 

Transcranial theta-burst stimulation of primary sensory cortex 
attenuates somatosensory threat memory in humans  

A19 
Yuri G. Pavlov 

Electrophysiological correlates of learning in a serial fear conditioning 
paradigm  

A20 
Gabriele Pirazzini 

Theta, gamma and alpha band oscillations as a marker of Pavlovian fear 
acquisition and extinction  

A21 Dorothee Pöhlchen Startle latency as a potential readout in fear-conditioning studies  

A22 Anika Pützer Investigating memory accuracy vs. generalization using virtual reality  

A24 Sahaj Kang THE ROLE OF CLASSICAL CONDITIONING IN PAIN  

A25 
Frederik Schlitt 

Investigation of hydrocortisone effects on the recall and reinstatement 
of pain-related associations in chronic back pain patients and healthy 
participants.  

A26 
Rachel Sjouwerman 

A data multiverse analysis investigating agreement between different 
baseline correction and trough-to-peak SCR quantification approaches  

A27 
Monique H.C. Smulders 

Are there dissociable roles of the BNST and amygdala in threat 
anticipation, confrontation and the switch to defensive action?  

A28 
Michelle Spix 

Deleting “fear” from “fear extinction”: aversive USs are not required to 
estimate the individual extinction rate.  

A29 Yannik Stegmann Associative learning shapes visual discrimination – an online study  
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A30 
Lotte Stemerding 

Pupil dilation and skin conductance as measures of prediction error in 
aversive learning  

A31 
Julius Tölle 

Magnetoencephalographic pre-treatment correlates of fear 
conditionability are associated with reductions in behavioral avoidance 
due to virtual reality exposure therapy in spider phobia  

A32 
Jelena M. Wehrli 

Optimizing psychophysiological measurements of trace fear 
conditioning.  

A33 
Anne L. Willems 

When nothing matters: Assessing markers of expectancy violation 
during the omission of threat  

A34 
Jonathan Yi 

Facial feedback: Adaptation of facial motor responses in interactive 
dyads as a function of punishment.  

 
 
 
Poster Session B - Wednesday, May 19th 2021 

No. Name Title 

B01 
Marta Andreatta 

Safety vs. relief learning, which of these stimuli can inhibit 
conditioned fear?  

B02 
Giorgi Batsikadze 

Interaction of fear conditioning with eyeblink conditioning supports 
the sensory gating hypothesis of the amygdala  

B03 Anastasia Chalkia Disrupting emotional memory through directed forgetting  

B04 Pauline Dibbets Spiders and coins: face your fears?!  

B05 
Dong-ni Pan 

An Unconditioned Stimulus Retrieval Extinction Procedure to 
Prevent the Return of Category Fear Memory via Slow Conflict 
Resolution Processing  

B06 
Mana R. Ehlers 

Revisiting potential associations between brain morphology, fear 
acquisition and extinction through new data and a literature review  

B07 Neele K. Elbersgerd Multivariate Growth Curve Modeling in Human Fear Conditioning  

B08 Eleana A. Pinto Modulation of attention to pain by rewarding goal-directed action  

B09 
Susanne Fricke 

Contextual modulation of fear conditioning in social anxiety 
disorder  

B10 
Rena Gatzounis 

Can positive affect attenuate the return of pain-related avoidance 
behaviour?  

B11 Valentina M. Glück Habitual components in costly avoidance  

B12 
Jan Haaker 

Dopaminergic signals in the Nucleus Accumbens, VTA and vmPFC 
underpin extinction learning from the omission of expected threats  

B13 
Bianca Hagedorn 

Cortisol alters consolidation processes required for successful 
extinction generalization  

B14 Katharina Herzog How stable can fear generalization be?  

B15 
Maxime C. Houtekamer 

Exploring the neurocognitive mechanisms of aversive-to-appetitive 
counterconditioning in humans  

B16 
Sarah Kasran 

Is observational fear conditioning moderated by the observer’s 
degree of empathy with the model?  

B17 
Balint Kincses 

Resting state fMRI predicts individual valence change in pain-
related threat learning  

B18 
Felix H. Klaassen 

Defensive freezing and its relation to approach-avoidance decision-
making under threat  

B19 Zohar Klein Children’s Heart Rate Variability in Fear Conditioning and Extinction  

B20 
Alina Koppold 

Individual freezing-like behavior and decision making in relation to 
threat proximity  

B21 
Angelos Krypotos 

Multiverse analyses in fear conditioning research: the multifear R 
package  

B22 
Patrick A.F. Laing 

Characterizing Human Safety Learning via Pavlovian Conditioned 
Inhibition  



31 
 

B23 
Iris Lange 

Extinction learning and devaluation learning: comparing two 
experimental interventions with respect to the return of fear  

B24 
Lars Jaswetz 

No Evidence of Disrupting Reconsolidation with a Cognitively 
Demanding Task  

B25 
Lu Leng 

The interplay between extinction, avoidance and generalization in 
human fear conditioning  

B26 
Tina B. Lonsdorf 

Navigating the multiverse of SCR response quantification 
approaches 

B27 
Marcelo Malbec 

What the future holds: An electrophysiological analysis of 
Intolerance of Uncertainty  

B28 
Luke Ney 

Inconsistent statistical methods for fear extinction data reduce 
robustness  

B29 
María J. Quintero 

A review of the current evidence on the potential benefit of 
occasional reinforced extinction to prevent relapse  

B30 Ida Wessing Generalization of conditioned fear in adolescents  

B31 
Mandy Woelk 

Effects of Imagery Rescripting and Extinction on Expectancy and 
Revaluation Learning  

B32 
Alex H. K. Wong 

Clinical avoidance: Examining CS-avoidance in a sensory 
preconditioning paradigm  

B33 Ondrej Zika High trait anxiety is associated with improved state inference  

B34 Isabel S. Zwaan Examining sex differences in extinction recall using a novel task  

B35 
Mario Reutter 

Individual patterns of visual exploration predict the extent of fear 
generalization in humans 
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POSTER SESSIONS Abstracts 
 

Poster Session A - Tuesday, May 18th 2021 

 
A01 - The Effect of Threat Uncertainty on Fear Generalization  

Aslanidou, Asimina; Andreatta, Marta.; Wieser, Matthias J.  

Erasmus University, School of Social and Behavioural Sciences, Department of Psychology, Education & Child Studies, 

Rotterdam, Netherlands 

Fear Generalization (FG) is the flexibility in our defensive system that enables the spreading of a 
learned fear response associated with one specific stimulus to another, new stimulus. Despite being 
an adaptive mechanism that facilitates quick responses in novel situations, excessive FG has been 
implicated as a potential biomarker of anxiety disorders. However, findings remain mixed. In order to 
understand what turns an adaptive mechanism into a maladaptive symptom more light needs to be 
shed on the factors that influence FG. One of these factors is threat uncertainty (i.e. the predictability 
of a threat following a cue), which is highly implicated in anxiety. In this study, we manipulated threat 
uncertainty in three different groups in order to see if more uncertainty leads to more FG. Using a 
differential conditioning paradigm, where one face was paired with an aversive sound (CS+) and 
another not (CS-), we investigated three groups (N = 90) in which threat uncertainty was manipulated 
(80%, 60%, 40% contingency rate). Following the acquisition phase, participants saw four more faces 
which differed in similarity with the threat-associated face (generalization stimuli). All faces were 
presented flickering at 15Hz in order to evoke steady-state Visual Evoked Potentials. Additionally, skin 
conductance and ratings of valence, arousal, expectancy and discrimination were obtained. The results 
(preliminary to be presented at the meeting) will help to understand the influence of threat 
uncertainty on FG and allow for a comparison in autonomic, behavioral and brain measures. Results 
will advance our understanding of FG as a potential risk factor for pathological anxiety. 
 
 
A02 - The role of dlPFC in human reconsolidation: erasing fear responses through rTMS  

Battaglia Simone; Borgomaneri, Sara; Garofalo, Sara; Tortora, Francesco; Nazzi, Claudio; Avenanti, 

Alessio; Di Pellegrino, Giuseppe  

University of Bologna, Department of Psychology, Bologna, Italy 

One of the questions that has most plagued neuroscientists in the last decade is whether it is possible 
to change undesired emotional memories. Recent evidence showed that stored memories can be 
manipulated by reactivating them through a reminder. The term “reconsolidation” presupposes that 
the mechanism of memory consolidation does not render memories immutable but rather mutable 
when reactivated. Indeed, reconsolidation is a brief window of time during which, after exposure to a 
reminder, stored memories can undergo modifications. In the present study we administered state-
dependent repetitive transcranial magnetic stimulation (rTMS, 1 Hz for 15 minutes) during 
reconsolidation of a fear memory. To this aim, 84 healthy humans were recruited to take part in the 
experiment, which was performed over three days, and were divided in six groups. On the first day, 
participants took part in a fear conditioning session. On the second day, the experimental groups 
underwent stimulation of the right or left dorsolateral prefrontal cortex (dlPFC) after presentation of 
a fear memory cue, which reactivated the fear memory. On the last day, three consecutive sessions of 
recall/extinction/reinstatement were used to test the persistence of the fear memory. After rTMS 
administration, participants of the experimental groups showed lower expression of fear, as assessed 
by their physiological changes measured with skin conductance response. Furthermore, rTMS 
suppressed fear expression after extinction training. These changes were not found in the sham 
stimulation group, while stimulating another control area (the occipital cortex), or when rTMS was not 
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preceded by memory reactivation. Moreover, no change was found when testing participants 
immediately after the rTMS protocol. These results provide insights into the role of the dlPFC as a key 
area in fear memory reconsolidation, and suggest that rTMS is a viable tool to prevent the return of 
fear. 
 
 
A03 - The influence of stress on the retrieval of counterconditioning of appetitive and aversive 

consequences in an instrumental task  

Beck, Katharina; Meir Drexler, Shira; Wolf, Oliver T.; Merz, Christian J.  

Ruhr University Bochum, Department of Cognitive Psychology, Bochum, Germany 

Extinction training creates a second inhibitory memory trace and effectively reduces conditioned 
responding. However, acute stress inhibits the retrieval of extinction memories. Therefore, approaches 
counteracting detrimental stress effects are needed. Counterconditioning (CC), for instance, pairs a 
previously learned conditioned stimulus with an unconditioned stimulus of the opposite valence, 
thereby affecting avoidance and approach behavior. The current pre-registered study investigates 
whether stress also decreases the retrieval of CC memories with aversive and appetitive consequences. 
52 healthy men were randomly assigned to either a control or stress group and took part in a two-day 
instrumental learning paradigm. During a first phase, participants learned that pressing specific 
buttons on a keyboard in response to the presentation of four neutral stimuli either leads to gaining 
or losing money. During a second phase, two stimuli reversed their contingencies (CC). One day later, 
participants were exposed to acute stress (i.e., socially evaluated cold-pressor test) or a control 
condition prior to the same task, which no longer included feedback about gains or losses. 
Preliminary results regarding day two suggest that acute stress improves the retrieval of CC memories 
on the first trial. Over the course of retrieval, reaction patterns became more alike between groups 
and stimuli. However, stressed participants tend to display more approach of gains, whereas control 
participants tend to show more avoidance of losses. 
Our findings indicate that stress effects on memory retrieval differ depending on the specific learning 
paradigm. These differences might be related to stress effects on decision-making, approach and 
avoidance behavior as well as different motivational systems involved. 
Funding: Funding for this study was provided by the Deutsche Forschungsgemeinschaft (DFG; German 
Research Foundation) within the SFB 1280 Extinction Learning (Project number: 316803389 - SFB1280; 
project A09 (OTW, CJM)). 
 
 
A04 - Costly avoidance of Pavlovian fear stimuli and its temporal dynamics  

Boschet, Juliane M.; Scherbaum, Stefan; Pittig, Andre  

University of Würzburg, Department of Psychology (Biological Psychology, Clinical Psychology, and Psychotherapy), 

Würzburg, Germany 

Individuals suffering from anxiety disorders oftentimes avoid fear-relevant stimuli even if it leads to 
severe impairments and costs. Avoidance of conditioned stimuli (CS-avoidance) despite the loss of 
rewards is argued to be an experimental equivalent of clinical avoidance. The current study 
investigated CS-avoidance in the context of approach-avoidance decisions, whereby approach is linked 
to high rewards but also to a potential occurrence of a newly acquired Pavlovian fear stimulus (CS+). 
Specifically, we examined the impact of CS+ probability and competing rewards on decision making. 
During fear acquisition training, one formerly neutral stimulus (CS+) was repeatedly paired with an 
aversive, unconditioned stimulus (US). Another stimulus (CS-) was never paired with an US. A control 
group underwent the same procedure, but received a neutral tone instead of an aversive US. In a 
subsequent approach-avoidance task, participants chose repeatedly between two options by moving 
the mouse cursor to either one of them: A safe option was always linked to a small monetary reward 
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and the absence of the CS+. A high reward option was linked to varying higher rewards and a varying 
probability of CS+ presentation. Importantly, none of the CSs were reinforced during this task. Mouse 
movement trajectories were recorded to investigate the temporal impact of reward magnitude and 
CS+ probability. In the experimental group, avoidance of the high reward option increased 
systematically in line with increasing CS+ probability. Moreover, the impact of CS+ probability during 
decision making was stronger and faster than the impact of reward magnitude. These results highlight 
that fear acquisition can lead to pronounced costly CS-avoidance, even if the fear-relevant stimulus is 
no longer followed by aversive consequences. 
Funding: Faculty of Human Sciences, University of Würzburg 
 
 
A05 - Living in Lockdown: Protection Increases Fear and Avoidance  

Cameron, Gemma; Zuj, Daniel V.; Quigley, Martyn; Dymond, Simon O. 

Swansea University, Experimental Psychopathology Lab, Swansea, UK 

In the UK, COVID-19 restrictions such as the three ‘stay at home’ lockdown periods in 2020 and 2021 
have had an adverse impact on public well-being and anxiety. Ongoing adherence with infection 
prevention measures may inadvertently prompt fear and avoidance of previously safe situations (e.g., 
a supermarket), despite low levels of threat. Here, we adapted a validated lab-based 
avoidance/protection learning paradigm for online use with samples living under lockdown restrictions 
in the UK. In threat conditioning, one conditional danger stimulus (CS+; A+) was followed by an aversive 
unconditioned stimulus (US; unpleasant sound), and two safety stimuli (CS-; B- and C-) were never 
followed by the US. Next, avoidance (clicking a button) during A+ cancelled the scheduled US. During 
a shift phase, avoidance was available during C- presentations for participants in the Experimental 
group (n=60) but not in the Control group (n=60). In the crucial test, all stimuli were presented without 
the opportunity to avoid. We found that threat expectancy increased for C- in the Experimental group 
and that avoidance in the presence of A+ remained higher than C- in the Control group. Threat 
expectancy was elevated for C- compared to B- but was lower than A+ which decreased over trials. 
Together, these findings confirm the validity of the online protection learning task and show that the 
availability of an avoidance cue with a previously safe cue can lead to increased fear and avoidance. 
Thus, COVID-19 protective measures may foster anxiety and avoidance while lockdown recovery 
necessitates overcoming fear, avoidance and resulting anxiety which arise as restrictions are eased. 
 
 
A06 - PTSD and OCD Symptom Dimensions Predict Aberrant Learning in a Web-Based Causal Learning 

Task  

Cooper, Samuel E.; Keller, Nicole E.; McClay, Mason; Dunsmoor, J. E.  

