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IV Deutsche Zusammenfassung

Die affektiven Neurowissenschaften setzen zur Erforschung der neuronalen Grundlagen von
Emotionsverarbeitung verschiedene fMRT-Aufgaben ein, bei denen den Versuchteil-neh-
mer:innen emotionale Stimuli gezeigt werden. Obwohl bereits bekannt ist, dass die spezifi-
schen Eigenschaften von fMRT-Aufgaben einen substanziellen Effekt darauf haben kdnnen,
welche Gehirnaktivierungen durch die Aufgabe ausgeltst werden, werden die Aufgaben ge-
genwartig oft miteinander gleichgesetzt und direkte Vergleiche der Aufgaben sind selten. Das
darin liegende Potential, Studiendesigns durch bewusste Auswahl der fMRT-Aufgabe zu opti-

mieren, wird so meist vertan.

Diese Dissertation hat einen direkten Vergleich von vier haufig genutzten fMRT-Aufgaben zur
Emotionsverarbeitung auf Grundlage der gleichen Analysepipeline durchgefihrt, um zu unter-
suchen, welche Aufgabe am besten geeignet ist, um welche Gehirnregion zu untersuchen.
Diese waren eine Arbeitsgedachtnisaufgabe mit emotionalen Wortern (EMOBACK-Aufgabe),
und drei Aufgaben mit impliziter Verarbeitung von entweder emotionalen Gesichtsausdriicken
(FACES-Aufgabe) oder Fotos emotionalen Szenen (OASIS und IAPS-Aufgabe). Von drei
Stichproben (je n=15) wurden blutsauerstoff-abhéngige MRT-Daten gesammelt, wéahrend
diese Aufgaben bearbeitet wurden. Verglichen wurden die Aktivierungen in vier regions of in-
terest, die zentral fir die Emotionsverarbeitung im Gehirn sind: in der Amygdala, der anterio-
ren Insula, dem dorsolateralen prafrontalen Kortex (dIPFC) und dem pregenualen anterioren
zingularen Kortex (pgACC). Fur die FACES- und OASIS-Aufgaben, bei denen die Daten aus
der gleichen Stichprobe stammten, wurden Korrelationsanalysen durchgefiihrt, um zu unter-
suchen, ob die Aktivierungen, die durch die beiden Aufgaben ausgeldst wurden, systematisch

zusammenhangen.

Die EMOBACK-Aufgabe hat eine signifikante Deaktivierung im pgACC ausgeldst, sowie Akiti-
vierungen im rechten dIPFC und in der bilateralen anterioren Insula. Im Gegensatz dazu hat
die FACES-Aufgabe selektiv in der bilateralen Amygdala Aktivierungen ausgelést. Die IAPS-
und OASIS-Aufgabe haben beide zu Aktivierungen in der bilateralen anterioren Insula und
Amygdala gefuhrt. Obwonhl die Aktivierungsmuster in diesen beiden Aufgaben &hnlich waren,
gab es grol3ere Varianz der Aktivierungen in der IAPS-Aufgabe. Die Amygdala-Aktivierungen,
die durch die FACES- und OASIS-Aufgabe ausgelost wurden, waren nicht signifikant korreliert.

Diese Dissertation schlussfolgert, dass die verschiedenen fMRT-Aufgaben nicht bedingungs-
los austauschbar sind. Stattdessen kdnnten sie in zukiinftigen affektiven fMRT-Studien strate-
gisch eingesetzt werden, abhéngig davon auf welchen Gehirnregionen das konkrete For-

schungsinteresse liegt.



V English Abstract

Affective neuroscience studies brain activity underlying emotion processing with the help of a
variety of different fMRI paradigms that present subjects with emotionally valanced stimuli. It
is known that the precise characteristics of fMRI tasks can have a substantial influence on the
activation elicited by a paradigm, however, paradigms are currently used interchangeably and
direct comparisons of tasks are scarce. This bears a potential for optimization in the planning
of future studies that is not currently used.

This dissertation undertook a direct comparison of four common emotion processing tasks
based on the same analysis pipeline to elucidate which tasks are best suited for the study of
which brain regions. Studied here are a working memory task using emotional words (EMO-
BACK task) and implicit processing tasks of emotional face stimuli (FACES task) and pictures
of emotional scenes (OASIS and IAPS task). Blood oxygen level dependent (BOLD-) MRI data
from these tasks were collected in three samples of healthy male adults (each n= 15). The
tasks were compared regarding the activation they elicited in four regions of interest, that are
central to emotion processing, namely the amygdala, anterior insula, dorsolateral prefrontal
cortex (dIPFC) and pregenual anterior cingulate cortex (pgACC). For two tasks (FACES and
OASIS) where data were available from the same sample correlation analyses were conducted

to investigate whether activation between the tasks was systematically related.

In the EMOBACK task significant deactivation in the pgACC and significant activation in the
right dIPFC and bilateral anterior insula was found, while the FACES task elicited activation
selectively in the bilateral amygdala. The IAPS and OASIS task both recruited the bilateral
anterior insula and amygdala. While the activation pattern of these two tasks was similar there
was greater variability in activation in response to the IAPS task. The amygdala activation
elicited by OASIS and FACES task was not significantly correlated.

This dissertation concludes that the different tasks should not be seen as interchangeable
proxies for emotion processing but can rather be employed strategically in future affective neu-
roimaging studies depending on the parts of the emotion processing brain network, they are

interested in.



VI Manteltext/Framework for the dissertation thesis?

1The following parts of the framework are adapted with permission from my previously published article, in which |
am the sole first author Hartling, C., Metz, S., Pehrs, C., Scheidegger, M., Gruzman, R., Keicher, C., Wunder, A.,
Weigand, A. & Grimm, S. (2021). Comparison of Four fMRI Paradigms Probing Emotion Processing. Brain sci-
ences, 11(5), 525.:

1.1 Study rationale 1.4 Choice of regions of interest, 2. Methods, 3.1 ROI analyses: mean activations by tasks, 3.2
Direct comparisons between tasks, 4.1 Summary, 4.2 Comparison with the literature, 4.4 Limitations

As this article is published under a CC-BY 4.0 license an author can include the article in full or in part in a thesis
or dissertation. See also https://creativecommons.org/licenses/by/4.0/
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1. Introduction

