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FUNDING
The EMHFC 2020 receives additional funding by the Deutsche Forschungsgemeinschaft (DFG,
German Research Foundation, project number 316803389) within the Collaborative Research
Center (SFB 1280) “Extinction Learning” and a grant for international scientific events
(ME 3831/6-1).

CONFERENCE VENUE
Deutsches Bergbau-Museum
Am Bergbaumuseum 28
44791 Bochum, Germany
This year’s conference will be held at the German Mining Museum (Deutsches BergbauMuseum), one of the famous landmarks in Bochum and the Ruhr area. The German Mining
Museum is a Leibniz Research Museum for Geo-resources, official partner of the Ruhr University
Bochum and one of the most visited museums in Germany with over 350.000 visitors per year. It
is the largest mining museum in the world and at the same time a research institute for mining
archaeology and archaeometry as well as a documentation center and archive in the field of
mining history.
The museum’s origins date back to the 1860s, when the Westfälische Berggewerkschaftskasse
(WBK) set up a permanent exhibition of mining utensils in Bochum, which was mainly used for
mining school lessons. At the end of the 1920s, representatives of the WBK and the city of
Bochum developed ideas for the establishment of a publicly accessible mining museum.
Four tours now lead visitors through the building:
– hard coal, the motor of industrialization
– mining, stone age with future
– mineral resource, treasures of the earth
– art, ideals and reality
During the EMHFC, participants are allowed to visit the exhibitions on their own. You can also join
one of the one-hour museum tours planned for Tuesday, including a tour of the visitor mine
and visits to the headframe (see below).
Please use the main entrance of the museum and turn right to the stairs (or turn left to use the
elevator) leading to the first floor, where you can find the conference room and the registration
desk.
Accessibility
The museum can be independently accessed by people with reduced mobility. Separately
designated parking spaces are available in the immediate vicinity. Wheelchair users can access
the headframe tower and some parts of the visitor’s mine. Please note that due to rebuilding
work, we are unable to guarantee uninterrupted full access to the visitor’s mine.
Guided Tours
On Tuesday, 31st March, three guided tours of the visitor mine will take place, for which everyone
had the chance to register during the regular registration time window. Each guided tour will last
approximately one hour with the possibility to also go up to the headframe for about 15 minutes
afterwards. The first tour starts at 12:00, the second at 12:10 and the third at 12:40, meeting
point is the stage in the Auditorium. You will be allocated to the different groups by us in order to
achieve equally sized groups and you will get more information about your individual start time
at the conference office.
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Floor maps
Ground level

First level
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Conference office
The conference office can be found in a seminar room on the first floor of the German Mining
Museum. There, you will receive your conference bag with the printed program and more as well
as your badge and further information regarding organizational issues. Childcare issues will be
handled here as well with friendly support of Prokids, the childcare service of the Ruhr University
Bochum. If you have lost and/or found something, please also contact the conference office.
Wardrobe
There will be a guarded wardrobe directly at the conference office. You will also have the
possibility to store your luggage there. The wardrobe will be moved to the DMB+ before dinner,
since after the general discussion, the German Mining Museum itself will close.
Coffee Breaks
For your personal well-being we will be serving coffee, tea, refreshments and snacks during the
coffee breaks in the Auditorium.
Lunch, dinner and poster sessions
We will be serving lunch and dinner in the DBM+, the special exhibition building of the German
Mining Museum, also called the “Black Diamond”.
One floor above the lunch and dinner hall, the poster sessions will take place. All posters have
to be in portrait format. The poster should be no larger than 841mm (33.1 in) in width x 1189mm
(46.8 in) in height (DIN A0). Please hang up your posters before the poster session starts, so that
everyone has the chance to have a look at them before. Please take care to remove it at the end
of your poster session. All remaining posters will be disposed at the beginning of the next day.
Poster prizes will be awarded to the best posters submitted by PhD students.
Smoking
Please note that due to the strict non-smoking policy regarding public buildings, smoking is
prohibited in the conference venue. There are smoking areas outside the German Mining Museum.
Internet access
WiFi will be available at the German Mining Museum; more details will be provided at the
conference office.
Photos
By taking part in the EMHFC, you grant the organizers full rights to use the images resulting from
the photography and any reproductions or adaptations of the images for fundraising, publicity or
other purposes to help achieve the group’s aims. This might include (but is not limited to) the
right to use them in their online publicity, social media and funding applications. If you do not wish
to be photographed, please inform the organizers and the photographer.
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GENERAL DISCUSSIONS
General and plenary discussions with specific discussants will take place at the end of each day.
For this reason, we will gather more general questions before and during the meeting, which can
be discussed in this time slot, also stimulated by the talks of the respective day, but not
necessarily restricted to them. You can enter your questions at any time at a website, which will
be announced at the conference. You can either use your mobile device or the computers at the
conference office, simply give your questions to the persons sitting at the conference office or
ask them directly during the general discussions. Please make use of this new discussion format,
participate in the general discussions and be inspired and inspire others, this is really at the core
of the EMHFC since the beginning in 2009!

ACCOMMODATION
Hotel acora
Nordring 44
44787 Bochum, Germany
This year’s accommodation site will be the Hotel acora offering single and double bedrooms. As
in the years before, registration fees will include accommodation, food & drinks, snacks at arrival
and for departure, entrance to the museum as well as all program and conference fees. You can
easily reach the German Mining Museum within a few minutes (300m) from the Hotel acora.

BOWLING
Bochumer Bowling Treff
Herner Str. 36
44787 Bochum, Germany
Unfortunately, we have to leave the German Mining Museum after the poster sessions at about
22:00. However, since we believe that our discussions should continue, we will just move around
the corner to the local Bowling Centre, which is reserved only for us. The Bowling Centre was
opened in 1960 and is the first Bowling Centre open to the public in Germany. There, we will have
again free drinks and snacks, lots of excellent opportunities to network and to test your bowling
abilities! Just come along and join us!
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DIRECTIONS
Arrival by plane:
The closest airports to Bochum are Düsseldorf Airport and Dortmund Airport. From there, you
can easily reach the conference site by train.
Arrival by train:
From “Bochum Hauptbahnhof” (central station), take the metro U35 towards Herne. Get off at
the second station “Deutsches Bergbau-Museum”. From there, you can reach either the
German Mining Museum or the Hotel acora within a few minutes (200m each).
Arrival by car:
From the A40, take the exit at BO-Zentrum and just follow the signs towards the city center
(Zentrum). After 2km you will see the German Mining Museum on your left-hand side.
From the A43, take the exit at Bochum Riemke/Zentrum and just follow the signs towards the
city center (Zentrum). After 4km you will see the German Mining Museum on your left-hand side.
You can find public parking areas around the museum (for free) or the car park at the junction
between Am Bergbaumuseum and Herner Straße. Alternatively, you can also choose to park
your car in the underground parking garage of the Hotel acora (costs: 8 € per day; not included
in the registration fee).
Taxi
If you need a taxi, please call +49 234 333 000 or +49 234 917 900 83.

A: German Mining Museum; B: Hotel acora, C: Bowling
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CONFERENCE PROGRAM
Monday, March 30th 2020
08:30

Pre-conference seminars
Location: Bochumer Fenster, Ruhr University Bochum

12:00

Arrival and light lunch

13:00

Welcome notes

13:15

SESSION 1: Fear generalization

14:30

Coffee break

14:45

SESSION 2: Avoidance and how to avoid it

16:00

Coffee & Cake

16:30

Key note: Behavioral diversity in threat responding: sexdependent strategies in conditioned fear paradigms

18:00

General discussion

19:00

Dinner

20:30

Poster session A

22:00

Bowling learning
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R. Shansky

Tuesday, March 31st 2020
09:00

SESSION 3: Beyond the classical fear and extinction network

10:15

Coffee break

10:30

Key note: Translational research from extinction learning to
exposure therapy: mind the gap

12:00

Lunch break + Guided Tour German Mining Museum

14:00

SESSION 4: Boosting extinction learning

15:15

Coffee break

15:30

SESSION 5: From the lab to the clinic

16:45

Coffee & Cake

17:15

General discussion

19:00

Dinner

20:30

Poster session B

22:00

Return of Bowling

Wednesday, April 1st 2020
09:00

SESSION 6: Novel approaches and old ones revisited

10:15

Coffee break

10:45

General discussion, poster awards and farewell notes

12:00

Light lunch
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S. Hofmann

PRE-CONFERENCE SEMINARS
This year, two pre-conference seminars will take place in rooms of the Bochumer Fenster on
Monday from 8:30 a.m. to 12:00 a.m. Parts of the Ruhr University Bochum are located in the
Bochumer Fenster (former Stadtbad-Galerie), which can be found near Bochum central station.
From there, you can easily reach Hotel acora and the conference site at the German Mining
Museum.

Everything you always wanted to know about SCRs
Anna Gerlicher1 & Manuel Kuhn2
1
University of Amsterdam, Department of Clinical Psychology, Amsterdam, the Netherlands
2
University of Maryland, Department of Psychology, College Park, Maryland, USA
Skin conductance responses (SCRs) are among the most commonly used measures of
conditioned responding in human fear conditioning. However, their wide prevalence comes with
a wild variety of analysis approaches. This short seminar aims to help experienced researchers
as well as the new PhD students to keep up to date with traditional (e.g. manual peak scoring,
baseline-peak differences), newer (e.g. cvxEDA, Ledalab) and newest (e.g. Psycho-Physiological
Modelling) analysis approaches and the pitfalls associated with any one of these. We will discuss
advantages, requirements and limitations of SCR scoring methods, practical tips for
experimental design and guidelines for best practice.

Model-based analyses of pupil responses
Christoph Korn
Institute for Systems Neuroscience, University Medical Center Hamburg-Eppendorf, Hamburg,
Germany
Recently, pupil size responses have gained revived interest by the research community because
they relate to various cognitive and emotional processes – in particular fear conditioning. This
short seminar aims to present why pupil size responses are an interesting metric and how they
can be analyzed in using model-free and model-based approaches. Parts of the analysis
procedure including the preprocessing pipeline will be shown in the freely available Matlab
toolbox PsPM. We will also discuss which points to consider when designing and conducting pupil
experiments (e.g., controlling for luminance changes, etc.).
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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/
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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, Ph.D. 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/

11

SESSIONS
Monday, March 30th 2020

SESSION 1: Fear generalization
Individual patterns of attentional exploration predict the extent of fear generalization in
humans
Reutter, Mario; Gamer, Matthias
University of Würzburg, Department of Experimental Clinical Psychology, Würzburg, Germany
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/
Supported by DFG project number 44541416 - TRR 58, subproject C10 to MG

A dissociation between subjective and visuocortical indices of fear generalization
Wieser, Matthias J.
Erasmus University Rotterdam, Department of Psychology, Education and Child Studies,
Rotterdam, the Netherlands
Recent steady-state visual evoked potentials (ssVEPs) studies point at short-term visual cortex
plasticity in aversive learning with cortical facilitation in response to stimuli which signal threat.
In this study, we examined fear generalization, and asked whether the visuocortical activation
shows the same generalization gradient as previously observed in psychophysiology and ratings.
To this end, 67 subjects were differentially conditioned to two different faces flickering at a
frequency of 12 Hz, one of which was always paired with a fearful face and a shrill scream. To
test fear generalization, morphs of the two faces were presented which varied in their similarity
to the original faces. The threat response was measured via ssVEPs as well as valence, arousal
and threat expectancy ratings. As expected, analyses revealed linear generalization gradients in
all ratings. In contrast, the generalization gradient of the ssVEP showed the highest amplitude
for the CS+, but a strong suppression of the response to the stimulus most similar to the CS+,
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suggesting inhibitory interactions between visual neuronal populations. This observed
dissociation among explicit and implicit measures points to different functions of behavioral and
sensory cortical processes during fear generalization: While the ratings might reflect an
individual’s consciously increased readiness to react to threat, the lateral inhibition pattern in the
occipital cortex might serve to maximize the contrast among stimuli with and without affective
value and thereby improve adaptive behavior.

The hippocampus and fear-generalization across contexts: implications for post-traumatic
stress
van Ast, Vanessa A.; Koch, Saskia; Klumpers, Floris; Hashemi, Mahur; Duken, Sascha; Roelofs,
Karin; Kaldewaij, Reinoud; Zhang, Wei
University of Amsterdam, Department of Clinical Psychology, Amsterdam, the Netherlands
The ability to remember which cues in the environment predict threat serves an imperative
survival-mechanism. Because natural stimuli rarely re-occur in the exact same way, the ability
to generalize fear learning across situations is essential. But such fear-generalization across
contexts can turn maladaptive when nonthreatening stimuli or contexts are inappropriately
treated as harmful, a main characteristic of patients with anxiety disorders and post-traumatic
stress disorder (PTSD). A sub-region of the hippocampus - the dentate gyrus (DG) – is thought to
be essential for the successful encoding and retrieval of distinct memory traces of similar
experiences, thereby actively disambiguating overlapping sensory inputs. Thus, DG-dysfunction
may result in a failure to disambiguate a new experience from stored fearful memories and may
thereby be at the root of fear-generalization. At the same time, the amygdala and its associated
subnuclei are essential for the acquisition and expression of conditioned fear, but amygdaloid
dendritic hyper arborization has been associated with excessive anxiety. Here we test (n=240)
whether volumetric changes -possibly indicative of altered function- in the subnuclei of the
amygdala and the hippocampus are indeed associated with conditioned fear generalization
across contexts. Using a prospective design, we also assess whether such alterations are
predictive of the development of PTSD. Together this series of studies reveal detailed insights in
the mechanisms of fear generalization across contexts, and how these relate to increased
vulnerability for the development of PTSD.

Behavioral and magnetoencephalographic (MEG) correlates of fear generalization predict
responses to virtual reality exposure therapy in spider phobia
Roesmann, Kati; Steinberg, Christian; Clerc, Marielle; Gathmann, Bettina; Leehr, Elisabeth J.;
Böhnlein, Joscha; Seeger, Fabian; Schwarzmeier, Hanna; Siminski, Niklas; Herrmann, Martin J.;
Dannlowski, Udo; Lueken, Ulrike; Klucken, Tim; Straube, Tom; Junghöfer, Markus
University of Siegen, Department of Clinical Psychology, Siegen, Germany
Institute for Biomagnetism and Biosignalanalysis, University of Münster, Germany
University of Münster, Institute of Medical Psychology and Systems Neuroscience, Münster,
Germany
University of Münster, Department of Psychiatry and Psychotherapy, Münster, Germany
University Hospital of Würzburg, Center for Mental Health, Department of Psychiatry,
Psychosomatics, and Psychotherapy, Würzburg, Germany
Humboldt-Universität zu Berlin, Department of Psychology, Berlin, Germany
Fear generalization - and its pathological form, fear overgeneralization - are considered crucial
factors in the maintenance of anxiety disorders. Here, we investigated whether fear
13

generalization in adult spider phobic patients might predict treatment response to an extinctionbased treatment. 90 patients with spider phobia (SP) completed a One-Session Virtual Reality
Exposure Therapy (VRET), a clinical and a MEG assessment before and a clinical assessment
after therapy. Based on self-reported symptom reductions in the Spider Phobia Questionnaire,
patients were categorized as either responders (>30% reduction) or non-responders. The MEGassessment consisted of baseline, conditioning and subsequent generalization phases. In the
conditioning phases, aversive unconditioned stimuli (US) were either paired or never paired with
differently tilted Gabor gratings (CS+, CS-). In the subsequent generalization phases, fear ratings,
US expectancy ratings and event-related fields to CS+, CS- and seven different generalization
(GS) stimuli that ranged on a perceptual continuum from CS+ to CS- were obtained. Nonresponders compared to responders showed behavioral overgeneralization indicated by more
linear generalization gradients in fear ratings. Analyses of MEG source estimations revealed that
linear generalization gradients in frontal clusters also dissociated (later) non-responders from
responders. While stronger (inhibitory) frontal activations to safety-signaling CS- and GS
compared to CS+ declined over time in non-responders, responders maintained these activations
at early (<300ms) and late processing stages. Overall, these preliminary findings suggest that
behavioral overgeneralization and prefrontal inhibitory learning mechanisms during fear
generalization may predict later responses to extinction-based treatments. The temporal
dynamics of these mechanisms deserve further attention in future research.
Supported by the DFG (project SF58C08)
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SESSION 2: Avoidance and how to avoid it
Avoidance and its bi-directional relationship with conditioned fear
Pittig, Andre; Wong, Alex; Boschet, Juliane; Glück, Valentina
University of Würzburg, Research Group CCSH, 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-asinformation). 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
Supported by DFG PI1269/2-1

Generalization of instrumentally acquired avoidance to novel but similar movements
Glogan, Eveliina; Gatzounis, Rena; Meulders, Ann
Maastricht University, Department of Clinical Psychological Science, Maastricht, the Netherlands
KU Leuven, Health Psychology, Leuven, Belgium
Avoidance of pain is integral for protecting us from physical harm. Yet, excessive spreading of
avoidance can lead to persistent pain disability, due to decreased activity levels. In two studies,
we investigated whether acquired avoidance generalizes from conditioned to novel movements.
In the robotic arm-reaching paradigm, participants moved their arm from a starting point to a
target via three possible trajectories. The trajectories differed in how much effort they required,
and how likely they were to be paired with a painful electrocutaneous stimulus, such that in the
Experimental Group, the more effortful movements were paired with a decreased chance of
receiving pain (trade-off between pain vs. effort). A Yoked Group received the same number of
painful stimuli as the Experimental Group, but not contingent with their chosen movements.
During the Generalization phase, in the absence of painful stimuli and the acquisition trajectories,
generalization of avoidance was tested to three novel trajectories positioned adjacent to the
conditioned acquisition trajectories. Outcome measures were self-reported fear of movementrelated pain and pain-expectancy, and avoidance behavior (maximal deviation from the shortest
trajectory). Surprisingly, we did not find generalization of avoidance behavior in the first study. In
the second study, however, following minor methodological modifications (more ambiguity in the
rate of receiving the painful stimulus) we demonstrated avoidance generalization. Interestingly,
self-report measures generalized in both studies. These inconsistent results seem to suggest
that fear can generalize even in the absence of avoidance. Thus, to replicate and further
investigate the results of these two studies, we propose a future study design, where avoidance
is differentially conditioned to two movement trajectories (painful vs. safe), and generalization is
tested to novel trajectories lying between the two acquisition trajectories.
15

This research is supported by a Vidi grant from the Netherlands Organization for Scientific
Research (NWO), The Netherlands (grant ID 452-17-002) granted to Ann Meulders.

Renewal in human instrumental avoidance
Urcelay, Gonzalo P.; Symmons, Kadell; Prével, Arthur
University of Leicester, Department of Neuroscience, Psychology and Behaviour Leicester, UK
Avoidance behaviour is a hallmark of anxiety disorders and OCD, yet there is a pressing need to
understand how extinction of avoidance proceeds and what variables if any determine recovery
from extinction. In this study, we adopted the task developed by Flores et al., (2018), to
investigate recovery from extinction achieved through changes in context. We used a withinsubjects design in which participants learned to avoid a loud noise signalled by discrete visual
stimuli (CS+1 and CS+2), by pressing the space bar in the computer keyboard. We manipulated
the background colour of the screen so that CS+1 was trained in context A, and CS+2 was trained
in context B. During the training stage, participants learned to avoid the noise upon seeing the
CS+ stimuli in each context during 4 blocks (in addition to CS- stimuli presented in both contexts
but without noise). During 8 extinction blocks, CS+ stimuli were presented in the alternative
context (CS+1 in context B and CS+2 in context A) and participants allowed to freely respond,
but the loud noise was never presented. Finally, CS+1 and CS+2 were tested in contexts A and B
(counterbalanced across participants), resulting in a within-subjects ABA vs ABB comparison.
Participants (n=30) increased avoidance behaviour over the 4 blocks of training, and decreased
responding during the 8 blocks of extinction. During test, responding was significantly higher
when CS+ stimuli were tested in the A vs the B context, thus showing renewal of instrumental
avoidance in humans.