University of Texas at Austin, Department of Psychiatry and Behavioral Sciences, Austin, TX, USA; University of California, Los 

Angeles, CA, USA  

Causal learning is a form of conditioning whereby behavior can be learned based on acquired stimulus-
outcome pairings. Pairings are then modified through extinction learning, in which an expected 
outcome is violated due to the omission of the outcome during stimulus presentation. These tasks 
have been proposed as simple and cost-effective tests of learning deficits with relevance to anxiety-
related psychopathology (e.g., impaired safety learning and threat extinction). However, relations 
between causal learning tasks and anxiety symptoms have yet to be empirically tested. We address 
this gap by using anxiety symptom measures and an online within-subjects “allergy task”. Participants 
monitored the intake and reactions of a fictional food allergy patient. Consumed food served as 
conditioned threat (CS+) and safe (CS-) stimuli, allergic reactions were negatively-valenced outcomes, 
and predicted allergy severity was the dependent variable. During extinction, two different CS+s were 
extinguished either through omission of the allergic outcome (CSext) or the outcome was replaced 
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with a pleasant image (i.e., counter-conditioned, CScc). Reversal learning was also tested, as an original 
CS- during acquisition was paired with the allergic outcome during extinction (CSrev). Participants 
(N=159) completed this task and dimensional measures related to PTSD (traumatic intrusions, 
avoidance) and OCD (cleaning, checking, ordering). Linear mixed models revealed that overall PTSD 
and OCD symptoms separately predicted higher expected severity for CS- during acquisition. During 
extinction, intrusions significantly predicted failure to extinguish CSext, but not CScc, responses. OCD-
related cleaning and checking symptoms predicted impaired CSrev learning. These symptoms 
remained significant predictors when covarying for depression. Our results provide evidence for the 
validity of simplified associative learning tasks as probes of anxiety-related psychopathology in larger 
online samples. 
Funding: NSF CAREER Award 1844792 to JED 
 
 
A07 - Proximal threats promote enhanced acquisition and persistence of reactive fear-learning 

circuits  

Faul, Leonard; Stjepanovic, Daniel; Stivers, Joshua M.; Stewart, Gregory W.; Graner, John L.; Morey, 

Rajendra A.; LaBar, Kevin S.  

Duke University, Department of Psychology and Neuroscience, Durham, United States of America 

Physical proximity to a traumatic event increases the severity of accompanying stress symptoms, an 
effect that is reminiscent of evolutionarily configured fear responses based on threat imminence. 
Despite being widely adopted as a model system for stress and anxiety disorders, fear-conditioning 
research has not yet characterized how threat proximity impacts the mechanisms of fear acquisition 
and extinction in the human brain. We used three dimensional (3D) virtual reality technology to 
manipulate the egocentric distance of conspecific threats while healthy adult participants navigated 
virtual worlds during functional magnetic resonance imaging (fMRI). Consistent with theoretical 
predictions, proximal threats enhanced fear acquisition by shifting conditioned learning from cognitive 
to reactive fear circuits in the brain and reducing amygdala–cortical connectivity during both fear 
acquisition and extinction. With an analysis of representational pattern similarity between the 
acquisition and extinction phases, we further demonstrate that proximal threats impaired extinction 
efficacy via persistent multivariate representations of conditioned learning in the cerebellum, which 
predicted susceptibility to later fear reinstatement. These results show that conditioned threats 
encountered in close proximity are more resistant to extinction learning and suggest that the canonical 
neural circuitry typically associated with fear learning requires additional consideration of a more 
reactive neural fear system to fully account for this effect. 
Funding: National Science Foundation Graduate Research Fellowship Program (to L.F.) and National 
Science Foundation Grant BCS 1460909 (to K.S.L.) 
 
 
A08 - Can pandemic fear impact fear learning processes? Effects of COVID-19 related anxiety and 

objective related burden on fear conditioning and generalization  

Ferreira de Sá, Diana S.; Hauck, Alexander; Michael, Tanja  

Saarland University, Department of Psychology, Division of Clinical Psychology and Psychotherapy, Saarbrücken, Germany 

The COVID-19 pandemic has led to major changes and disruptions in daily live. Worldwide people are 
confronted with health, financial, social and existential fears, as well as trauma-like or traumatic 
experiences. Current studies on the effects of the pandemic have identified an increase in stress and 
anxiety in the general population. Fear processing and its regulation constitute central mechanisms in 
the development and maintenance of anxiety disorders. Additional to fear acquisition, generalization 
of fear is an important process that predicts severity of anxiety and other fear-related disorders as well 
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as how successful therapy might work. A more threatening perception of the pandemic might 
constitute a higher risk not only for fear acquisition but also for its generalization. 
In a pre-registered online-study, we investigated how the subjective perception of the COVID-19 
pandemic, as well as its objective impact in daily life, affects learning of fear and fear generalization. 
For this purpose, we used a differential fear conditioning paradigm with an aversive film clip as 
unconditioned stimulus (UCS), and collected UCS-expectancy as the main measure of interest.   
As expected, COVID-19 related anxiety correlates with questionnaire measures of depression and 
anxiety symptomatology, as well as perceived stress. Furthermore, first results show that participants 
with higher scores of COVID-19 related anxiety show impaired fear learning (lower fear discrimination), 
as well as higher fear generalization.  
We present first evidence that COVID-19 related anxiety might impact important processes of fear 
learning and should therefore be addressed in clinical context. 
 
 
A09 - Meta-analytic evidence for pupil dilation as an index of Pavlovian conditioning  

Finke, Johannes B.; Roesmann, Kati; Stalder, Tobias; Klucken, Tim  

University of Siegen, Department of Clinical Psychology, Siegen, Germany 

The use of pupillometry to track emotional learning processes in humans is generating an increasing 
interest. Therefore, we conducted a systematic review and meta-analysis on the value of pupil dilation 
as a marker of Pavlovian conditioning, focusing on the roles of UCS valence (aversive vs. appetitive), 
the time course across trials and response intervals within trials. Based on data from 39 independent 
samples (total n=1303), our results revealed strong evidence for the overall validity of conditioned 
pupil responses, with a trend for larger effects in aversive (average g=0.73) vs. appetitive conditioning 
(g=0.39). Response differentiation increased over the course of acquisition. Substantial differentiation 
effects were found in both early (0-2s after CS onset) and late (0-2s before UCS onset) response 
windows. Moderator analyses revealed a consistent influence of UCS modality on differential 
conditioning (with highest effect sizes found in fear conditioning experiments using electro-tactile 
stimulation), while evidence for moderation by contingency instructions and length of acquisition 
phase (i.e., number of reinforced trials) was mixed (suggesting a non-linear pattern of learning 
trajectories). Taken together, our results highlight pupil dilation as a sensitive and reliable index of 
Pavlovian conditioning across valence categories and stimulus modalities. Important implications 
regarding methodological considerations and research goals are discussed. 
 
 
A11 - Neural Activation During Fear Extinction Acutely Post-Trauma Predicts Chronic PTSD Severity  

Huggins, Ashley A.; Fitzgerald, Jacklynn; Webb, E. Kate; Weis, Carissa N.; Bennett, Kenneth P.; Parisi, 

Elizabeth A.; Miskovich, Tara A.; Krukowski, J.; deRoon-Cassini, Terri A.; Larson, Christine L.  

Medical University of South Carolina, Department of Psychiatry, Charleston, South Carolina, USA; University of Wisconsin-

Milwaukee, Department of Psychology, USA; Marquette University, Department of Psychology, USA; Medical College of 

Wisconsin, Department of Surgery/Trauma & Critical Care, USA  

Background: Deficits in extinction of conditioned fear have been proposed as a translational 
mechanism to understand exaggerated fear responding characteristic of posttraumatic stress disorder 
(PTSD). Aberrant activation of diffuse neural circuitry critical to fear expression and inhibition has been 
observed during extinction learning and recall in PTSD; however, it is unclear whether differences in 
neural activation during these processes may actually predict chronic symptoms in the acute aftermath 
of trauma. 
Methods: As part of a prospective, longitudinal study, 97 traumatic injury survivors were recruited 
from the emergency department at a Level 1 trauma center in southeastern Wisconsin, USA. 
Participants completed a two-day fMRI fear conditioning and extinction protocol (Milad et al., 2009) 
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within approximately two weeks of the index trauma and were assessed for PTSD symptom severity 
using a diagnostic interview (CAPS-5) six months later. 
Results: After adjusting for age (M=33.1, SD=10.29), sex (59% F), and acute PTSD symptoms (PCL-5 
M=27.2, SD=17.55), there was a significant stimulus-by-CAPS interaction, such that those who had 
more severe PTSD symptoms 6-months post-trauma exhibited greater activation of the amygdala, ACC, 
caudate, and thalamus for the CS- during extinction learning within weeks of trauma exposure. More 
severe PTSD was also predicted by greater hippocampal activation for both the CS+ and CS-. PTSD 
severity was not predicted by activation during fear acquisition nor extinction recall. 
Conclusions: These findings provide further support for functional neurobiological deficits during 
extinction implicated in the pathophysiology of PTSD. Critically, aberrant activation during extinction 
may be a useful biomarker of PTSD risk in the acute aftermath of trauma exposure. 
Funding: NIH R01 MH106574 (PI: Larson) 
 
 
A12 - How far would you go to survive? An Approach-avoidance foraging task in immersive virtual 

reality  

Kastrinogiannis, Alexandros; Lonsdorf, Tina B.  

University Medical Center Hamburg-Eppendorf, Deparment of Systems Neuroscience, Hamburg, Germany 

Avoidance is typically considered a maladaptive behavioral response to excessive fear and anxiety, 
potentially leading to the maintenance of anxiety disorders. Recent experimental work has focused on 
approach-avoidance (AA) conflicts by simulating foraging tasks under predation, often targeting 
decision-making strategies. However, little has been known about the impact of individual differences 
on the AA strategies within a threatening environment. Here, we present pilot data from a novel 
avoidance paradigm in which an immersive AA conflict is induced in a virtual foraging task. The task is 
built on a matrix-designed environment, which enables us to track and visualize the AA-behavior as a 
function of spatial movement. Individuals are required to survive a 24-day period (divided into six 
blocks) by collecting the necessary amount of food (tokens) within three different nature-related 
contexts (forest, sea, desert). Each context, however, is assigned to a different probability of 
encountering an aversive (electrical) stimulus in combination with an unpleasant lightning-sound in 
the virtual environment while collecting a token. In order to encourage approach behavior, the amount 
of potential reward is inversely linked to the probability of receiving the aversive stimulus. Thus, each 
individual is required to perform a certain approach-avoidance behavior to achieve the task’s goal, as 
to the time spent in each context and the spatial movement along the field. We hypothesize that each 
behavior results in a unique “tipping point” between the time spent per context and the maximum 
achieved reward, revealing the extent to which each individual is willing to approach or to avoid a 
threat as a trade-off for better performance (reward). 
 
 
A13 - The Neural Correlates of Rewarded Fear Extinction  

Keller, Nicole E.; Leiker, Emily; McClay, Mason; Hennings, Augustin C.; Lewis-Peacock, Jarrod A.; 

Dunsmoor, Joseph E. 

University of Texas at Austin, Institute for Neuroscience, Austin, TX, United States; Department of Psychiatry, University of 

Texas at Austin  

Fear extinction, the basis for exposure therapy, is often followed by the re-emergence of extinguished 
fear behaviors. Therefore, strengthening extinction memories to effectively inhibit the return of fear 
is critical in designing improved treatment for fear-related disorders. Counterconditioning (CC) is an 
alternative technique to extinction, by which behavior is modified through a new association with a 
stimulus of an opposite valence. In the present within-subject neuroimaging study, we compared the 
effects and neural correlates of CC, where an aversive shock was replaced by an appetitive stimulus, 
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to extinction (EXT), where an aversive shock was merely omitted. Studies exploring the neural 
correlates of CC are sparse, and it remains unclear if CC is an augmented form of the well-delineated 
EXT circuitry, or if it exerts its effects through different mechanisms in the brain. In accordance with 
previous behavioral findings (Keller & Dunsmoor, 2020), results showed that in comparison to standard 
EXT, CC more effectively reduced the return of conditioned skin conductance responses 24-hours later. 
fMRI results showed behavior modification through CC was accompanied by an attenuation of activity 
in canonical threat appraisal and expression regions when CS+ items were paired to a rewarding 
stimulus, as opposed to mere omission of shock (standard extinction). At the 24-hour test, connectivity 
between the basolateral amygdala (BLA) and the nucleus accumbens (NAc) was selectively enhanced 
for counter-conditioned compared to extinguished stimuli. The nucleus accumbens is associated with 
reward prediction error, and may be an important substrate for rewarded extinction (Thiele et al., 
2021). This finding parallels recent neurobiological evidence in rats that found that activation of a BLA-
NAc pathway is associated with rewarded extinction and diminished fear relapse (Correia et al., 2016). 
These results have implications for boosting exposure therapy efficacy. 
Funding: F.M. Jones and H.L. Bruce Endowed Graduate Fellowship 
 
 
A14 - Similarity of neural response patterns during aversive and appetitive conditioning across 

different samples  

Klein, Sanja; Tapia León, Isabell; Kruse, Onno; Klucken, Tim; Stark, Rudolf  

Justus-Liebig-University, Department of Psychotherapy and Systems Neuroscience, Giessen, Germany 

Evidence is accumulating that fear and reward learning processes recruit similar brain structures such 
as the amygdala, striatum, anterior cingulate cortex and orbitofrontal cortex. This has led to a theory 
of a common underlying learning network although results between aversive and appetitive 
conditioning studies do not always match up and often focus on specific regions. Similarities and 
differences between study results could be due to the UCS valence difference or due to other variance 
in experimental approach. We want to investigate the neural commonalities of aversive and appetitive 
conditioning at a whole brain level while also addressing the impact of other sources of variance. Here, 
we investigated how similar an aversive conditioning pattern derived from meta-analysis is to 
appetitive conditioning fMRI data. We tested pattern expression in three independent datasets with 
29, 76 and 38 participants each. During fMRI scanning, all samples performed a differential 
conditioning task where an appetitive CS+ was repeatedly rewarded with money and an appetitive CS- 
was never rewarded but task details and sample demographics differed between datasets. Pattern 
expression was assessed using cosine similarity, which calculates the dot product of two image vectors 
normalized by the magnitude of the vectors. We found that the aversive pattern was not only highly 
similar to appetitive CS+ > appetitive CS- contrast maps across samples but it also could accurately 
distinguish between appetitive CS+ > appetitive CS- images above chance in every sample. While high 
overall, the neural response patterns in some samples were less similar to the aversive pattern than 
others, possibly due to varying homogeneity, task activity and instruction level. These results suggest 
a common underlying neural system as the basis for appetitive and aversive learning. However, study 
variance apart from UCS valence can have large effects and needs to be included when integrating 
evidence. 
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A15 - Performance adjustments in and test-retest reliability of fear conditioning: Assessing rank 

stability across experimental phases and across a 6-month time-window  

Klingelhöfer-Jens, Maren; Keyaniyan, Vincent; Kuhn, Manuel; Lonsdorf, Tina B.  

University Medical Center Hamburg-Eppendorf, Institute of Systems Neuroscience, Hamburg, Germany; Harvard Medical 

School, Department of Psychiatry, and McLean Hospital, Center for Depression, Anxiety and Stress Research, Belmont, MA, 

USA  

Individual (rank-) stability of ‘fear responses’ within fear conditioning paradigms across experimental 
phases is relevant to the common practice to control responding in later experimental phases for 
responding during preceding phases (e.g., extinction retention index). Moreover, responding across 
repeated measurement time-points provides information about measurement reliability and 
replicability of results. Participants performed a fear conditioning experiment (day 1: acquisition; day 
2: extinction, reinstatement, reinstatement-test) at a baseline measurement (T0) and 6 months later 
(T1). Individual rank stabilities in SCRs and fear ratings across experimental phases at T0 (n=107) and 
across both time-points (n=71) were analyzed by implementing different data transformations (e.g., 
log-transformation, range-correction, none; ordinal ranked, not ranked) and operationalizations of 
experimental phase (e.g., averaging across different numbers of trials) for CS discrimination and 
responding to CS+ and CS-. Responding in SCR and fear ratings were weakly to moderately stable 
between acquisition, 24h fear recall and extinction, but less stability was observed between 
responding in these phases and responding at the reinstatement-test, indicating limited individual 
stability in response levels. CS discrimination in SCR was generally less stable than responses to the 
CSs. Test-retest reliability analyses (ongoing) will be presented as well. Our results indicate that 
responding at reinstatement-test is not strongly associated with both acquisition and extinction 
performance and that the empirical basis for adjusting performances in subsequent experimental 
phases depends on data- and CS discrimination/CS-types respectively. Deepening our understanding 
if and to what degree responding across experimental phases and measurements are related will allow 
us to optimize analytic and theoretical approaches. 
 