1.1 Study rationale?

A variety of fMRI paradigms have been used to probe emotion processing to study its neu-
ral underpinnings in healthy subjects (Garcia-Garcia et al., 2016) and how it evolves over the
lifespan (Wu et al., 2016), and is affected by psychopathology (McTeague et al., 2020), or
therapeutic interventions (Enneking et al., 2020; Outhred et al., 2014). These paradigms differ
in the stimulus material that is used (e.qg., printed words, pictures, or sounds), the task that is
posed to participants (e.g., passive viewing, naming the depicted emotion, or working memory
tasks involving the stimuli), and the cognitive effort that is needed to fulfill the task (e.g., the
difficulty of working memory tasks). Previous research has shown that the specifics of the task
and the stimuli used in emotional fMRI paradigms have a substantial impact on the neural
activations found (Mdiller et al., 2018; Reisch et al., 2020; Sabatinelli et al., 2011). Furthermore,
different tasks likely trigger different aspects of emotion processing (Riedel et al., 2018). Cru-
cially, standard emotion processing paradigms for the study of target brain regions or aspects
of emotion processing are yet to be established. This poses a challenge for planning new
experiments as many different paradigms exist to choose from and the choice likely influences
the brain activations found in the study. However, direct comparisons between tasks are
scarce. And as fMRI studies often differ in their pre-processing routines and analysis software,
activation differences between studies cannot safely be attributed solely to the task at use,
which leaves a gap of knowledge about the specific neural activations to expect when using
one of the different fMRI paradigms of emotion processing. The goal of this dissertation was
to directly compare common emotion processing fMRI tasks based on the same analysis pipe-

line regarding the activation they elicit in core regions of emotion processing.

1.2 Paradigms used to study emotion processing

Paradigms used to study the processing of emotional information in the brain generally
combine stimulus material of emotional valance with a task that participants are asked to do.
Stimuli used can be of different modalities (e.g., sounds, words, pictures, scenes from movies),
however, because of practicality and some evidence that they elicit brain activation most ro-
bustly (Costafreda et al., 2008; Garcia-Garcia et al., 2016) visual stimuli (i.e., photos or words)
are the most common. Internal stimuli (emotional episodes from memory for example) have

also been used in fMRI paradigms, however, they appear to be less effective in eliciting brain

2 Adapted from Hartling, C., Metz, S., Pehrs, C., Scheidegger, M., Gruzman, R., Keicher, C., Wunder, A., Wei-
gand, A. & Grimm, S. (2021). Comparison of Four fMRI Paradigms Probing Emotion Processing. Brain sci-
ences, 11(5), 525. CC-BY 4.0. Adapted with permission.
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activation than external stimuli (Costafreda et al., 2008) and are relatively rare in use. Most
commonly used are emotional faces, emotional scenes, and emotional words (Garcia-Garcia
et al., 2016).

Paradigms employing facial stimuli usually use photos of actors showing different emotional
expressions. Photos with neutral facial expression are often used as a control condition. This
way, a subtractive contrast that compares the activation elicited by emotional and neutral ex-
pressions can be used to conclude about the neural response that is specific to the emotional
content of the stimuli. Brain regions that have been shown to be activated by emotional faces
are the amygdala, parahippocampal gyrus, fusiform gyrus, posterior cingulate cortex, dorsal
anterior cingulate cortex (dACC), orbitofrontal cortex, visual cortices, and the cerebellum
(Fusar-Poli et al., 2009; McDermott et al., 2018; Muller et al., 2018).

Paradigms that employ emotional scenes use pictures of pleasant or unpleasant emo-
tional content of varying arousal. Aversive pictures can for example depict aggressions,
wounded people or car accidents whereas pleasant pictures show animals or families. Emo-
tionally neutral pictures of objects (e.g. pieces of furniture) or scrambled pictures matched for
visual properties like brightness serve as control conditions. Databases such as the Interna-
tional Affective Picture System (IAPS; Lang et al., 1997) or the Open Affective Standardizes
Image Set (OASIS; Kurdi et al., 2017) provide validated stimuli for which average ratings of
arousal and valence from representative samples have been established. Brain regions that
have been shown to be activated by emotional scenes are similar to those activated by emo-
tional faces and include the amygdala, parahippocampal gyrus, posterior cingulate cortex, an-
terior insula, ventromedial prefrontal cortex, dACC, OFC, and visual cortices (McDermott et
al., 2018; Phan et al., 2002)

Similarly, fMRI paradigms employing words usually recruit stimuli from different word
lists with validated ratings of valence and arousal for the different languages, like for example
the Berlin Affective Word List (BAWL; V0 et al., 2009) and the Affective Norms for English
Words (ANEW; Bradley & Lang, 1999). These are usually single words (e.g., “corpse” for neg-
ative, “hall” for neutral and “kiss” for positive valence) matched for word type, length, frequency
in the language and imaginiability. Emotional words have been shown to activate the amyg-
dala, hippocampus, ventral or subgenual ACC, anterior insula, posterior cingulate cortex,
dACC, middle temporal cortex, ventral striatum, and pallidum (Citron, 2012).

Stimuli are generally embedded in a task, which at the simplest can be passive viewing,
i.e., participants being instructed to look at the stimuli that they are presented with. Other tasks
aim at implicit processing of the emotion by instructing participants to process a hon-emotional
characterist of the stimulus (e.g., the gender of a presented face, the background colour of an
object) or explicit processing of the emotion (e.g., naming the emotion). Participants can also

be instructed to suppress or reduce their emotional reaction to the presented stimuli or to
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reframe their thinking around them (cognitive reappraisal). These tasks, however go beyond
the mere processing of emotion and are more apt to study the concept of emotion regulation
(Costafreda et al., 2008; Kohn et al., 2014). Further more, emotional stimuli can be included
in established cognitive tatsks (e.g., n-back, Stroop task) to target specific aspects (like atten-

tion capture or interference effects) of the multifaceted concept of emotion processing.

Generally, a common network of brain structures is thought to underlie emotion processing that is activated by
emotionally valenced stimulation regardless of the precise induction context (Lindquist et al., 2012). Therefore,
any of the described tasks could be used to activated and study this network of brain regions. However, the differ-
ent stimulus types undeniably differ sensorically as well as in complexity, emotional intensity and ecological va-
lidity (e.g., single written words are rarely a source of emotion in human daily lives whereas emotional faces
might be) (Griihn & Sharifian, 2021). These differences may plausibly influence neural processing routes and
could e.g., lead to the predominant activation of some parts of the brain network concerned with emotion pro-
cessing relative to others. Likewise, the instructions to the task (whether the emotional content needs to be mem-
orized, categorzied, subjectively evaluated, etc.) has been shown to influence the precise pattern of activation elic-
ited by emotional fMRI paradgims (Garcia-Garcia et al., 2016; Riedel et al., 2018).