Tackling Fearful Avoidance using Counterconditioning: A Causal Test for the Role of
Appetitive Motivation in Fearful Avoidance Behaviour: a replication study
Klumpers, Floris; van de Pavert, Iris; Hulsman, Anneloes; Roelofs, Karin
Radboud University, Donders and Behavioural science instititutes, Nijmegen, the Netherlands
A central symptom of anxiety is avoidance behaviour, with excessive avoidance being predictive
of poor clinical outcomes. Appetitive motivation could play a role in decreasing avoidance
behaviour by increasing the positive valuation of the feared object though counter conditioning.
However, only very few studies have explored this way of reducing avoidance leaving the clinical
potential unclear. In a previous study we used an approach-avoidance conflict paradigm to assess
the impact of counter conditioning on costly avoidance behaviour in a healthy group of 23
participants. During counter-conditioning training one stimulus was followed by eating a tasty
snack (CS+), while another was never followed by an outcome (CS-). Results indicated that the
CC-training was effective in reducing negative valuation and decreasing avoidance behaviour for
the CS+. Interestingly, this effect did not appear mediated by changes in basic defensive
responding as there was no impact of the appetitive conditioning on fear-potentiated startle. This
preregistered study showed the expected findings on avoidance and thereby the importance of
appetitive motivation for avoidance behaviour, suggesting that treatment may benefit from
focussing on increasing appetitive motivation to overcome avoidance. However, replication of this
finding is warranted given the small sample size and therefore we recently tested an additional
group of 35 participants. Data acquisition is near completion, at the meeting the results will be
presented.
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Tuesday, March 31st 2020

SESSION 3: Beyond the classical fear and extinction network
Extending the traditional brain network of fear acquisition and extinction using resting-state
fMRI
Genc, Erhan; Fraenz, Christoph; Selpien, Helene; Merz, Christian J.; Axmacher, Nikolai
Ruhr University Bochum, Department of Biopsychology, Bochum, Germany
Ruhr University Bochum, Department of Cognitive Psychology, Bochum, Germany
Ruhr University Bochum, Department of Neuropsychology, Bochum, Germany
The development, maintenance, and extinction of conditioned fear responses are critical
functions that help us to evaluate potential dangers in the environment. Previous research has
demonstrated that respective learning processes can alter the resting-state functional
connectivity (RSFC) within a network of brain regions including the amygdala, dorsal anterior
cingulate cortex, medial prefrontal cortex, insula, and hippocampus. However, it remains
unknown if respective changes are restricted to said regions or can be found across the whole
brain including the cerebellum. Here we employed an fMRI fear conditioning paradigm, using
electrical stimulation on a partial reinforcement schedule, in order to investigate changes in
RSFC in a sample of healthy individuals (N = 71). Participants had to complete a fear acquisition
and extinction phase on the first day, followed by an extinction recall on the second day. Learning
phases were presented according to an ABA or ABB design with resting-state scans being
performed before and after each learning phase. Brain images were parcellated into 360 cortical
areas, 18 subcortical areas, 18 amygdala regions, 28 hippocampus regions, and 28 cerebellum
regions. RSFC of all individual connections was quantified and contrasted between scans.
Bonferroni correction accounting for a total of 305,778 comparisons led to 24 connections
showing statistically significant changes in RSFC. Importantly, these connections were
exclusively between cortical areas. Connections involving brain regions from the traditional fear
conditioning network were also found to express significant changes but only when employing a
less strict controlling procedure for multiple comparisons. Based on these results, our study
advocates the idea of extending the traditional fear conditioning and extinction network and
encourages future research to follow a whole-brain approach when investigating functional
changes induced by fear acquisition and extinction.
Supported by DFG project number 316803389 – SFB1280
Resting-state functional connectivity following fear conditioning with analogue-trauma films
as unconditionend stimuli predicts intrusions
Franke, Leila K.; Miedl, Stephan F.; Rattel, Julina A.; Danböck, Sarah K.; Kronbichler, Martin;
Spoormaker, Victor; Wilhelm, Frank H.
University of Salzburg, Clinical Psychology and Psychopathology, Salzburg, Austria
University of Salzburg, Centre for Cognitive Neuroscience, Salzburg, Austria
Paracelsus Medical University, Neuroscience Institute, Salzburg, Austria
Max Planck Institute for Psychiatry, Department of Translational Research in Psychiatry &
Neuroimaging, München, Germany
During a traumatic experience, neutral stimuli proximal to the traumatic event (US) become
conditioned stimuli (CS), often evoking emotional responses (CRs) when the US is absent.
Intrusive memories can be conceptualized as particularly long lasting, distressing CRs. Research
has shown that neural processes during encoding influence intrusive memory development.
Much less is known about neural processes occurring early after US and CS-UCS encoding, and
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the influence of such post-encoding processes on intrusive memories. We hypothesized that
increased resting-state functional connectivity (rsFC) between amygdala and hippocampus at
post-encoding, indicating enhanced emotional memory consolidation, positively predicts
intrusions. Further, we expected that decreased rsFC between visual cortex areas and
parahippocampal gyrus, suggesting dissociation between sensory and contextual
representations, positively predicts intrusions. We tested 53 participants who underwent a
conditioned intrusion paradigm (CIP, where CS were associated with aversive (US) vs neutral
films during fear acquisition), and extinction. Eight-minute resting-states preceded and followed
CIP. Participants registered intrusive memories on four subsequent days. Preliminary analyses
show that at post-CIP, participants with increased amygdala-hippocampal coupling and
decreased occipital fusiform cortex-parahippocampal coupling were more likely to experience
intrusions. Interestingly, this decreased occipital fusiform cortex-parahippocampal coupling was
also associated with lower CS+/CS- discrimination during acquisition and higher US-expectancy
for CS- at early extinction. Increased amygdala-hippocampal coupling might have strengthened
original fear memory and CS-US consolidation, thereby prompting intrusive memories.
Decreased occipital fusiform cortex-parahippocampal coupling may have hindered successful
sensory and contextual memory integration, and potentially promoted fear generalization
tendencies.
Contextual threat and safety resolves uncertainty about ambiguous facial emotions:
behavioral and magneto-encephalographic correlates
Bublatzky, Florian; Kavcioglu, Fatih; Guerra, Pedro; Doll, Sarah; Junghöfer, Markus
Central Institute of Mental Health, Department of Psychosomatic Medicine and Psychotherapy,
Mannheim, Germany
University of Würzburg, Chair of Biological Psychology, Clinical Psychology and Psychotherapy,
Würzburg, Germany
University of Granada, Department of Personality, Granada, Spain
University Hospital Münster, Institute for Biomagnetism and Biosignalanalysis, Münster,
Germany
Environmental conditions change the perception of other people. This becomes even more
relevant in potentially threatening situations, for example, when a fellows’ face might indicate
potential danger. To test this hypothesis, low- and medium-intense fearful and smiling faces
(morphed to 10, 20, 30, or 40% emotional intensity) were presented within a context, which was
verbally instructed to signal threat of shock or safety. Behavioral data show that instructed
threat-of-shock led to a biased recognition of fearful, but not smiling facial expressions. MEG
data revealed spatio-temporal clusters of neural network activity associated with contextual
threat/safety and emotion recognition in early- to mid-latency time windows in the left parietal
cortex, bilateral prefrontal cortex, and the left temporal pole regions. Importantly, early parietal
activity showed a double dissociation of face–context compounds as a function of the intensity of
the expressions: When facial expressions were difficult to recognize (low-intense), contextual
threat signals enhanced fear processing, and a safety context enhanced processing of subtle
smiling faces. However, for rather easily recognizable faces (medium-intense) the left
hemisphere (parietal cortex, PFC, and temporal pole) showed enhanced activity to happy faces
during threat and fearful faces during safety. Thus, contextual information boost early face
processing of low-intense congruent facial emotions, whereas face-context incongruity or
mismatch effects drive neural activity to easy recognizable facial emotions. These results
elucidate how environmental settings help to recognize even subtle nuances of fear.
This work was supported in part by the German Research Foundation (BU 3255/1-1 and
SF58C08).
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Is fear extinction a form of emotional regulation?
Fullana, Miguel A.
Hospital Clinic Barcelona (IDIBAPS), Psychiatry and Psychiatry Department, Barcelona, Spain
Fear extinction learning is one of several approaches to emotion regulation. I will present the
results of a meta-analysis comparing functional magnetic resonance imaging (fMRI) studies of
fear extinction learning and cognitive reappraisal (another form of emotion regulation). In this
meta-analysis we observed some similarities and differences in the brain areas activated by
these two processes: the dorsal anterior cingulate cortex (dACC) and the bilateral anterior insular
cortex (AIC) were similarly consistently engaged by reappraisal and extinction, whereas
extinction was more consistently linked to activation of sensory and emotion processing regions
and reappraisal more consistently associated with activation of a dorsal fronto-parietal network.
I will also discuss in general terms the similarities and differences between the processes and
talk about some clinical implications of this research.
Funding for this study was provided by Instituto de Salud Carlos III (ISCIII) (PI16/00144), FEDER
funds/ European Regional Development Fund (ERDF) - a way to build Europe-. CIBERSAM is an
initiative of the Carlos III Health Institute.
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SESSION 4: Boosting extinction learning
Expectancy violation by omission of aversive outcomes involves dopamine-dependent
signals in the nucleus accumbens
Haaker, Jan; Esser, Roland; Ganzer, Florian
University Medical Center Hamburg-Eppendorf, Department of Systems Neuroscience,
Hamburg, Germany
Learning that an expected threat is no longer present is pivotal for adaptive behaviour. Such
safety learning is thought to be driven by the detection of the absence of a threat, which leads to
a violation of previously established treat expectation. Current animal research point towards a
dopaminergic coding of such safety signals, yet it is unclear if a dopaminergic mechanism for
safety learning exist in humans.
We employed a protocol that includes acquisition training of contingencies between a cue (CS)
and an aversive outcome (US). This was followed 24 hours later by a double-blind randomized
and placebo-controlled administration of Levodopa (150mg) during extinction training, in which
the CS was presented without any outcome.
We found that computational modelling of the expectancy violation (i.e., prediction error) during
omission of the US was coded in the nucleus accumbens in the Placebo group. Interestingly, the
administration of L-DOPA amplified activation of the nucleus accumbens during the omission of
the US, independent of the expectancy violation. Additionally, we found that decreasing
expectancy of the US (i.e., increasing safety learnig) during extinction training is reflected by
vmPFC activity, which is amplified by administration of L-DOPA, relative to placebo.
Our data suggest that the omission of an expected aversive outcome is coded in the nucleus
accumbens and vMPFC and sensitive to dopaminergic modulation.
Supported by DFG: SFB TRR 58

Cortisol effects on extinction memories
Merz, Christian J.; Jentsch, Valerie L.; Hagedorn, Bianca; Meir Drexler, Shira; Wolf, Oliver T.
Ruhr University Bochum, Department of Cognitive Psychology, Institute of Cognitive
Neuroscience, Bochum, Germany
The stress hormone cortisol crucially influences episodic learning and memory processes. On
one side, cortisol impairs memory retrieval, on the other side, cortisol enhances memory
consolidation. Both sides of the same coin open a wide range of possibilities of how stress
hormones might be applied to the treatment of anxiety disorders, which are thought to originate
from aversive learning experiences. Indeed, some successful attempts have been made with
cortisol administration to support exposure therapy, which constitutes the standard treatment in
psychotherapy and relies on the principles of fear extinction learning. Besides, the influence of
stress on extinction learning in healthy humans has been recently tested uncovering the
underlying learning mechanisms. The present talk will give an overview of how stress hormones
modulate fear extinction learning and memory processes in patients with anxiety disorders as
well as in healthy control participants. Additionally, recent data concerning cortisol effects on
retrieval of the extinction memory trace will be presented. The importance of this basic
neurobiological research for its application in clinical psychology and psychotherapy will be
emphasized and critically discussed.
Supported by Collaborative Research Center 1280 ‘Extinction Learning’ – SFB1280 (DFG)
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Homeostatic effects of sleep on extinction learning in a PTSD-adapted fear conditioning
paradigm
Friesen, Edith; Sopp, Roxanne M.; Brueckner, Alexandra H.; Michael, Tanja
Saarland University, Department of Clinical Psychology and Psychotherapy, Saarbrücken,
Germany
Several studies show that sleep disturbances affect the therapeutic outcomes of PTSD patients.
Trauma-focused psychotherapy for PTSD involves the reprocessing of traumatic memories,
which is assumed to result in extinction learning. Research has demonstrated that sleep
disturbances can impede such learning processes, which may result in poor therapeutic
outcomes. Recent findings support this assumption. However, the underlying mechanisms
remain unclear. According to the synaptic homeostasis hypothesis (Tononi and Cirelli, 2003),
sleep facilitates encoding by promoting synaptic renormalization. This process of synaptic
renormalization is assumed to occur during slow wave sleep (SWS). Based on this assumption,
we hypothesize that SWS-rich sleep prior to extinction training increases the effectiveness of
extinction learning.
To examine homeostatic effects of sleep on extinction learning, we used a partial sleep
deprivation design and a differential fear conditioning paradigm, modified to examine fear
learning in PTSD. In the acquisition phase, a neutral face (CS+) was paired with the appearance
of aversive film clips (UCS) while another neutral face (CS-) was followed by neutral film clips
(control condition). Prior to extinction training, participants were divided into two experimental
groups. One group received a sleep opportunity whereas the other stayed awake. Thereafter,
both groups underwent extinction training and a return-of-fear test. Extinction recall was reassessed after another sleep opportunity in both groups. Fear responses were assessed online
by collecting skin conductance responses, fear-potentiated startle responses, and subjective fear
ratings. Sleep was measured by means of polysomnographic recording in the laboratory.
Data collection has been completed and preliminary results will be presented at the EMHFC.
This study was funded by the German Research Foundation (SO 1716/1-1).

Findings from a highly-powered, direct replication attempt of the reactivation-extinction
effect in humans
Chalkia, Anastasia; Schroyens, Natalie; Leng, Lu; Vanhasbroeck, Niels; Zenses, Ann-Kathrin; Van
Oudenhove, Lukas; Beckers, Tom
KU Leuven, Centre for the Psychology of Learning and Experimental Psychopathology and
Leuven Brain Institute, Leuven, Belgium
In line with the idea that upon retrieval, consolidated memories may become labile and thus
temporarily susceptible to modification, Schiller et al. (2010) demonstrated that memory
reactivation shortly before extinction training can prevent the later spontaneous recovery of
conditioned fear responding that is observed after standard extinction training. The report by
Schiller et al. in Nature was highly influential, inspiring numerous attempts at conceptual
replication, with variable success. One decade later, however, no direct replication of the original
findings has yet been reported. We set out to conduct a pre-registered, highly-powered, direct
replication of Schiller et al. (2010, Experiment 1). However, in the course of our replication
attempt, we discovered several irregularities in the original paper and in a later report of the
same data (Schiller, Raio, & Phelps, 2012), as well as considerable misreporting of the exclusion
criteria employed. Due to these inconsistencies, data collection was substantially delayed. We
eventually managed to attain our pre-registered sample size, to find that we could not observe
any beneficial effect of reactivation-extinction over standard extinction training in preventing
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recovery of conditioned fear. Further, and following correspondence with the original authors, an
addendum to the original paper (Schiller et al., 2018) was published and the dataset of the
original study was made publicly available, allowing us to replicate the reported analyses to
verify their results. I will share the full story behind our replication attempt and re-analyses
efforts and discuss the implications of our findings for the reliability of the reactivation-extinction
effect in humans in the original report and in general. I will end by highlighting the importance of
pre-registration during a critical period in the scientific community where reproducibility has
become an issue of considerable concern.
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SESSION 5: From the lab to the clinic
Schizotypy and social fear learning
González-Rodríguez, Antonio; García-Pérez, Ángel; Godoy-Giménez, Marta; Sayans-Jiménez,
Pablo; Estévez, Ángeles F.; Cañadas, Fernando
University of Almeria, Department of Psychology, Almeria, Spain
University of Almeria, CERNEP Research Centre, Almeria, Spain
Background: Schizotypy is defined as a combination of traits qualitatively similar to those found
in people with schizophrenia, but milder in their expression, that can be found in the general
population. Some studies have shown fear learning impairments in people with schizophrenia.
However, to our knowledge, these deficits have never been studied in people with schizotypal
personality traits. In the present research, we investigate how schizotypy may influence fear
acquisition through a social fear learning protocol.
Methods: Seventy-two undergraduate students from the University of Almeria visualized a video
that showed a person receiving an electric shock (US) seven times (out of ten) when a specific
coloured screen was presented (CS+), while a different colour (CS-) was never paired with the
electric shock. Later on, in the test phase, they were told they were about to do the same
experiment they had just watched, so they will receive electric shocks paired with the same
coloured screen (CS+) of the video, presenting each colour a total of 10 times. However, they
never received any shock. After that, they completed the Schizotypal Personality Questionnaire
(SPQ). During both phases, we registered participants' skin conductance responses (SCRs).
Results: Analyses revealed a correct acquisition of fear through SCRs in all participants during
the test phase (CS+ > CS-; p=.032). An interaction effect of Stimulus×Order (p=.003) showed that
the CS+ elicited a higher SCR than the CS- just in the first four trials of the test phase.
Furthermore, Step-wise regression models indicated that cognitive-perceptual factor predicted
a higher SCR in the second (β =.43, R2 = .19, p<.001) and third (β =.25, R2 = .06, p=.035) CS-.
Conclusion: The present research suggests a failure to correctly identify safety cues in people
with schizotypal personality traits, a pattern previously reported in people with schizophrenia.

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; Elsenbruch, Sigrid
University Hospital Essen, Institute of Medical Psychology and Behavioral Immunobiology, Essen,
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 painrelated learning and memory 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 pain-related learning and memory
processes in interoceptive, visceral pain 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
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threats, as well as homoreflexive, contextual 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 also in
interoceptive, contextual 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.
Supported by DFG project number 316803389 – SFB1280

Are interindividual differences in experimental fear and extinction learning useful predictors
of real-world exposure outcome? A large group study
Wannemüller, Andre; Margraf, Jürgen
Ruhr University Bochum, Mental Health Research and Treatment Center, Bochum, Germany
Exposure treatments are often considered the clinical analogue to extinction learning in
laboratory fear studies. Surprisingly, research addressing the question as to whether
interindividual differences in experimental fear acquisition and extinction directly predict the
outcome of exposure-based fear treatments is sparse. The present study therefore aimed to test
these associations using highly standardized large-group exposure settings. We hypothesized
exaggerated fear learning, delayed fear extinction and attenuated safety signal learning to be
associated with poor exposure outcome.
We applied a classical discriminative fear conditioning experiment with exactly the same setup
in six groups of individuals (N = 420) with situational fears (of spiders, dental surgeries, bloodinjuries-injections, heights, flights, contamination) prior to being treated for their respective fear
in a large group one-session treatment using exposure as main treatment strategy in each case.
Participants` subjective fear, valence and arousal levels as well as contingency ratings were used
to predict short- and long-term treatment outcome (percentage of subjective and behavioural
fear reduction in approach tests).
Results demonstrate successful fear and extinction learning in all groups. However, none of the
indices was a significant predictor of treatment outcome when multiple testing corrections were
applied properly. Amongst non-significant findings the strongest predictor of an unfavourable
treatment outcome was poor contingency learning in the extinction phase (UCS expectancy).
Based on our findings we conclude that that the outcome of exposure was influenced by
mechanisms beyond those examined in the applied fear conditioning paradigm. Furthermore,
results suggest that more translational research is needed in order to investigate whether
interindividual differences in lab-based fear- and extinction learning have an influence on
exposure outcome.