 
A16 - Individual differences in generalizing fear extinction learning across the spectrum of trait 

anxiety – a project proposal  

Nazarenus, Edgar; Richter, Jan  

University of Greifswald, Department of Clinical Psychology and Psychotherapy, Greifswald, Germany 

Extinction learning is considered to be a core mechanism during exposure-based cognitive behavioral 
therapy. Given the limited exercise dose available, the transfer of extinction learning to feared cues 
and contexts not used during guided exercises is critical for a long-lasting and positive treatment 
outcome. However, little is known about these specific types of generalization processes. Hence, this 
study aims to test for extinction generalization gradients as already observed in fear learning. Three 
groups, each of 25 healthy subjects who report a low, medium, or high level of trait anxiety, 
respectively, will be investigated and compared with a sample of 25 anxiety-disordered patients. All 
participants will be invited to participate in two newly developed paradigms. Each paradigm spans 
three days. Investigating fear extinction generalization across cues, two CS+s (a small and a large circle) 
are paired with a US (electrotactile stimulation) during an instructed differential fear acquisition 
training and are supplemented by a CS- (a triangle); 24 hours later, one CS+ and the CS- are presented 
during a fear extinction training, followed by a generalization test which includes the second non-
extinguished CS+ and similar generalization cues (circles of different sizes). On day three, the 
generalization test is repeated and followed by a final extinction training also showing the second CS+. 
Regarding fear extinction generalization across contexts, varying background colors are used. Fear 
acquisition is trained in context A (e.g., black), fear extinction in context B (e.g., light gray); the 
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generalization tests involve similar contexts of different shades. Outcomes include skin conductance 
responses, fear-potentiated startle, and heart rate. Additionally, US expectancy ratings and SCR during 
US omission (omSCR) are used to evaluate prediction error processes. This poster’s purpose is to 
introduce the newly developed methodology and to facilitate a lively discussion. 
 
 
A17- The relevance of context-dependent extinction recall for intrusions in response to the worst 

life event  

Neudert, Marie K.; Schäfer, Axel; Zehtner, Raphaela I.; Fricke, Susanne; Seinsche, Rosa; Kruse, Onno; 

Stark, Rudolf; Hermann, Andrea  

University of Giessen, Department of Psychotherapy and Systems Neuroscience, Giessen, Germany 

Intrusions, a core symptom of post-traumatic stress disorder (PTSD), also develop after aversive events 
in other anxiety-related disorders and therefore are of high transdiagnostic relevance. Recent findings 
emphasize the importance of deficient context-dependent modulation of conditioned fear responses 
for PTSD. This study therefore aims to investigate the association of context-dependent fear 
conditioning processes with intrusions in response to the worst life event.  
In this functional magnetic resonance imaging study, 74 healthy females took part in a 2-day context-
dependent differential fear conditioning paradigm with fear acquisition in context A and extinction 
learning in context B (day 1), as well as extinction recall in context B and renewal in a novel context C 
one day later. Blood-oxygen-level-dependent responses and skin conductance responses (SCRs) were 
used as dependent variables. Intrusion symptoms were measured with the Posttraumatic Diagnostic 
Scale in response to the worst life event.  
First results indicate that individuals with intrusions symptoms in response to the worst life event 
showed reduced extinction recall compared to individuals without intrusive memories. Reduced 
extinction recall was indicated by stronger conditioned SCRs and reduced ventromedial prefrontal 
cortex and amygdala activation. Deficient extinction recall may result from difficulties in using 
contextual information to modulate the fear response. These findings are mainly in line with previous 
studies concerning neural correlates of extinction recall in PTSD. 
 
 
A18 - Transcranial theta-burst stimulation of primary sensory cortex attenuates somatosensory 

threat memory in humans  

Ojala, Karita E.; Staib, Matthias; Gerster, Samuel; Ruff, Christian C.; Bach, Dominik R.  

Psychiatric Hospital, University of Zurich, Zurich, Switzerland; University of Zurich, Neuroscience Centre Zurich, Switzerland; 

University of Zurich, Zurich Center for Neuroeconomics (ZNE), Department of Economics, Switzerland; University College 

London, Wellcome Centre for Human Neuroimaging and Max-Planck UCL Centre for Computational Psychiatry and Ageing 

Research, UK; Current affiliation of the presenter: University Medical Center Hamburg-Eppendorf, Institute of Systems 

Neuroscience, Germany  

Sensory cortices are required for acquisition, consolidation, and retrieval of associations of threat 
stimuli with complex naturalistic cues in rodent studies of auditory fear conditioning. On the other 
hand, there is evidence that sensory cortices may not be required for associating threat with simple 
artificial tones. Human neuroimaging studies have shown that sensory cortices encode differential 
information about cues associated with threat and safety, but it is unknown whether the results from 
rodents can be extended to humans. We investigated the function of primary sensory cortex in fear 
conditioning to simple and complex somatosensory conditioned stimuli (CS) in healthy humans. We 
temporarily manipulated neural activity in primary somatosensory cortex (S1) with continuous theta-
burst transcranial magnetic stimulation (TMS), targeting either contralateral (N = 25) or ipsilateral (N 
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= 27) S1 immediately before conditioning. The day after, fear memory was impaired in the 
experimental contralateral S1 TMS group as indexed by reduced startle eye-blink potentiation during 
a retention test under extinction. The reduced fear response in comparison with the control group was 
driven by lower responding to the threat-predictive cue (CS+) in the experimental group. The TMS 
effect on fear memory did not differ between simple and complex CS. CS identification, explicit CS-US 
contingency learning, and fear memory acquisition during initial conditioning were not affected, 
pointing to impaired consolidation or retrieval of associative fear memories. Our results support the 
role of sensory cortices for fear memory, in line with animal studies. On the other hand, we did not 
find evidence for a divergent role of sensory cortices for fear conditioning to complex and simple 
stimuli. Targeting sensory cortices with TMS may provide a potential entry point for treatment 
developments in fear and anxiety disorders, for example through reconsolidation update paradigms. 
Funding: Swiss National Science Foundation (SNSF), Wellcome Centre for Human Neuroimaging, 
European Research Council (ERC), National Institute for Health Research (NIHR) 
 
 
A19 - Electrophysiological correlates of learning in a serial fear conditioning paradigm  

Pavlov, Yuri G.; Kotchoubey, Boris  

University of Tübingen, Institute of Medical Psychology and Behavioral Neurobiology, Tübingen, Germany 

In a serial compound conditioning paradigm, a sequence of several conditioned stimuli (CS) is 
predictive to an unconditioned stimulus (US) (e.g., CSA->CSB->US). Animal research showed that, when 
the US is aversive, CSA elicits the strongest conditioned response, while CSB appears redundant. These 
effects of primacy and proximity have never been investigated in humans.  
To study the effects of temporal proximity of imminent threat and safety in an aversive serial 
compound conditioning experiment using EEG and event-related potentials (ERP) responses. 
Twenty-two participants were presented with sequences [CSA->CSB->CSC->CSD]. In 55 trials all four 
CS were identical vowels (e.g, [oh]), and no US was presented. In the other 55 trials, the CSA was 
different (CSA+, e.g., [uh]), and the CSD was followed by an electrical shock (US).  
No ERP component distinguished between CS- and CS+ for the first three stimuli in the sequence (i.e., 
CSA, CSB, CSC). The last CS (CSD) elicited a strong fronto-central CNV only when it was followed by US. 
Moreover, already after the CSA- (which signalized that no shock would be presented on that trial) the 
power of alpha oscillations over the somatosensory cortex significantly increased, particularly on the 
side contralateral to the hand that was electrically stimulated on US trials. The alpha increment lasted 
up to the onset of the US.  
The data indicate two possible mechanisms of adjustment to predictable threat, one of which relies 
on safety signals (manifested in alpha increment), and the other is related to flight response 
(manifested in the CNV immediately preceding the shock). 
Funding: The study was supported by the German Research Society (Deutsche 
Forschungsgemeinschaft, DFG), Grant KO-1753/13. 
 
 
A20 - Theta, gamma and alpha band oscillations as a marker of Pavlovian fear acquisition and 

extinction  

Pirazzini, Gabriele; Starita, Francesca; Ricci, Giulia; Garofalo, Sara; Magosso, Elisa; Di Pellegrino, 

Giuseppe; Ursino, Mauro  

University of Bologna, Department of Electrical, Electronic and Information Engineering "Guglielmo Marconi", Faenza, Italy; 

University of Bologna 2, Department of Psychology "Renzo Canestrari" 2, Italy 2  

The investigation of neural oscillations provides relevant insights into the neural mechanisms 
underlying fear learning. Nevertheless, while recent research has elucidated the changes marking the 
recall of previous learning, less attention has been devoted to the changes occurring during the initial 
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acquisition and extinction of learning. Thus, participants completed a Pavlovian fear conditioning 
acquisition and extinction task, while 64 channels electroencephalography was acquired (data 
collection ongoing). The conditioned stimuli (CS) were two visual stimuli, while the unconditioned 
stimulus an aversive shock. Preliminary results show successful acquisition and extinction of fear, 
marked by greater skin conductance response to CS+ than CS- during acquisition, which reduced during 
extinction. Crucially, starting from scalp EEG, we reconstructed cortical activity with eLoreta and 
performed an analysis of functional connectivity via spectral Granger causality, to assess the strength 
and direction of synaptic connections. We found that theta power and functional connectivity in the 
theta band increased in the mid-anterior cingulate gyrus for CS+ relative to CS- during acquisition. 
Gamma power and functional connectivity in the gamma band increased especially in the prefrontal 
areas during extinction, slightly more for CS- than CS+. Finally, alpha power decreased in the 
temporoparietal and occipital areas for CS+ relative to CS-, during both acquisition and extinction, and 
functional connectivity in those areas decreased for CS+ relative to CS-, during acquisition. Overall, 
changes in the theta band may be a marker of fear learning, changes in the gamma band may mark 
the extinction of fear, and changes in the alpha band may be a marker of visuocortical attention to 
threat. 
 
 
A21 - Startle latency as a potential readout in fear-conditioning studies  

Pöhlchen, Dorothee; Fietz, Julia; working group, BeCOME, Czisch, Michael, Spoormaker, Victor I.; 

Sämann, Philipp G.  

Max Planck Institute of Psychiatry, München, Germany; Translational Psychiatry  

The startle reflex is a well described and highly conserved, brainstem mediated defensive reflex that is 
elicited by sudden, threatening stimuli. While the amplitude represents a standard readout in anxiety 
research, startle latency has been mainly studied in the psychosis spectrum.  
To better understand startle latency in human fear responding, we used it as an additional readout in 
a classical fear conditioning task. We compared startle latency time courses across conditioning, 
extinction and recall between healthy subjects and subjects with various degrees of anxiety/affective 
symptomatology (n = 206). Additionally, we investigated correlations between startle response 
measures, anxiety measures and structural MRI phenotypes of the amygdala.  
During conditioning, startle latencies exhibited significant stimulus and time effects that diminished 
during extinction and recall. Compared to the control group, patients with a fear-related disorder 
consistently showed shorter startle latencies throughout all task phases. Across the complete sample, 
basolateral amygdala volumes were positively associated with startle latency. Shorter startle latencies 
were associated with higher state anxiety, possibly reflecting a generalized startle potentiation in 
individuals experiencing higher subjective anxiety that may be rooted in amygdalar circuits.  
Our findings suggest that startle latency may be an interesting additional readout in fear conditioning 
research. 
 
 
A22 - Investigating memory accuracy vs. generalization using virtual reality  

Pützer, Anika; Wirz, L.; Wolf, O.T.; Hermans, E.  

Ruhr University, Bochum, Germany; Donders Center for Brain and Cognition  

A characteristic of PTSD is generalization of the traumatic experience to novel and safe contexts. We 
developed a fear conditioning paradigm that makes use of a virtual environment with different 
contexts as occasion setters to investigate how fear memory accuracy versus generalization change 
over time. Two categories of pictures (animals/tools) present the conditioned stimuli (CS+/CS-). During 
fear acquisition training, two houses in the environment serve as safe and threat contexts. A novel 
context is added to the environment in the fear retrieval test.  
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To pilot our paradigm, 21 participants (n=15 female) were tested at two research centers (n=9 Ruhr 
University Bochum, GER; n=12 Donders Center, Nijmegen, NL). The interval between fear acquisition 
training and fear retrieval test was 1d (n=10) or 28d (n=11). Online shock expectancy ratings, skin 
conductance, and pupillary responses served as outcome variables. Moreover, recognition memory of 
the CS+/CS- items, and the context they were presented in was assessed. 
Expectancy ratings showed successful fear acquisition, and stronger differential (CS+ vs. CS-) shock 
expectancy in the threat compared to the safe and novel contexts. The effect was stronger after 24h 
than after 28d. Descriptive inspection of the skin conductance and pupillary response data support 
these findings. Recognition memory (d’) for the CS+ compared to the CS- items was enhanced in the 
absence of a differentiation between the safe and threat context. Memory performance after 24h was 
superior to performance after 28d. For the CS+ items, memory of the context was better after 24h 
than 28d. In the 24h group, it was better for CS+ than CS- items. 
In sum, the above-mentioned findings validate our experimental paradigm, making it a useful tool to 
investigate context-dependency in fear conditioning. We apply this paradigm in two ongoing pre-
registered studies to investigate the development of fear memory accuracy and generalization over 
time. 
Funding: DFG-ORA Project (WO 733/17-1): "Stress effects on Memory Accuracy versus Generalisation" 
 
 
A24 - THE ROLE OF CLASSICAL CONDITIONING IN PAIN 

Sahaj, Kang, S.; Dimitri van Ryckeghem, Johan Vlaeyen, Geert Crombez 

Gent University and, Gent, Belgium; KU Leuven, Leuven, Belgium 

Chronic pain is a major health problem worldwide. Yet, the underlying cause of chronic pain is often 
unknown. The idea that chronic pain may be a consequence of classical conditioning has been 
advocated in contemporary theories aiming to explain pain maintenance. Supposedly, conditioned 
stimuli themselves may be reported as painful, in the absence of the painful input (US). Empirical 
evidence is however largely lacking. This study investigated whether classical conditioning of a CS and 
pain (US) could result in increased report of experiencing a pinprick following the CS+ as compared to 
the CS-, when neither of them were followed by the US. 
In a virtual reality driven classical conditioning procedure, healthy participants (N=21) learned that one 
particular color of a pen approaching and touching their hand (CS+) was predictive of a painful 
electrocutaneous stimulus (US; US low= at threshold pin prick stimulus, US high= added 20%), while 
another color of pen (CS-) was not. The CS- was never followed by a stimulus. The acquisition phase 
was one block of 20 trials; with 80% reinforcement for the CS+. Consecutively, 4 identical test phases 
had 32 trials each; with 37.5% reinforcement for the CS+. The main outcome was the reporting of a 
stimulus when none was presented (“false alarm”). 
The CS+ (n=33) had significantly more (.50%) false alarms than CS- (n=22). Self-reported attention, 
pain, fear and US expectancy were significantly (p<0.0005) higher for CS+ than for CS-, showing 
successful conditioning. 
The results provide first evidence that pain can be classically conditioned. They lend preliminary 
support to previous theories on the creation of conditioned pain. Further research is needed to better 
understand the conditions under which it is most possible. 
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A25 - Investigation of hydrocortisone effects on the recall and reinstatement of pain-related 

associations in chronic back pain patients and healthy participants.  