Notably, for threat reactivity, a specific aspect of emotion processing, it appears that tasks

intended to represent that same psychological function elicit different activation patterns. A
study comparing several fMRI paradigms that had been used to study threat reactivity found
that - against the authors’ hypothesis - amygdala activation in the four studied tasks was not
significantly correlated and the tasks were, hence, not interchangeable (Villalta-Gil et al.,
2017). This finding highlights the importance of task characteristics and warns against rashly
equating paradigms and psychological concepts such as, for example, threat reactivity. How-
ever, threat reactivity is a very specific aspect of the broader concept of emotion processing,
and it is thus worth evaluating the evidence regarding differences between fMRI paradigms of

emotion processing.
1.3 Comparative evidence on fMRI tasks for emotion processing

Direct comparisons between different fMRI paradigms probing emotion processing are rel-
atively scarce. Recently, Reisch and colleagues (2020) compared the effects of a passive
viewing task using three different types of emotional visual stimuli: printed words, photographs
of emotional faces and photographs of emotional scenes. Apart from areas of visual processing
and reading comprehension?, they also found that reactivity to emotion differed between the
stimulus types in a number of brain regions including the superior and inferior frontal gyrus,
the amygdala and anterior insula. Across stimulus types, emotion effects converged in the left
anterior insula. The authors conclude that the type of visual stimuli has a substantial impact on
the resulting emotion effects, even after the basic visual perception effects are filtered out

through subtractive contrasts. This underlines the importance of carefully choosing a task

3 As the interest of this dissertation lies in the study of regions central to emotion processing, results about sen-
sory brain areas lie beyond its scope and will not be discussed in detail.
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when planning a study. However, while this study is very informative on different processing
routes for the different stimuli categories, the paradigm used was created explicitly for this
study and cannot speak with certainty to existing paradigms.

Beyond direct comparisons, information can also be gained via the meta-analytic ap-
proach. A meta-analytical comparison of 12 experiments each (matched for age and gender
distribution) on negative images, negative faces and negative words found neural responses
to faces and scenes to be more similar to each other than to activations elicited by words, with
the activation maps showing no significant differences between faces and scenes and no sig-
nificant overlap of either faces or scenes with emotional words. Amygdala activation was more
reliably elicited by emotional scenes than by emotional words (Garcia-Garcia et al., 2016). A
meta-analysis that solely focused on the neural response in the amygdala found a significantly
higher probability of amygdala activation in response to faces and scenes than to emotional
words (Costafreda et al., 2008). It has been argued however, that this is not a general effect
of pictorial stimuli eliciting stronger neural responses than lexical stimuli but rather a function
of stimulus complexity (Schlochtermeier et al., 2013).

Further direct comparisons exist between paradigms employing emotional faces and
scenes. The first study to do that (Hariri et al., 2002) compared BOLD activations to emotional
faces and picture stimuli. However, while the work is often cited and inspired the field, the
results it reported are based on uncorrected statistics and can thus not grant definitive conclu-
sions. In another direct comparison emotional scene stimuli elicited activation in largely similar
regions as emotional face stimuli (amygdala, hippocampus, ventromedial pre-frontal cortex),
however neural emotion effects were greater in response to faces than scenes bilaterally in
the superior temporal gyrus and int the left anterior insula (Britton et al., 2006). A meta-analysis
of 100 studies using paradigms based on face stimuli and 57 studies using emotional scenes
also found extensive overlap in activations elicited by either, as well as, differences in extent
and exact localization even after removing basic effects of stimulus perception by using sub-
tractive contrasts (Sabatinelli et al., 2011). This reveals that despite extensive parallels specific
emotion effects for picture and face stimuli exist, that should be considered when planning a
study and that might strategically be used to an advantage. However, a meta-analysis com-
bines activation maps from different paradigms that are similar in some regards (for example
in employing face stimuli) but might differ in other aspects. Furthermore, studies likely differ in
their analysis strategies. Both factors impede the use of meta-analytical results to predict the
activations a specific fMRI paradigm will elicit. Hence, a direct comparison of activations elic-

ited by fMRI paradigms probing emotion processing is warranted.
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1.4 Choice of regions of interest*

Meta-analyses of fMRI research on emotion processing have robustly implicated several
brain regions: Namely, the amygdala, anterior insula, pre- and subgenual anterior cingulate
cortex (ACC) as well as dorsal ACC (dACC), dorsomedial prefrontal cortex (dmPFC), dorso-
lateral PFC (dIPFC), parahippocampus, orbitofrontal cortex, and visual and auditory cortices
(Garcia-Garcia et al., 2016; Lindquist et al., 2012; Riedel et al., 2018). The constructionist
approach (cf. Lindquist et al., 2012) assumes that emotion processing draws on more basic
psychological operations and hence recruits the respective brain networks that underlie these
operations. By this account, the brain regions activated in fMRI tasks of emotion can each be
associated with a functional network that exerts a sub-process of emotion. The functional net-
works assumed to collaborate in emotion processing are the limbic network (realizing affective
states within the body), salience network (detecting behaviorally relevant information), default-
mode network (self-referential conceptualization of information), and the central executive net-
work (evaluating or manipulating the incoming information; (Lindquist et al., 2012)).

A recent study on a databank of task-based fMRI studies of emotion processing clustered
studies based on similar activation patterns elicited by the task in use, then performed meta-
analyses for each of the cluster of studies. This approach dissociated five brain networks with
convergent activations during different types of emotion processing tasks (Riedel et al., 2018).
Apart from two networks in sensory cortices, these were largely overlapping with the salience,
the default mode, and the limbic network. Subsequently, the meta-data of the experimental
designs in each cluster were analyzed. Based on this the found networks were characterised
as contributing to drawing attention to salient information, appraisal and prediction of emotional
information, and induction of the emotional response, respectively. These results are in line
with the constructionist notion (Lindquist et al., 2012) that emotion processing draws on psy-
chological functions engendered by large-scale brain-networks.

Therefore, one hub of each of these networks was chosen for regions of interest for this
dissertation: the bilateral amygdala, bilateral anterior insula, pregenual ACC (pgACC), and bi-
lateral dIPFC. The amygdala is the region that is most robustly engaged in emotion processing
(Garcia-Garcia et al., 2016; Mdller et al., 2018; Sabatinelli et al., 2011) and shows the greatest
functional connectivity with other regions involved in emotion processing (Garcia-Garcia et al.,
2016). It is involved in signaling whether sensory information is motivationally salient (Whalen
et al., 2009) guiding attention, perception and decision-making (Pessoa, 2010). It has also

been thought of as realizing “core affect’, i.e., affective bodily sensations (Lindquist et al.,

4 Adapted from Hartling, C., Metz, S., Pehrs, C., Scheidegger, M., Gruzman, R., Keicher, C., Wunder, A., Wei-
gand, A. & Grimm, S. (2021). Comparison of Four fMRI Paradigms Probing Emotion Processing. Brain sci-
ences, 11(5), 525. CC-BY 4.0. Adapted with permission.
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2012). In clinical neuroscience, altered amygdala function in emotion processing, specifically,
hyperactivation to negative stimuli has been found in patients with depression, social anxiety,
post-traumatic stress and borderline personality disorder (Gentili et al., 2016; McTeague et al.,
2020; Stuhrmann et al., 2011).