Safety learning and fear extinction across the lifespan – prediction of anxiety
symptomatology and treatment outcome within childhood and adult anxiety disorders
Adolph, Dirk; Margraf, Jürgen; Flasinski, Tabea; Christiansen, Hanna; Hamm, Alfons; In-Albon,
Tina; Romanos, Marcel; Tuschen-Caffier, Brunna; Wittchen, Hans-Ulrich; Schneider, Silvia
Ruhr University Bochum, Department of Clinical Child and Youth Psychology, Bochum, Germany
Recent meta-analytical work has demonstrated that anxiety disorders are associated with
elevated fear responses towards the CS- (e.g. during the acquisition phase in conditioning
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experiments) and continued fear responses towards the CS+ although it is no longer paired with
the aversive consequence (i.e. during extinction). In two experiments, we probed if these
processes could serve as transdiagnostic markers for anxiety symptom severity in adult and
childhood Anxiety Disorders (AD), and if they are predictable of treatment outcome. Therefore,
N=85 adults and N=107 children suffering from various AD took part in a classical differential
conditioning and extinction experiment prior to the beginning of psychotherapeutic treatment.
Results demonstrate that in children and adults elevated self-report and physiological responses
to the unpaired CS- during fear acquisition significantly predicted more severe anxiety symptoms
independent of the patients’ sex, age and depression symptomatology. Moreover, in adults, lower
UCS expectancy towards the CS- predicted self-reported treatment success and smaller CS/CS+ discrimination during extinction was predictable of higher symptom reduction. For children,
treatment data analysis is in progress. Results so far suggest comparable associations of lower
safety learning with higher symptom severity within adult and childhood AD. Moreover, the
current study add to the sparse literature confirming the theoretical link between fear extinction
and AD treatment outcome. In sum, the current findings add to the literature on mechanisms in
childhood and adult AD and are discussed in light of the NIMH’s Research Domain Criteria (RDoC)
Initiative.
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SESSION 6: Novel approaches and old ones revisited
Reinstatement in humans; is it what we think it is?
Sjouwerman, Rachel
University Medical Center Hamburg Eppendorf, Department of Systems Neuroscience, Hamburg,
Germany
Reinstating conditioned responding by US alone presentations after successful extinction, is a
return of fear (ROF) phenomenon referred to as reinstatement. ROF phenomena are used to
measure robustness of extinction learning for instance, when interested in the success of
extinction manipulations. Results from reinstatement studies are characterized by
heterogeneous and seemingly puzzling findings. Increased responding either CS specific or CS
unspecific; absent reinstatement effects in experimental groups, or unexpected “reinstated”
conditioned responding in US-free control groups have all been reported.
Reinstatement manipulations are adapted from rodent work, which highlighted various
experimental conditions critical to reinstatement induced ROF. Yet, these conditions have been
overlooked in human work, and potentially explain the variety of response patterns. Here, three
experimental sources will be systematically evaluated as potential boundary conditions of the
reinstatement-effect in physiological (SCR, startle) and behavioral (ratings) outcomes. Results
from three studies will be presented (Ntotal=235), addressing context-dependency, the number
of reinstatement USs applied, and the time delay between reinstatement US and testing of
conditioned responding.
No clear evidence for any of the three experimental factors could be identified in the employed
experimental designs. Thus, boundary conditions do not translate directly from rodent to human
protocols. Remarkably, reinstatement US-free control groups did not differ in response
enhancement from experimental groups. This challenges the interpretation of “reinstatement”effects observed in the current studies and questions whether observed effects are fully
attributable to the experimental reinstatement manipulation itself. Potential alternative
explanations for returned conditioned responding, likely specific to human fear conditioning
protocols will be discussed.
Supported by DFG

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, Zürich, Switzerland
University of Zürich, Department of Psychiatry, Psychotherapy, and Psychosomatics,
Neuroscience Center Zürich, Zürich, Switzerland
University College London, Wellcome Centre for Human Neuroimaging and Max Planck UCL
Centre for Computational Psychiatry and Ageing Research, London, United Kingdom
University of Zürich, Department of Psychiatry, Psychotherapy, and Psychosomatics,
Neuroscience Center Zürich, 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
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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 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 applied to assess
human threat learning.

Thought conditioning and its implications for inhibitory learning theory
Boddez, Yannick
Ghent University, Department of Experimental Clinical and Health Psychology, Ghent, Belgium
In two experiments, we asked participants to what extent the CS makes them think of the US. We
found that mere thinking of the US increased during the acquisition phase, but is fairly resistant
to extinction training. Other interventions - counterconditioning and association splitting (i.e.,
presenting the CS with a compound of the original US and additional new USs) - turned out to be
more successful in reducing thinking of the US than extinction. In this talk, we will highlight
implications of this phenomenon for the dominant theory of extinction learning, namely inhibitory
learning theory. According to a strict interpretation of this theory, excitatory and inhibitory
associations counteract each other so that the presentation of the CS no longer results in the
activation of the US representation after extinction. If the US representation remains inactive,
then there can be no thinking of it, which contrasts our findings. At the same time, advocates of
inhibitory learning theory sometimes use the concept “inhibitory association” in a much less strict
sense. We will therefore also give of an overview of the other ways in which this concept is used
and evaluate these ways in the light of our findings.

When nothing matters: assessing markers of expectancy violation during the omission of
threat
Willems, Anne; Vervliet, Bram
KU Leuven, 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
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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 expectancy. We show in two experiments that subjective ratings of reliefpleasantness and third interval skin conductance responses (SCR) following all omitted
stimulations effectively tracked the violations of expectancy: Both markers distinguished well
between unexpected (25%, 50%, 75% instructions) and expected (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.
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The effect of acute stress on habitual avoidance learning
Extinction learning as pretrauma vulnerability factor of
posttraumatic stress: a replication study
What the future holds: An electrophysiological analysis
of Intolerance of Uncertainty
Conceptual fear generalization and the default mode
network
Fear, surprise and ruthless inconsistency: comparing the
effects of cortisol in two reconsolidation paradigms
Contingency instructions shape human fear conditioning
Observational fear learning in humans – on the way to
increase ecological validity
Intrusive memory formation by analogue trauma
conditioning: the role of individual differences in BOLD
responses during extinction
Nicotine decreases discrimination between threat and
safety stimuli indicated by US expectancy
Comparison of context-dependent fear conditioning
processes between healthy persons with and without
long-term analogue intrusions
The influence of hunger on fear, avoidance, and relief
The impact of acute inflammation on pain-related fear
learning and extinction
Reducing US-avoidance via instruction, oberservation,
and incentives
No robust differences in fear conditioning between
patients with fear-related disorders and healthy controls
Evaluative conditioning in odors and sounds
Transdiagnostic assessment of inhibitory learning in
patients with anxiety disorders during an extinction
training tailored to the procedure of exposure therapy
Increased learning of cues signaling pain exacerbation
compared to cues signaling pain relief: aversive and
appetitive conditioning.
The effects of age and trait anxiety on avoidance learning
and its generalization
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Can we see it to believe it? Comparing observational and
direct extinction learning among adolescents and adults.
Trait anxiety regulates avoidance behavior to learned
threat cues
Deleting “fear” from “fear extinction”: aversive USs are
not required to estimate the individual extinction rate
Emotional learning in peripersonal space
The effect of anticipatory anxiety on visuocortical
engagement to conditioned threat stimuli
Physiological measures in aversive and appetitive
conditioning
Searching for a measure of prediction error in associative
fear learning
Heart rate components as distinguishing indicators of
conditioned and extinguishing freezing and their
modulation by transcutaneous vagus nerve stimulation
Conditioning of eye-movements in complex scenes
Context-dependent acquisition in interference paradigms
Optimizing psychophysiological measurements of trace
fear conditioning.
Magnetoencephalographic correlates of fear
generalization in adolescence.
Trauma film conditioning as an experimental
psychopathology model for posttraumatic stress
disorder and beyond: what have we learned in 10 years of
research?
The effect of threat belief on generalization of extinction
Age differences in associations between extinction recall
and brain structure
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A1 Safety vs. relief learning, which of these stimuli can inhibit conditioned fear?
Andreatta, Marta; Pauli, Paul
Erasmus University Rotterdam, Rotterdam, the Netherlands
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 after US offset 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 the following 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.
In summary, conditioned fear was inhibited by both safety and relief signals suggesting that
relief-associated stimuli entail safety properties.
Supported by SFB TRR 58

A2 The effect of threat uncertainty on fear generalization
Aslanidou, Asimina; Wieser, Matthias J.
Erasmus University, Department of Clinical Psychology, Rotterdam, the 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. Threat uncertainty (i.e. the
predictability of a threat following a cue) may influence FG. In this study, we will manipulate
threat uncertainty in three different groups in order to see if more uncertainty will lead to more
FG. Using a differential conditioning paradigm, where one face will be paired with an aversive
sound (CS+) and another not (CS-), we will investigate three groups in which threat uncertainty
will be manipulated (80%, 60%, 40%). Following the learning phase, participants will see four
more faces which will differ in similarity with the threat-associated face (generalized stimuli). All
faces will be presented flickering at 15Hz in order to evoke steady-state Visual Evoked Potentials.
Additionally, skin conductance and ratings of Valence, Arousal, Expectancy and Discrimination
will be obtained. The results 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.
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A3 Interaction of fear acquisition training with eyeblink conditioning supports the sensory
gating hypothesis of the amygdala
Batsikadze, Giorgi; Inoue, Lana; Ernst, Thomas; Ferber, Inda; Merz, Christian J.; Timmann,
Dagmar
University of Duisburg-Essen, Department of Neurology, Essen, Germany
Tel Hai College, Department of Biotechnology, Israel
Ruhr University Bochum, Faculty of Psychology, Institute of Cognitive Neuroscience, Department
of Cognitive Psychology, Germany
The cerebellum is of major importance for motor associative learning, whereas the amygdala is
critically involved in emotional associative learning such as fear conditioning. In eyeblink
conditioning, a form of motor associative learning, important interactions between the amygdala
and the cerebellum are frequently neglected. In the present study, these interactions were
explored using a delay eyeblink and a differential fear conditioning paradigm. Five groups of 20
(total 100) healthy young participants were tested in a two-day experiment. On day 1, three
groups underwent fear acquisition training followed by eyeblink conditioning. 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 were control conditions testing fear and eyeblink conditioning
only (acquisition training on day 1, extinction training on day 2). Preceding fear acquisition training
facilitated acquisition of conditioned eyeblinks. Concomitant fear extinction impeded extinction
of conditioned eyeblink responses, which was accompanied by increased autonomic responses.
Fear extinction, on the other hand, was not significantly altered by concomitant eyeblink
extinction. Recall of conditioned fear responses on day 2 was facilitated in Group 3 with
overlapping presentations of eyeblink and fear conditioned stimuli during extinction training,
suggesting additive response summation. Findings are difficult to explain with the two stage
theory of eyeblink conditioning which predicts suppression of conditioned fear once conditioned
eyeblinks are acquired. Rather, findings agree with the hypothesis that increased salience of the
eyeblink conditioned stimulus is likely gated by the amygdala to the cerebellum.
Funded by ELAN and SFB1280 (A05 and A09)

A4 Prefrontal oscillations and the immediate extinction deficit in healthy men
Bierwirth, Philipp; Antov, Martin I.; Stockhorst, Ursula
University of Osnabrück, Institute of Psychology, Experimental Psychology II and Biological
Psychology, Osnabrück, Germany
A factor contributing to the success of extinction recall is the interval between fear acquisition
and extinction learning. In the majority of fear-conditioning studies, short intervals (e.g. 10 min)
were shown to cause decrements in extinction recall compared to long intervals (e.g., 24 hours
[h]). This phenomenon is known as Immediate Extinction Deficit (IED). Rodent studies suggest
that stress-induced inhibiton of the medial prefrontal cortex (mPFC) during immediate extinction
learning causes the IED. Thus, addressing neuronal activity in prefrontal regions should be of
interest. However, there is a lack of studies examining the neural (oscillatory) correlates of the
IED in humans. Our fear-conditioning paradigm covered habituation, fear acquisition, extinction
learning, and recall. We examined 40 healthy men randomly assigned to extinction learning
either 10 min after fear acquisition (immediate extinction learning) or 24h afterwards (delayed
extinction learning). To distinguish between fear recall and extinction recall, we used a
differential conditioning with four pictures of male faces as conditioned stimuli (CS), and a 95-dB
white-noise burst as unconditioned stimulus (US). During fear acquisition, two CS were paired
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with the US (CS+), whereas the other two were not (CS-). During extinction learning, only one
CS+/CS- pair was presented. Fear recall (responses to the so-far not-extinguished CS+N and CSN) and extinction recall (responses to the previously extinguished CS+E vs. CS-E) were assessed
either 24h (immediate extinction group), or 48h after fear acquisition (delayed extinction group).
EEG was recorded. Neural oscillations in the theta and gamma range were source-localized via
standardized low resolution electrotomography (sLORETA) during fear and extinction recall.
Furthermore, CS-related skin conductance responses (SCRs), cardiac responses and subjective
ratings were assessed. Results of the ongoing study will be presented.

A5 The third interval response as a physiological index of prediction error
Biggs, Emma E.; Vervliet, Bram; Van Oudenhove, Lukas; Beckers, Tom
KU Leuven, Center for the Psychology of Learning and Experimental Psychopathology, Leuven,
Belgium
In the Rescorla-Wagner model of classical conditioning (Rescorla and Wagner, 1972), and
temporal difference models of reinforcement learning (Sutton and Barto, 1990), the discrepancy
between an expected and actual outcome (prediction error, PE), is a critical factor in dictating
future responding. Currently, physiological indices for this prediction error are lacking. Therefore,
in a previous study, we used a between-subjects manipulation of expectancy for US-omission in
a partial reinforcement paradigm. Using this paradigm, we demonstrated that the third interval
(TIR) of skin conductance responses (i.e., US-omission evoked responses) was higher when the
US-omission was not signaled compared to when a safety signal was presented. Furthermore,
this TIR was predictive of the change of conditioned responding from one trial to the next, as
predicted by the Rescorla-Wagner model. To follow up these results we partially replicated this
study using a within-subjects design. Preliminary results will be presented, as well as preliminary
results from a methodological study comparing different analysis techniques for quantifying the
TIR, including decomposition (Ledalab), deconvolution (PsPM), and peak-baseline approaches
(max-min peaks and deflection point peaks). These results will help us to understand how best
to measure US-omission related responses, and their utility for predicting changes in conditioned
responding.

A6 Behavioral readouts of human fear conditioning in immersive virtual reality: confirmation
of initial findings
Binder, Florian P.; Spoormaker, Victor I.
Max Planck Institute of Psychiatry, Department of Translational Research in Psychiatry, Munich,
Germany
Last year we presented a new immersive Virtual Reality procedure, in which a differential fear
conditioning paradigm with one CS+ and one CS- was followed by three behavioral tasks to
quantify avoidance behavior. In ‘Touch the Enemy’, subjects had to approach and touch CS+/CS. In the ‘Fishing’ task, subjects had to catch a fish in a squared area flanked by CS+ and CS- and
in ‘Path-Choice’ they were forced to choose a path next to CS+ or CS-. We only observed fear
conditioned avoidance behavior in the ‘Fishing’ and ‘Path-Choice’ tasks, whereas further
instrumental conditioning was necessary for avoidance behavior in ‘Touch the Enemy’.
This we aimed to validate in a confirmatory experiment with a larger sample size (N=72). We
randomized participants into various task orders, additionally manipulated the reinforcement
(with/without) during the behavioral tasks and employed increased US intensity (2s female
scream + 3 shocks). In a second experiment (N=41), we tested the effect of the number of trials
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and the reinforcement rate during fear conditioning on avoidance behavior, since subjects
previously learned the CS-US contingencies within a few trials.
We observed avoidance behavior in ‘Touch the Enemy’ and ‘Path-Choice’ only if it was preceded
by instrumental conditioning. In the ‘Fishing’ task, subjects avoided the CS+ directly after fear
conditioning, but did not if this was followed by an instrumental extinction session. In the second
experiment, we did not observe avoidance behavior if we reduced the number of trials from ten
to five with a reinforcement rate of 40% or to four with 75% reinforcement.
The results of the confirmatory experiment were in line with our previous study for ‘Touch the
Enemy’ and the ‘Fishing’ task. In ‘Path-Choice’, we no longer observed fear conditioned avoidance
behavior. In conclusion, ‘Fishing’ is most sensitive for fear conditioned avoidance behavior and
‘Touch the Enemy’ and Path-Choice might be useful for robust avoidance behavior.

A7 Temporal dynamics of costly avoidance in newly acquired fears
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 conditioned
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 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-related stimulus is no longer followed by
aversive consequences. Similarities and differences between these results on costly CSavoidance and current findings on costly US-avoidance will be presented.
Supported by Faculty of Human Sciences, University of Würzburg
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A8 Directed forgetting of emotional memories
Chalkia, Anastasia; Vanhasbroeck, Niels; Zenses, Ann-Kathrin; Stemerding, Lotte; Boddez,
Yannick; Kindt, Merel; Van Oudenhove, Lukas; Beckers, Tom
KU Leuven, Centre for the Psychology of Learning and Experimental Psychopathology and
Leuven Brain Institute, Leuven, Belgium
University of Amsterdam, Department of Clinical Psychology, Amsterdam, the Netherlands
University of Groningen, Department of Clinical Psychology and Experimental Psychopathology,
Groningen, the Netherlands
Declarative memory encoding is sensitive to disruption, and subjects can be cued to intentionally
“forget” recently presented information using a directed forgetting (DF) manipulation. Until now,
DF has been applied in declarative memory procedures only. Here, we report on a novel fear
conditioning procedure aimed to investigate whether this technique can be translated to the
study of emotional memories. In a first study, 32 simple line drawings were displayed one at a
time, and half of them were followed by an aversive image (CS+), while the other half were not
(CS-). An acoustic cue was presented after half of the CS+ and CS- trials, indicating that those
trials were to be forgotten. Memory retention was assessed in subsequent free recall and
recognition tasks. In line with predictions, we found strong, significant main effects of instruction
(p < .001), with subjects recalling and recognizing fewer of the items that were followed by the
forget cue. In a follow-up study, we slightly modified our procedure by presenting an aversive
image following CS+ items and a neutral image following CS- items, and still retained our
significant main effects of instruction on both tests of memory retention. In a third study we
modified our protocol to include physiological measures, and this time, CS+ items were followed
by a mild electric shock US, while CS- items were never paired with shock. Skin conductance
(SCR) was included as an index of fear responding. Once again, we observed a main effect of
instruction on declarative memory performance. Moreover, we observed differential acquisition
of fear in SCR, and an attenuation of SCR only in response to CS+ items that were instructed to
be forgotten. Altogether, our findings provide evidence for the presence of a DF effect in
declarative and physiological indices of emotional memory and suggest that DF manipulations
can be successfully used to interfere with emotional memory expression.