Schlitt, Frederik; Schmidt, Katharina; Kleine-Borgmann, Julian; Engler, Harald; Merz, Christian J.; Wolf, 

Oliver T.; Elsenbruch, Sigrid; Forkmann, Katarina; Bingel, Ulrike  

University Hospital Essen, University Duisbrug-Essen, Department of Neurology and Center for Translational Neuro- and 

Behavioral Sciences (C-TNBS), Essen, Germany 

Pain-related learning plays a key role in the identification and avoidance of potentially painful and life-
threatening situations. Current literature supports first evidence for altered pain-related learning in 
patients suffering from chronic pain, but the findings are inconsistent among different chronic pain 
conditions. Moreover, stress hormones are known to modulate fear extinction depending on the 
timing of the stress application. 
We investigated the differences in the acquisition, extinction, recall, and reinstatement of pain-related 
associations and the clinically relevant effects of stress on the recall and reinstatement effects in 62 
non-specific chronic back pain (CBP) patients and 61 healthy volunteers (HC) in a placebo-controlled, 
double-blind 2-day differential conditioning paradigm. Participants were randomized to either receive 
a single dose of hydrocortisone (20mg) or an inert substance (placebo) before recall on day 2. Visual 
cues were used as conditioned stimuli (CS) and thermal heat pain stimuli functioned as unconditioned 
stimuli (US). 
For day 1, we found impaired differential learning in CBP patients compared to HC. On day 2, CBP 
patients showed a shift to more negative CS+ valences in both the hydrocortisone and placebo groups 
in the reinstatement test. This effect was not present in HC. Cortisol levels were significantly elevated 
in both groups 45 min post treatment with hydrocortisone. However, there were no clear effects of 
hydrocortisone manipulation on behavioral nor physiological parameters in neither group. 
Funding: German Research Foundation (DFG; project number 316803389 – SFB 1280) 
 
 

A26 - A data multiverse analysis investigating agreement between different baseline correction and 

trough-to-peak SCR quantification approaches  

Rachel Sjouwerman; Sabrina Illius; Manuel Kuhn; Maren Klingelhöfer-Jens; Tina B. Lonsdorf  

University Medical Center Hamburg-Eppendorf, Institute of Systems Neuroscience, Hamburg, Germany; Medical School 

Hamburg, Psychology Department, Germany; McLean Hospital/Harvard Medical School, Laboratory for Affective and 

Translational Neuroscience, Boston, US  

Scientific work is primarily communicated by conveying the most final stage of the total work. Data 
inevitably needs to be processed before it takes shape in its final understandable and interpretable 
form. The processes that precede this ultimate stage are extensive and not necessarily definitive.  
Electrodermal signals are common measures in fear conditioning studies, but the processing pipelines 
are heterogeneous. This variability causes measures with the same label “SCR” to potentially reflect 
different things which creates unclear comparability across study results. A literature review identified 
baseline correction (BC) and trough-to-peak (TTP) scoring as the most frequently used approaches in 
fear conditioning research. This literature search also highlights substantial heterogeneity of 
parameters in the applied formulas within BC approaches: the pre-CS baseline window and the post-
CS peak detection or mean detection window. 
Here we systematically scrutinize the robustness of results when applying these different processing 
methods. First, convergence between different BC approaches will be evaluated by applying the exact 
formulas identified from the literature on a pre-existing fear acquisition training dataset (N = 118). 
Second, we will extend this systematic evaluation to a comprehensive data multiverse, including all 
potential combinations of the identified parameters that are included in BC formulas. We discuss the 
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results in terms of robustness and replicability illustrated through a specification curve and provide 
insights into challenges, opportunities, and implications for the field. 
 

 

A27 - Are there dissociable roles of the BNST and amygdala in threat anticipation, confrontation and 

the switch to defensive action?  

Smulders, M.H.C.2, Hulsman, A.M.1,2, Hashemi, M.M.2, Kaldewaij, R2. Zhang, W.2, Van Ast, V.A.2, 

Koch, S.2, Roelofs, K.1,2, & Klumpers, F.1,2 

1 Behavioural Science Institute, Radboud University, Nijmegen, the Netherlands; 2 Donders Institute, Radboud University, 

Nijmegen, the Netherlands 

Defensive responses in threatening situations are important for survival and anomalies in the 
mechanisms driving these responses can lead to psychopathology, such as Post Traumatic Stress 
Disorder (PTSD). Previous work in defensive mechanisms indicates a neural switch in activation 
depending on threat proximity: the Bed Nucleus Stria Terminalis (BNST) shows a relatively stronger 
response during threat anticipation but the amygdala shows a stronger reaction for actual 
confrontation of the threat. However, there is ongoing debate about such a dissociation of the 
functional roles of the amygdala and BNST.  
This study serves to provide more insight in the roles of the BNST and amygdala in defensive 
responding. We used a large dataset (N=406) in which police recruits and age and gender matched 
healthy controls were tested during a functional MRI task. This paradigm entails three consecutive 
phases: shock anticipation, the switch to action upon threat cue presentation and confrontation when 
a shock is administered. Preliminary results indicate a clear switch in neural activation throughout the 
different phases of the task. BNST activity plays a role during anticipation and the switch to defensive 
action while neural activity switches sharply to the dorsal amygdala during confrontation. These results 
replicate and extend earlier findings to indicate a distinct functional role for the BNST and amygdala 
during defensive responding in active threat of shock paradigms. Data analysis is still ongoing and the 
latest results will be presented at the conference. 
 
 
A28 - Deleting “fear” from “fear extinction”: aversive USs are not required to estimate the individual 

extinction rate 

Spix, Michelle; Lommen, Miriam J. J.; Boddez, Yannick 

Maastricht University, Department of Clinical Psychological Science, Maastricht, The Netherlands; Rijksuniversiteit 

Groningen, Department Clinical Psychology and Experimental Psychopathology, Groningen, The Netherlands; Ghent 

University, Department of Experimental Clinical and Health Psychology, Ghent, Belgium 

Individual differences in extinction learning have been repeatedly suggested as a possible tool for 
identifying treatment non-response. Unfortunately, the common paradigm for obtaining the 
extinction rate, which entails pairing an aversive unconditioned stimulus (US) with an initially neutral 
outcome, can result in several ethical and practical limitations. The present study therefore assessed 
whether an aversive outcome is actually needed to get a good estimate of the extinction rate. A total 
of 161 undergraduate students completed a conditioning task including an aversive and neutral US. 
Using latent class growth analysis (LCGA) distinct trajectories, representing normal and stunted 
extinction learning, were identified for both USs. Additionally, part of the sample showed a reduced 
acquisition for the CS - neutral US relationship. Participants’ membership in these classes largely 
overlapped for neutral and aversive US conditioning and additionally calculated aversive and neutral 
extinction indices were significantly correlated. Thereby, findings suggest that neutral US conditioning 
could suffice for successfully capturing individual differences in extinction learning. 



46 
 

A29 - Associative learning shapes visual discrimination – an online study  

Stegmann, Yannik; Wieser, Matthias J.  

University of Würzburg, Department of Psychology, Würzburg, Germany; Erasmus University Rotterdam, Department of 

Psychology  

Threat detection plays a vital role in adapting behavior to changing environments. A fundamental 
function to improve threat detection is by learning to differentiate between stimuli predicting danger 
and safety. Accordingly, aversive learning should lead to enhanced sensory discrimination of danger 
and safety cues. However, studies investigating the psychophysics of visual and auditory perception 
after aversive learning show divergent findings, and both enhanced and impaired discrimination after 
aversive learning have been reported. Therefore, the aim of this online study is to examine the impact 
of aversive learning on a continuous measure of visual discrimination. To this end, n = 205 participants 
underwent a differential fear conditioning paradigm before and after completing a visual 
discrimination task using differently oriented grating stimuli. Participants saw either unpleasant or 
neutral pictures as unconditioned stimuli (US). Results demonstrated sharpened visual discrimination 
for the US-associated stimulus (CS+), but not for the unpaired conditioned stimuli (CS-). Importantly, 
this finding was irrespective of the US’s threat intensity. These findings suggest that associative 
learning results in increased saliency, which facilitates perceptual discrimination in order to prioritize 
attentional deployment. 
 
 
A30 - Pupil dilation and skin conductance as measures of prediction error in aversive learning 

Stemerding, Lotte E.; van Ast, Vanessa; Gerlicher, Anna; Kindt, Merel 

University of Amsterdam, Department of Clinical Psychology, Amsterdam, Netherlands 

Aversive associative learning is foundational to the development of fear and anxiety disorders, and 
treatments therefore frequently focus on the updating of maladaptive associations or the learning of 
new "safe" associations. Learning theories postulate that prediction errors (PE) are a driving force of 
associative learning, and recently their role in the treatment of fear and anxiety has received more 
attention. However, to better understand how prediction errors contribute to associative (re)learning, 
it is essential to develop an index of their occurrence and strength. In three experiments, we evaluated 
two candidate physiological read-outs of prediction errors: skin conductance responses (SCRs) and 
pupil size responses. Participants were fear conditioned with three different stimuli, two of which 
consistently predicted a shock or no-shock outcome (low PE), and one that predicted the outcome with 
50% accuracy (high PE). Pupil dilation and SCRs were measured at CS offset, when the outcome was 
either presented or omitted, and we compared expected (low PE) with unexpected (high PE) 
outcomes. Our results show that both pupil dilation and SCRs are larger when a US presentation is 
unexpected compared to expected, and in the third experiment we also found significantly larger SCRs 
to unexpected US omissions. However, we find no evidence in our data that the size of the expectancy 
violation response relates to future learning in a prediction-error fashion. Therefore, we suggest that 
pupil dilation and SCRs can serve as indexes of expectancy violations but may reflect surprise rather 
than prediction error. The ability to directly index prediction errors would open avenues for optimizing 
associative fear learning and extinction. The current results show that physiological responses may 
index expectancy violations during fear conditioning, but the relationship between these responses 
and future learning needs further investigation. 
Funding: European Research Council (ERC) 
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A31 - Magnetoencephalographic pre-treatment correlates of fear conditionability are associated 

with reductions in behavioral avoidance due to virtual reality exposure therapy in spider phobia  

Tölle, Julius; Roesmann, Kati; Leehr, Elisabeth Johanna; Böhnlein, Joscha; Seeger, Fabian; 

Schwarzmeier, Hanna; Siminski, Niklas; Herrmann, Martin J.; Dannlowski, Udo; Lueken, Ulrike; Klucken, 

Tim; Straube, Thomas; Junghöfer, Markus  

University of Münster, Institute for Biomagnetism and Biosignalanalysis, Münster, Germany; University of Siegen, 

Department of Clinical Psychology; University of Münster, Department of Psychiatry and Psychotherapy; University of 

Würzburg, Department of Psychiatry, Psychosomatics, and Psychotherapy; University of Münster, Institute of Medical 

Psychology and Systems Neuroscience; University of Berlin, Department of Psychology  

Background: Models of anxiety disorders include fear conditioning as an etiological factor, yet its link 
with outcomes of exposure therapy (ET) has remained unclear. We investigated associations of 
magnetoencephalographic and behavioral pre-treatment conditioning effects and treatment 
outcomes after one session of in virtual ET. 
Methods: Sixty-six patients with spider phobia completed pre-treatment clinical and experimental fear 
conditioning assessments, one session of ET, a post-treatment clinical assessment and a 6-month 
follow up assessment. Differently tilted Gabor gratings served as conditioned stimuli (CS) that were 
either paired (CS+) or remained unpaired (CS-) with a phobia-related and a phobia-unrelated 
unconditioned stimulus (UCS). CS+/CS- differences in event related fields (ERFs) and behavioral fear 
ratings were related to percentual pre-to-post-ET reductions in avoidance behavior, assessed via a 
behavioral avoidance test (BAT), and to remission status at 6-months follow up.  
Results: Relatively higher CS- (vs. CS+) activity in MEG source estimations significantly correlated with 
reduced avoidance behavior in bilateral dorsolateral prefrontal cortex (dlPFC) and left ventromedial 
prefrontal cortex (vmPFC) regions. VmPFC effects were also linked with remission status. On a 
behavioral level, we observed no associations between pre-treatment conditioning effects and 
treatment outcome.   
Conclusions: Results provide initial evidence that magnetoencephalographic but not behavioral pre-
treatment correlates of fear conditioning may hold predictive information regarding later responses 
to exposure therapy. Our findings suggest that a residual ability of phobic patients to inhibit reactions 
to safety cues during fear conditioning are linked to better outcome of subsequent behavioural 
therapies. 
Funding: This work was funded by the German Research Foundation (DFG) – project number 44541416 
(CRC-TRR 58: Project C08 to MJ and TS, Project C09 to UD and UL, Project C07 to TS and MH) and the 
“Innovative Medizinische Forschung” (IMF) of the medical faculty of Münster (grant number RO211907 
to KR). JT received financial support from the “Medizinerkolleg Münster” 
 
 
A32 - Optimizing psychophysiological measurements of trace fear conditioning 

Jelena M. Wehrli; Yanfang Xia; Dominik R. Bach  

University of Zurich, Department of Experimental Psychopathology and Psychotherapy, Zurich, Switzerland 

Aversive Pavlovian conditioning is a paradigm widely used to model traumatic memory. It is commonly 
implemented as delay fear conditioning where a conditioned stimulus (CS) co-terminates with an 
unconditioned stimulus (US). Often, however, cues that elicit trauma memory were not present during 
the trauma but shortly before. This situation is modelled in trace fear conditioning, which requires 
partly different neural structures for memory maintenance during the “trace” (i.e. CS offset – US onset) 
interval. Crucially, due to the rather different experimental timing, it is not clear how to best measure 
memory retention in this paradigm. 
Here, we investigated this question in two experiments with a 2-s CS and a 15-s interval from CS offset 
to US. We used visual CS and electric shock as US. In an acquisition session on day 0 with 40 trials, we 
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measured pupil size, skin conductance, ECG and respiration amplitude. During a retention session on 
day +7 under nominal extinction (i.e. no US), we elicited startle eye blink responses and measured 
orbicularis oculi EMG, together with the same measures as during acquisition. To benchmark different 
quantifications of threat memory retention, we assessed their effect sizes to differentiate CS+/CS-, i.e. 
their retrodictive validity (Bach et al. 2020). 
Replicating previous work on delay fear conditioning, we found that startle eye blink had the highest 
effect size of all measures. Different from our previous work on delay fear conditioning, where the 
optimal number of trials to include into the analysis was 3-5 per condition (Khemka et al. 2017), we 
observed that the CS+/CS- difference was only observable when averaged over all trials. The optimal 
number of trials to include into the analysis was 15 trial per condition. These findings were replicated 
in an independent sample. 
Overall, we identify a suitable measure for trace fear conditioning, which may be used in further 
intervention studies. 
 
 
A33 - When nothing matters: Assessing markers of expectancy violation during the omission of 

threat  

Willems, Anne L.; Vervliet, Bram  

KU Leuven, Department of Brain & Cognition, Laboratory of Biological Psychology, Leuven, Belgium 

Over the past decade, increasing evidence has pointed to the importance of the violation of threat 
expectations during the omission of threat for long-term gains of exposure treatment. Yet, valid 
markers of these expectancy violations remain currently absent, making it difficult to translate these 
scientific discoveries into viable therapeutic interventions. In order to fill this gap, we developed the 
expectancy violation assessment (EVA) task to screen putative markers of expectancy violations during 
omissions of expected threat. Within this task, participants are provided with probability (0%, 25%, 
50%, 75%, 100%) and intensity (weak, moderate, strong) information of an upcoming electrical 
stimulation, time-locked by a countdown clock. The majority of trials, however, does not contain the 
electrical stimulation and therefore constitutes a violation of threat expectancies. We show that 
subjective ratings of relief-pleasantness and third interval skin conductance responses (SCR) following 
all omitted stimulations effectively tracked the violations of expectancy: Both markers distinguished 
well between unexpected (violating 25%, 50%, 75% instructions) and expected (confirming 0% 
instructions) omissions, and increased with increasing probability and/or intensity instructions. 
Furthermore, both markers were moderately correlated on a trial-by-trial basis, confirming that 
omissions that triggered higher third interval SCR, likewise triggered more pleasantly experienced 
relief. Taken together, our findings provide the first experimental validation of the EVA task which 
offers a promising way forward into the study of threat-related expectancy violations. 
 