The anterior insula is essential for the awareness of interoceptive information (Craig, 2002)
as well as own affective experience (Zaki et al., 2012) and robustly activates during the per-
ception of emotional stimuli (Duerden et al., 2013). It is part of the salience network (Seeley et
al., 2007), where it proposedly integrates physiological information with emotional, cognitive,
and motivational signals to detect salience of stimuli. Therefore, the activation of the anterior
insula in emotion processing may be linked to the salience of emotional stimuli. The pregenual
ACC is a part of the default mode network and typically deactivated in goal-directed tasks
(Raichle, 2015), but activated during self-referential thought (Palomero-Gallagher et al., 2019),
the assessment of internal emotional states (Vogt, 2014) as well as emotion perception (Phan
et al., 2002). It has been suggested to serve the function of a hub that integrates emotion and
cognition through its projections to several cortical regions (Tang et al., 2019), and its involve-
ment in emotion processing may reflect cognitive appraisal of the emotional content of stimuli
(Ochsner et al., 2012; Riedel et al., 2018). The pregenual ACC seems to play a crucial role in
the cognitive regulation of emotions (Palomero-Gallagher et al., 2019). The dIPFC is a core
region in the fronto-parietal control network, that supports executive attention, working
memory, and complex problem-solving (Seeley et al., 2007). It has been found to activate in
emotion processing tasks, especially when participants are asked to categorize or evaluate
emotional information (Lindquist et al., 2012). DIPFC activity competes with amygdala activity
in tasks that present an interference of emotional content and cognitive demand (Schweizer et
al., 2019), such that cognitive load is negatively correlated with amygdala activation in pres-
ence of emotional stimuli (Van Dillen et al., 2009). Consistent with these findings, dIPFC activ-

ity has been associated with emotion regulation (Kohn et al., 2014).

1.5 Significance of the study

This dissertation aimed to establish a point of reference for activity patterns elicited by
different emotional fMRI tasks in the four beforementioned regions of interest (amygdala,
pPgACC, anterior insula and, dIPFC). Knowing the location and intensity of activity elicited by
emotional fMRI tasks should allow researchers to select an apt task when planning to study a
specific region of the emotion processing network. By maximizing the effect sizes of elicited
activations, this could reduce the sample size needed to detect a stable effect and thereby the
cost of studies (Wall, 2018; Zuo et al., 2019). Currently, fMRI tasks in use for emotion research
are mostly developed idiosyncratically by research groups and are often tailored for the specific

investigation underway, not necessarily with re-use by other research groups (or potential
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clinical application) in mind (McDermott et al., 2018). While this is at present common (and
accepted) practice, it is suboptimal regarding transparency and efficiency. Furthermore, direct
comparisons between fMRI paradigms are scarce. These are likely reasons why standard fMRI
paradigms of emotion processing are yet to be established. This study’s results might inform
the design of future studies by providing information about the relative activation elicited by
different fMRI paradigms probing emotion processing.

Ultimately, however ample the insights that the field of affective neuroscience has yielded
about the neural processes underlying emotion processing, clinical applications are still lack-
ing. The development of clinically useful fMRI biomarkers likely requires the establishment of
psychometric properties and standardized norms for fMRI tasks (McDermott et al., 2018). This
study considers itself part of this effort and might be a small step towards the clinical dissemi-

nation of affective neuroscience.

1.6 Research Question

The central question of this dissertation was what activations are elicited in the four chosen
regions of interest central to emotion processing (amygdala, anterior insula, pgACC, and
dIPFC) by four fMRI paradigms widely used in affective neuroscience. Out of the four para-
digms, one was an emotional working memory task (EMOBACK; (Grimm et al., 2012)) and
three were implicit emotion processing tasks. One of these used emotional face stimuli
(FACES task) and the two others used pictures of emotional scenes, that were either positive
and negative (IAPS task) or solely negative (OASIS task). All tasks used stimulus material from
validated sets of pictures or words whose emotional valence has been established. | analyzed
three datasets to investigate how the selected four core regions activate in response to the

specific kind of emotional stimulation in each of the tasks.

2. Methods®

2.1 Population

This dissertation analyses data from 45 healthy males aged 18-58 belonging to three
samples each consisting of 15 subjects. Mean age of the participants was 25.8 (£5.3) years
for the sample from whom FACES and OASIS task were collected, 29.3 (+2.9) years for the
EMOBACK task sample and 35.5 (+10.8) years for the IAPS task sample. Table 1 shows data

on demographic variables and scanning sites. Exclusion criteria were standard MR exclusion

5 This chapter is adapted from Hartling, C., Metz, S., Pehrs, C., Scheidegger, M., Gruzman, R., Keicher, C.,
Wunder, A., Weigand, A. & Grimm, S. (2021). Comparison of Four fMRI Paradigms Probing Emotion Pro-
cessing. Brain sciences, 11(5), 525. CC-BY 4.0. Adapted with permission
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criteria, cardiovascular diseases, recent heart or head surgery, current pregnancy, history of
psychiatric or neurological disorders and current use of any psychoactive medication. The
study was conducted in accordance with the latest version of the Declaration of Helsinki. The
full procedure and motivation were explained to each subject in detail as approved by the

institutional review boards before they gave written informed consent to enter the study.

Table 1 Demographic variables and scanning site for the three samples.

EMOBACK FACES & OASIS* IAPS
N 15 15 15
Gender All male All male All male
Age (M+SD) 29.3 (+2.9) 25.8 (+5.3) 35.5 (+10.8)
Scanning site (n) CCNB (15) BCAN (15) CCNB/UZH (5/10)

*FACES and OASIS task were assessed in the same sample; CCNB = Center for Cognitive Neurosci-
ence Berlin, BCAN= Berlin Center for Advanced Neuroimaging; UZH = University of Zurich (Reprinted
from Hartling et al., 2021 with permission).