A9 Failure to find evidence of avoidance habit acquisition measured with a stroop task
Cobos, Pedro L.; Quintero, María J.; Vargas, Antonio; López, Francisco J.
University of Málaga, Department of Basic Psychology, Málaga, Spain
Institute of Biomedical Research of Malaga (IBIMA), Spain
Previous studies have pointed out the difficulties in finding evidence of habit acquisition in
experiments with humans, and very few of them have focused on the acquisition of avoidance
habits. In our experiment, participants learnt to avoid an aversive noise administered through
headphones by pressing either the left or the right mouse button depending on the previous visual
presentation of one of four possible warning stimuli (SA, SB, SC, & SD). We manipulated the
amount of training so that trials involving SA or SB were 12 times as frequent as trials involving
SC or SD. Habits were assessed through a Stroop task in which the participants had to make the
same responses trained during the avoidance acquisition phase to classify numbers from 0
through 9 as even or uneven. Numbers appeared superimposed on the warning stimuli but the
headphones were withdrawn. Warning stimuli were paired with numbers so that, for each
stimulus, there were the same number of congruent than incongruent trials. As habits are
thought to rely on stimulus-response associations, we expected to find longer response times
and more errors in incongruent than in congruent trials. Additionally, as habits are thought to be
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the result of many stimulus-response repetitions, we expected to find a greater congruency
effect in SA and SB than in SC and SD trials. As expected, we found a main congruency effect,
but we did not find any interaction between congruency and amount of repetitions. Consequently,
we fell short of meeting the necessary requirements to infer the presence of avoidance habits. It
is possible that the Stroop task is so sensitive to bottom-up processes driven by associative
learning processes that even a small amount of avoidance learning trials is sufficient to form
stable stimulus-response associations capable of producing priming and interference. Anyway,
our results suggest that the Stroop task has some limitations as a technique to study avoidance
habit acquisition in the lab.
Supported by Grant PGC2018-096863-B-I00 received from the Spanish Ministerio de Ciencia,
Innovación y Universidades

A10 Sleep continuity and sleep depth promote the decline of intrusive memories induced by
the conditioned-intrusion paradigm
Danböck, Sarah K.; Rattel, Julina; Miedl, Stephan F.; Franke, Laila K.; Werner, Gabriela G.;
Schabus, Manuel; Wilhelm, Frank H.
University of Salzburg, Department of Psychology, Division of Clinical Psychology and
Psychopathology, Salzburg, Austria
Posttraumatic stress disorder is assumed to be a mental disorder with a conditioning origin:
Neutral stimuli which accompanied the traumatic experience (UCS) become conditioned stimuli
(CS) subsequently triggering intrusive memories. Sleep in the night after the traumatic
experience might be critical for the consolidation of these newly formed memories. Based on
recent studies (e.g. Kleim et al., 2016; Sopp, et al., 2019), we hypothesized that sleep continuity,
sleep depth, and fast spindle density during N2 as well as REM pressure predict early intrusion
development and decline. In the present study, 84 women underwent the conditioned-intrusion
paradigm combining faces as CS with aversive films as UCS and reported the occurrence and
distress of intrusions during the following three days. In the night after film viewing, sleep was
assessed using ambulatory polysomnography. Preliminary analyses indicate that participants
with higher sleep continuity initially developed higher intrusion load (intrusion frequency x
distress). However, they also tended to recover faster within the following days. Participants with
higher sleep depth tended to recover faster as well. Neither fast spindle density nor REM
pressure affected early intrusion development or decline. Our results might indicate that higher
sleep continuity first enhances the consolidation of the fear memory and thus promotes initial
intrusion development. However, thereafter, higher sleep continuity and higher sleep depth might
support the consolidation of CS-NonUCS associations and thus promote the decline of intrusions.
Future studies investigating the early development and decline of intrusive memories after
traumatic experiences could shed light on this complex relationship.
Sarah K. Danböck was financially supported by the Doctoral College “Imaging the Mind” of the
Austrian Science Fund (FWF; W1233-G17)

A11 Episodic fear conditioning: a new tool to study the physiological expression of emotional
associative memories
de Vries, Olivier; Duken, Sascha; Kindt, Merel; van Ast, Vanessa
University of Amsterdam, Department of Clinical Psychology, Amsterdam, Netherlands
Human memory is thought to consist of several systems that, to some degree, process different
components of a single experience independently of each other to facilitate adaptive behavior.
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Accordingly, these systems are typically studied in isolation by means of drastically different
experimental paradigms. Our insights in emotional modulation of memory mostly stem from two
areas of research that rarely meet: episodic memory and Pavlovian conditioning. This is largely
because 1) Pavlovian conditioning experiments use only a few CS-US pairings, usually resulting
in perfect contingency awareness, rendering any effect of emotion on the declarative component
of those memories untestable, and 2) the emotional stimuli in episodic memory experiments not
being powerful enough to elicit physiological responses that transfer to associated stimuli. We
have constructed a novel stimulus set to address these experimental constraints. It includes 60
CS images of neutral objects and 60 US images that are richer in content. The US images are 20
semantically matched triples of negative, neutral, and positive valence. Crucially, each US image
can be presented simultaneously with a corresponding sound for a multimodal experience of
enhanced vividness and emotional charge.
To validate the novel stimulus set, we designed an experiment in which all the CS stimuli are
paired to one of the US stimuli and presented a total of three times. We show that the US stimuli
elicit considerable effects on subjective valence and arousal, as well as emotional expression
assessed by several physiological indices. Moreover, in the second and third learning round we
observe promising ‘episodic fear conditioning’ effects: physiological responses to those neutral
objects that have come to be predictive of negative US stimuli. The development and validation
of this stimulus set will open a wide range of new possibilities to do work on the intersection of
Pavlovian conditioning and episodic memory research.

A12 Can you escape the virtual room? Part III: generalization of avoidance
Dibbets, Pauline; Lemmens, Anke; Leer, Arne; Smeets, Tom
Maastricht University, Faculty of Psychology and Neuroscience, the Netherlands
Tilburg University, Department of Medical and Clinical Psychology, the Netherlands
Background. Avoidance of threatening stimuli can be adaptive and foster survival. However, if
this avoidance behaviour generalizes to non-harmful stimuli, it may become maladaptive and
hamper daily functioning. The current study examined new ways to examine generalization of
avoidance behaviour and linked these tendencies to the ability to tolerate distress.
Method. Students with varying levels of distress tolerance solved three times a virtual escape
room. The assignment was to find three (hidden) codes; each visit, the codes were relocated. The
first visit served as a practice phase. The second visit, lifting the lid of a vase resulted in a jump
scare, with a hissing rat jumping out of the vase (US). A scratching sound and post-it note on the
vase served as predictors (CS) for the occurrence of the rat (US). For half of the participants the
post-it note and scratching sounds were also presented in the third room. The CS was placed at
the original location, the vase, and at two other locations (generalization test). For the other half
of the participants, no CS was present. Time to revisit the vase and other CS/noCS locations, US
expectancy and strategies to solve the third room were recorded.
Results. We are still testing; the results will be presented at the EMHFC.
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A13 Decoding how novel affective associations become represented in the brain
Ehlers, Mana R.; Kryklywy, James; Beukers, Andre; Anderson, Adam; Todd, Rebecca
University Medical Centre Hamburg Eppendorf, Institute for Systems Neuroscience, Hamburg,
Germany
University of British Columbia, Department of Psychology, Canada
Cornell University, College of Human Ecology, USA
Classical conditioning or learning which stimuli in our environment co-occur with something
positive or negative is critical for the survival of all organisms. Previous research has established
the basic neural and behavioural mechanisms through which predictive cues become associated
with painful or pleasurable experiences. Yet, longstanding questions about how affective
associations become represented in the brain remain to be answered: Does a conditioned
stimulus (CS) reactivate brain activation patterns initially elicited by the unconditioned stimulus
(US)? And if so, does the CS represent the sensory properties of the US or the hedonic response
to it?
We used fMRI to decode brain activation patterns in response to appetitive and aversive US and
associated CS in order to determine whether the CS reproduces (sensory or hedonic aspects of)
the US representational pattern. 61 participants completed two conditioning tasks in which
neutral facial expressions were paired with appetitive brush strokes to the forearm and painful
pressure applied to the thumbnail. Similarity of US and CS representational patterns from eight
regions of interest was assessed by means of representational similarity analysis.
We found that, once associations were learned, the CS reactivated US representational patterns
in brain regions typically associated with conditioning. By comparing the obtained
representational patterns with model representations of certain types of information, we were
able to further demonstrate that in several higher order brain regions a CS reactivates hedonic
but not sensory aspects of the US.
In conclusion, in the current study we were able to show that through conditioning a CS becomes
to represent specifically the hedonic value of the US it is associated with. Thus, when we develop
novel affective associations, it is the emotional response to rather than the sensory experience
of something painful or pleasurable that is represented by the predictive cue.

A14 Negative reinforcement rate and operant extinction of avoidance
El Kohen, Mona; Zuj, Daniel V.; Dymond, Simon
Swansea University, Experimental Psychopathology Lab, Department of Psychology, Swansea,
United Kingdom
Understanding the transition from adaptive to maladaptive avoidance is key for developing better
targeted therapy for anxiety-related disorders. While research on avoidance learning is growing,
little is known about the effects of prior controllability (or partial reinforcement rates) on the
acquisition and extinction of avoidance. Here, we investigated the effects of partial reinforcement
of avoidance on the acquisition and subsequent extinction of avoidance. Across groups of healthy
participants, we first varied reinforcement rates during avoidance learning whereby a discrete
operant response cancelled upcoming shock on 100%, 66% or 33% of trials. Extinction of
avoidance was then tested under operant conditions where shock was non-eliminable (i.e.,
unavoidable). Avoidance behaviour, threat expectancy ratings and skin conductance responses
(SCRs) were measured throughout. Preliminary results showed that participants in the 100%
group where the least resistant to extinction. Threat expectancy ratings were higher in the lower
reinforcement group. Finally, partial reinforcement effects were not evident in SCRs. Findings
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have implications for avoidance extinction procedures used to decrease maladaptive avoidance
in therapeutic settings.

A15 Threat conditioning generates intrusive memories: a study on the impact of social
support interactions on conditioned threat
Espinosa, Lisa; Bonsall, Mickael; Becker, Nina; Holmes, Emily; Olsson, Andreas
Karolinska Institutet, Department of Clinical Neuroscience, Section for Psychology, Stockholm,
Sweden
University of Oxford, Department of Psychiatry, Oxford, United Kingdom
Uppsala University, Uppsala, Sweden
Growing evidence supports the use of Pavlovian threat conditioning (TC) as an experimental
model for memory processes underlying trauma memories. However, to our knowledge, this
paradigm has not been used to investigate intrusive mental imageries of threat memories, e.g.
visual images intruding involuntarily into consciousness. Thus, we examined whether TC to
neutral conditioned stimuli (CS) generated intrusions of the CS during a 7-day period following
TC. Motivated by past research demonstrating social buffering of aversive experiences, we also
investigated how varying levels of social support after TC affected expressions of learning and
subsequent intrusive memories.
Participants (n=82) underwent TC pairing neutral pictures as CS with aversive electric
stimulation as US. Directly after conditioning, participants were randomly assigned to receive
active social support, no active social support or did not take part in a social interaction (control
group). Skin conductance responses were collected to index threat responses during acquisition,
immediate extinction, and reinstatement 7 days later. During each of these 7 days, participants
reported the number of intrusions of the CS. One year later, the participants (n=54) responded to
a follow-up survey regarding the recollection, recognition and persistence of intrusions, of the
CS.
Our results revealed that TC elicited intrusions of the CS, with more intrusions for CS+ than CS, indicating that TC using neutral images as CS and shocks as US is an experimental paradigm
that can simulate the exposure to stressful event, as well as producing subsequent intrusive
memories. Analyses revealed successful conditioning during acquisition and successful
extinction, and learned threat was not successfully reinstated. Data on the effect of social
support on intrusions is being analyzed and will be presented.
This study contributes to the development of experimental approaches linking experimental
work to clinical developments
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A16 Characteristics of children and adolescents with anxiety disorders who drop out of a
fear-conditioning paradigm
Flasinski, Tabea; Adolph, Dirk; Pflug, Verena; Lippert, Michael W.; Christiansen, Hanna; Hamm,
Alfons O.; In-Albon, Tina; Knappe, Susanne; Pauli, Paul; Richter, Jan; Romanos, Marcel; TuschenCaffier, Brunna; Winkler, Markus; Schneider, Silvia
Ruhr University Bochum, Mental Health Research and Treatment Center, Department of
Psychology Germany, Bochum, Germany
University of Marburg, Department of Clinical Children and Adolescent Psychology, Marburg,
Germany
University of Greifswald, Department of Biological and Clinical Psychology/Psychotherapy,
Greifswald, Germany
University of Koblenz-Landau, Department of Clinical Child and Adolescent Psychology, Mainz,
Germany
Technische Universität Dresden, Institute of Clinical Psychology and Psychotherapy, Dresden,
Germany
University of Würzburg, Department of Psychology (Biological Psychology, Clinical Psychology
and Psychotherapy), Würzburg, Germany
University of Greifswald, Department of Biological and Clinical Psychology/Psychotherapy,
Greifswald, Germany
University Hospital of Würzburg, Department of Child and Adolescent Psychiatry,
Psychosomatics and Psychotherapy, Würzburg, Germany
University of Freiburg, Department of Clinical Psychology and Psychotherapy, Freiburg, Germany
Fear-conditioning paradigms are commonly seen as valuable translational models for research
into the pathogenesis and maintenance of anxiety disorders (AD). Although the number of fear
conditioning studies conducted with children and adolescents with AD is increasing, dropout
rates are often not reported or reasons for dropout are not further discussed. Thus, the factors
discriminating children who drop out of a conditioning experiment from children who finish the
experiment are still largely unknown.
The present study is part of an add-on project to a multicenter RCT (Providing Tools for Effective
Care and Treatment of Anxiety Disorders: PROTECT-AD) that investigates the impact of parental
participation on intensified exposure-based psychological interventions in children with AD. 181
children and adolescents (60.2 % female) with primary AD (63 separation anxiety, 64 specific
phobia, 54 social anxiety) aged 8 to 16 years (M = 11.02, SD = 2.15) participated in a fearconditioning paradigm on two consecutive days (fear acquisition on day 1 and fear extinction on
day 2). A female scream was used as the unconditioned stimulus (US). Two pictures of male
faces with a neutral facial expression served as conditioned stimuli (CA+ and CS-). To measure
the child`s fear responding, psychophysiological measures (startle, skin conductance, heart rate)
as well as subjective ratings (CS valence- & arousal ratings, CS-UCS contingency ratings) were
used.
Preliminary results showed a dropout rate of 25.4 % (n = 46) with various reasons for dropout.
The most prominent dropout reason is fear of either the US and/or the startle evoking tone (73.9
%). Children and adolescents who drop out of the experiment were more likely to have a
separation anxiety disorder diagnosis, were younger and reported more negative feelings related
to the US compared to completers. Implications for the experimental assessment of children and
adolescents as well as future directions will be discussed.
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A17 The role of avoidance behavior for the maintenance of conditioned fear
Fraunfelter, Laura-Ashley; Gerdes, Antje B. M.; Alpers, Georg W.
University of Mannheim, Chair for Clinical and Biological Psychology and Psychotherapy,
Mannheim, Germany
Avoidance of feared stimuli is thought to be the driving factor behind the development of
pathological anxiety. Despite its central role to anxiety disorders, little is known about individual
differences in avoidance and potential risk factors. Indeed, certain personality traits may predict
the extent of avoidance behavior and modify its effect on the maintenance of pathological fear.
To address this gap, 40 participants underwent a differential fear conditioning paradigm, pairing
a colored deck of cards with an electric shock. The degree of conditioned fear was assessed by
US expectancy and threat ratings, skin conductance response, and heart rate. In the subsequent
task no shocks were applied, but participants were instructed that playing the card may be
followed by an electric shock but also, that they would receive points. Not playing the card would
prevent the shock but would also not gain them points. After this task, the extent of maintained
fear was measured. To account for individual factors possibly associated with avoidance
behavior, we assessed trait anxiety, anxiety sensitivity, sensation seeking, and depression.
Preliminary analyses of the rating data showed avoidance behavior to be independent of the
degree of conditioned fear. Rather, individuals with more trait anxiety and depression and less
sensation seeking avoided more. Most importantly, avoidance behavior predicted the
maintenance of conditioned fear. The results show that avoidance behavior plays a crucial role
in the maintenance of maladaptive avoidance. Interestingly, more pronounced conditioned fear
did not predict avoidance behavior. Instead, avoidance may be a habitual coping style in the face
of fearful stimuli. This is one of few studies to demonstrate causally that avoidance results in
more stable (conditioned) fear.

A18 Contextual modulation of fear-conditioning in social anxiety disorder
Fricke, Susanne; Bohlender, Rosa J.; Neudert, Marie K.; Zehtner, Raphaela I.; Stark, Rudolf;
Hermann, A.
Justus Liebig University, Department of Psychotherapy and Systems Neuroscience, Giessen,
Germany
Bender Institute of Neuroimaging, Justus Liebig University, Department of Psychotherapy and
Systems Neuroscience, Giessen, Germany
University of Marburg and Justus Liebig University Giessen, Center for Mind, Brain and Behavior
(CMBB)
Many patients with social anxiety disorder (SAD) report about socially aversive situations in their
past, being associated with the beginning of symptoms such as fear and avoidance of negative
evaluation or intrusive distorted images of one´s public self. Classical conditioning is thus an
important factor in the aetiology of SAD. As one can see there are phenomenological similarities
in the aetiology and symptomatology of SAD and post-traumatic stress disorder (PTSD) like an
aversive initiating event, avoidance and intrusive re-experiencing. On the basis of these
similarities we investigate the mechanisms underlying the aetiology of SAD, explicitly concerning
fear conditioning, following results from PTSD research. There are studies showing altered
neural activation in acquisition and extinction of fear in PTSD patients. The aim of our study was
to examine if patients with SAD also show altered neural activation and particularly a
dysfunctional contextual modulation of extinction in comparison to healthy controls. In a
subsample of our study, 25 patients and 27 healthy controls underwent a two-day fearconditioning, extinction and recall protocol during functional magnetic resonance imaging. During
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acquisition in a specific visual context the participants sometimes received electrical stimulation
following the CS+ (blue or yellow glowing light). During the following extinction training phase in
another visual context participants never received electrical stimulation. One day later CS+ and
CS- (light of different colour) were presented in three different contexts (extinction, acquisition
and a new context). Preliminary results show altered neural activation in the dorsal anterior
cingulate cortex during recall in the extinction and the renewal in the acquisition context in
patients with SAD compared to healthy controls. These results emphasize the role of
dysfunctional contextual modulation of fear extinction for the development and maintenance of
SAD.

A19 Can positive affect attenuate the return of pain-related avoidance behaviour?
Gatzounis, Rena; Meulders, Ann
Maastricht University, Research Group Experimental Health Psychology, Maastricht, the
Netherlands
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 recover 24 hours after extinction with response prevention. The return of pain-related
fear and avoidance can potentially 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. In the acquisition
phase, 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 the extinction with response prevention
phase, participants were only allowed to perform T1, under extinction. After participants received
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 are behavioural avoidance (maximal deviation from shortest path), and selfreported fear and pain expectancy. We hypothesized that pain-related fear and avoidance will be
reinstated, but less so in the positive affect group. Results will be presented and discussed; data
collection is ongoing.

A20 Model-based and model-free value computations in Pavlovian fear learning
Gerlicher, Anna M. V.; Stemerding, Lotte; Reinhold, Faya; Bridge, Lara; Lindström, Björn; Kindt,
Merel
University of Amsterdam, Department of Clinical Psychology, Amsterdam, the Netherlands
University of Amsterdam, Department of Social Psychology, Amsterdam, the Netherlands
Despite the wide usage of skin conductance (SCR) and fear potentiated startle responses (FPS)
as measures of learning in fear conditioning the exact computational processes underpinning
these signals are not well understood. Previous research has shown that instructed extinction
can eliminate differential (CS+>CS-) SCR, whereas differential FPS can remain unaffected. This
apparent dissociation is evocative of the distinction between model-based and model-free
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learning. Model-based learning relies on the creation of representations of the environment to
make predictions about future values. This type of learning is computationally expensive but
flexible; stimulus values can be swiftly updated upon changes in the environment (e.g. instructed
absence of the US). In contrast, model-free learning solely relies on past stimulus outcomes. For
this reason, model-free predictions can become invalid and produce outdated behavior when the
environment changes or outcomes are devalued. To directly test whether SCR reflects modelbased and FPS model-free value computations we conducted four experiments with different
forms of US devaluation designed to dissociate both forms of learning. In line with our predictions,
differential SCR disappeared upon instructed US devaluation in study 1 (n=40). In contrast,
differential FPS was sustained and only extinguished upon repeated experience of the actual US
omission. Similarly, in study 2 (n=40) SCR instantly updated upon uninstructed US devaluation,
whereas FPS continued to differentiate between CS+ and CS- as predicted by model-free
learning. Data of an fMRI study (n=40) aiming to identify brain areas reflecting model-free and
model-based value computations and a study (n=50) providing a first hint towards a factor
shifting model-free to model-based control will be presented. Together these results suggest
that fear learning relies on multiple systems, and that clinical interventions addressing only one
system may be inadequate.

A21 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, Würzburg, 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 developed a modified outcome devaluation
paradigm in which the outcome sensitivity of overlearned avoidance behavior is 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 habitcompatible 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.
Supported by Faculty of Humanities, UniversityWürzburg and Equality Funding, Faculty of
Humanities, Würzburg
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A22 SpiDa: a validated spider cue database to reliably induce different levels of fear and
characteristic physiological responses in individuals with fear of spiders
Götzendorfer, Sebastian J.; Lor, Cindy; Steyrl, David; Nicholson, Andrew; Renz, Fabian;
Scharnowski, Frank
University of Vienna, Faculty of Psychology, Department of Cognition, Emotion, and Methods in
Psychology, Vienna, Austria
University of Zürich, Department of Psychiatry, Psychotherapy and Psychosomatics (only applies
for senior author), Zürich, Switzerland
Fear in humans serves the purpose of facilitating appropriate adaptive responses in light of
danger or threat. However, excessive fear responses can cause severely burdening psychiatric
conditions such as phobias and anxiety disorders, many of which feature an etiology including
fear-conditioning processes. Thus, studying fear and its roots is an important basic research topic
and of high clinical relevance.
To facilitate fear research in the frequently studied fear of spiders, we generated and validated a
large set of individually rated spider images along with characteristic biological-physiological
responses (skin conductance, heart rate, breathing, pupil diameter and eye tracking). In total, 172
images of spiders (luminance-matched) with varying levels of fear inducing characteristics (e.g.
size, number, distance, human contact, etc.) were rated on a 100-point visual analogue scale by
41 healthy participants with fear of spiders.
On average, participants scored M = 57.17, SD = 19.41 in the Fear of Spiders Questionnaire and
M = 17.49, SD = 6.08 in the Spider Phobia Questionnaire in a screening procedure.
Average fear ratings for SpiDa-stimuli were M = 57.16, SD = 14.52, with a range of 99, thus
indicating that the images reliably induced subjective fear of different intensities.
Analysis of fear ratings as well as of physiological measures is ongoing, as is data collection to
increase sample size. Further ongoing analyses include predicting fear ratings from the collected
physiological measures using machine learning.
In support of the Open Science initiative, the novel SpiDa database will be publicly available to
benefit researchers conducting research about fear and fear-conditioning as well as clinicians
who might want to use these empirically informed cues for exposure therapy.