 
A34 - Facial feedback: Adaptation of facial motor responses in interactive dyads as a function of 

punishment 

Yi, Jonathan; Pärnamets, Philip.; Olsson, Andreas 

Karolinska Institutet, Department of Clinical Neuroscience, Stockholm, Sweden 

Responding appropriately to others’ facial expressions is key to social functioning, and can save you 
from being harmed. Despite the large body of work on face perception and spontaneous responses to 
static faces, surprisingly little work has examined how responses to dynamic faces in more naturalistic 
situations and no studies have investigated how goal directed responses to faces are influenced by 
learning to avoid punishment during dyadic interactions. To study this, we developed a novel method 
to study avoidance learning based on online integration of electromyography (EMG) signals from the 
participants’ face (frowning; corrugator supercilli and smiling; zygomaticus major). In two experiments, 
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participants’ EMG signals were recorded during their interaction with frowning and smiling dynamic 
target faces. Participants learned by trial-and-error to avoid mild electric shocks by expressing the 
same (congruent) or different (incongruent) expression. If incorrect facial expression was formed 
(measured by EMG), they received a mild electric shock to their wrist. Experiment 1 validated our new 
method and replicated classical visual motor findings, showing faster and more accurate responses in 
congruent vs. incongruent conditions. Experiment 2 manipulated facial dominance of the target faces 
to examine biased responding. Participants performed worse toward highly dominant vs. low 
dominant faces by habitually imitating the highly dominant faces’ angry expressions. Our results 
introduce a new method to study decision-making and avoidance learning in dynamic interactive social 
situations, and help us understand gradual adaptation of motor responses to social contexts. Our 
method can be used to study decision-making biases caused by varying facial dominance in an 
interactive partner. 
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B01 - Safety vs. relief learning, which of these stimuli can inhibit conditioned fear?  

Marta Andreatta; Paul Pauli  

Erasmus University Rotterdam, Rotterdam, Netherlands; University of Würzburg  

After few pairings, stimuli presented shortly before an aversive unconditioned stimulus (US) elicit fear 
responses as compared to stimuli associated with US absence, i.e. safety. Strikingly, US offset elicit an 
appetitive feeling called relief and stimuli presented upon the moment of relief elicit appetitive 
conditioned responses such as attenuation of startle reflex. It remains unclear whether such appetitive 
responses are due to the relief per sè or rather to the safety, which normally follows US offset. In this 
study, we tested this question. Fifty-eight participants learned that one stimulus (fearCS) was shortly 
presented before an electric shock (US), one stimulus (reliefCS) was presented shortly after the US, 
and one stimulus (safetyCS) was never associated with the US. During a summation test phase, both 
fearCS and reliefCS as well as fearCS and safetyCS were presented in compound. We found successful 
fear acquisition for both verbal and physiological responses meaning that fearCS compared to both 
safetyCS and reliefCS was rated more aversive and elicited startle potentiation as well as larger skin 
conductance response (SCR). During summation test, SCRs but not startle responses were significantly 
attenuated by the compounds safety/fear and relief/fear as compared to the fearCS alone. In 
summary, conditioned fear was inhibited by both safety and relief signals suggesting that relief-
associated stimuli entail safety properties. 
 
 
B02 - Interaction of fear conditioning with eyeblink conditioning supports the sensory gating 

hypothesis of the amygdala  

Batsikadze, Giorgi; Inoue, Lana; Ernst, Thomas M; Ferber, Inda I.; Merz, Christian J.; Timman, Dagmar  

University of Duisburg-Essen, Department of Neurology, Essen, Germany; Tel Hai College, Department of Biotechnology, 

Israel; Faculty of Psychology, Ruhr University Bochum, Germany 

Inhibition of the amygdala slows down acquisition of conditioned eyeblink responses (CRs). Based on 
the two-stage theory of aversive conditioning, amygdala-dependent conditioned fear is a prerequisite 
to acquire eyeblink CRs but is no longer needed after eyeblink CRs are attained. According to the 
sensory gating hypothesis of the amygdala, on the other hand, the amygdala modulates the salience 
of unconditioned and conditioned stimuli (US and CS) in eyeblink conditioning. We tested these two 
opposing assumptions in five groups of 20 young and healthy men. On day 1, Groups 1-3 underwent 
fear acquisition training followed by acquisition of eyeblink CRs. On day 2, extinction was tested. In 
Group 1, fear and eyeblink extinction trials overlapped; in Group 2, fear and eyeblink extinction trials 
alternated; and in Group 3, fear extinction trials were followed by eyeblink extinction trials. Groups 4 
and 5 served as controls with fear or eyeblink conditioning only on day 1 and extinction on day 2.  
Preceding fear acquisition training facilitated acquisition of conditioned eyeblinks. Concomitant fear 
extinction impeded extinction of eyeblink CRs, which was accompanied by increased autonomic 
responses. Fear extinction, however, was not significantly altered by concomitant eyeblink extinction. 
Recall of fear CRs on day 2 was facilitated in Group 1, suggesting additive response summation. 
Furthermore, extinction of conditioned eyeblink responses was impeded and accompanied by 
increased autonomic fear responses. Findings are difficult to explain with the two-stage theory of 
aversive conditioning which predicts suppression of conditioned fear once eyeblinks CRs are acquired. 
Facilitated acquisition and impeded extinction of eyeblink CRs, however, show that the modulatory 
effect of the amygdala is not restricted to acquisition, but is also present during retention of 
conditioned eyeblinks and are in accordance with the sensory gating hypothesis of the amygdala. 
Funding: Funded by ELAN and SFB1280 (A05 and A09) 
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B03 - Disrupting emotional memory through directed forgetting  

Chalkia, Anastasia; Carpentier, Liesbeth; Beckers, Tom  

KU Leuven, Centre for the Psychology of Learning and Experimental Psychopathology, Leuven, Belgium 

It has been known for a long time that declarative memory encoding is sensitive to disruption, as 
subjects can be cued to intentionally “forget” information before it is stored using a directed forgetting 
(DF) manipulation. Recently, original research from our lab has indicated that DF can also be 
successfully applied to interfere with emotional memories acquired through fear conditioning. To that 
end, we developed a novel fear conditioning procedure where simple line drawings were displayed 
one at a time, and half of them were paired with a mild electric shock US (CS+), while the other half 
were presented alone (CS-). An acoustic forget cue was presented after half of all the CS+ and CS- trials, 
indicating that those trials were to be forgotten. Skin conductance (SCR) was included as an index of 
physiological fear responding and declarative memory retention was probed with free recall and 
recognition tasks. Across all previous studies, subjects recalled and recognized fewer of the items that 
were followed by the forget cue (known as the DF effect). Moreover, subjects developed weaker SCR 
in response to CS+ items that were instructed to be forgotten. Here, we present a follow-up study, 
intended to replicate and extend this new research line. We once again detected a memory deficit for 
items instructed to be forgotten, replicating our previous findings. Yet, in order to gauge possible 
mechanisms driving DF of emotional memories, we also investigated the influence of subjects' working 
memory capacity on the magnitude of the DF effect and explored the relationship between this effect 
and certain personality traits (perfectionism, neuroticism, mind wandering). 
 
 
B04 - Spiders and coins: face your fears?! 

Dibbets, Pauline; Schruers, Koen 

Maastricht University, Maastricht, The Netherlands 

Spider-fearful person rather avoid than approach their feared animals. This tendency plays a major 
role in the maintenance of their fear as it hampers extinction. However, some courageous persons can 
overcome their fear and dare to approach a spider. The present study examines if higher levels of 
courage result in more self-exposure and subsequently, in a reduction of spider fear. To this end, a 
novel online, corona-proof study was created. Participants were invited to carry out an online 
behavioural avoidance test (BAT) followed by an approach-avoidance conflict task. In this task, 
participants were encouraged to collect 100 coins in desert depicting a ruin with three symbol-marked 
trapdoors. Selection of the safe symbol resulted in one coin; selection of the conflict symbol could 
result in either a high reward (3 coins, 75%) or a spider (25%, self-exposure). The task was followed by 
a second BAT; spider fear and courage levels were measured with the FSQ (fear of spiders 
questionnaire) and the CM (courage measure), respectively. Results will be presented at the human 
fear-conditioning meeting. 
 
 
B05 - An Unconditioned Stimulus Retrieval Extinction Procedure to Prevent the Return of Category 

Fear Memory via Slow Conflict Resolution Processing 

Dong-ni Pan 

Key laboratory of Mental Health, Institute of Psychology, Chinese Academy of Sciences, Beijing, China; Department of 

Cognitive Psychology, Ruhr University Bochum, Bochum, Germany 

Within the reconsolidation framework, the return of fear may be prevented by post-retrieval 
extinction, a procedure consisting of extinction after some retrieval cue, typically a single CS+ 
presentation. However, attempts to replicate these findings have yielded mixed results, with CS 
reminder before extinction may not effectively prevent the generalised fear. A promising alternative 
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is US reactivation paradigm, in which a lower intensity US before extinction was considered confers an 
undeniable advantage of cue non-specificity. However, only a handful of studies have specifically 
examined US reactivation procedures, and the underlying mechanism of potential effect is poorly 
understood. The current study compared the typical extinction training with CS reminder extinction 
and US reminder extinction, with EEG recording during the extinction day, to explore the potential 
advantages of US reactivation extinction procedure on preventing fear recovery, as well as its underly 
neuro mechanisms. Our results showed different reminder manipulations before extinction generated 
different extinction learning processing. Although all groups conducted successful extinction learning, 
US reminder group showed the lowest SCRs on the first CS+ trial in extinction phase and exhibited a 
relatively prolonged extinction processing, with the SCR difference between CS+ and CS- existing in the 
middle phase of extinction. For EEG data, the US group showed higher anterior midcingulate cortex 
theta and relied less on ventromedial prefrontal cortex gamma during extinction learning. This subtle 
processing difference in extinction resulted in the different effect on Day 3 fear recovery test: the US 
group showed the lowest fear recovery compared with other two groups, suggesting that adding a US 
reminder before the extinction helps to reduce the recovery of fear, which may be related to some 
slow conflict (error) resolution mechanism. 
 
 
B06- Revisiting potential associations between brain morphology, fear acquisition and extinction 

through new data and a literature review  

Ehlers, Mana R.; Nold, Janne; Kuhn, Manuel; Klingelhöfer-Jens, Maren; Lonsdorf, Tina B.  

University Medical Center Hamburg-Eppendorf, Institute of Systems Neuroscience, Hamburg, Germany 

Marked inter-individual differences in defensive responding are widely established but their 
morphological correlates in humans have not been investigated in depth. Previous studies reported 
associations with cortical thickness of the dorsal anterior cingulate cortex, insula and medial 
orbitofrontal cortex as well as amygdala volume in fear conditioning studies. However, these 
associations are partly inconsistent and often derived from small samples. The current study aimed to 
(conceptually) replicate previously reported associations between physiological and subjective 
measures of fear acquisition and extinction and brain morphology. Structural magnetic resonance 
imaging was performed on 107 healthy adults who completed a differential cued fear conditioning 
paradigm with 24h delayed extinction while skin conductance response (SCR) and fear ratings were 
recorded. Cortical thickness and subcortical volume were obtained using the software Freesurfer. 
Results obtained by traditional null hypothesis significance testing and Bayesians statistics do not 
support structural brain-behavior relationships: Neither differential SCR nor fear ratings during fear 
acquisition or extinction training could be predicted by cortical thickness or subcortical volume in 
regions previously reported.  
In summary, the current pre-registered and peer-reviewed study does not corroborate associations 
between brain morphology and inter-individual differences in defensive responding. While differences 
in experimental design and analyses approaches compared to previous studies are discussed, we 
would also like to emphasize the need for larger sample sizes to ensure sufficient power to detect 
smaller correlations. Looking into the future, we envision collaborative data pooling in order to meet 
the sample size requirements for individual difference research that are difficult, if not impossible, to 
fulfill by individual research groups. 
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B07 - Multivariate Growth Curve Modeling in Human Fear Conditioning  

Elbersgerd , Neele K.; Hufenbach, Miriam C. (co-presenter); Ventura-Bort, Carlos; Wendt, Julia  

University of Potsdam, Biological Psychology and Affective Science, Potsdam, Germany 

Fear-potentiated Startle Eye Blink (STR) and Skin Conductance Response (SCR) are two of the most 
common conditioned response measurements used in fear conditioning studies. 
There is an ongoing debate on whether STR and SCR reflect distinct information about different aspects 
of fear learning (single vs. dual learning process).  
Taking a step beyond conventional methods like rmANOVA and seeking to overcome its limitations, 
such as ignoring the individual participant as a source of information, growth curve analysis constitutes 
a promising approach in psychophysiological research and especially fear conditioning. This method 
takes into account that repeated measurement data are nested within participants while enabling the 
analysis of between-person differences by estimating random effects, making it a more flexible and 
precise procedure. 
In its multivariate extension, growth curve analysis allows for simultaneous estimation of coefficients 
for several outcomes. This allows us to gain insight into the interplay of these outcomes over time, 
paving the way to new research questions. To ascertain these new possibilities afforded by 
multivariate growth curve analysis, we performed an exploratory analysis comparing trajectories of 
STR and SCR in the context of a delay fear acquisition paradigm in R (R Core Team, 2020).  
Our focus at this juncture lies on investigating the differences and covariance of STR and SCR growth 
curves. Despite facing some challenges during necessary model building decisions, such as choosing 
the right method of standardization or specifying the random error structure, it is our opinion that this 
statistical approach offers an integrative tool for the comprehensive understanding of fear learning 
processes. 
 