2.2 Tasks
2.2.1 EMOBACK task

The EMOBACK task (Grimm et al., 2012) is a variant of the established n-back para-
digm (Jaeggi et al., 2010), that is used to study working memory and executive function, in a
“2-back” condition, meaning that subjects were required to monitor a series of words and to
respond every time a word was presented that was the identical to the one presented 2 trials
previously. The EMOBACK uses emotional word stimuli that were selected from the Berlin
Affective Word List (BAWL; V0 et al., 2009). The stimuli were categorized as either positive,
negative, or neutral and were matched with regard to length, imageability, emotional arousal
and frequency of appearance. Stimuli were presented in 15 blocks, 5 each for the 3 valence
categories (positive, negative, or neutral). Between the block a fixation cross appeared for 10—
14 s. Each block contained 15 words presented for 500ms each. The interstimulus interval was

1500ms long. The task lasted for 12 minutes.
2.2.2 FACES task

In the faces task, participants were shown pictures from the Warsaw Set of Emotional
Facial Expression Pictures (WSEFEP; Olszanowski et al., 2015). The block design task con-
sisted of 12 blocks with 6 negative emotional faces displaying sadness, fear, and disgust (in

randomized order) and 12 blocks with scrambled faces (control condition). In total, 72 negative
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facial expressions of 24 actors (50% women) were presented for 3 seconds each. The inter-
trial interval (ITl) was jittered between 10+1seconds. During the ITI, a white fixation cross on a
black background was shown. To ensure their attention, participants were asked to indicate by
button press whether the person was female for the portraits or for the scrambled faces
whether the colored frame around the picture was blue (compared to green). The paradigm

lasted 13 minutes.
2.2.3 IAPS task

The IAPS task consisted of 80 photographs (40 positive and 40 negative) from the
International Affective Picture System (Lang et al., 1997) presented in a block-design. Five
pictures were shown during a block of 20s duration. To ensure attention, after participants were
presented a question after each block regarding the content of one of the five pictures for 8s
(e.g., ‘Was there a cat in the picture?’). After the rating, a fixation cross was shown for 20s to
serve as a baseline condition. The fMRI-paradigm was composed of 16 blocks (8 positive and
8 negative) with an overall duration of 13 min.

2.2.4 OASIS task

The OASIS task is an implicit emotion processing task with attentional control. During
the task, scenes from the OASIS picture set (Kurdi et al., 2017) with negative valence and high
arousal rating were presented in a block-design. Scrambled pictures were used in a neutral
control condition. There were 14 negative and 14 neutral blocks, each lasting 18 seconds.
Within each block, three picture stimuli were presented consecutively for 6 seconds each, re-
sulting in a set of 42 negative pictures and 42 scrambled pictures in total. The order of the
blocks was semi-randomized. The inter-trial-interval was jittered within a range of 10+1 sec-
onds to ensure reduced predictability of picture onset and optimized sampling of the blood-
oxygen-level-dependent (BOLD) signal (Price et al., 1999). During the ITI, participants saw a
fixation cross. To ensure their attention, participants were asked to indicate by button press
whether there was a person present in the picture or for the scrambled pictures whether the

bounding box was blue or green. The experiment lasted 15 minutes.

Supplementary Table 1 gives an overview of all task characteristics for the four tasks and
Figure 1 shows example stimuli from each task. All tasks were presented via MRI compatible
video goggles (VisuaStim digital, Resonance Technology, Inc., Los Angeles, CA, USA) using
Presentation® (Neurobehavioral Systems, Inc., Albany, CA, USA). Participants responded by
pushing a fiber-optic light sensitive key press. Participants completed a brief training session
of the task they were to do inside the scanner outside in the laboratory before the scanning

session started.
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2.3 Data collection

Imaging was performed using 3T MR systems at three study sites (Berlin Center for
Advanced Neuroimaging (BCAN), Center for Cognitive Neuroscience Berlin (CCNB) and Uni-
versity of Zurich (UZH). The exact scanner type and sequence parameters at each site can be
found in Supplementary Table 2. For each sample, scanning consisted of functional imaging
by an T2-weighted echo planar imaging sequence and one anatomical reference image using
a 3-dimensional T1-weighted scan. The Faces and OASIS tasks were assessed in one ses-
sion, following a 3D scan. For the two other tasks, subjects completed a 3D scan and one task-
based functional scan (EMOBACK and IAPS, respectively). Imaging for all 4 tasks was col-

lected in one run.

¢ o

War ein rotes
Haus zu
sehen?

Figure 1 Example stimuli for A) EMOBACK B) FACES C) OASIS and D) IAPS task. (Reprinted from Hartling et
al., 2021 with permission)

2.4 Data analysis

For behavioral data, accuracy was defined as accuracy= #correct responses/#trials for
the FACES, OASIS and IAPS tasks and as accuracy = (#hits-#false alarms)/#targets in the
EMOBACK task. A threshold of 80% accuracy for FACES, OASIS and IAPS tasks and 50%
accuracy for EMOBACK task was defined for participants to be included in data analysis.
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FMRI data were analyzed using MATLAB 2020a (The Mathworks Inc., Natick, MA,
USA) and SPM12 revision 7771 (Statistical parametric mapping software, SPM; Wellcome De-
partment of Imaging Neuroscience, London, UK; Penny et al, 2011,
http:/iwww fil.ion.ucl.ac.uk). The first five volumes of each run were discarded to allow for T1
stabilization. The following pre-processing steps were realized: realignment according to the
first volume for motion correction, normalization to the standard stereotactic space template
from the Montreal Neurological Institute (MNI) and spatial smoothing using a 6 mm FWHM
Gaussian kernel. The time series were high-pass filtered (filter width 128s) to eliminate low-
frequency components and adjusted for systematic differences across trials. Data were
checked for artifacts and a cut-off for motion parameters was set at 3mm or 3°; all volumes of
all subjects passed this check. Statistical analysis on the subject level was performed by mod-
eling the different conditions convolved with a hemodynamic response function as explanatory
variables within the context of the general linear model on a voxel-by-voxel basis (Friston et
al., 1999). Realignment parameters were included as additional regressors in the statistical
model. A fixed-effect model was performed to create images of parameter estimates, which
were then entered into a second-level random-effects analysis. For the fMRI data group anal-
ysis, the contrast images from the analysis of the individual participants were analyzed using
one-sample t-tests.

For each subject, contrasts testing response to emotional stimuli relative to baseline or
neutral stimuli were calculated. Specifically, for the four tasks, these were: 1. EMOBACK: emo-
tional stimuli versus fixation condition (emotional > break); 2. OASIS: emotional stimuli versus
control condition (emotional > scrambled) 3. IAPS: emotional stimuli versus fixation condition
(emotional > break) 4. FACES: emotional stimuli versus control condition (emotional > scram-
bled).