A23 How baseline threat level and differential fear responses affect fear generalization and
its reduction by a discrimination training
Herzog, Katharina; Andreatta, Marta; Schiele, Miriam A.; Domschke, Katharina; Deckert, Jürgen;
Pauli, Paul
University of Würzburg, Department of Biological Psychology, Clinical Psychology and
Psychotherapy, Würzburg, Germany
Erasmus University of Rotterdam, Department of Psychology, Educational Sciences, and Child
Studies, Rotterdam, the Netherlands
University of Freiburg, Department of Psychiatry and Psychotherapy, Freiburg, Germany
University of Würzburg, Department of Psychiatry, Psychosomatics, and Psychotherapy,
Würzburg, Germany
Anxiety patients tend to over-generalize conditioned fear, possibly because of an incapacity to
perceive differences between the signals. Fear generalization is discussed as risk factor for
anxiety disorders. Here, we investigated how baseline threat level and differential fear responses
affect fear generalization and its reduction by a fear-relevant vs. fear-irrelevant discrimination
training.
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All participants (N = 126) 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 generalization blocks, both CSs as well as four
morphs (generalization stimuli, GS) were presented. Between these generalization blocks, one
group (n = 61) underwent a fear-relevant discrimination training (discrimination between CS+
and the other faces), another group (n = 65) a fear-irrelevant discrimination training
(discrimination between the width of lines).
Successful acquisition of fear is indicated by discriminative ratings (valence, arousal) between
CS+ and CS-, and increased skin conductance response to CS+ compared to CS-. Fear-relevant
and fear-irrelevant discrimination trainings reduced subjective and physiological fear
generalization (as reflected in generalization index, GI) equally well. Interestingly, higher arousal
and more negative valence to both CSs during pre-acquisition and smaller CS differentiation for
ratings at the end of acquisition were related to higher GI, i.e. stronger generalization, pre- and
post-training.
In conclusion, individual differences regarding baseline threat level and differential fear
responses influence the extent of fear generalization, but not the responsiveness to
discrimination trainings. Baseline threat level and differentiation between threat and safety might
be risk factors for anxiety disorders.
This work was supported by the DFG SFB TRR 58 project Z02

A24 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, the 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. While some
studies indicate superior effectiveness of counterconditioning as compared to extinction, other
studies find comparable effects. 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 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. Moreover, participants completed a surprise memory test for the
stimuli encoded the previous day. Ongoing analyses will determine whether CC is indeed superior
to extinction in attenuating fear responses. If so, we will examine whether this is neurally
mediated by increased activity in the nucleus accumbens, indicating a competition between
reward-related and extinction-related networks, or the medial prefrontal cortex, indicating
enhanced extinction. Data analysis is currently ongoing.
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A25 Consolidating the memories of fear regulation
Hu, Chuan-Peng
Leibniz-Institut für Resilienzforschung (LIR), Mainz, Germany
Emotion regulation (ER) is a key element for mental health. However, how ER memories are
consolidated is unknown. Previous work from our lab found that consolidation of extinction, an
implicit strategy to regulate fear, can be enhanced by the post-extinction administration of LDOPA (Gerlicher et al., 2018). To investigate the transferability of the effect of L-DOPA, we
combine a cognitive change strategy with an instructed fear (IF) paradigm. On day 1, participants
are first trained with an explicit emotion regulation strategy (distraction) followed by the IF task,
in which participants are given information about the contingency and enforcement rate of each
cue before starting the task. The IF task on day 1 consists of eight blocks: four of them are
regulation blocks in which participants are instructed to regulate their emotions using the
strategy they had trained; the other four blocks are non-regulation blocks in which participants
are asked to view the stimuli passively. The order of regulation and non-regulation blocks are
pseudo-randomized. After finishing the task, participants are administered a placebo or L-Dopa
pill and observed for one hour. On day 2, participants undergo the same IF task with a new pair
of cues but do not get any instructions regarding regulation. Physiological outcomes (i.e., SCR
and ECG) and subjective ratings are recorded on both days as the readouts. In a pilot study (25
male participants, age=25.68 ± 5.59), we confirmed successful application of cognitive change
strategy, resulting in reduced subjective rating (threatening stimulus in regulation block vs.
threatening stimulus in non-regulation block: t(24) = -5.43, p < 0.0001, Hedge’s g = -1.052, 95%CI
[-1.5, -061]). In this current study, we are interested in the interaction between cue type and
group type on readouts on day 2. We hypothesize a positive effect of L-Dopa on day 2, i.e., lower
fear response on the readout.

A26 Neural circuitry underlying costly fearful avoidance behaviour
Hulsman, Anneloes M.; Roelofs, Karin; Klumpers, Floris
Behavioural Science Institute, Radboud University Nijmegen, Experimental Psychopathology and
Treatment, Nijmegen, the Netherlands
Donders Institute, Radboud University Nijmegen, Affective Neuroscience, Nijmegen, the
Netherlands
Excessive avoidance behaviour is a cardinal symptom of anxiety disorders. In problematic
avoidance, potential rewards are often sacrificed in order to avoid potential negative outcomes.
Moreover, recent findings indicate that excessive avoidance is a predictor of poor clinical
outcome. Even though such costly avoidance decisions play an important role in anxiety, little is
known about the underlying neural mechanisms.
In our fMRI study we used a fearful avoidance task (FAT) in which subjects actively decide to
approach or avoid multiple combined levels of potential monetary rewards and electrical
stimulation.
Preliminary results (N = 23) suggested 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.
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However, data analysis is ongoing (N = 31) and we hope to present more definitive evidence for
which neural processes are most directly linked to costly avoidance behaviour at the meeting.
Supported by NWO research talent grant (406.18.540)

A27 Using auditory blocked conditioning to study associative learning and extinction over
many trials
Jambazova, Antonia A; Scheepers, Christoph
University of Glasgow, Department of Psychology, Glasgow, United Kingdom
Fear conditioning paradigms often rely on detecting learning and extinction effects using a small
number of trials to prevent habituation of the conditioned response. However, measurement
techniques that are inherently noisy (e.g. E/MEG, pupillometry) and elicit small effects (e.g. pupil
dilation of ~0.5 mm) require a large number of trials to obtain adequate signal-to-noise ratio. In
an attempt to address this issue, we employed a novel, auditory blocked conditioning paradigm
in which conditioning and extinction were established repeatedly over multiple blocks (N=4)
using a different set of conditioned (CSs) and unconditioned (UCSs) stimuli in each block. CSs
were low (200 – 480 Hz, 40 Hz steps) and high (800 – 1080 Hz, 40 Hz steps) frequency pure tones
with duration of 4 s, presented at ~60 dB. In order to establish whether any associative learning
effects are specific to aversive (threat) expectation rather than generic associative prediction,
both positive and negative UCSs were used. Specifically, in each block 2 CSs were paired with a
negative 60 dB sound (N=20) and 2 CSs were paired with a positive 90 dB sound (N=20) with a
duration of 1s. The UCSs were selected based on findings from an auditory rating study, to ensure
that the all stimuli had high positive/negative valence. Conditioning and extinction was measured
at a behavioural (valence and arousal ratings) and physiological (pupil size) level. To confirm
awareness of the CS-UCS relationships, at the end of each block, participants completed a
contingency awareness task. We present initial data and discuss the feasibility of employing this
novel task to investigate learning and extinction in experimental designs requiring a large number
of trials.

A28 Disrupting reconsolidation of conditioned fear with a working memory intervention
Jaswetz, Lars; de Voogd, Linda; Becker, Eni; Roelofs, Karin
Radboud University Nijmegen, Behavioural Science Institute (Experimental Psychopathology &
Treatment), Nijmegen, the Netherlands
Radboud Universiteit Nijmegen, Donders Institute for Brain, Cognition and Behavior, Centre for
Cognitive Neuroimaging, Nijmegen, the Netherlands
During memory reconsolidation, a reactivated memory briefly becomes malleable, before being
stored anew. During this window of opportunity, memories can be updated. This has interesting
possible applications for the treatment of anxiety disorders and PTSD, in which aversive
memories are persistent and debilitating.
Animal models have shown that the amygdala plays a crucial role in the reconsolidation process.
In humans, drugs that temporarily inhibit amygdala activity have also been shown to impair the
reconsolidation process of conditioned fear memories. A non-invasive alternative is the use of
cognitively demanding tasks, which have been shown to reduce amygdala activity and to enhance
extinction. However, the effects of these tasks on reconsolidation remain unclear. Here, we tested
whether a cognitively demanding task during the reconsolidation window can disrupt the
reconsolidation process.
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We tested this by letting participants undergo a differential fear conditioning paradigm with three
conditioned stimuli. Two were reinforced with a shock (CS+) and one was safe (CS-). On day two,
participants were presented with one unreinforced CS+, as a brief reminder. After a ten minute
break they performed a 2-back task for 20 minutes. On day three, underwent a retention test and
a reinstatement test phase.
Data collection is currently still underway. During the meeting, we will present the results,
comparing fear responses across the three stimuli and test phases, using skin conductance, heart
rate, stimulus valence ratings, and shock expectancy ratings.
Disrupting reconsolidation with cognitively demanding tasks can pave the way for novel
treatment approaches, gives insight into the neural underpinnings of emotional memory
processes, and sheds light on the working mechanisms of interventions like EMDR.

A29 Enhanced noradrenergic activity by yohimbine and differential fear conditioning in
patients with major depression with and without adverse childhood experiences
Kaczmarczyk, Michael; Kühl, Linn; Deuter, Christian; Hellmann-Regen, Julian; Otte, Christian;
Wingenfeld, Katja
Charité - Universitätsmedizin Berlin, Berlin, Germany
Corporate Member of Freie Universität Berlin, Humboldt-Universität zu Berlin, Germany
Berlin Institute of Health, Department of Psychiatry and Psychotherapy, Berlin, Germany
Background: Accumulated evidence suggests an upregulation of central alpha2-receptors,
leading to decreased noradrenergic activity on a central level in major depressive disorder (MDD).
Adverse childhood experiences (ACE), a risk factor for MDD, might contribute to those changes.
Cognitive dysfunctions constitute an important symptom of MDD and noradrenaline can affect
cognitive processes like learning and memory.
Methods: We investigated the relationship of alpha2-receptor dysregulation with learning
processes in MDD by conducting a differential fear conditioning paradigm after double-blind
administration of the alpha2-receptor antagonist yohimbine versus placebo. We included four
groups of healthy participants and unmedicated MDD patients with and without ACE.
Results: After yohimbine, noradrenergic activity increased across groups as measured by alphaamylase and blood pressure. Fear responses were higher after yohimbine as indicated by skin
conductance responses and fear-potentiated startle responses. While we found no MDD effect,
ACE had significant impact on the ability to discriminate between both conditioned stimuli (CS+
predicting an aversive stimulus, CS- predicting none), depending on drug condition. After
yohimbine, CS discrimination decreased in individuals without ACE, but not in individuals with
ACE.
Conclusions: Aberrant alpha2-receptor regulation after ACE might explain differences in the
response to yohimbine. Impaired discrimination of threat and safety signals might contribute to
enhanced vulnerability following ACE.

A30 A propositional perspective on observational fear conditioning
Kasran, Sarah; Hughes, Sean; Van Dessel, Pieter; De Houwer, Jan
Ghent University, Department of Experimental Clinical and Health Psychology, Ghent, Belgium
Social learning constitutes an important way in which humans can acquire fear. After watching
another person (a model) express a negative reaction in the presence of a stimulus, observers
often respond fearfully when they subsequently encounter the stimulus, an effect referred to as
observational fear conditioning (Haaker et al., 2017). Many have assumed that this change in
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behavior is mediated by the formation and activation of an association in memory between the
representations of the model’s reaction (US) and the stimulus (CS; Debiec & Olsson, 2017).
We introduce an alternative account arguing that observational conditioning effects are mediated
by propositions. This perspective leads to new predictions. Data from two (ongoing) projects are
presented: one examining if instructions (describing the model’s behavior) produce similar effects
as observations, and another examining if observational fear conditioning effects are driven by
inferential reasoning.
In our studies, the observation procedure consisted of a video of a model reacting negatively
(allegedly to an aversive sound) in the presence of one CS but not in the presence of another CS.
In a subsequent test phase, the CSs were presented to participants and fear and expectancy
ratings (and SCRs in Study 1) were collected. In Study 1 (N = 60) and 2 (N = 190), participants
either watched the video (with or without additional information) or read a description of it. All
conditions led to conditioned fear responses, and differences between learning pathways
depended on the amount of included information. Study 3 (N = 108) focused on participants’
inferences about the properties of the sound. They were told either that the model’s reactions
were similar to those of the average participant or that the model reacted extremely strongly. As
predicted, the second group showed smaller conditioned fear responses.
Theoretical and practical implications of our findings as well as future directions will be
discussed.
Supported by Research Foundation - Flanders (FWO)

A31 Approach-avoidance foraging task in immersive virtual reality
Kastrinogiannis, Alexandros; Lonsdorf, Tina B.
University Medical Center Hamburg-Eppendorf, Department 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 on decision making strategies. However, little has been known about the impact
of individual differences upon the AA strategies within a threatening environment. Here, we
present 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
five-day period (blocks) by collecting the necessary amount of food (tokens) within three different
nature-related terrains (forest, sea, desert). Each terrain, however, is assigned to a different
probability of encountering an aversive (electrical) stimulus in combination with being struck by
lightning in the virtual environment while collecting a token. The probabilities of receiving the
unpleasant stimulus are parametrically graded to the covered distance along the terrain. In order
to encourage approach behaviour, the amount of potential reward is inversely parametrically
modulated to the probability of receiving the aversive stimulus. Thus, each individual is required
to perform a certain approach-avoidance strategy to achieve the task’s goal, as to the time spent
in each terrain and the spatial movement along the field. Each strategy behaviour results in a
unique “tipping point” between the traversed distance and the maximum achieved reward,
revealing the extent to which each individual is willing to approach or to avoid a threat as a tradeoff for better performance (reward).
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A32 Contextual modulation of fear and avoidance generalization among adolescents and
adults
Klein, Zohar; Berger, S., Vervliet, Bram; Shechner, Tomer
University of Haifa, Department of Psychology, Haifa, Israel
KU Leuven, Laboratory for Biological Psychology, Leuven, Belgium
Fear generalization is a process whereby fear responses transfer from a previously learned
danger cue onto a similar but novel stimulus. While typically adaptive, when fear generalization
occurs in excess it may become pathological. Most of the research examining fear generalization
has been focusing on specific stimuli characteristics, however the context in which fear learning
occurred is commonly overlooked. The aim of the current study was to examine how a safe
compared to a dangerous context affects fear and avoidance generalization among youth and
adults with different levels of trait anxiety. Forty adults and forty typically-developing
adolescents completed a differential fear-conditioning paradigm whereby each conditioned
stimulus appeared with a background context. In the dangerous context, a threatening cue (CS+)
predicted an aversive sound (unconditioned stimulus; US) and a safety cue (CS-) was never paired
with the US. In the safe context, the US was never administered with either the CS+ or the CS-.
Next, participants underwent fear generalization test, in which 3 generalized stimuli (GSs),
ranging on a perceptually continuum between the CS+ and the CS-, were presented in both
contexts. Participants then completed an avoidance conditioning phase, allowing them to actively
avoid upcoming events by pressing a button. Finally, in the avoidance generalization test, GSs
reappeared while avoidance button was available again. Eye-tracking, physiological indices,
behavioral avoidance and self-report fear were collected. Preliminary results show that fear and
avoidance toward the CS+ were generalized from the dangerous to the safe context. Further, fear
generalization toward GSs occurred mainly within the dangerous context. Findings from the
current study shed light on the interaction between specific cue features and the valance of the
context during fear learning.

A33 Evidence for impaired late extinction recall after distal stress induction
Klinke, Christopher M.; Fielder, Dominik; Lange, Maren M.; Andreatta, Marta
University of Wuerzburg, Department of Biological Psychology, Clinical Psychology and
Psychotherapy, Germany, Wuerzburg, Germany
Institute for Physiology I, University of Muenster, Germany
Erasmus University Rotterdam, Department of Psychology, Educational Sciences, and Child
Studies, Rotterdam, the Netherlands
The exposure to stressful events is a risk factor for anxiety or trauma- and stressor related
disorders. However, the experimental investigation of how prior distal stress can still influence a
fear memory trace in humans is scarce. Therefore, the present study aims to investigate distal
stress effects on fear conditioning in humans. In a 4-Day paradigm, seventy-four participants
underwent a stress (socially evaluated cold pressor test; SECPT) or sham protocol on Day 1.
During the subsequent 3 Days, a differential fear-conditioning paradigm was conducted. During
acquisition (Day 2), one geometrical shape (conditioned stimulus, CS+), but not the other one (CS), was paired with an electric stimulus (unconditioned stimulus, US). The extinction learning (Day
3) and the re-extinction protocol (Day 17) were identical, but without presentation of the US.
Preliminary results showed successful fear acquisition for ratings, evident aversive ratings for
the CS+ vs. CS-, but not for startle responses. Successful extinction was indicated by decreasing
discriminative ratings. For extinction recall, we found a trend towards a spontaneous recovery
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for physiological fear, namely slight discriminative startle responses. Taken together, the results
suggest that distal stress may impair extinction recall in humans.
Study was funded by SFB-TRR 58, Project B08

A34 Generalization of pain-related avoidance behavior to conceptually-related contexts
Kloos, Tabea; van Vliet, Christine; Meulders, Stien; Riecke, Jenny; Meulders, Ann
Philipps-University Marburg, Department of Clinical Psychology and Psychotherapy, Marburg,
Germany
Maastricht University, Department of Experimental Health Psychology, Maastricht, the
Netherlands
KU Leuven, Department of Health Psychology, Leuven, Belgium
In the context of pain, fear leads to discomfort, but avoidance is necessary to explain the pathway
to chronic pain disability. Chronic pain is typically characterized by the absence of bodily threat,
so protective strategies are unnecessary and avoidance is no longer adaptive. Besides
generalization based on perceptual similarity, generalization based on conceptual knowledge
may play a role in the development and maintenance of maladaptive pain-related fear and
avoidance behavior.
Therefore, this study investigated generalization of pain-related fear and avoidance behavior to
conceptually related contexts in healthy participants (N=50) using an adapted version of an
operant arm-reaching paradigm.
Exemplars of two superordinate categories (outside scenes vs. inside scenes) were used as
background screens to create a safe and a pain-avoidance context. During acquisition, in the safe
context no pain was delivered, whereas in the pain-avoidance context, painful stimuli could be
avoided by performing more effortful movements. During generalization, we tested avoidance
towards novel exemplars of the learned categories.
The results show that new background scenes conceptually resembling original background
scenes of the danger context led to significantly more avoidance behavior than new background
scenes of the safe context. However, in the entire sample, there was no generalization of painrelated fear and expectancy to conceptually-related new contexts. Interestingly, participants
who were contingency aware showed the expected selective generalization effect in pain-related
fear and expectancy ratings.
Presumably, pain-related fear and expectancy are easily overgeneralized to safe contexts in
unaware participants, whereas the threshold for overgeneralizing effortful avoidance behavior is
higher. A result that casts light on the importance of contingency awareness in the understanding
of conceptual generalization of fear and avoidance behavior in the context of pain.