 
B08 - Modulation of attention to pain by rewarding goal-directed action  

Eleana A. Pinto; Meulders, Ann; Torta, Diana M.; Van Damme, Stefaan  

Ghent University, Department of experimental clinical and health psychology, Gent, Belgium; Maastricht University, 

Department of Clinical Psychological Science (Maastricht, the Netherlands)  

Movements associated with pain can become conditioned stimuli able to elicit responses like fear, 
avoidance, and increased attention towards bodily sensations. It was recently suggested that fear-
avoidance emerges in a context of multiple and competing goals. Parallelly, it was proposed that 
attentional capture by pain is dependent on the characteristics of the focal goal. These perspectives 
advocate the need to investigate goal-directed processes in the context of pain behaviors. Surprisingly, 
how the presence of a goal in executing an action affects the processing of pain is still not investigated. 
Preliminary evidence, suggests that executing a pain-conditioned action increases the attentional 
processing of tactile events in the pain-related body location. Experimental studies showed that 
engaging in a rewarding cognitive task induces top-down inhibition of attention to pain that serves to 
protect the goal from distracting information. This study aims to examine whether setting a goal in 
performing a motor action, induces shielding mechanisms reflected by top-down modulation of 
attention. 45 healthy volunteers will be instructed to perform three actions using a robotic arm. One 
action will be conditioned with conflicting (reward + pain), a second with negative (pain) and a third 
with neutral (no consequences) outcomes. To induce goal-shielding mechanisms during motor action 
execution, participants could receive a reward proportional to their motor performance. To measure 
attention, we will record Somatosensory Evoked Potentials (SEPs) in response to vibrotactile stimuli. 
We expect to observe reduced SEPs amplitude evoked by tactile stimuli during the execution of 
rewarding actions compared to actions only paired with pain (negative) or no consequences (neutral). 
Furthermore, we will investigate whether fear and expectancy of pain and fear of movement are 
reduced when executing rewarding goal-directed actions as compared to negative or neutral actions. 
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B09 - Contextual modulation of fear conditioning in social anxiety disorder  

Fricke, Susanne; Seinsche, Rosa J.; Neudert, Marie K.; Zehtner, Raphaela I.; Stark, Rudolf; Hermann, 

Andrea  

Justus Liebig University Giessen, Department of Psychotherapy and Systems Neuroscience, Giessen, Germany; Justus Liebig 

University Giessen, Bender Institute of Neuroimaging, Germany; University of Marburg and Justus Liebig University Giessen, 

Center for Mind, Brain and Behavior (CMBB), Germany  

Patients with social anxiety disorder (SAD) often report negative social experiences associated with the 
onset of the disorder. Symptoms that occur consequently include severe fear of being judged by others 
or distorted negative images of oneself. Classical conditioning processes thus represent an important 
factor in the etiology of SAD. Moreover, at the phenomenological level, there are some similarities 
between SAD and post-traumatic stress disorder (PTSD), such as an aversive triggering event, 
avoidance behavior, or symptoms of intrusive re-experiencing. This study addresses the extent to 
which SAD patients, similar to PTSD patients, show abnormalities in the neural correlates of context-
dependent fear conditioning processes. For this purpose, a two-day context-dependent fear 
conditioning paradigm with fear acquisition and extinction on the first day, and extinction recall and 
fear renewal on a second day during functional magnetic resonance imaging was conducted in 55 SAD 
patients and 55 healthy controls (HC). Preliminary results show that SAD patients exhibit altered 
activation in fear- and extinction-relevant brain regions (e.g., amygdala), particularly during context-
dependent extinction retrieval. These results indicate the importance of context-dependent extinction 
processes in SAD and are discussed in the light of previous findings. 
Funding: Deutsche Forschungsgemeinschaft (DFG) 
 
 
B10 - Can positive affect attenuate the return of pain-related avoidance behaviour?  

Gatzounis, Rena; Meulders, Ann  

Maastricht University, Research Group Experimental Health Psychology, Maastricht, Nederland 

Exposure is an effective strategy to reduce chronic pain disability, but is often followed by relapse. We 
have previously shown experimentally that pain-related fear and avoidance behaviour return after 
extinction with response prevention. This return may be reduced by factors expected to strengthen 
the encoding of the extinction memory, such as positive affect. In this experiment, we investigated 
whether the (expected) reinstatement of pain-related fear and avoidance is reduced when positive 
affect is increased during extinction learning. In an operant avoidance paradigm, healthy, pain-free 
volunteers performed a series of arm reaching movements using a robotic arm. During acquisition, 
participants chose between three arm movements (T1/ T2/ T3), differing in probability of pain 
occurrence and required effort as follows: T1 = 100% pain, lowest effort; T2 = 50% pain, moderate 
effort; T3: 0% pain, highest effort. During extinction with response prevention, participants were only 
allowed to perform T1, under extinction. After administering two unexpected painful stimuli, we tested 
reinstatement of pain-related fear and avoidance under extinction with availability of all three 
trajectories. Crucially, positive affect was manipulated right before extinction, with one group 
performing a writing exercise that has been reliably shown to increase positive affect (“Best Possible 
Self”), whereas another group performed a control exercise that does not increase positive affect 
(“Typical Day”). Our main outcome measures were behavioural avoidance (maximal deviation from 
shortest path), and self-reported fear and pain expectancy. Interim analyses indicate that extinguished 
pain-related fear and avoidance were reinstated, but to a similar degree for participants who had 
undergone the positive affect induction or the control manipulation. Findings from the full sample will 
be presented and discussed in the context of optimizing exposure treatment for chronic pain disability. 
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B11 - Habitual components in costly avoidance  

Glück, Valentina M.; Pittig, Andre  

University of Wuerzburg, Department of Biological psychology, clinical psychology, and psychotherapy, Research group: 

Cognitive control in stress and health, Wuerzburg, Germany 

Habitual responding might contribute to the maintenance of maladaptive avoidance, as has repeatedly 
been suggested recently. However, experimental paradigms to evaluate the presence of habitual 
costly avoidance are not available yet. We used a modified outcome devaluation paradigm in which 
the outcome sensitivity of overlearned avoidance behavior was not tested in extinction, but in direct 
competition with goal-directed approach responses. We extensively trained 55 (Experiment 1) and 72 
(Experiment 2) healthy participants with two simple avoidance responses (pressing left/right button in 
response to full-screen color stimuli) to prevent an aversive unconditioned electrical stimulus (US). 
Subsequent US devaluation consisted of the removal of the US electrode. In the second experimental 
phase, pictures of neutral objects were presented on top of the now task-irrelevant color stimuli. 
Participants could gain monetary rewards for correct responses to these compound stimuli. Approach 
responses to rewards were either compatible (habit-compatible trials) or incompatible (habit-
incompatible trials) with overlearned avoidance responses. In experiment 1, participants needed to 
infer the contingencies between neutral object stimuli and rewards by trial and error learning. In 
experiment 2, we instructed these contingencies to preclude trial and error learning. Accuracy was 
higher in habit-compatible trials than in habit-incompatible trials in experiment 1, but not in 
experiment 2. Reversely, reaction times were higher in habit-incompatible than in habit-compatible 
trials in experiment 2, but not in experiment 1. These findings indicate that effects of overtraining and 
devaluation were susceptible to task variations. However, overtrained avoidance responses interfered 
with subsequent goal-directed approach responses in both task variants, suggesting that the paradigm 
captures relevant aspects of habitual anxiety-related avoidance and may thus be further utilized. 
Funding: Faculty of Humanities, University Würzburg and Equality Funding, Faculty of Humanities, 
Würzburg 
 
 
B12 - Dopaminergic signals in the Nucleus Accumbens, VTA and vmPFC underpin extinction learning 

from the omission of expected threats  

Jan Haaker; Roland Esser, Christoph Korn, Florian Ganzer  

Department of Systems Neuroscience, University Medical Center Hamburg-Eppendorf, Hamburg, Germany 

Learning to be safe is central for adaptive behaviour when threats are no longer present. Detecting the 
absence of an expected threat is key for threat extinction learning and an essential process for the 
behavioural treatment of anxiety related disorders. One possible mechanism underlying extinction 
learning is a dopaminergic mismatch signal that encodes the absence of an expected threat. 
Here we show that such a dopamine-related pathway underlies extinction learning in humans. 
Dopaminergic enhancement (administration of L-DOPA vs. Placebo) reduced retention of 
psychophysiological threat responses at later test, which was mediated by activity in the ventromedial 
prefrontal cortex that was specific to extinction learning. L-DOPA administration enhanced signals at 
the timepoint of an expected, but omitted threat in extinction learning within the nucleus accumbens, 
which were functionally coupled with the ventral tegmental area and the amygdala. Computational 
modelling of threat expectancies further revealed prediction error encoding in nucleus accumbens that 
was modulated by dopaminergic enhancement. Our results thereby provide evidence that encoding of 
absent threats is modulated by dopaminergic neurotransmission and provide a mechanistic 
perspective to augment extinction learning by dopaminergic enhancement in humans. 
 
 
 



56 
 

B13 - Cortisol alters consolidation processes required for successful extinction generalization  

Hagedorn, Bianca; Wolf, Oliver T.; Merz, Christian J.  

Ruhr University Bochum, Department of Cognitive Psychology, Bochum, Germany 

While extinction learning appears to be stimulus-specific, generalization of fear seems to be naturally 
acquired as it is frequently observed in fear-related disorders. Thus, treatments aiming to generalize 
extinction learning might comprise the chance to overcome stimulus-specificity and consequently 
reduce relapses, especially after the encounter of stressful events counteracting the stress-induced 
return of fear. 
In the present pre-registered, three-day fear conditioning study, we aimed to create a generalized 
extinction memory trace in 60 healthy men and women using multiple sizes of one conditioned 
stimulus (CS+G; generalized) during extinction training, whereas the other CS was solely presented in 
its original size (CS+N; non-generalized). Extinction training took place either after pharmacological 
administration of the human stress hormone cortisol or placebo. Following successful fear acquisition 
on the first day, prolonged activation of the bilateral insula and dACC for CS+G as compared to CS+N 
indicated prolonged fear during extinction training for the CS+G on the second day. During retrieval on 
the third day, a more posterior activation of the left hippocampus was observed for the contrast CS+G 
minus CS+N, whereas a more anterior activation of the left hippocampus was observed in the reverse 
contrast. The latter activation, however, was present in the cortisol but not placebo group. In 
accordance with our hypotheses, amygdala and dACC responding during reinstatement test was 
reduced for the CS+G as compared to CS+N, but cortisol abolished this dACC activation relative to 
placebo. In conclusion, extinction generalization processes appear to rely on prolonged fear processing 
that in turn leads to attenuated return of fear after reinstatement. Cortisol administration prior to 
extinction training, however, appears to increase consolidation of this prolonged fear signaling leading 
to its reemergence after unsignaled reinstatement shocks. 
Funding: Funding for this study was provided by the Deutsche Forschungsgemeinschaft (DFG; German 
Research Foundation) within the SFB 1280 Extinction Learning (Project number: 316803389 - SFB1280; 
project A09 (OTW, CJM)). 
 
 
B14 - How stable can fear generalization be?  

Katharina Herzog; 1,2 Andreatta, Marta; 3 Schiele, Miriam A.; 3 Domschke, Katharina; 4 Deckert, 

Jürgen; 1,5 Pauli, Paul  

1 University of Würzburg, Department of Biological Psychology, Clinical Psychology and Psychotherapy, 2 Erasmus University 

of Rotterdam, Department of Psychology, Educational Sciences, and Child Studies; 3 Medical Center – University of Freiburg, 

Department of Psychiatry and Psychotherapy; 4 University of Würzburg, Department of Psychiatry, Psychosomatics, and 

Psychotherapy; 5 University Clinic of Würzburg, Center of Mental Health  

Over-generalization of conditioned fear is discussed as pathogenic marker of anxiety disorders. Strong 
fear generalization can also be observed in healthy individuals, but with high trait anxiety. Here, we 
investigated in a healthy participant sample how stable through time the generalization of fear 
responses can be.  
Participants (N = 23) underwent a differential conditioning during which one face (conditioned 
stimulus, CS+), but not another face (CS-) was associated with a desperate female scream 
(unconditioned stimulus, US). During two subsequent generalization blocks, both CSs as well as four 
morphs (generalization stimuli, GS) were presented. Participants were then re-invited in the lab one 
year later and underwent a third generalization block.  
Successful acquisition of conditioned fear is indicated by discriminative ratings (valence, arousal, US-
expectancy) between CS+ and CS-, as well as increased skin conductance response to CS+ compared 
to CS-. The sample showed stable fear generalization throughout all generalization blocks as reflected 
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in Linear Deviation Scores (LDS) for SCR and valence and arousal ratings. US-expectancy ratings 
revealed reduced fear generalization in Block 2 and Block 3 as compared to Block 1.    
In conclusion, the results suggest a stable generalization patterns on the affective (i.e., valence and 
arousal ratings as well as SCR), but not on the cognitive (i.e., US-expectancy) level of responses. In line, 
anxiety patients may present long-lasting over-generalization of affective fear responses, despite no 
explicit association with the threatening event is reported. 
Funding: The work was supported by the Deutsche Forschungsgemeinschaft (DFG, German Research 
Foundation), SFB TRR 58 “Fear, Anxiety, Anxiety Disorders” within project Z02. 
 
 
B15 - Exploring the neurocognitive mechanisms of aversive-to-appetitive counterconditioning in 

humans  

Houtekamer, Maxime C.; de Vos, Jette; Wirz, Lisa M.; Henckens, Marloes J.A.G.; Homberg, Judith R.; 

Hermans, Erno J.  

Radboud University Medical Centre, Donders Institute for Brain, Cognition and Behaviour, Cognitive Neuroscience, Nijmegen, 

Netherlands 

Counterconditioning aims to attenuate emotional memories by establishing a new association of the 
opposite valence. Results regarding the effectiveness of aversive-to-appetitive counterconditioning 
(CC) to attenuate fear in humans are promising but mixed. However, the neurocognitive mechanisms 
underlying CC are still largely unexplored. This functional magnetic resonance imaging (fMRI) study 
compared differences in the neural mechanisms underlying aversive-to-appetitive CC versus classic 
extinction, physiological measures of threat (skin conductance responses, pupil dilation) and explicit 
memory.  
In a hybrid version of Pavlovian categorical fear conditioning and the monetary incentive delay task, 
participants responded to targets superimposed on conditioned and unconditioned category 
exemplars. During the acquisition phase, conditioned stimuli (CS+) were reinforced with shocks 
administered at a variable delay after the response window had elapsed. Conversely, during the CC 
phase, conditioned stimuli were reinforced with a monetary reward provided immediately following 
the offset of the conditioned stimuli. In the extinction condition, reinforcement was omitted. 
On the second day, we tested for spontaneous recovery and reinstatement of threat responses to the 
conditioned category. We observed spontaneous recovery of differential pupil dilation response, 
which was selectively diminished in the CC group. In participants undergoing CC as compared to regular 
extinction, fMRI revealed more persistent CS+-specific deactivations in the amygdala, hippocampus 
and ventro-medial prefrontal cortex (vmPFC), as well as CS+-specific activation of the nucleus 
accumbens (nAcc).This suggests CC leads to more efficient extinction learning that has a distinct neural 
substrate: it appears not to rely on a gradual increase of vmPFC as observed in regular extinction. 
 
 
B16 - Is observational fear conditioning moderated by the observer’s degree of empathy with the 

model?  

Kasran, Sarah; De Houwer, Jan  

Ghent University, Department of Experimental Clinical and Health Psychology, Ghent, Belgium 

Fear can be acquired via social learning: after watching another person (a model) show distress in the 
presence of a stimulus, observers often respond fearfully when they subsequently encounter the 
stimulus themselves. The majority of research on this observational fear conditioning effect has been 
guided by an associative perspective, which assumes that responses during observation of the model 
will influence subsequent fear responding (Olsson & Phelps, 2007). From this perspective, one would 



58 
 

predict that a higher degree of empathy with the model’s distress would lead to larger observational 
fear conditioning effects.  
Although one prior study experimentally manipulated the degree of empathy (Olsson et al., 2016), it 
is likely that the manipulation influenced other factors as well, making it difficult to draw conclusions 
regarding the role of empathy per se. Therefore, we conducted a study (n = 144) in which we 
manipulated the degree of empathy in a more targeted manner. Participants watched videos of a 
model showing distress (allegedly to the presentation of an aversive sound) in the presence of one CS 
but not another. In a subsequent test phase, the CSs were presented to participants and fear and sound 
expectancy ratings were collected. Crucially, prior to watching the videos participants were instructed 
either to imagine how they would feel in the model’s place (high empathy) or to remain objective (low 
empathy). The results indicated that fear ratings were very similar in the two groups, while expectancy 
ratings differed slightly but not in the direction predicted by the associative perspective.  
Based on these and a number of related findings, we conclude that the role of empathy in 
observational fear conditioning is currently still unclear. 
Funding: Research Foundation Flanders (FWO) 
 
 
B17 - Resting state fMRI predicts individual valence change in pain-related threat learning  

Kincses, Balint; Forkmann, Katarina; Bingel, Ulrike; Schmidt, Katharina; Spisak, Tamas  

University Hospital Essen, Laboratory of Predictive Neuroimaging, Essen, Germany; University Hospital Essen, The Bingel 

Laboratory  

The relation between resting state (rs) brain connectivity and behavior is known to be bi-directional: 
while resting-state connectivity is adaptively shaped by preceding behavior, it is also capable of 
predicting future behavioral performances. Regarding fear-related learning (FL), most studies focused 
on the effect of FL on rs activity. We tested whether baseline connectivity could be predictive on the 
acquisition of pain-related emotional responses. 
Rs functional MRI was measured before performing a differential conditioning paradigm involving 
painful heat and unpleasantness-matched auditory stimuli as US in 26 participants. FMRI data was 
preprocessed with our fixed in-house pipeline (https://spisakt.github.io/RPN-
signature/). Connectivity matrix was determined as partial correlations across 122 functionally 

defined regions of the MIST brain atlas. A machine learning model with feature selection and L2-
regularization was trained within a nested leave-one-out cross validation framework to predict the 
relative changes of the individual valence ratings during acquisition training.  
The model predicted valence changes with a root mean squared error of 19.5 and 21.6 (on VAS100), 
the explained variance was 36% and 21% and the correlation between the measured and predicted 
values was 0.64 and 0.47 (both p<0.001) in the non-nested and nested cross-validation, respectively. 
The prediction was mainly driven by connections between prefrontal, parietal and cerebellar brain 
regions. 
We have shown that resting state brain activity has the potential to predict pain related threat learning. 
Our model can be considered a neuromarker candidate for pain related learning. The generalizability 
of the model to other data sets needs to be determined with external validation studies. 
Funding: German Research Foundation (DFG; project number 316803389 – SFB 1280) 
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B18 - Defensive freezing and its relation to approach-avoidance decision-making under threat  

Klaassen, Felix H.; Held, L.; Figner, B.; O'Reilly, J.X.; Klumpers, F.; de Voogd, L.D.; Roelofs, K. 