Regions-of-interest (ROIs) were defined to examine emotion related brain activations.
Specifically, the following ROIs previously linked to emotion processing (Garcia-Garcia et al.,
2016; Lindquist et al., 2012) were selected (abbreviation and MNI coordinates in brackets): the
bilateral dorsolateral prefrontal cortex (I/rdIPFC; £40 36 32), the bilateral amygdala (I/rAM +24
-2 -20), the bilateral anterior insula (I/rAl £34 20 0) and the pregenual anterior cingulate cortex
(PgACC; 0 42 2). Spherical ROI templates with a diameter of 10 mm were built with automated
term-based meta-analyses on neurosynth.org or based on own previous studies (for pgACC;
(Grimm et al., 2012)). All ROIs are illustrated in Figure 2. The mean parameter estimate of
each ROI was extracted using the REX Toolbox (Duff et al., 2007; https://www.nitrc.org/pro-
jects/rex/). Significance tests for the ROI analyses were conducted with an a-level Bonferroni
adjusted for the number of ROI of p<.05/7=p<.0071

Paired and independent sample t-tests were conducted to compare activation in the

ROI between the tasks that have been collected in the same and different samples,
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respectively. Further Pearson’s correlation coefficients were calculated for amygdala activation
in the tasks collected in the same sample (FACES and OASIS) to test whether individual dif-

ferences in the level of amygdala activation were consistent across tasks. As exploratory anal-

yses these are reported at an uncorrected a-level of p=.05.

Figure 2 Region of interest (ROI) templates were spheres with 10mm diameter. Red = dorsolateral prefrontal cor-
tex, yellow=anterior insula, green = pregenual anterior cingulate cortex, blue = amygdala. (Reprinted from Hartling
et al. 2021 with permission)

3. Results

3.1 ROI analyses: mean activations by tasks®

Figure 3 shows an overview of the activations in the regions of interest for all 4 tasks.
Activations in response to the emotional working memory condition compared to break in the
EMOBACK task were found in bilateral anterior insula, right dorsolateral prefrontal cortex along
with a significant decrease in activity in the pgACC (pgACC: mean =-0.681 95% CI [-0.512, -
0.849] t(14) = -8.666 p<.00001; IAl: mean B=1.004 95% CI [0.810,1.199] t(14) = 11.110
p<.00001; rAl mean $=0.910 95% CI [0.686,1.135] t(14) = 8.713 p<.00001; rdIPFC: mean
B=1.310 95% CI [1.010,1.611] t(14) = 9.341 p<.00001;). There was also noticeable activation
in the left dIPFC that was, however, not significant to a Bonferroni corrected alpha-level
(IdIPFC: mean 3=0.320 95% CI [0.046, 0.593] t(14) = 2.505 p = .0252).

The FACES task elicited significant activation in the bilateral amygdala (IAM: mean
B=.469 95% CI=[.296,.644] t(14)=5.783 p=.00005; rAM: mean (3 =0.466 95% CI [0.278, 0.652]
t(14) = 5.365 p = .00001).

The IAPS task elicited activation in the bilateral amygdala and bilateral anterior insula
during presentation of emotional stimuli (activation in the left amygdala and bilateral anterior

insula was not significant to an Bonferroni adjusted alpha-level of p=.007; rAM: mean (3=0.898

6 Adapted from Hartling, C., Metz, S., Pehrs, C., Scheidegger, M., Gruzman, R., Keicher, C., Wunder, A.,
Weigand, A. & Grimm, S. (2021). Comparison of Four fMRI Paradigms Probing Emotion Processing. Brain sci-
ences, 11(5), 525. CC-BY 4.0. Adapted with permission
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95% CI [0.454,0.631] t(14) = 4.33 p =.0007; IAM: mean 3 = 0.646 95% CI1[0.186,1.106] t(14)
= 3.015 p =.009, IAl: mean 3=0.404 95% CI =[0.026,0.781 ] t(14) = 2.295 p=.038 rAl: mean
3=0.366 95% CIl =[0.108,0.624] t(14) = 3.043 p = .009).

Activation elicited by emotional stimuli in the OASIS task was found in the bilateral
amygdala as well as in the bilateral anterior Insula (Bonferroni-corrected significance not met
for rAl; IAM: mean 3=0.431 95% CI [.278,.584] t(14) = 6.063 p = .00003; rAM: mean 3 = 0.422
95% CI [0.245,0.601] t(14) = 5.103 p = .00016; IAl: mean B = 0.299 95% CI=[0.133,0.465]
t(14) = 3.882 p = .002; rAl: mean = 0.163 95% CI [.050,.276] t(14) = 3.091 p=.008).

3.2. Direct comparisons between tasks’

As data for the FACES and the OASIS task stem from the same subjects | further con-
ducted exploratory paired t-tests to directly compare activation patterns between the two tasks.
No significant difference arose except for the right anterior insula where activation in the OASIS
task exceeded that in the FACES task (OASIS: M = 0.163+0.041 FACES: M =0.002+ 0.027,
Cohen’s d = .633, p=.028). All results for paired t-tests between activations in the FACES and
OASIS task can be found in Supplementary Table 4.

Further, | also conducted exploratory independent t-tests comparing activation elicited
in each of the regions of interest between the tasks that were run in different samples. In the
right dIPFC, the activation elicited by EMOBACK was found to be significantly stronger than
that under any other task (EMOBACK: M= 1.310+£.525 IAPS M=.245+.673 FACES:
M=.094£.159 OASIS: M = .031+.270 Cohen’s d >1.7 all p<.001 for all comparisons of EMO-
BACK with other tasks). In the left dIPFC the only significant difference that arose was between
EMOBACK (M= .320+.477) and FACES task (M:.030£.162; Cohen’s d=.982 p=.015).

In both the left and right amygdalae, the EMOBACK elicited significantly less activation
than the other tasks (EMOBACK IAM: M=-.185+.255 rAM=-.210%.347 Cohen’s d>1.4 p<.001
for all comparisons with other tasks), in the right amygdala the activation elicited by IAPS was
also significantly stronger than that in the OASIS task. (IAPS: M=.898+.775 OASIS
M=.422+.310 Cohen’s d=.805 p=.042)

In the anterior insula the activation elicited by the EMOBACK was found to be signifi-
cantly greater bilaterally than that by any other task (EMOBACK rAl: M=.910+.404 IAl:
M=1.004+.350 Cohen’s >1.1 p<.006 for all comparisons). For the right anterior insula, a signif-
icant difference was found also between the IAPS and the FACES task, (IAPS: M=.365+466

7 Adapted from Hartling, C., Metz, S., Pehrs, C., Scheidegger, M., Gruzman, R., Keicher, C., Wunder, A.,
Weigand, A. & Grimm, S. (2021). Comparison of Four fMRI Paradigms Probing Emotion Processing. Brain sci-
ences, 11(5), 525. CC-BY 4.0. Adapted with permission
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FACES: M= -.003£.158 Cohen’s d=1.094 p=.007) with greater activation elicited by the IAPS
task.