A35 Neural correlates of appetitive extinction and the return of reward associations
Kruse, Onno; Klein, Sanja; Krikova, Kseniya; Tapia León, Isabell; Stark, Rudolf; Klucken, Tim
Justus-Liebig-Universität Gießen, Department of Psychotherapy and Systems Neuroscience,
Gießen, Germany
University of Siegen, Department of Clinical Psychology, Siegen, Germany
Investigating neural correlates of appetitive extinction learning can inform the study of fear
extinction learning by showing which results from studies on fear extinction generalize when
changing the valence of the UCS.
Two studies (n=21; n=79) were conducted in the MRI with the same paradigm. A CS+ was paired
with the chance to win money after a fast enough response to a target, while a CS- was never
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paired with a reward regardless of the reaction time to the target. Extinction training took place
24h after acquisition training. During extinction subjects could never win money regardless of CS
and reaction time to the target. In the second study, an additional extinction test was conducted
24h after extinction training.
The results show successful acquisition and extinction learning in both studies. Of the results
from the first study, involvement of dACC and hippocampus during early extinction, as well as
nucleus accumbens and amygdala during late extinction were replicated in an independent
sample. Moreover, in amygdala and nucleus accumbens there is evidence for subregions ceasing
to respond during extinction and subregions signaling successful extinction. The extinction test
following independent presentation of 5 UCS, revealed activation of dACC and caudate nucleus.
The results suggest more similarities than differences between appetitive and fear conditioning
and call the differentiation of “reward networks” and “fear networks” into question.

A36 The exploration-exploitation dilemma in pain
Krypotos, Angelos M.; Crombez, Geert; Claes, Nathalie; Vlaeyen, Johannes, W. S.
KU Leuven, Department of Health Psychology, Leuven, Belgium
Utrecht University, Department of Clinical Psychology, Utrecht, the Netherlands
Ghent University, Department of Experimental-Health Psychology, Ghent, Belgium
Maastricht University, Department of Experimental Health Psychology, Maastricht, the
Netherlands
Whenever choosing between different options, individuals either stick to decisions they have
made before or choose something different. This ‘exploration-exploitation dilemma’ has been
extensively studied in the context of rewards (e.g., addiction literature), where important insights
into the decision-making strategies have been gained. Alas, there is no research on the
exploration-exploitation dilemma in the context of pain. Importantly, given that individuals with
chronic pain often stick to dysfunctional (safety) behaviors (e.g., kneeling rather than bending
forward to avoid ‘breaking’ their back) rather than explore alternative ones, biases in explorationexploitation decisions are to be expected. Here, we present the results of two experiments in
which we tested a novel experimental paradigm for testing the exploration-exploitation dilemma
in pain. In each one of the experiments, participants had to freely move a joystick in one of the
four corners of a computer screen. Importantly, each movement direction was associated with
different probabilities of receiving a painful stimulus, and/or a reward (a lottery ticket increasing
the chance to win a personalized price). For both our experiments we used different
computational models for decomposing exploration-exploitation behavior, something that
allowed us to see how much individuals tended to approach the rewarding stimulus or avoiding
the painful stimulus. We also tested how the parameters of our computational models related to
individual differences previously associated with increased avoidance behavior – e.g.,
neuroticism. We end up on the potential extension of our results in chronic pain and in avoidance
behavior in general.
Supported by FWO
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A37 Effects of CS-US phase-synchronization in the theta-band in human fear conditioning
Plog, Elena; Antov, Martin I.; Stockhorst, Ursula
University of Osnabrück, Institute of Psychology, Experimental Psychology II and Biological
Psychology, Osnabrück, Germany
Classical fear conditioning relies on associating an initially neutral stimulus (CS) in one sensory
modality and an aversive unconditioned stimulus (US), typically in another modality. The
convergent input of both stimuli in the basolateral amygdala (BLA) induces synaptic plasticity
dependent on synchronous neuronal activity. Animal data suggest that communication amongst
structures of the well-known fear network is optimized via synchronization in the theta-band.
Moreover, and less addressed so far, sensory cortices, processing the CS and US information are
part of the distributed memory trace. However, it is unclear if theta-phase synchronization in
sensory cortices is causally involved in strengthening the CS-US association, as implicated by
recent human data for episodic memory. In a 2-day differential fear conditioning paradigm
covering habituation, fear acquisition, extinction learning (day 1) and 24-h delayed recall (day 2)
40 subjects (20 men, 20 women using oral contraceptives) were randomized to one of two
groups: in-phase CS-US vs. out-of-phase CS-US. We used frequency-specific entrainment to
manipulate oscillatory synchronization by presenting a 4-Hz modulated visual Gabor grating
(CS+) contingently with an aversive 4-Hz modulated white noise (US) either in-phase (0° shift) or
out-of-phase (90°, 180°, and 270° shift). Four additional gratings, also flickering in 4-Hz, were
never paired (CS-). Synchronizing CS+ and US resulted in a stronger distinction of the CS+ from
similar CS- in US-expectancy ratings. Analyses of our 64-channel EEG data (covering steadystate visually evoked potentials [ssVEPs] including single trial analyses) are in progress. So far,
our results support the relevance of theta-phase synchronization for the bimodal association of
emotional stimuli and therefore extend earlier findings from episodic memory to implicit fear
memory.
Supported by University of Osnabrück, Profile line "Cognition"
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B1 Cortisol disrupts the neural correlates of extinction generalization
Hagedorn, Bianca; Wolf, Oliver T.; Merz, Christian J.
Department of Cognitive Psychology, Institute of Cognitive Neuroscience, Ruhr University
Bochum, Germany
Generalization of fear seems to be naturally acquired as it is commonly observed in fear-related
disorders, whereas extinction appears to be more stimulus-specific. Treatments aiming to
generalize extinction learning might comprise the potential to overcome stimulus-specificity and
reduce relapses, in particular in the face of stressful events counteracting the stress-induced
return of fear.
In the current three-day fear conditioning paradigm, we aimed for creating a generalized
extinction memory trace in 60 healthy men and women presenting multiple sizes of one
conditioned stimulus during extinction training (CS+G; generalized), whereas the other
conditioned stimulus was solely presented in its original size (CS+N; non-generalized). Recall
was tested on the third day either after pharmacological administration of the stress hormone
cortisol or placebo. After successful fear acquisition, prolonged activation of the amygdala and
insula during extinction learning for CS+G compared to CS+N argued for a prolonged fear
expression to the generalization stimuli. In line with our hypotheses, successful extinction
generalization was mirrored in reduced amygdala activation for CS+G compared to CS+N during
recall. However, cortisol administration disrupted this favorable effect. Taken together,
extinction generalization resulted in attenuated return of fear after sustained fear expression
during extinction training. However, the sole generalization of the extinction memory trace did
not counteract the detrimental effects of stress hormones on extinction recall and consequently
relapses.
Supported by Collaborative Research Center 1280 ‘Extinction Learning’ – SFB1280 (DFG)

B2 Neural systems underlying the anxiolytic effects of ethyl alcohol in humans
Kuhn, Manuel; Kaplan, Claire M.; Hur, Juyoen; Bradford, Daniel E.; Fox, Andrew S.; Curtin, John
J.; Smith, Jason F.; Shackman, Alexander J.
University of Maryland, Department of Psychology, College Park, Maryland, USA
University of Maryland, Neuroscience and Cognitive Science Program, Maryland, USA
University of Maryland, Maryland Neuroimaging Center, Maryland, USA
Yonsei University, Department of Psychology, Seoul, South Korea
University of Miami, Department of Psychology, Miami, USA
University of Wisconsin, Department of Psychology, Wisconsin, USA
University of California, Department of Psychology, California, USA
University of California, California National Primate Research Center, California, USA
Alcohol misuse is common, costly, and debilitating for both personal and public health. Alcohol’s
negative reinforcing effects (e.g. anxiolytic, stress-dampening) contribute to the onset,
maintenance, and recurrence of problematic drinking behavior. Yet, remarkably little is known
about the neural circuitry underlying the anxiolytic effects of alcohol in humans or other
primates. Here, we aimed to clarify the impact of acute alcohol intoxication and its stressdampening effects on anxiety-related brain regions, with particular focus on prime candidate
regions in the extended amygdala (i.e., Ce, BST), during the anticipation of threat in humans.
Utilizing the novel ‘Maryland Threat Countdown’ (MTC) task, we further explored a proposed
greater effect of alcohol on uncertain compared to certain threat processing as is suggested by
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psychophysiological (i.e. FPS) research. 72 healthy young adults were randomly assigned to
receive low to moderate doses of alcohol (N=49) or placebo (N=23) beverages and underwent
fMRI performing the MTC. Subjective fear/anxiety was reliably elicited during threat compared to
safe trials and uncertain compared to certain conditions. Higher blood alcohol levels (BAL) were
associated with a reduction in subjective threat-elicited distress. On a neural level, Ce and BST
showed elevated activity during the anticipation of threat but we found no increased sensitivity
to uncertain compared to certain threat in either region. In addition, BST showed a BALdependent reduction of threat-elicited activation which was however not conditional on certainty.
In sum, our results suggest that acute alcohol administration exerts a non-specific dampening
effect as indicated by subjective measures of fear/anxiety ratings and BOLD responses in the
central amygdala, specifically the BST, during anticipation of threat. Contrary to prior
psychophysiology research, these measures do not reveal a disproportionate effect of alcohol on
certainty during threat.
This work was supported by the University of California, Davis; University of Maryland, College
Park; University of Wisconsin—Madison; and National Institutes of Health (DA040717 and
MH107444).

B3 Stability of fear conditioning parameters following cognitive behavioural therapy in
anxiety disorders
Kwee, Caroline M. B.; Duits, Puck; Cath, Danielle; Baas, Joke
Utrecht University, Department of Experimental Psychology and Helmholtz Institute, Utrecht, the
Netherlands
Altrecht Academic Anxiety Centre, Utrecht, the Netherlands
Rob Giel Research Center & Department of Psychiatry, University Medical Center Groningen,
Groningen, the Netherlands
Laboratory fear conditioning is a leading etiological experimental model of anxiety disorders.
Meta-analyses show that people with anxiety disorders show stronger fear responses during
both acquisition and extinction of fear conditioning. In healthy subjects and PTSD patients,
stability in fear conditioning parameters over time but also room for change was demonstrated.
We explored fear acquisition and extinction before and after CBT in patients with different anxiety
disorders.
Subjects (n = 19) underwent a fear conditioning procedure with acquisition and extinction. Two
neutral faces served as CSs and electric shock served as US. Halfway, instructions were given
about the CS-US contingencies. Acoustic startle was measured with short loud white noise
bursts. The same task with different face stimuli was conducted after treatment.
Overall, there was a marginally significant decrease of subjective fearfulness from pre- to
posttreatment, but no change in shock expectancy and startle responses. There were no
interactions with treatment success, phase of the task or stimulus type. No pre- to posttreatment
changes were revealed by separate analyses on acquisition and extinction phases.
From these data, fear conditioning parameters seem largely stable following CBT. Data from a
larger sample of subjective data will also be presented.
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B4 Cerebellar functional regions contributing to learned pain-related fear and safety signals
– a qualitative meta-analysis
Labrenz, Franziska; Ernst, Thomas M.; Spisak, Tamas; Axmacher, Nikolai; Gomes Carlos A.; Quick,
Harald H.; Elsenbruch, Sigrid; Timmann, Dagmar
University Hospital Essen, Institute of Diagnostic and Interventional Radiology and
Neuroradiology, Essen, Germany
Accumulating evidence suggests that the cerebellum is involved in higher-order functions
including emotional associative processes. Recent large-scale studies identified three main
functional subdivisions of the cerebellum based on task-based fMRI (Guell et al., NeuroImage
2018, King et al., Nat Neurosci 2019), resting-state networks (Buckner et al., J Neurophysiol
2011) and functional gradients (Guell et al., Elife 2018) that may help to dissociate cerebellar
processes involved in fear conditioning. The aim of the present qualitative meta-analysis was to
investigate the functional cerebellar topography related to acquisition and extinction of learned
fear and safety signals in an experimental model of visceral pain.
fMRI data from 208 healthy volunteers from six previous studies implementing pain-related
conditioning procedures were uniformly preprocessed and normalized using methods optimized
for the cerebellum. Across all studies, one visual cue (CS+) was repeatedly paired with a visceral
pain stimulus (US) during acquisition, while a different stimulus remained unpaired (CS-). In the
subsequent extinction phase, both CSs were presented without US.
Linear relationship analyses across time revealed decreasing BOLD responses early in
acquisition related to the CS- but not the CS+. The significant decrease of activations was present
predominantly in the two cerebellar subdivisions associated with attentional/executive and
default mode processing, largely sparing the motor subdivision. During the first trials of
extinction no significant activations or deactivations were observed in response to either CS.
Together, these results support the involvement of the cerebellum in higher-order cognitive and
emotional functions. Decreasing activation in response to the safety cue early in pain-related
conditioning might reflect cerebellar-dependent learning of the omission of the fear response.
Supported by DFG, project number 316803389 – SFB 1280 to DT, NA and HHQ (subproject F02)

B5 What is the best way to reduce fears? Extinction learning vs devaluation learning experimental validation
Lange, Iris; Vervliet, Bram
KU Leuven, Laboratory of Biological Psychology, Leuven, Belgium
Anxiety disorders and PTSD are highly common, and up to 50% of patients do not benefit from
psychologies therapies including exposure therapy. In order to optimize exposure therapy, it is
essential to increase insight into the underlying working mechanisms. The study concurrently
assess (a) extinction learning, a process that reduces the over-expectation of harm but is highly
fragile and dysfunctional in anxiety patients, and (b) threat (US) devaluation, a highlyunderstudied process that has potential to more robustly reduce excessive fears by reducing the
perceived aversiveness of the threat. The aim of this specific study is to validate of a novel
experimental task that captures both fear reduction strategies.
Method: Healthy participants, aged 18-50, underwent an context conditioning procedure starting
with a fear acquisition phase with two unconditioned stimuli (USa and USb), two conditioned
stimuli (respectively CS+a and CS+b) and another stimulus (CS-). A subsequent intervention
phase consisted of an extinction learning protocol and an US deflation protocol. After a tenminute break, a fear recall and fear renewal phase took place. Outcomes were self-report
measures (US expectancy, CS and US valence) and skin-conductance reactivity (SCR).
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Participants also filled out validated questionnaires on trait/state anxiety, distress tolerance, and
intolerance of uncertainty.
Results: The method and results obtained so far will be presented. Hypothesised results: During
a fear renewal phase, the US devaluation intervention will be associated with i) reduced
conditioned reactivity, and ii) reduced perceived intensity of the US, but intact US expectancy,
compared to an extinction-based intervention.
Conclusion: The current study assesses whether the paradigm is a valuable tool to study
devaluation learning relative to extinction learning in future patient and neuroimaging studies.
Supported by MSCA-IF 833549

B6 The effect of acute stress on habitual avoidance learning
Lemmens, Anke; Quaedflieg, Conny; Dibbets, Pauline; Fliek, Lorraine; Peters, Maarten; Rijkeboer,
Marleen; Smeets, Tom
Maastricht University, Department of Clinical Psychological Science, Maastricht, the Netherlands
Tilburg University, Department of Medical and Clinical Psychology, CoRPS - Center of Research
on Psychological and Somatic disorders, Tilburg, the Netherlands
Background. Characteristic of many stress- and anxiety-related disorders are the inflexible
responses to threat. The inability to flexibly update stimulus−outcome associations that promote
adaptive behavior can lead to maladaptive, habitual behavior such as persistent avoidance of
stimuli that now signal safety. Using appetitive paradigms, it has been shown that stress induces
a shift to habitual behavior control. Habitual behavior has been less studied in aversive
paradigms. The current study aimed to investigate whether stress leads to increased reliance on
habitual avoidance, exhibited by slower reversal learning. Method. The experiment consisted of
4 phases: (1) A Pavlovian acquisition phase, where participants learned that a red dot was
followed by a loud scream and a green dot was not; (2) an avoidance learning phase, where
participants learned to avoid the scream by pressing a key in response to the red dot; (3) either
the Maastricht Acute Stress Test (MAST) or a control task, and (4) a reversal learning test, where
contingencies were reversed and participants did not have to press in response to the red dot
anymore. A Generalized Estimating Equations (GEE) analysis including the first 8 trials with the
red dot was used to assess the steepness of the reversal learning curve. Main results. Higher
subjective stress ratings and cortisol concentrations after the MAST demonstrated that our
stress manipulation was successful. The GEE analysis revealed that acute stress moderated the
steepness of the reversal learning curve. Although, unexpectedly, the control group showed
more habitual responses to the red dot initially, the habitual avoidance responses significantly
decreased over trials. In contrast, the stress group did not show a significant decrease in habitual
avoidance responses. Conclusion. Results suggest that stress leads to more inflexibility in
learning reversed contingencies, resulting in a prolonged reliance on habitual avoidance
responses.
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B7 Extinction learning as pretrauma vulnerability factor of posttraumatic stress: a
replication study
Lommen, Miriam J.J.; Boddez, Yannick
Groningen University, Department of Clinical Psychology and Experimental Psychopathology,
Groningen, the Netherlands
Ghent University, Department of Experimental Clinical and Health Psychology, Ghent, Belgium
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 pretrauma 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.

B8 What the future holds: An electrophysiological analysis of Intolerance of Uncertainty
Malbec, Marcelo; Wieser, Matthias J.
Erasmus University Rotterdam, Department of Psychology, Education, and Child Studies,
Rotterdam, 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 the I-IU subgroup. Regarding outcome evaluation in this task, we expect a larger
P3 for unexpected loss, especially for the P-IU subgroup. In the Flanker Task, we expect to find a
larger ERN amplitude for errors in the P-IU subgroup. 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
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going to further explore this with ssVEPs by addressing the attention rate to either stimuli to
explore for avoidance attention approaches. Regarding the SCR, we expect to find larger
amplitudes for threat and safe stimuli in early extinction for high IU. 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.