Radboud University Nijmegen, Donders Institute, Nijmegen, The Netherlands; Radboud University Nijmegen, Behavioural 

Science Institute, The Netherlands; University of Oxford, Department of Experimental Psychology, United Kingdom  

Successful responding to acutely threatening situations requires adequate approach-avoidance 
decisions. However, it is unclear how threat-induced responses like freezing impact the weighing of 
the potential outcomes of such value-based decisions. Insight into the underlying computations is 
essential, not only to improve our models of decision-making but also to improve interventions for 
maladaptive decisions, for instance in anxiety patients and first-responders who frequently have to 
make decisions under acute threat. Forty-two participants made passive and active approach-
avoidance decisions under threat-of-shock when confronted with mixed outcome-prospects (i.e., 
varying money and shock amounts). Choice behavior was best predicted by a model including 
individual action-tendencies and freezing-related bradycardia, beyond the subjective value of the 
outcome. Moreover, differential bradycardia (high-vs-low threat) interacted with subjective value, 
depending on the action-context (passive-vs-active). Specifically, in action-contexts incongruent with 
participants’ intrinsic action-tendencies, stronger bradycardia related to diminished effects of 
subjective value on choice across subjects. These findings illustrate the relevance of testing approach-
avoidance decisions in relatively ecologically valid conditions of acute and primarily reinforced threat. 
These mechanistic insights into approach-avoidance conflict-resolution may inspire biofeedback-
related techniques to optimize decision-making under threat. Critically, the findings demonstrate the 
relevance of incorporating internal psychophysiological states and external action-contexts into 
models of approach-avoidance decision-making. 
 
 
B19 - Children’s Heart Rate Variability in Fear Conditioning and Extinction  

Klein, Z.; Rosenblum, S., & Shechner, T.  

University of Haifa, Department of Psychology, Haifa, Israel (ISR) 

Biobehavioral mechanisms underlying fear learning seem to be promising targets to examine 
potential risk factors of anxiety-related psychopathology. Specifically, heart rate variability (HRV), 
time intervals between heartbeats, was suggested as a potential physiological autonomic biomarker 
for anxiety disorders. Previous studies have demonstrated that low HRV is associated with elevated 
anxiety and enhanced startle potation of fear-related stimuli among adult. The aim of the current 
study was to examine the physiological autonomic arousal in fear learning from a developmental 
perspective among anxious and non-anxious children. Sixty-one children (11-16 years, MAge = 24.57 
years; 69% females) participated in the study. Participants were diagnosed with a semi-structured 
clinical interview (Anxiety Disorders Interview Schedule-ADIS), resulting in 31 clinically anxious and 
30 non-anxious children. All participants completed a differential fear-conditioning task with yellow 
and blue cartoon bells serving as CSs. One bell was paired with an aversive sound (US) at a 100% 
reinforcement rate (CS+; danger cue). The second bell was never paired with the US (CS-; safety cue). 
During fear extinction, no aversive sound was delivered. Preliminary results reveal that anxious 
children showed lower HRV and elevated beat per minute (BPM) during fear acquisition and fear 
extinction phases compared to the non-anxious children. Moreover, HRV and BPM were associated 
with other physiological indices of Skin Conductance Response (SCR) and Fear Potentiated Startle 
(FPS). A deeper understanding of children’s physiological responses during fear learning may 
elucidate the etiology underlying anxiety disorders, which could then influence the future 
development of innovative early therapeutic interventions. 
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B20 - Individual freezing-like behavior and decision making in relation to threat proximity  

Alina Koppold 

University Medical Center Hamburg Eppendorf, Department of Systems Neuroscience, Hamburg, Germany 

When facing threat, defensive circuits are activated to ensure survival. In the context of survival, 
blunted physiological responding is associated with action preparation, but less is known about the 
impact on the individual decision of staying or fleeing. Here I present the design of a novel paradigm 
which is intended to capture active approach-avoidance decisions in varying situations of threat 
imminence and safety. Within a multimethod approach, we use the human body sway, as assessed by 
a stabilometric force platform, heart rate variability, fear potentiated startle and skin conductance 
response as outcome measures and proxy for freezing-like behaviour in humans. The overarching aim 
is to identify data-driven latent subgroups based on the freezing-like behaviour and the individual 
decision in relation to the perception of threat proximity with a sample of 500 participants. Here, I 
present the first piloting data from the paradigm and will showcase first results on responsive 
behaviour within a threat imminence context and on individual difference characteristics. 
 
 
B21 - Multiverse analyses in fear conditioning research: the multifear R package  

Krypotos, A.; Gerlicher, Anna; Klingelhöfer-Jens, Maren; Lonsdorf, Tina 

Utrecht University, Department of Clinical Psychology; KU Leuven; Group of Health Psychology, Utrecht; Leuven, Netherlands; 

~Belgium; University of Amsterdam, Department of Clinical Psychology, the Netherlands; University Medical Center Hamburg 

Eppendorf, Germany  

There is a lack of consensus as to what are the most appropriate analyses for fear conditioning data. 
In absence of a formal model for analyzing fear conditioning data, there is a multitude of potentially 
equally justifiable statistical approaches. This is problematic for at least two reasons. First, this leaves 
a lot of room for flexibility as to what analyses would be followed in a particular study. Second, it makes 
the results sensitive to the particular statistical analysis, or data reduction procedures, followed, 
something that is problematic for the robustness of the conclusions drawn from the study. Still, it may 
seem unreasonable, and time-consuming, to carry all the different analyses reported in the literature. 
In order to make such analyses possible for researchers, we present the easy to use and novel R 
package ‘multifear’. With it, researchers can easily perform all analyses commonly reported in fear 
conditioning literature for skin conductance data, with a single line of code. This includes the carry out 
of t-tests, Analysis of Variance, and mixed models, with each analysis being run with different data 
reduction procedures (e.g., by taking the mean per block or the mean of the first and last block). The 
package is able to perform all the analyses within a null hypothesis significance testing as well as a 
Bayesian framework. Lastly, the package is able to return a forest plot with all the relevant effect sizes. 
By embracing multiverse analyses we may be able to reach more informative and robust conclusions 
from our data. 
Funding: AMK is supported by a senior post-doctoral grant from FWO (Reg. # 12X5320N) and a 
replication grant from NWO (Reg. # 401.18.056). TBL was funded through grants awarded by the 
German Research Foundation (DFG) DFG LO1980/4-1, DFG LO1980/2-1, and DFG CRC TRR 58 INST 
211/633-2. 
 
 
B22 - Characterizing Human Safety Learning via Pavlovian Conditioned Inhibition 

Laing, Patrick A.F 

Melbourne Neuropsychiatry Centre, Department of Psychiatry, The University of Melbourne, Melbourne, Australia 

Deficient safety learning has been implicated in the pathogenesis of anxiety disorders. Despite 
increased translational interest, there has been limited research on the basis of safety learning in 
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humans. Here, we examined safety learning in seventy-three healthy participants via a modified 
Pavlovian conditioned inhibition paradigm, featuring a conditioned threat stimulus that was reinforced 
alone (A+), but not when combined with a second stimulus (the conditioned inhibitor, AX-). During a 
test phase, X and a control safety cue (C) were combined with a second threat stimulus to assess their 
inhibition of threat responses, measured via skin conductance (SCRs) and US-expectancy ratings. Both 
stimuli exhibited conditioned inhibition, but X suppressed ratings by a greater magnitude than C. Trait 
anxiety also predicted increased US-expectancy ratings of X. These findings suggest that a Pavlovian 
inhibitor accrues greater safety value than a merely unreinforced safety signal. This suggests further 
study of conditioned inhibition may have utility in understanding safety learning at a basic level and in 
its relevance to psychopathology. Preliminary results from an fMRI study of conditioned inhibition will 
also be presented. 
 
 

B23 - Extinction learning and devaluation learning: comparing two experimental interventions with 

respect to the return of fear  

Iris Lange; Bram Vervliet  

KU Leuven, Research unit Brain & Cognition, Leuven, Belgium; Maastricht University, Department of Psychiatry and 

Neuropsychology, Maastricht, The Netherlands  

There is a need to increase scientific insight into the underlying working mechanisms of exposure 
therapy in order to optimize it. The aim of the current study is to assess the return of fear after two 
intervention strategies that play a role in exposure therapy: extinction learning and threat (US) 
devaluation. We hypothesized that conditioned reactivity and perceived US valence during a fear 
renewal phase is lower after a devaluation procedure compared to an extinction-based intervention. 
Methods: Healthy participants (N=37) filled out questionnaires on distress tolerance and intolerance 
of uncertainty. Next, they underwent an experimental task (within-subject design) with four phases: 
fear acquisition, intervention (extinction learning and devaluation learning), recall , and contextual 
renewal (ABC-design). Geometric shapes served as conditioned stimuli, and electric shocks to left and 
right ankles as unconditioned stimuli. Task outcomes include self-reports of US valence, CS valence, 
Subjective units of distress (SUD), US expectancy, relief ratings upon US omission, and skin 
conductance responses (SCR).  
Results: After the interventions, valence and SUD scores respectively increased and decreased for both 
CS types (CS+dev and CS+ext). As expected, US valence increased after the devaluation procedure 
compared to the extinction procedure (p<.001). US expectancy decreased during the extinction 
procedure (p<.001) and increased during the devaluation procedure (p=.001). US expectancy was 
similar for both procedures at renewal (p=.16). After intervention, SUDs were highest for the CS+dev 
than the CS+ext (p=.001), while CS valence was similar for both CS types (p=.10). CS valence and SUD 
values did not differ at recall or renewal (p>.16).  
Discussion: No clear indications were found for differences between the interventions with respect to 
the return of fear. Future analyses will focus on individual differences. 
Funding: MSCA-IF 833549 
 
 
B24 - No Evidence of Disrupting Reconsolidation with a Cognitively Demanding Task  

Jaswetz, Lars; De Voogd, Linda; Becker, Eni; Roelofs, Karin 

Radboud Universiteit Nijmegen, Experimental Psychopathology and Treatment, Nijmegen, The Netherlands; Radboud 

Universiteit Nijmegen, Donders Institute for Brain, Cognition and Behaviour, The Netherlands  

It has been proposed that simultaneous execution of memory retrieval and a cognitively demanding 
task alters the reconsolidation of aversive memories. This can be used in treatment (e.g., Eye-
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Movement Densitisation Reprocessing therapy). However, laboratory models investigating this 
treatment often do not meet the boundary conditions necessary to trigger reconsolidation (e.g. 
memory is reactivated using multiple reminders instead of a single reminder and there is no 10-minute 
delay to allow for memory destabilisation). It remains therefore unclear if cognitively demanding tasks 
can alter the reconsolidation process. We tested whether performing a cognitively demanding task 10 
minutes after a brief reminder can disrupt the reconsolidation of conditioned threat memories. We 
tested 41 healthy participants in an established 3 day threat conditioning paradigm. On day 1, threat 
acquisition with three conditioned stimuli took place, two were paired with a shock (CS+) and one was 
not (CS-). On day 2, one stimulus (CS+R), but not the other (CS+), was presented as a brief reminder. 
After a 10 minute delay, participants performed a 2-back working memory task (20 min). Day 3 
involved a retention test followed by another retention test after reinstatement. Skin conductance 
responses (SCR) were measured throughout. Subjective valence and shock expectancy ratings were 
measured at the end of day 3. We found that SCRs in response to the CS+R and the CS+ did not differ 
significantly from each other during both retention tests. Furthermore, valence ratings and expectancy 
were similar for the CS+ and CS+R. This means we did not find evidence that a cognitively demanding 
task can alter the reconsolidation process of conditioned threat memories. Our findings raise the 
question whether reconsolidation can be disrupted with a cognitively demanding task. This may have 
implications for the interpretation of the working mechanism of how cognitively demanding tasks 
could enhance psychotherapy. 
 
 
B25 - The interplay between extinction, avoidance and generalization in human fear conditioning  

Lu Leng 

KU Leuven, center for the psychology of learning and experimental psychopathology, Leuven, Belgium; Belgium  

Pavlovian fear learning has been widely used to investigate the underlying mechanisms of anxiety 
disorders. In human fear conditioning procedures, a neutral stimulus (Conditioned Stimulus, CS+) is 
repeatedly presented together with a biologically salient stimulus (Unconditioned Stimulus, US). 
Alternatingly with the CS+, another neutral stimulus (CS-) is presented but never paired with the US. 
As a result, the originally neutral CS+ will typically come to elicit fear responses. In contrast, the CS- 
will suppress fear responses. Through variations of the original procedure, three fundamental 
processes that contribute to the onset and persistence of anxiety disorders have been identified: 
impaired fear extinction, excessive fear avoidance, and fear overgeneralization. Fear extinction (E) 
refers to a process where the CS+ is repeatedly presented without the previously paired US, and as a 
result, fearful reactions towards the CS+ gradually fade away. Fear-avoidance (A) refers to a situation 
where certain actions from the subject can cancel the US that will otherwise be delivered. Fear 
generalization (G) refers to a process where subjects show fearful reactions towards stimuli resembling 
the CS+ either perceptually or conceptually. Previous work studying these three processes has 
contributed to the understanding of the development, maintenance, and treatment of anxiety 
disorders. However, since those processes are mostly studied separately, it remains unknown whether 
EAG processes correlate and whether certain combinations of EAG deviations serve as greater 
vulnerability to anxiety disorders. Therefore, the current study is to investigate EAG processes within 
the same individuals, in order to assess (1) whether outcomes of the three processes correlate within 
individuals, (2) whether some process deficits are more important than others in relation to anxiety, 
(3) whether some deficit combinations are more detrimental than other deficit combinations. 
 
 
 
 
 
 
 



63 
 

B26 - Navigating the multiverse of SCR response quantification approaches  

Lonsdorf, Tina B.; Kuhn, Manuel; Gerlicher, Anna; Illius, Sabrina; Klingelhöfer-Jens, Maren; 

Sjouwerman, Rachel  

Institute of Systems Neuroscience, University Medical Center Hamburg Eppendorf, Hamburg, Germany 

Scientific work rests fundamentally upon data, their measurement, processing, analysis, illustration 
and interpretation. Raw data have to be processed to be ready for statistical analyses and 
interpretation. While these processing pipelines can be well defined and standardized, they are often 
characterized by substantial heterogeneity. Already half a century ago, Lykken & Venables (1971) 
raised attention to the „[…] disconcerting diversity of electrodermal measurement technique which, 
at best, make it difficult to compare one set of results …” Here, we present results from a systematic 
literature search on the different SCR response quantification approaches in fear conditioning research 
and from applying seven different approaches (trough-to-peak scoring, script-based baseline-
correction, Ledalab as well as four different models implemented in the software PsPM) to two 
datasets differing in key procedural specifications (i.e., CS duration, reinforcement rate, number of 
trials). 
This can be viewed as a set of robustness analyses (i.e., same data subjected to different methods) 
with aiming to investigate if and to what extent these methods yield comparable result. To our 
knowledge, no formal framework for the evaluation of robustness analyses exists to date, but we may 
borrow some criteria from a framework suggested for the evaluation of ‘replicability’ in general. We 
show that no single approach generated consistently larger effect sizes across both datasets. Yet, at 
least some of the approaches employed show consistent effect sizes within each dataset indicating 
comparability. Finally, we highlight substantial heterogeneity also within most quantification 
approaches and discuss implications and potential remedies, particularly multiverse-type analyses. 
 