In the pgACC, no significant difference was found between the de-activations elicited
by EMOBACK or IAPS task, however both differed significantly from the other two tasks,
FACES and OASIS (EMOBACK M:-0.681+.294 IAPS: M=-0.331+.606 FACES: M= .033+.219
OASIS: M=.082+.301 Cohen’s d>.75 p<.05 for all comparisons of EMOBACK or |IAPS task
with OASIS and FACES task).

3.3. Exploratory correlation analyses

| further explored whether activation in the amygdala, the only region significantly acti-
vated during both FACES and OASIS task, was correlated between the two tasks. The indi-
vidual level of activation in the amygdala in one task was not significantly related to that in the
other task, neither ipsi- nor contralaterally (all r(13)<.15, all p>.05; Supplementary Table 5
shows all correlation coefficients and Supplementary Figure 1 shows amygdala activation in
one task plotted against that in the other task for left and right amygdala separately.
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Figure 3 Contrasts of mean parameter estimates of neuronal activation in the prespecified regions of interest on the group (bars) and individual (dots) level. Error bars represent
the 95% confidence interval. Colors represent the four tasks; pink: EMOBACK (Emotional > break), , blue: FACES (Negative > scrambled), orange: IAPS (Emotional > break),
green: OASIS (Negative > scrambled). (Reprinted from Hartling et al., 2021 with permission)
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4. Discussion

4.1 Summary®

This dissertation compared four fMRI paradigms that are often applied in the affective
neurosciences regarding their potential of eliciting an activation in regions commonly associ-
ated with emotion processing. The results indicated that the different fMRI paradigms elicited
different neural activation patterns. The EMOBACK task elicited activation in the right dIPFC
and the bilateral anterior insula and deactivation in the pgACC (but no significant change in
amygdala activation). The activation in the bilateral anterior insula in response to the EMO-
BACK was also significantly stronger than that of any other task recruiting the anterior insula.
The FACES task induced activity selectively in the bilateral amygdala and the two tasks that
used picture stimuli of emotionally valanced scenes, OASIS and IAPS, both induced activity in
the bilateral amygdala and insula. While the activations in the right amygdala and anterior
insula appeared stronger in the IAPS task, there was less variance in the OASIS task, which
consisted solely of negative emotional scenes, resulting in more statistically significant activa-
tions. Activation in the amygdala, the region significantly activated in both the OASIS and

FACES task, was not significantly correlated between the two tasks.

4.2 Comparison with the literature?

A meta-analysis of n-back tasks with neutral stimuli found activity in the bilateral middle
frontal gyrus and left anterior insula (among other regions; Wang et al., 2019), pointing to the
activation in the right anterior insula in the EMOBACK task being attributable to the emotional
nature of the stimuli at use. The activation elicited by the emotional n-back task in this study is
in line with previous research from our group that found activation in the bilateral dIPFC and
anterior insula as well as deactivation in a region in the rostral anterior cingulate cortex (Grimm
et al., 2012). While there was some activation in the left dIPFC, it was much less pronounced
and not statistically significant. Previous studies have also reported predominant involvement
of the right compared to the left dIPFC in coping with emotional distractors in working memaory
tasks (Erk et al., 2007; Van Dillen et al., 2009). The exploratory independent sample t-tests
between the tasks revealed that the EMOBACK task elicited significantly greater right dIPFC
and bilateral anterior insula activity than any other of the studied tasks. This finding is plausible

given that the EMOBACK is the only task of those studied here that has a working memory

8 Adapted from Hartling, C., Metz, S., Pehrs, C., Scheidegger, M., Gruzman, R., Keicher, C., Wunder, A.,
Weigand, A. & Grimm, S. (2021). Comparison of Four fMRI Paradigms Probing Emotion Processing. Brain sci-
ences, 11(5), 525. CC-BY 4.0. Adapted with permission.

° Adapted from Hartling, C., Metz, S., Pehrs, C., Scheidegger, M., Gruzman, R., Keicher, C., Wunder, A.,
Weigand, A. & Grimm, S. (2021). Comparison of Four fMRI Paradigms Probing Emotion Processing. Brain sci-
ences, 11(5), 525. CC-BY 4.0. Adapted with permission.
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component on top of the emotional stimulation as well as the one with the shortest stimulus
duration, likely requiring greater attention. No amygdala activation in response to the EMO-
BACK task was found. This is in line with previous results showing high cognitive effort in
emotion-cognition-interference tasks reducing amygdala activation in response to emotional
stimuli (Erk et al., 2007) and the account that it is insular and not amydalar activation that
mediates emotional capture of attention effects (Marxen et al., 2021). The EMOBACK also
uses written words as stimuli, which have consistently been shown to be associated with a
lower probability of amygdala activation compared to emotional pictures (Costafreda et al.,
2008), possibly due to greater stimulus complexity of the latter (Schlochtermeier et al., 2013).
The pregenual ACC is part of the default mode network, which is characterized by deactivation
during goal-directed tasks but is activated in autobiographical and self-referential thought and
social cognition (Raichle, 2015; Spreng, 2012). However, the pgACC is also implied in the
cognitive regulation of affect (Palomero-Gallagher et al., 2019). The deactivation found here
might thus represent an interaction of both reduced activity due to a cognitive process and
involvement in the regulation of activity in emotion-reactive brain regions. A previous study
from our group concordantly found the pgACC to deactivate less in an emotional compared to
a neutral condition of the EMOBACK (Grimm et al., 2012).

The result regarding the FACES task eliciting amygdala activation distinctively is in line
with meta-analytic findings on tasks using emotional faces (Miller et al., 2018; Sabatinelli et
al., 2011), where several brain regions apart from the amygdala (e.g., fusiform gyrus) were
significantly associated with viewing facial expressions of emotion, but none of the other ROIs
studied here. Robust engagement of the bilateral amygdala has been found in response to
facial stimuli regardless of valence (Mdller et al., 2018). However, the amygdala is routinely
implicated in orienting responses to behaviorally relevant stimuli, suggesting it is especially
sensitive to the emotional content in facial expressions (Whalen et al., 2009).