B9 Conceptual fear generalization and the default mode network
Marstaller, Lars; Karadachka, Katherine; Burianová, Hana
Swansea University, Department of Psychology, Swansea, United Kingdom
Evidence from neuroimaging studies suggests that the brain’s default mode network might be
important for safety learning and fear generalization (Fullana et al., 2016, Mol Psych 21, 500-8;
Dunsmoor & Paz, 2015, Biol Psych 78, 336-43). We report preliminary results from an ongoing
study aimed at investigating individual differences in conceptual fear generalization in a sample
of 150 healthy young adults. The study combines functional (resting state) and structural
neuroimaging (white matter) with psychophysiology (skin conductance and heart rate recordings)
and online US expectancy ratings obtained during a novel conceptual fear generalization
paradigm. The paradigm consists of a differential fear conditioning phase, in which 40 trial-unique
pictures drawn from two scene categories serve as conditioned stimuli, and a generalization
phase, in which 36 conditioned stimuli are interlaced with 12 generalization stimuli that depict
objects conceptually related to each of the scene categories. We present results from
correlational analyses between indicators of fear generalization (differential gradients of
cumulative expectancy, skin conductance, and heart period responses) and measures of
connectivity within the default mode network (independent component analysis, white matter
integrity).
This project has received funding from the European Union Horizon 2020 research and innovation
programme under the Marie Skłodowska-Curie grant agreement No 663830

B10 Fear, surprise and ruthless inconsistency: comparing the effects of cortisol in two
reconsolidation paradigms
Meir Drexler, Shira; Merz, Christian J.; Lissek, Silke; Tegenthoff, Martin; Wolf, Oliver T.
Ruhr University Bochum, Department of Cognitive Psychology, Institute of Cognitive
Neuroscience, Bochum, Germany
BG University Hospital Bergmannsheil, Department of Neurology, Bochum, Germany
Reconsolidation is a time-limited process during which reactivated memories can be updated,
become stronger or weaker, depending on the specific treatment. We have previously shown that
the stress hormone cortisol has an enhancing effect on the reconsolidation of fear memories in
men. This effect was specific, i.e., limited to the conditioned stimulus (CS) that was reactivated.
Based on these results, we suggested that cortisol plays a critical role in the continuous
strengthening of reactivated emotional memories. In the current study, we aimed to achieve a
more generalized reconsolidation enhancement using an alternative reactivation method, i.e.,
low-intensity unconditioned stimulus (UCS) presentation instead of the previously used
unreinforced CS presentation. We hypothesized that the combination of cortisol treatment and
UCS reactivation would lead to an enhanced fear memory reconsolidation, which would
generalize from previously reinforced CS to stimuli that resemble it. We tested 75 men in a 361

day fear conditioning paradigm: (1) fear acquisition training; (2) UCS reactivation/no reactivation
and pharmacological treatment (hydrocortisone/placebo); (3) extinction training, reinstatement
and test (of original and modified stimuli). In contrast to our hypothesis, UCS reactivation
prevented the return of fear regardless of the pharmacological manipulation. As the only
methodological difference between our previous study and the current one was the reactivation
method, we focus on UCS reactivation as the main explanation for these unexpected findings. We
suggest that the robust prediction error generated by the UCS reactivation method, combined
with the lower UCS intensity, has by itself weakened the emotional value of the UCS, thus
preventing the return of fear to the CS that was associated with it. We call for future research to
support these findings and to examine the potential of this reactivation method, or variations
thereof, as a tool for therapeutic use.
Supported by Collaborative Research Center 1280 ‘Extinction Learning’(DFG)

B11 Contingency instructions shape human fear conditioning
Mertens, Gaëtan; Boddez, Yannick; Krypotos, Angelos-Miltiadis; Engelhard, Iris M.
Utrecht University, Department of Clinical Psychology, Utrecht, Netherlands
Ghent University, Department of Experimental Clinical and Health Psychology, Ghent, Belgium
KU Leuven, Leuven Research Group on Health Psychology, Leuven, Belgium
Human fear conditioning is often seen as the result of a highly automatic process that is
independent of higher cognitive functions and verbal instructions. However, cumulative research
findings are calling into question this view. This might also imply that researchers need to
carefully consider which task instructions they give. In the current study (N = 102), we
investigated if the number of participants who successfully show conditioned fear acquisition
depended on the instructions given to them before the fear conditioning phase. Particularly, one
third of the participants were instructed before a fear conditioning phase about the precise
contingency between the conditioned stimulus (CS) and unconditioned stimulus (US). Another
third of the participants were instructed that there is a contingency, without explicit information
about the precise CS-US contingency. Finally, one third of the participants did not receive any
instructions about the CS-US contingency. We found facilitated fear acquisition rate in the
participants who received information about the CS-US contingency. Furthermore, contingency
reversal instructions reversed both conditioned skin conductance and startle responses. These
results indicate that researchers should systematically report the instructions given to
participants in human fear conditioning studies.
Supported by NWO Vici scheme

B12 Observational fear learning in humans – on the way to increase ecological validity
Michałowski, Jarosław M.; Kaźmierowska, Anna; Szczepanik, Michał; Wypych, Marek; Knapska,
Ewelina
SWPS University of Social Sciences and Humanities, Faculty of Psychology, Poznań, Poland
Acquiring knowledge about emotional experiences of others can be adaptive. For example, social
transfer of information about threats facilitates fear learning while at the same time allowing to
avoid the first-hand experience. Previous studies revealed that observation of others undergoing
fear conditioning procedure evokes psychophysiological and neural responses. Fear learning was
induced using pre-recorded videos in these studies. Our studies aimed to enhance the ecological
validity of the learning situation by inviting two friends to serve as the ‘observer’ and
‘demonstrator’. The observer watched their friend performing a differential fear-conditioning task
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in real time (learning phase) and was then subjected to the same procedure but without receiving
any electric shocks (test phase). The results of the first study showed that the US applied to the
demonstrator elicited strong skin conductance responses in the observers during the learning
phase. In the test phase contingency-aware observers responded with increased skin
conductance responses (SCRs) to CS+ than CS- and stronger startle reflex to both CS+ and CS(vs. inter trial interval). The second (fMRI) study showed that the observation of friends`
responses to the USs elicits increased responses in the fear network and visual processing areas.
In the test phase, observers responded stronger to CS+ than CS- in the anterior insula, while
responses to CS+ in amygdala, ACC and subcortical areas showed linear decrease over time,
indicative of extinction. These findings show that the observational fear learning is evident in the
context of a high ecological validity. Further, they suggest that the observational fear learning
process can be composed of two separable components: an automatic, non-specific emotional
reaction to the shock response of the demonstrator (US) and learning about predicting stimulus
(CS) - US contingency.
Supported by The National Science Centre (Narodowe Centrum Nauki)

B13 Intrusive memory formation by analogue trauma conditioning: the role of individual
differences in BOLD responses during extinction
Miedl, Stephan F.
University of Salzburg, Clinical Stress and Emotion Laboratory, Division of Clinical Psychology,
Psychotherapy and Health Psychology, Salzburg, Austria
Altered extinction learning has been proposed as an important mechanism involved in the
etiology of posttraumatic stress disorder (PTSD). Trauma-re-experiencing in form of intrusions
may not only be linked to traumatic fear conditioning but also to altered extinction learning, which
is investigated in a novel, fMRI-compatible fear conditioning procedure. Based on previous
results, we expected altered fear extinction in anterior insula and dorsal anterior cingulate cortex
(dACC) to predict subsequent intrusions. Fifty-eight healthy participants underwent acquisition
and extinction learning with faces as conditioned stimuli and highly aversive 16-sec films
depicting interpersonal violence as unconditioned stimuli (US). During three subsequent days,
participants reported intrusive memories on their smartphone. After successful fear acquisition,
extinction was characterized exclusively by differential anterior insula activity. Independently of
US responding, differential conditioned responding during late extinction in anterior insula and
dACC was positively related to intrusive memory frequency. Exploratory analysis additionally
demonstrated intrusion sensitivity of hippocampus, rostral anterior cingulate cortex, and
ventromedial prefrontal cortex. Results indicate that reduced extinction learning may play a
prominent role in intrusive memory formation, further supporting our conditioning model of
intrusions.

B14 Nicotine decreases discrimination between threat and safety stimuli indicated by US
expectancy
Müller, Madeleine; Haaker, Jan
University Medical Center Hamburg-Eppendorf, Institute of Systems Neuroscience, Hamburg,
Germany
Smoking is highly prevalent among patients with mental illness, in particular Anxiety-related
disorders (Lasser et al., 2000) and even modulates symptom severity in PTSD patients
(Baschnagel et al., 2008). Nicotine, the active ingredient of cigarette smoke, was found to
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enhance the acquisition of fear conditioned responses in mice, indicated by an increased freezing
behaviour (Davis et al., 2007).
Our main question is: Is there a causal, pharmacological effect of acute nicotine on US expectancy
in humans? Here, we used a context-dependent cue conditioning paradigm, including acquisition
training, extinction training and return of fear with reinstatement on three consecutive days. One
group received nicotine before the acquisition training. The second group, being the control group,
received a placebo in a single blinded and randomized design. Participants rated their US
expectancy trial-wise throughout the experiment, demonstrating a discrimination between the
CS+ and CS- in both groups during acquisition training. But interestingly, the Nicotine group
showed lower CS discrimination, relative to the Placebo group, reflected by lower US expectancy
for the CS+ and higher US expectancy for the CS-, when compared to placebo controls. The
similar pattern was observed during extinction training: In the Nicotine group the CS+ was rated
lower and the CS- was rated higher as compared to the control group. Likewise, during the return
of fear the Nicotine group rated the US expectancy for CS+ lower than the control group.
Fear (in humans) is a conglomerate of responses, also including danger expectancies (Boddez et
al., 2013). These results indicate an influence of nicotine on acquisition training during fear
learning, which can be characterized by a generalization of US expectancy for threat and safety
stimuli.

B15 Comparison of context-dependent fear conditioning processes between healthy
persons with and without long-term analogue intrusions
Neudert, Marie K.; Kruse, Onno; Zehtner, Raphaela I.; Fricke, Susanne; Bohlender, Rosa; Stark,
Rudolf; Hermann, Andrea
Justus Liebig University Giessen, Department of Psychotherapy and Systems Neuroscience,
Bender Institute of Neuroimaging, Giessen, Germany
University of Marburg, Center for Mind, Brain and Behavior (CMBB), Marburg, Germany
Justus Liebig University Giessen, Center for Mind, Brain and Behavior (CMBB), Giessen, Germany
Alterations in fear conditioning are known in patients with post-traumatic stress disorder (PTSD),
but it is unclear whether they are a consequence or vulnerability factor. In order to study the
development of intrusions in a laboratory setting, the trauma-film-paradigm is often used
measuring analogue intrusions in reaction to aversive film scenes in a healthy sample. However,
the development of intrusive symptoms are often only recorded up to one week resembling more
the intrusion criteria of an acute stress reaction than of PTSD.
Therefore, this study aims to investigate differences in context-dependent fear conditioning
processes between persons with and without long-term analogue intrusions in reaction to an
aversive film. In this fMRI study, healthy female participants took part in a 2-day contextdependent 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 (context C) one day later. Blood-oxygen-level-dependent responses and skin
conductance responses were used as dependent variables. Afterwards, the trauma-filmparadigm was conducted where an aversive film showing scenes of sexual abuse and physical
violence was presented. Intrusive symptoms were measured with the Impact of Event Scale up
to one week and after three months.
First results indicate differences especially in fear extinction processes between persons with
and without film intrusions after three months. Persons with long-term film intrusions had a
stronger fear response during extinction recall and during fear renewal than person without
intrusions reflected by a stronger differential conditioned skin conductance response and
stronger activation of fear expressing brain regions (e.g. amygdala). These results are in line with
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studies discussing deficits in extinction processes as important mechanism in the etiology of
PTSD.

B16 The influence of hunger on fear, avoidance, and relief
Papalini, Silvia; Vervliet, Bram
KU Leuven, Department of Brain & Cognition, Leuven, Belgium
Fasting-induced hunger is a motivational drive that is in many ways antagonistic to fear and
avoidance, as it promotes forageing and exploration. Also, fasting-induced hunger during fear
extinction enhances extinction learning and recall, both in rats and humans. In the current study,
we investigated the effects of fasting-induced hunger on our avoidance-learning task that also
includes extinction with response prevention and tests for contextual renewal. First, two CS+ are
followed by an aversive shock, while CS- is not (Pavlovian phase). Next, an avoidance button
appears during each CS; clicking the button cancels the shock to one CS+ (CS+av) but not the
other (CS+unav). After a change of the background context, CS+av and CS- are presented in the
absence of the avoidance button and without shocks (extinction with response prevention).
Finally, CS+av and CS- are presented with the avoidance button in the extinction context as well
as in the conditioning context (renewal). Measurements include: skin conductance reactivity,
button clicking, and relief ratings during omissions of shock. N = 50 fasted 14-16 hours overnight
and received either standardized breakfast before the experiment (Refeeding-Group), or nothing
(Fasting-Group). Across all phases, Fasting-Group showed clearer differentiation between CS+av
and CS- in terms of button clicking (avoidance) and relief ratings. We conclude that overnight
fasting promotes a more adaptive avoidance learning profile.

B17 The impact of acute inflammation on pain-related fear learning and extinction
Pawlik, Robert J.; Petrakova, Liubov; Labanski, Alexandra; Fleischer, Katharina; Theysohn, Nina;
Engler, Harald; Elsenbruch, Sigrid
University of Duisburg-Essen, University Hospital Essen, Institute of Medical Psychology and
Behavioral Immunobiology, Essen, Germany
University of Duisburg-Essen, University Hospital Essen, Institute of Diagnostic and
Interventional Radiology and Neuroradiology, Essen, Germany
Fear learning and memory processes are presumably shaped by the salience of conditioned and
unconditioned stimuli. Visceral pain is characterized by its interoceptive nature and unique
biological salience, but how this may shape pain-related learning and memory processes remains
unclear. Furthermore inflammation impacts on pain but its effects on pain-related emotional
learning have never been tested. To address all this, we combined a model of acute inflammation,
with a pain-related fear conditioning paradigm.
Healthy volunteers (N=46) were randomized to receive endotoxin (LPS; 0.4 ng/kg) or placebo
prior to conditioning (day 1). During conditioning, behavioral and neural responses were assessed
in response to visual conditioned stimuli (CS) predicting either visceral pain (CS+VISC) or an
equally aversive tone (CS+AUD) or a safety cue (CS-). During extinction (day 2), all CS were
presented unpaired, and extinction efficacy was tested.
Results revealed enhanced learned fear to visceral pain-predictive cues, engaging partly
modality-specific brain regions of the central salience and memory networks, including insula,
thalamus and cingulate cortex, without evidence of group differences. The difference in CS
valence persisted during extinction recall (day 2), though all modalities showed a complete
extinction. Reinstatement was only observed for the visceral modality. During extinction, the
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LPS-treated group revealed reduced activation of the anterior insula in response to CS+VISC,
which was not observed for tone-predictive CS.
Our findings support that the specific salience of visceral pain shapes aversive learning and
memory processes, consistent with the concept of preparedness. Acute inflammation may impair
extinction learning involving the insula as a central viscerosensory brain region. Those findings
have implications for the pathophysiology of chronic inflammatory conditions associated with
pain.
This project was funded by the German Research Foundation (DFG) within the SFB1280
"Extinction Learning": Project A12.

B18 Reducing US-avoidance via instruction, oberservation, and incentives
Pittig, Andre
University of Würzburg, Research Group CCSH, Würzburg, Germany
Persistent avoidance maintains fear and anxiety by prohibiting inhibitory learning about the nonoccurrence of feared outcomes (known as protection from extinction). Not engaging in avoidance,
however, requires to act opposite to fear-motivated behavioral tendencies. In this study, we
compare four strategies for extinction of acquired avoidance in a single cue paradigm. Following
fear acquisition, participants acquired an avoidance response to prevent the US. Next, avoidance
responses were still available, but no more USs occurred to test for the extinction of avoidance
in four groups (n = 40). In the operant group, no other changes were introduced. In the incentivebased extinction group, avoidance responses were in conflict with gaining a reward. In the
instruction group, participants were informed to refrain from avoiding to test if the US would still
occur. In the observation group, participants watched a video of non-reinforced non-avoidance
responses. While avoidance remained high in the operant group, all other groups showed a
reduction of avoidance. This reduction of avoidance and change in US expectancy and skin
conductance responses differed between the remaining groups. Explanations for these patterns
and their implications will be discussed.
Supported by DFG PI 1269/2-1

B19 No robust differences in fear conditioning between patients with fear-related disorders
and healthy controls
Pöhlchen, Dorothee
Max-Planck-Institut für Psychiatrie, Department for Translational Research in Psychiatry,
München, Germany
Fear conditioning and extinction serve as a dominant model for the development and
maintenance of pathological anxiety, particularly for phasic fear to specific stimuli or situations.
This implies that patients with fear-related disorders should diverge in their physiological or
subjective fear response when presented with such a paradigm.
To investigate the diagnostic validity of the associative fear learning model in an unmedicated
sample with anxiety disorders, we compared a group of patients (n = 73) with phobias or panic
disorder and a group of patients with posttraumatic stress disorder (PTSD, n = 21) to a group of
carefully screened healthy controls (n = 35) in a two-day fear acquisition, immediate extinction
and recall task. Apart from US expectancy ratings, we recorded pupillometry, skin conductance
response and startle electromyography. Bayesian statistics showed no convincing evidence for a
difference in physiological and subjective responses between the groups during fear acquisition,
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extinction learning or recall. Only the PTSD subgroup had altered startle reactions during
extinction learning.
Our data do not provide evidence for generic differences in associative fear or extinction learning
in fear-related pathologies, questioning the diagnostic validity of the associative fear learning
model of these disorders. These results seem at odds with a recent meta-analysis demonstrating
increased fear responses to the CS- during fear acquisition and stronger fear responses to the
CS+ during extinction. In our contribution we would like to discuss whether and how our null
findings can be reconciled with existing literature and hypothesize about ways to tap into
pathologically relevant mechanisms, e.g. by including ecologically valid CS and US.

B20 Evaluative conditioning in odors and sounds
Pützer, Anika; Otto, Tobias; Wolf, Oliver T.
Ruhr University Bochum, Department of Cognitive Psychology, Bochum, Germany
Affective quality of an emotionally charged stimulus can be transferred to a neutral stimulus via
evaluative conditioning. Due to the close relation between brain regions processing olfaction and
emotion, we assumed the olfactory system to be more susceptible to the process of evaluative
conditioning than the auditory system.
We tested 48 healthy participants (50% female), who provided ratings of affective stimulus
quality for emotionally neutral odors and sounds before and after these were presented together
with aversive or neutral pictures.
Our results demonstrate that odors are more susceptible to aversive evaluative conditioning than
sounds. We found decreases in ratings of valence and increases in perceived arousal and
dominance to be stronger for odors paired with aversive rather than neutral pictures. In contrast,
for the sounds, affective stimulus quality did not depend on emotionality of the pictures.
By investigating odor affective quality in the process of associative learning, our findings go
beyond existing modality comparisons, which typically focus on odor-evoked memories. They
demonstrate that perceived affective quality of an odor is sensitive to changes into an aversive
direction. This could be functionally important in the context of approach and avoidance of
environmental and food-related stimuli or it may foster the understanding of conditions in which
odors are perceived as highly aversive, for instance post-traumatic stress disorder.

B21 Transdiagnostic assessment of inhibitory learning in patients with anxiety disorders
during an extinction training tailored to the procedure of exposure therapy
Richter, Jan; Hamm, Alfons O., & the German protect-AD consortium
University of Greifswald, Department of Biological and Clinical Psychology/Psychotherapy,
Greifswald, Germany
Inhibitory learning to feared cues is suggested to be a central mechanism of change during
exposure therapy. In line, first treatment outcome prediction studies demonstrated preliminary
evidence that deficits in extinction learning assessed in the laboratory were related to poorer
outcomes of exposure-based therapy. However, validity of these results is limited because the
used extinction training protocols did not match with the conditions during exposure treatment.
We used a new developed two-day fear conditioning protocol that closely models the procedure
used during therapy to assess inhibitory learning in children, adolescents, and adults suffering
from various anxiety disorders. Inhibitory learning was assessed prior and after a highly
controlled exposure therapy as implemented in two randomized clinical trials in
children/adolescents and adults, respectively, using various outcomes (US expectancy, reported
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valence and arousal, and a) skin conductance response, startle blink magnitude, and heart rate
in the psychophysiological laboratory, or b) neural activity in the fMRT).
This poster introduces the procedure and presents first results of analysis in 268 adult patients
who carried out the paradigm in the laboratory. As expected we observed great heterogeneity
between patients in the capacity to inhibit conditioned fear on day two. As intended, individual
differences in inhibitory learning were independent from fear acquisition learning on day one.
Associations between extinction performance, socio-demographic variables, and characteristics
of psychopathology are reported.

B22 Increased learning of cues signaling pain exacerbation compared to cues signaling pain
relief: aversive and appetitive conditioning.
Schmidt, Katharina; van der Schaaf, Marieke; Forkmann, Katarina; Kaur, Jaspreet; Gamer,
Matthias; Bingel, Ulrike
Essen University Hospital, Clinic for Neurology, Essen, Germany
Radboud University Nijmegen, Donders Institute for Brain, Cognition, and Behaviour, Nijmegen,
the Netherlands
University of Würzburg, Chair of Psychology I - Biological Psychology, Clinical Psychology and
Psychotherapy, Würzburg, Germany
Alterations in the acquisition and extinction of pain-related information, such as fear of pain or
changes in valence of accompanying stimuli, might contribute to the development or
maintenance of chronic pain. Remembering cues that predict pain relief seems equally important
and might be intrinsically rewarding as they help to end or prevent painful situations.
We enrolled 36 healthy subjects (20 male) in a differential conditioning paradigm investigating
evaluative learning (acquisition, extinction) of neutral visual cues predicting either pain
exacerbation (CS↑), pain relief (CS↓) or no temperature change (CS↔). To this end, we used a
capsaicin heat pain model combining pre-treated skin (1% capsaicin solution) on the volar
forearm and different levels of individually calibrated heat pain stimuli using a thermode: (1) tonic
pain (VAS 40), (2) phasic pain increase (VAS 80) and (3) phasic pain decrease (VAS 0).
During the experiment CS valence and contingency ratings were repeatedly collected to capture
the acquisition and extinction of CS-US associations for pain exacerbation and pain relief. To track
sympathetic arousal skin conductance responses (SCR) were recorded.
We observed stronger differential acquisition, i.e., stronger absolute changes (CS+-CS↔) in
valence ratings for CS↑ as compared to CS↓. Importantly, these differences were independent
of subjective US unpleasantness. Moreover, CS-US contingency ratings were higher for CS↑ as
compared to CS↓. In contrast, there were no differences in the slopes of both CS+ during
extinction. Analysis of SCR data revealed higher amplitudes in response to CS↑ as compared to
CS↓ without significant changes during acquisition. However, SCR amplitudes decreased for
CS↑ during extinction.
Our results suggest that -even in healthy subjects- learning of pain-indicating cues is more
pronounced compared to cues signaling pain relief ("better safe than sorry"). This differentiation
might be emphasized in chronic pain patients.
This study was funded by the Deutsche Forschungsgemeinschaft (DFG, German Research
Foundation) – project number 316803389 – SFB 1280.
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B23 The effects of age and trait anxiety on avoidance learning and its generalization
Shner, Gil; Klein, Zohar; Ginat-Frolich, Rivkah ; Vervliet, Bram; Shechner, Tomer
University of Haifa, Department of Psychology and the Integrated Brain and Behavior Research
Center, Haifa, Israel
KU Leuven, Laboratory for Biological Psychology, Leuven, Belgium.
Avoidance is an important self-protective behavior, but excessive avoidance can cause functional
impairment. Indeed, avoidant behaviors are a core feature of anxiety disorders. Given that several
anxiety disorders emerge during adolescence, excessive avoidance may present a risk factor for
subsequent psychopathology. The current study investigated the effects of age and trait anxiety
on avoidance and related fear learning processes. Forty-five adults (19-46 years, MAge = 24.57
years; 69% females) and 34 typically developing adolescents (13-17 years, MAge = 15.99; 50%
females) participated in the study. 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). Thereafter, during the avoidance conditioning phase, participants learned to
press a red button canceling the upcoming aversive sound. Next, during the fear extinction phase,
no aversive sound was presented and the avoidance button was removed. Last, in the
generalization test, a series of morphs (GSs) ranging in color from the safety cue to the danger
cue were presented, and the avoidance button was reintroduced. Self-reported danger-safety
ratings and skin conductance responses were collected during all experiment phases.
Developmental differences emerged for avoidance conditioning, such that, while adults exhibited
a differential danger rating, among youth, this response was moderated by trait anxiety levels.
Following extinction, participants in all groups returned to avoid the danger cue and the
perceptually similar morphs. This generalized avoidance towards ambiguous stimuli was
correlated with trait anxiety. Findings from the current study highlight the importance of
examining avoidance learning in relation to anxiety symptoms across development.