 
B27 - What the future holds: An electrophysiological analysis of Intolerance of Uncertainty  

Malbec, Marcelo; Wieser, Matthias J., Andreatta, Marta  

Erasmus University, Department of Psychology, Education and Child Studies, Rotterdam, The Netherlands 

Intolerance of Uncertainty (IU) is an individual’s stress response triggered by the perception of 
insufficient information about a future outcome. IU is proposed as a trans-diagnostic construct that 
improves the understanding of anxiety and mood disorders. It has been proposed two types of 
intolerance of uncertainty: prospective (P-IU) and inhibitory (I-IU). In this project we are going to 
analyze different psychophysiological responses of individuals high and low IU, looking for 
neurocognitive profiles to understand the different ways that IU affects the individual’s cognition. The 
cognitive domains to be tested are fear learning, decision making, reward processing, and performance 
monitoring. These are tested with three paradigms (Doors Task, Flanker Task, and Fear Conditioning) 
while recording electric activity with a 32-channel EEG system and SCR. In the Doors Task, we expect 
to find a smaller P3 amplitude for ambiguous than risky cues, especially for high I-IU. Regarding 
outcome evaluation in this task, we expect a larger P3 for unexpected loss, especially for high P-IU. In 
the Flanker Task, we expect to find a larger ERN amplitude for errors for high P-IU. Finally, in the Fear 
Conditioning task, we expect an attenuation in the LPP for aversive stimuli for high P-IU compared to 
low P-IU. We are going to further explore this with ssVEPs by addressing the motivated attention to 
either stimuli. Regarding the SCR, we expect to find larger amplitudes for threat and safe stimuli in 
early extinction for high IU. Preliminary results for this task will be presented. Furthermore, we aim to 
analyze the responses in all three tasks in a cluster-analytic approach to identify neurocognitive 
profiles that might explain different ways of reacting to uncertainty. This project will provide 
information about how these different processes relate and how individual differences in these 
neurocognitive processes underly a trait-like feature as IU. 
Funding: ANID-Chile 
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B28 - Inconsistent statistical methods for fear extinction data reduce robustness 

Ney, L J. 

University of Tasmania, School of Psychological Sciences, Hobart, Australia 

Robustness of fear conditioning and extinction paradigms has become increasingly important for many 
researchers interested in improving the study of anxiety and trauma disorders. We resampled data 
from six of our own fear acquisition and extinction datasets, with skin conductance as the outcome. In 
the resampled and original datasets, we found that effect sizes that were calculated using discrepant 
statistical strategies, sourced from a non-exhaustive search of high-impact articles, were often poorly 
correlated. The main contributors to poor correlations were selection of trials from different stages of 
each experimental phase and use of averaged compared to trial-by-trial analysis. 
Next, we tested whether increasing power improved the deficit in robustness. We resampled this 
database to create a wide range of sample sizes (N=30, N=60, N=120, N=240, N=480, N=720, N=960) 
and tested whether application of different published analytical strategies resulted in robust effect 
sizes. We found that increased power did not ameliorate the poor robustness incurred by inconsistent 
analytical strategies. Further, we found smaller sample sizes (N=30 and N=60) significantly inflated 
observed effect sizes, suggesting that improved power can increase accuracy of fear extinction 
paradigms. 
Combined, these results suggest that revising standards and practices in fear extinction data analysis 
is critical to producing robust extinction experiments. This effect cannot be improved by increasing 
sample size, though increasing study power is also demonstrably important for deriving accurate effect 
sizes. 
 
 
B29 - A review of the current evidence on the potential benefit of occasional reinforced extinction 

to prevent relapse  

Quintero, María J.; López, Francisco J.; Vadillo, M. A.; Morís, Joaquín 

University of Málaga, Department of Basic yPsycholog, Málaga, Spain; University of Málaga, Department of Basic Psychology; 

Autonomous University of Madrid, Department of Basic Psychology; University of Granada, Department of Developmental 

and Educational Psychology  

It is widely known that fear extinction is more vulnerable than the original fear memory, as relapse 
phenomena have systematically shown in the literature with different species and procedures. One 
strategy potentially useful to mitigate relapse is the occasional reinforced extinction treatment. In 
contrast to a standard procedure, the former strategy consists of the inclusion of a gradual and sparse 
number of CS-US pairings within the extinction treatment, which may potentiate the effects of this 
phase. Different mechanisms have been proposed to understand the origin of its beneficial effect, from 
a permanent modification of the original fear memory to a trial-signalling mechanism. Although a 
potentially useful technique, the current evidence assessing its effectiveness does not appear to be 
consistent. Here, we provide a review of the available literature, highlighting differences in the relapse 
phenomena being studied, variables of interest and specific effects obtained. 
Funding: This work is supported by grants UMA18-FEDERJA-051 from Junta de Andalucía and UMA 
FC14-SEJ-332014 from University of Málaga, and Grant PGC2018-096863-B-I00 from the Spanish 
Ministry of Science, Innovation, and Universities. María J. Quintero has been awarded with a PhD 
fellowship from the Spanish Ministry of Science, Innovation, and Universities (FPU Programme, 
FPU18/00917). 
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B30 - Generalization of conditioned fear in adolescents  

Wessing, I.; Straube, T., Junghöfer, M. & Roesmann, K.  

University Hospital Muenster, Department of Child and Adolescent Psychiatry, Muenster, Germany; Departmern 2: Institute 

for Biomagnetism and Biosignalanalysis, University Hospital Muenster, Department 3: Insititute for Medical Psychology and 

Systems Neuroscience, University Hospital Muenster Departmet 4: Institute for Clinical Psychology, University of Siegen  

Fear generalization, the tendency to show elevated fear responses to stimuli that resemble a 
conditioned fear stimulus (CS +), plays a key role in the development and maintenance of anxiety 
symptoms. Anxious individuals are characterized by overgeneralization of fear, which is reflected in 
elevated fear responses to stimuli that approximate the safety-signaling CS-, and in flatter 
generalization gradients. Similarly, flatter gradients were found in children compared to adults. This 
suggests that selective fear responses develop during adolescence, a high-risk period for the onset of 
anxiety and mood disorders. Thus, it seems pivotal to investigate the neurocognitive correlates of fear 
generalization in this age group. In a parametric fear-conditioning and generalization study, we 
recorded event-related magnetic fields and behavioral ratings to a continuum of 9 differently tilted 
Gabor gratings ranging from CS+ to CS- in 46 adolescents and 52 adults. Behaviorally, adolescents 
showed a flatter generalization gradient in their UCS-expectancy ratings. Estimates of neural activity 
revealed that both groups showed early and late negative generalization gradients in dorsal brain 
regions, presumably reflecting inhibition, and positive generalization gradients in ventral brain regions, 
presumably reflecting emotional attention. Moreover, generalization effects differed between adults 
and adolescents in an early spatio-temporal cluster covering parieto-temporal and frontal regions. This 
cluster revealed more negative generalization gradients with increasing age. Thus, behavioral and 
neural correlates of fear generalization show developmental changes during adolescence. 
Funding: CRC-TRR58 „Fear, Anxiety, Anxiety Disorders“, Project C07 
 
 
B31 - Effects of Imagery Rescripting and Extinction on Expectancy and Revaluation Learning  

Woelk, Mandy; Krans, Julie; Raes, Filip; Vervliet, Bram; Hagenaars, Muriel  

KU Leuven, Department of Behaviour, Health, and Psychopathology, Leuven, Belgium; Utrecht University, Department of 

Clinical Psychology, The Netherlands; Radboud University Nijmegen; Behavioural Science Institute; The Netherlands; KU 

Leuven; Department of Brain and Cognition; Belgium  

Exposure is an effective treatment for anxiety disorders. During exposure, the expectancy of the 
aversive outcome is adjusted, but not necessarily its valence. Because exposure relies on inhibitory 
learning, return of fear may occur which reflects relapse in treatment. Imagery Rescripting (ImRs) is a 
novel intervention which may provide protection against return of fear because it is assumed to work 
through US revaluation rather than expectancy learning. During ImRs, the aversive memory is 
‘rescripted’ into a more positive one using mental imagery. Although ImRs shows promise as a 
treatment, its working mechanisms are still largely untested.  
The aim of our study was to test the effects of ImRs, extinction, and their combination on US 
expectancy and US revaluation. We tested 106 healthy participants in a three-day fear conditioning 
paradigm. An emotional memory was formed on the first day using an aversive film clip as US 
(acquisition). The manipulation (ImRs + extinction, extinction only, or ImRs only) took place on the 
second day. Tests for spontaneous recovery and reinstatement were executed on the third day. We 
hypothesized that ImRs + extinction would be the most optimal intervention, targeting both 
revaluation (ImRs) and expectancy learning (extinction).  
Results showed expectancy learning in both extinction conditions but not in the ImRs only condition, 
and no enhanced revaluation learning was found in ImRs. ImRs + extinction slowed down extinction 
and did not protect against reinstatement. Exploratory analyses showed decreased reinstatement for 
ImRs only compared to both extinction groups. The results imply that ImRs does not rely on expectancy 
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learning but does also not result in more revaluation learning than extinction. Moreover, separate 
treatments may be more useful than combining different treatment strategies. 
Funding: Research Foundation Flanders 
 
 
B32 - Clinical avoidance: Examining CS-avoidance in a sensory preconditioning paradigm  

Wong, A. H. K.; Pittig, A.  

University of Würzburg, Department of Biological Psychology, Clinical Psychology and Psychotherapy, Würzburg, Germany 

Clinical avoidance refers to avoiding cues or situations that signal a fear-related stimulus, thus 
potentially avoiding the perceive threat associated with the fear-related stimulus altogether. In a fear 
conditioning model, clinical avoidance can be operationalized as behavioral avoidance that prevent 
the conditioned stimulus (CS) and the subsequent aversive outcome it signals, namely CS-avoidance. 
This study examined CS-avoidance in a sensory preconditioning paradigm. Two neutral preconditioning 
stimuli (PS) were each paired with a neutral CS. In a following fear acquisition phase, one CS was 
reinforced by an aversive outcome (CS+) whereas the other CS was not reinforced (CS-). In test, the 
two PSs were presented with the availability to avoid – executing an avoidance response would 
prevent all stimuli potentially signalled by the PS. Higher frequency of avoidance responses to the PS 
associated with the CS+ than the PS associated with the CS- would indicate CS-avoidance. Preliminary 
results and clinical implications will be discussed. 
 
 
B33 - High trait anxiety is associated with improved state inference 

Zika, Ondrej; Wiech, Katja A.; Schuck, Nicolas W. 

Max Planck Institute for Human Development, Berlin, Germany; Germany 

In aversive contexts, anxiety has previously been associated with an increased probability of fear 
relapse. It remains unclear whether this is due to faster learning or context-specific learning. We 
investi-gated whether high trait anxious (TA) individuals learn gradually or switch between multiple 
environmental states (i.e. contexts) in a probabilistic aversive learning task. Across three experiments, 
participants’ behaviour indicated a positive relationship between switch steep-ness and TA. We 
followed this behavioural finding by developing a novel state inference model which fit the data of 
high TA individuals better than gradual learn-ing models (Rescorla-Wagner, Pearce-Hall). These re-sults 
provide behavioural and computational evidence that high TA individuals have a tendency to repre-
sent the environment as multiple states which serves as novel explanation for higher relapse rates in 
anxiety. 
Funding: MPG 
 
 
B34 - Examining sex differences in extinction recall using a novel task  

Zwaan, Isabel S.; Whittle, Sarah; Felmingham, Kim  

University of Melbourne, School of Psychology, Carlton, Australia 

Anxiety disorders are prevalent in young people, where 75% are diagnosed by the end of adolescence 
(ABS2017-18; Kessler et al., 2005), and predict high risk for adult anxiety disorders (Newman et al., 
1996). Typical interventions for anxiety disorders that rely on fear extinction processes (e.g., exposure 
therapy) are often administered, but over half of young people do not respond to these treatments 
(Southam-Gerow et al., 2001), suggesting that the mechanisms behind anxiety may be different in 
adolescents as compared to adults. In a large MRI study currently underway we aim to examine age 
and sex differences in brain function during extinction recall and renewal in adults (N = 60, age 25-35) 
and adolescents (N = 100, age 14-16). We have designed a novel task based on the ‘screaming lady’ 
paradigm using male or female faces as the conditioned stimulus (CS) and a male or female scream as 
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the unconditioned stimulus (CS-), counterbalanced across participants. One reinforced CS (CS+) is 
presented during Extinction (CS+E), while the other is omitted (CS+U). Participants complete 
assessments across two days- Conditioning and Extinction outside the MRI on Day 1 and Recall and 
Renewal in the MRI on Day 2. Preliminary group-level results from the adult sample (N = 26, age M = 
30), using SPM 12, indicate increased activation during extinction recall to the CS+>CS- in the anterior 
cingulate cortex (ACC), to the CS+U>CS- in the thalamus, aCC and frontal operculum, and to the 
CS+E>CS- in the postcentral gyrus. There were no differences in activation patterns between the male 
and female versions of the task. Findings are similar to reported activation in prior fMRI studies, 
supporting the use of our task. Planned future analyses will investigate age and sex differences in the 
neural correlates of extinction recall. We will also examine the influence of menstrual cycle phase and 
female sex hormones (i.e., estradiol) on the neural correlates of extinction recall in female adults. 
 
 

B35 - Individual patterns of visual exploration predict the extent of fear generalization in humans 

Reutter, Mario; Gamer, Matthias 

Julius-Maximilians-University Würzburg, Experimental Clinical Psychology, Würzburg 

Generalization of fear is thought to be an important mechanism contributing to the etiology and 
maintenance of anxiety disorders. Although previous studies have identified determinants of fear 
generalization regarding perceptual aspects and evaluation processes, it is currently unclear, to what 
degree overt attention might mediate the magnitude of generalized fear. In order to test the prediction 
that attentional preferences for diagnostic stimulus aspects reduce fear generalization, we developed 
a set of facial stimuli that was meticulously manipulated such that pairs of faces could either be 
distinguished by looking into the eyes or into the region around mouth and nose, respectively. These 
pairs were then employed as CS+ and CS- in a differential fear conditioning paradigm followed by a 
generalization test with morphs in steps of 20% between CS+ and CS-. Results indicated a typical 
quadratic fear generalization gradient in shock expectancy ratings but its shape was altered depending 
on individual attentional deployment. Subjects who dwelled on the distinguishing stimulus regions 
faster and for longer periods of time exhibited less fear generalization. Although heart rate responses 
also showed a generalization gradient with heart rate deceleration increasing as a function of threat, 
these responses were not significantly related to patterns of attentional exploration. Altogether the 
current results indicate that the extent of fear generalization depends on individual patterns of 
attentional exploration. This implies that overgeneralization of fear, as observed in patients with 
anxiety disorders, might be treated by perceptual trainings that aim to augment discriminability 
between threatening and safe situations. 
Materials, data, and results can be accessed via https://osf.io/4gz7f/ 
Funding: DFG project number 44541416 - TRR 58, subproject C10 to MG 
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