B24 Can we see it to believe it? Comparing observational and direct extinction learning
among adolescents and adults.
Skversky-Blocq, Yael C.; Shmuel, Shahar; Cohen, Oded; Shechner, Tomer
University of Haifa, School of Psychological Sciences, Haifa, Israel
Although observational learning is a robust model explaining fear acquisition and extinction, it is
not commonly studied in fear learning research. This study examined developmental differences
in direct and observational fear extinction after observational fear acquisition. Seventy-five adults
completed the task and 75 adolescents are now being recruited. Participants underwent
observational fear acquisition by watching a movie where a 14-year-old male (learning model)
was shown colored bells. One bell (CS+) was associated with an electric shock (US) to the
model’s hand, and the other bell was not (CS-). Next, participants were randomly assigned to one
of three fear extinction conditions: (1) observational extinction, (2) direct extinction, (3) no
extinction. The observational extinction group watched a similar movie, but this time, the model
did not receive any electrical shock. The direct extinction group were shown the colored bells
and the no extinction group were shown a neutral video. Next, all participants underwent
observational US reinstatement where the model received electric shocks without any stimulus
presentation. Finally, participants completed an extinction test, where they were presented
directly with the bells. Self-report, SCR, and eye-tracking were measured. Of note, no electrical
shocks were delivered throughout the experiment. Adult preliminary results show that the no
extinction group rated the CS+ as more dangerous than the CS- compared to the other two
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extinction groups. No differences were found between the observational extinction and the direct
extinction groups. Since prior studies showed comparable observational fear acquisition among
youth and adults, we expect similar results for adolescents. Results indicate that observational
extinction and direct extinction are both effective in reducing fear responses following
observational fear acquisition. These findings have theoretical and clinical implications for
exposure therapy.
[OSF Pre-registration: https://osf.io/dkqch]

B25 Trait Anxiety Regulates Avoidance Behavior to Learned Threat Cues
Smeets, Tom; Krypotos, Angelos-Mitialdis; Quaedflieg, Conny W.E.M.; Sandi, Carmen
Tilburg University, Department of Medical and Clinical Psychology, Tilburg, the Netherlands
Characteristic of many stress- and anxiety-related disorders are inflexible responses to threat
cues. The inability to flexible update stimulus−outcome associations that promote adaptive
behavior can lead to maladaptive behavior such as persistent avoidance of stimuli that now signal
safety. Using threat conditioning in a reversal learning task, we examined whether this inability
to adapt to new threat and safety cues is subject to interindividual differences in trait anxiety.
Data from this study (data collection ongoing) will be presented and discussed.
This work was supported by the Netherlands Organization for Scientific Research (NWO) to Dr.
Tom Smeets [grant number 452-14-003] and Dr. Conny Quaedflieg [grant number 446-15-003].

B26 Deleting “fear” from “fear extinction”: aversive USs are not required to estimate the
individual extinction rate
Spix, Michelle; Lommen, Miriam; Boddez, Yannick
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.
Keywords: conditioning, extinction learning, neutral US, LCGA, inter-individual differences
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B27 Emotional learning in peripersonal space
Starita, Francesca; Garofalo, Sara; Battaglia, Simone; di Pellegrino, Giuseppe
University of Bologna, Department of Psychology, Cesena, Italy
It is known that the temporal distance between the occurrence of a stimulus signaling an
impending threat to the body and the occurrence of the threat plays a significant role in learning
the aversive value of the stimulus. Whether an analogous role is played by the spatial distance
between the stimulus and the threat has received little attention. Nevertheless, the defensive
quality of the space surrounding the body may lead to hypothesize that stimuli presented near
the threatened body part acquire aversive value differently than those presented far from it. To
investigate this hypothesis, participants completed a classical Pavlovian threat conditioning task.
Participants rested their hands on a computer screen placed horizontally on a table, on which
four geometrical shapes appeared, representing the conditioned stimuli (CSs). Two shapes were
the CSs+, and their presentation could terminate with the delivery of a shock to one hand of the
participant, while two the CSs-, whose presentation did not terminate with any outcome.
Crucially, each one of the CSs- and CSs+ appeared either always close to or far from the shocked
hand. Psychophysiological and behavioral measures of arousal and attention were collected. The
results show a significant difference in response to close and far CSs, indicating the importance
of spatial proximity to the threatened body part in learning the aversive value of stimuli.

B28 The effect of anticipatory anxiety on visuocortical engagement to conditioned threat
stimuli
Stegmann, Yannik; Reicherts, Philipp; Pauli, Paul; Wieser, Matthias J.
University of Wuerzburg, Department of Psychology, Wuerzburg, Germany
Erasmus University Rotterdam, Institute of Psychology, Rotterdam, the Netherlands
Recent research proposes a distinction between fear and anxiety, such that fear is elicited by
imminent threat, leading to phasic defensive responses and selective attention, whereas anxiety
is a sustained state of hypervigilance due to unpredictable danger. In our previous study, we could
demonstrate cumulative effects of fear and anxiety, instead of being mutually exclusive. To
further test this hypothesis, we used an orthogonal combination of cue conditioning and a threatof-shock paradigm. We independently presented cues indicating imminent danger (CS+) vs.
safety (CS-) during contexts that are either safe (CTX-) or in which additional US were expected
(anxiety context; CTX+), to systematically investigate differential processing of fear cues during
anxiety vs neutral contexts. Visual stimuli were presented in flicker mode to record steady-state
visual evoked potentials (ssVEPs) in addition to skin conductance responses (SCRs). Affective
ratings were collected separately for contexts and central cues and each of their combination
(e.g., CS+ in CTX-). The CS+ onset elicited increased SCRs and higher threat ratings than the CS, indicating successful cue conditioning. In addition, CS ratings were generally increased during
the CTX+ compared to CTX-, replicating previous results. SCR analysis revealed stronger CSdifferentiation during CTX- compared to CTX+. However, there were no significant effects for
ssVEPs. These results provide further evidence for potentiated fear responses during anxiety
inducing contexts, suggesting that anxiety can potentiate defensive responses to imminent threat
and therefore enhances adaptive reactions to potential danger.
This study was sponsored by the DFG, TRR-58, Project B01
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B29 Physiological measures in aversive and appetitive conditioning
Steinecker, Isa
Charite, Klinik für Psychiatrie und Psychotherapie, Berlin, Germany
Physiological signals, such as skin conductance responses and heart rate, are frequently used to
measure conditioned responses in studies with human participants. While these measures are
well established in the domain of fear conditioning, appetitive conditioning has received much
less attention. It thus not clear, which physiological effects are specific to fear conditioning in
humans and which may be more generally related to unspecific arousal and thus would also
occur for appetitive conditioning. To investigate this question, we assessed a comprehensive
battery of physiological measures (skin conductance responses, heart rate and pupil dilation)
during a monetary appetitive conditioning task in human participants (N=20). As a result, we
provide a systematic comparison between physiological effects from the fear condition literature
and physiological changes observed in appetitive conditioning as derived from our data.

B30 Searching for a measure of prediction error in associative fear learning
Stemerding, Lotte E.; van Ast, Vanessa; Gerlicher, Anna; Kindt, Merel
University of Amsterdam, Department of Clinical Psychology, Amsterdam, the Netherlands
According to theories of associative fear learning, observed deviations from what is predicted,
called prediction errors (PE), drive associative learning. However, the occurrence and strength of
a PE can currently only be indirectly assessed by inferring it from changes in the strength of
conditioned responding on the next trial, or through subjective threat expectancy ratings. To gain
a better understanding of the computations that drive threat and safety learning, we need a
measure that can directly index the strength of the PE at the moment it occurs. In decision
making and reinforcement learning paradigms, phasic increases in pupil size have been linked to
experiencing uncertainty and surprise, but it is yet unclear whether similar mechanisms support
aversive learning. In this study, we have set out to measure aversive PEs directly through
physiological responding. Specifically, we aimed to test whether increases in pupil dilation and
skin conductance reflect aversive prediction errors. In two experiments, 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 skin conductance were measured at CS offset, when the outcome was either presented or
omitted. We hypothesized that unexpected outcomes would elicit stronger pupil dilation and skin
conductance responses, reflecting PE. Preliminary results indeed suggest that pupil dilation and
SCR responses elicited by unexpected outcomes are larger than when the outcome is expected.
The final results of the two studies will be presented at the EMHFC. The potential ability to
directly index PE through physiological responding opens avenues for optimizing associative fear
learning and extinction and will increase our understanding of how PEs drive memory updating.
Supported by ERC
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B31 Heart rate components as distinguishing indicators of conditioned and extinguishing
freezing and their modulation by transcutaneous vagus nerve stimulation
Szeska, Christoph; Richter, Jan; Wendt, Julia; Weymar, Mathias; Hamm, Alfons O.
University of Greifswald, Chair of Clinical and Physiological Psychology / Psychotherapy,
Greifswald, Germany
University of Potsdam, Chair of Biological Psychology and Affective Science, Potsdam, Germany
Human conditioned heart rate responses can be subdivided into three major components: They
typically begin with a short deceleration (D1-component), which is followed by an acceleration
(A1-component) and end with a deceleration again (D2-component). While the A1-component
has been considered to reflect conditioned fear, the D2-component has been considered to rather
indicate only a formed association between CS and US. However, previous rodent and human
research has repeatedly reported fear bradycardia towards a threat predicting cue, suggesting
that conditioned heart rate deceleration rather reflects a state of defensive freezing, during which
the alerted individual monitors the source of danger to ensure fast defensive responses. Rodent
research suggests, that the fear potentiated startle response serves as an indicator of defensive
freezing, as both are strongly correlated and are mediated by the same neural structure (ventral
periaqueductal grey; vPAG). Transcutaneous vagus nerve stimulation (tVNS) has shown to
effectively inhibit human fear potentiated startle responses during extinction training,
presumably by inhibition of direct and indirect basolateral amygdala projections (including
vPAG).
Applying a multiple-day single-cue fear conditioning and extinction paradigm, we found that
stronger heart rate deceleration (D2-component) is correlated with increased fear potentiated
startle responses both during conditioning and extinction training, suggesting that late heart rate
deceleration indeed is an indicator of defensive freezing in humans. TVNS attenuated this late
deceleration during extinction. Interestingly, we also found that only during extinction training,
(tVNS-) increased heart rate acceleration (A1-component) is associated with decreased startle
potentiation. Thus, while late heart rate deceleration might be an indicator of conditioned fear,
increased heart rate acceleration might serve as an indicator only of extinguishing defensive
freezing.

B32 Conditioning of eye-movements in complex scenes
Tapia León, Isabell; Kruse, Onno; Klucken, Tim
University of Siegen, Department of Clinical Psychology, Siegen, Germany
Affective learning has proven a valuable paradigm to investigate basic learning mechanisms and
the etiology as well as maintenance of psychiatric disorders. However, most studies employ
geometric shapes as stimuli. Using complex scenes instead allows a higher degree of ecological
validity and the possibility to investigate the role of conditioning on eye-movement behaviour in
scene perception.
41 participants took part in an appetitive conditioning paradigm. Stimuli consisted of a complex
scene with varying object configurations. One of the objects served as CS+ and was always paired
with a monetary reward of 50 cents. The same object in a different colour served as CS- and was
never paired with a reward. Besides this CS object, a second distractor object was also varied in
colour. During the experiment eye-movements were obtained using an EyeLink 1000 plus. CS+
and CS- were rated regarding valence and arousal directly following the acquisition phase.
Results show higher subjective valence and arousal ratings for the CS+ than for the CS-.
Furthermore, the first fixation as well as the total fixation time are significantly longer for the
CS+ than for the CS-. The analysis of the CS object compared to the distractor object indicates
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longer fixation durations for the CS object as well as a shorter latency to first fixation. The results
indicate that appetitive conditioning can modulate eye movement behaviour.

B33 Context-dependent acquisition in interference paradigms
Torrents-Rodas, David; Uengoer, Metin; Koenig, Stephan; Lachnit, Harald
Philipps University of Marburg, Experimental and Physiological Psychology, Marburg, Germany
Bouton’s retrieval theory is among the most prominent accounts of response recovery in
interference phenomena. It suggests that the context where learning takes place will be able to
control responding only if the meaning of a cue becomes ambiguous (such as in extinction, where
a cue is no longer followed by the expected outcome). This idea has received considerable
attention from researchers using fear conditioning to model the treatment and relapse of
pathological anxiety. We present data from two distinct interference paradigms (fear extinction,
and contingency reversal in reward learning) showing that a context change causes a significant
response decrement following acquisition. These findings are consistent with the notion that
contexts also influence responding when the cue has an unambiguous meaning. They can be
explained by postulating that contexts come to signal the outcome in the same way as discrete
cues do, or by assuming that contexts and cues become associated with the outcome as a whole.
Supported by GRK 2271 Breaking Expectations (funded by DFG)

B34 Optimizing psychophysiological measurements of trace fear conditioning.
Wehrli, Jelena M.; Xia, Yanfang; Bach, Dominik R.
University of Zurich, Department of Psychiatry, Psychotherapy and Psychosomatics, 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) coterminates 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 CS offset-US
interval. We used visual CS and electric shock as US. In an acquisition session on day 0 with 40
trials, we measured pupil size, skin conductance, ECG and respiration amplitude. During a
retention session on day +7 under 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. 2018).
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 decayed more quickly. The optimal number
of trials to include into the analysis was 1 trial per condition. These findings are currently being
replicated in an independent sample.
Overall, we identify an optimal measure for trace fear conditioning, which may be used in further
intervention studies.
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B35 Magnetoencephalographic correlates of fear generalization in adolescence.
Wessing, Ida; Roesmann, Katharina; Straube, Thomas; Junghöfer, Markus
Westfalian Wilhelms-University Münster, University Hospital, Department of Child and
Adolescent Psychiatry, Münster, Germany
Westfalian Wilhelms-University Münster, University Hospital, Institute for Biomagnetism and
Biosignalanalysis, Münster, Germany
Fear generalization, a tendency to show elevated fear responses to stimuli that resemble a fear
stimulus (CS +), is thought play a key role in the development and maintenance of anxiety
symptoms. Anxious individuals are shown to overgeneralize, with elevated fear responses not
only to CS+, but also to stimuli that gradually approximate a safety-signaling CS-, resulting in a
flatter fear generalization gradient. Such a flatter gradient was also found in children compared
to adults, suggesting that fear responses develop to be increasingly selective. As adolescence is
a high-risk period for anxiety and mood disorders, it seems pivotal to investigate the neural
correlates of fear generalization in this age group. In an ongoing fear conditioning study, we
recorded event-related magnetic fields and fear ratings to a continuum of 9 differently tilted
Gabor gratings ranging from CS+ to CS- in adolescents and young adults. Estimates of neural
activity revealed that adolescents show generalization gradients in several fear-related brain
regions such as the vmPFC, in early and late processing stages. These preliminary results will
be discussed in relation to the participant´s fear ratings and compared to the data in adults. We
suggest that the vmPFC plays a key role in bottom-up and top-down fear generalization
processes in both adults and adolescents.
Supported by SFB-TRR 58 CO7

B36 Trauma film conditioning as an experimental psychopathology model for posttraumatic
stress disorder and beyond: what have we learned in 10 years of research?
Wilhelm, Frank H.; Rattel, Julina A.; Miedl, Stephan F.; Franke, Laila K.; Danböck, Sarah K.,
Wegerer, Melanie
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, e.g., in form of flashbacks, 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 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
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processes. Since intrusions and similar episodic memory processes play a major role in various
anxiety disorders, it is time for the human fear conditioning community to embrace the trauma
film conditioning approach.
Supported by Doctoral College “Imaging the Mind” of the Austrian Science Fund (FWF; Grant No.
W1233-G17).

B37 The effect of threat belief on generalization of extinction
Wong, Alex H. K.; Glück, Valentina; Boschet, Juliane; Engelke, Paula
University of Würzburg, Department of Biological Psychology, Clinical Psychology and
Psychotherapy, Würzburg, Germany
Fear generalization refers to the spread of fear to novel stimuli. In contrast, generalization of
extinction refers to the spread of extinction learning to other novel stimuli. Past studies found
that presenting a generalization stimulus (a novel stimulus similar to a fear-related stimulus; GS)
in fear extinction could not effectively extinguish fear to the original fear-related stimulus (CS+)
or to other novel stimuli. That is, extinction learning to a GS could not effectively generalize to
the CS+ or to other novel GSs. However, recent findings found that individuals may utilize
different rules to guide their generalization process, which resulted in qualitatively different
generalization gradients. In other words, the rule served as the basis of an individual's threat
belief, which subsequently affected one's generalization of fear. In the present study, we utilized
this rule-based generalization framework and examined whether rule-based generalization
affects the extent of generalization of extinction. Participants first underwent a differential
conditioning procedure, followed by a generalization test. A GS was then presented in extinction,
followed by a re-test of fear generalization. We hypothesized that different rules formed during
generalization would result in different threat beliefs towards the extinction GS, which
subsequently led to different extent of generalization of extinction gradients. Preliminary results
will be discussed.

B38 Age differences in associations between extinction recall and brain structure
Zwaan, Isabel S.; Whittle, Sarah; Felmingham, Kim
University of Melbourne, School of Psychology, Melbourne, Australia
Anxiety disorders are among the most prevalent mental disorders, 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. No studies
to date have investigated neuroanatomical correlates of extinction recall in adolescents or
adults. In a pilot study, we examined associations between brain structure (cortical thickness)
and skin conductance response (SCR) during extinction recall in adolescents (N = 14, age M =
15.71) and adults (N = 13, age M = 29.31) using the ‘screaming lady’ paradigm. Thickness in
hypothesis-driven regions of interest (ROIs: subcallosal gyrus, anterior cingulate gyrus, mid
anterior cingulate, mid posterior cingulate, rectus gyrus, and orbital gyrus) was estimated using
the Destrieux atlas in FreeSurfer 6.0. Although we found no significant age-group by recall
interactions, there was a main effect of recall SCR on cortical thickness in both the left (p = .015)
and right (p = .026) orbital gyrus, however this did not survive FDR correction for multiple
comparisons (p = .156 for both). Increased SCRs to the CS+ compared to CS- during recall was
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associated with a thinner cortex in the bilateral orbital gyrus in both adolescents and adults.
Correlations in the separate age groups revealed a significant negative correlation between recall
SCR and left (r = -0.57, p = 0.035) and right (r = -0.56, p = 0.038) orbital gyrus thickness in
adolescents, but no significant association in adults. Results provide evidence for a
neuroanatomical basis of recall, which may differ in adolescents and adults.
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