The two tasks studied here that use pictures of naturalistic emotional scenes elicited acti-
vations in the anterior insula and amygdala. The tasks using naturalistic scene stimuli were
found to elicit a wider set of neural activations than the FACES task, which is in line with a
meta-analytic comparison of these two types of tasks (Sabatinelli et al., 2011). While this meta-
analysis did not find an association of scenic emotional stimuli with activation in the anterior
insula, a later meta-analysis did establish a robust association of anterior insula activation and
emotional stimulation (Duerden et al., 2013). Although in direct comparison the IAPS task pro-
voked a significantly greater activation in the right amygdala and right anterior insula, the OA-
SIS task elicited more reliable (and significant) bilateral activation in both amygdala and ante-
rior insula. This may be due to differences between the tasks: While the OASIS task shows
only negative stimulus material to participants, the IAPS task uses both positive and negative

scenes. The representation of positive and negative emotion in the brain seems to largely
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overlap (Lindquist et al., 2016), however, there have been reports of negative emotions eliciting
stronger activation in the amygdala (Wager et al., 2003) and the insula (Aldhafeeri et al., 2012)
compared to positive emotions, which might explain the different activation patterns between
the two tasks. It further seems plausible that showing aversive content exclusively, as in the
OASIS task, might more likely induce a negative affective state as compared to alternating
between pictures of positive and negative valence as in the IAPS task, hence triggering a more
consistent neuronal response. As no ratings of subjective emotional experience were collected
during the tasks, this remains speculative.

The results from the direct comparison of the FACES and the OASIS tasks is in line with
another report of the right anterior insula being more strongly activated by emotional scene
than by emotional face stimuli (Reisch et al., 2020). Both findings appear at odds with another
study that compared passive viewing tasks of emotional facial expressions and scenes (Britton
et al., 2006). In this study, the anterior insula activity was greater in response to emaotional face
stimuli compared to naturalistic scenes. The stimuli selection (a wider range of emotions in-
cluding positive ones) and contrasts used (emotion — fixation), however, were different from
the tasks studied here. It remains inconclusive, whether the activation profiles this dissertation
report from the studied tasks generalize to similar paradigms or are rather specific to the exact

task.

Correlation analyses revealed that individual amygdala activation in the FACES and OA-
SIS tasks are not consistently related. This finding is in line with previous research that found
that while group level activations were consistent across different threat probing tasks, individ-
ual amygdala activation in the different paradigms was not significantly correlated (Villalta-Gil
et al., 2017). This indicates that individual brain activations in different emotional fMRI para-
digms should not be regarded as interchangeable measures but should rather always be in-
terpreted with regard to the specific features of the task. However, consistent group effects
arising from unreliable individual activations in task-based fMRI have also been reported for
intertemporal choice and reward processing tasks (Frohner et al., 2019; Nielson et al., 2021).
The phenomenon might hence also represent a challenge that is pervasive in task-based fMRI
research. In the history of the field, fMRI measures were mostly designed to study within-sub-
ject group effects and hence optimized for robustness (Elliott et al., 2021). Robustness how-
ever does not guarantee good reliability of the measure, which is needed to study between-
subject effects (Infantolino et al., 2018; Moriarity & Alloy, 2021) and determine correlations

between different tasks.

4.3 Implications

The results of this study demonstrate that the different paradigms elicit different activation

profiles and can be used to address different aspects of emotion processing. The pattern of
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activation elicited by the EMOBACK task suggests that it is well suited for the study of emotion-
cognition interactions in the anterior insula, pgACC, and (right) dIPFC, as might be of interest
for example in the study of depression and its treatment (Korgaonkar et al., 2013; Phillips et
al., 2015). Investigators primarily interested in amygdala activation and its potential change in
response to interventions could deduct from this study’s results to employ the FACES task,
whereas the OASIS task showed robust activation in amygdala as well as in anterior insula,
allowing for a broader study of brain regions involved in emotion processing. The results are
less conclusive about recommendations concerning the IAPS task. It might have the greatest
face validity to assess emotion processing among the tasks studied here as it presents natu-
ralistic scenes of both positive and negative valence. However, in the present sample, there
was substantial variability in the neural response during IAPS task performance and a statisti-
cally significant change in activation was found only in the right amygdala.

Currently, a vast variety of fMRI paradigms are in use for the study of emotion processing.
This limits the comparability between studies and impedes concise meta-analyses (Riedel et
al., 2018). Therefore, it can be difficult to extract from the literature which paradigm is best
suited for a specific research question; especially, as it has become clear that analytic choices
can considerably impact the results of fMRI studies (Botvinik-Nezer et al., 2020; Poldrack et
al., 2017). To allow for a comparison between fMRI tasks, it is crucial that the data are studied
using the same analysis pipeline, as was done here. The results from this dissertation showing
activation elicited by different emotional fMRI paradigms in relevant pre-defined ROIs might
thus provide guidance for planning studies on emotion processing. Being able to purposefully
choose the fMRI task with the biggest effect sizes in a given study’s target regions will increase
the power of that said study, thereby reducing the risk of false positive findings. A well-powered

study further requires fewer participants to produce stable effects, which can reduce its cost.

4 4 Directions for future research

The present dissertation is an effort toward improving fMRI research by systematically
investigating activation patterns elicited by fMRI paradigms and thus enabling better informed
and more strategical task employment. However, much further research is needed. The field
of affective and clinical neuroscience would ultimately profit from standard task protocols spe-
cific to the study of certain brain regions or mental processes as this would grant optimized
comparability of results and meta-analytic synthesis. The establishment of a centralized online
repository for fMRI paradigms, where upon publication of the study researchers could upload
the task material, is technically feasible and could support and accelerate the development of
standardized paradigms (Wall, 2018).

Furthermore, recent studies have shown that the fMRI paradigms currently in use lack the
reliability that would be needed for the use of fMRI as a biomarker in pathology and intervention

research (Elliott et al., 2020; Frohner et al., 2019; however, see also Chen, et al. 2021; Kragel
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et al., 2020). Among the potential remedies that have been discussed is increasing the amount
of individual data collected (i.e., longer scan time) (Chen et al., 2021; Gordon et al., 2017; Nee,
2019), which could be achieved by collecting several runs of the task in question. Another
approach is increasing field strength. Good reliability for activations associated with emotional
stimulation has been shown at 7T (Berboth et al., 2021; Geissberger et al., 2020). However,
both these means are costly. In contrast, optimizing fMRI tasks for psychometric measures like
reliability is relatively inexpensive and could maximize efficiency of fMRI research allowing
researchers to collect smaller amounts of higher quality data instead of accruing high amounts
of lesser quality data (McDermott et al., 2018; Moriarity & Alloy, 2021; Wall, 2018). Future
research should strive to apply techniques from the field of psychometrics, such as item-re-
sponse theory to the selection of stimuli to realize optimal psychometric properties for fMRI
tasks (Wilson et al., 2021). Furthermore normative data on neural activation to fMRI paradigms
should be collected from representative healthy and clinical populations as it would allow for
the interpretation of individuals’ neural responses to the tasks (McDermott et al., 2018).

4.5 Limitations?0

The present dissertation has limitations that need to be considered when interpreting its
results. Although the region of interest approach does increase power compared to whole-
brain analyses, the size of the available samples was quite small, especially considering that
the effects reported for emotion perception tasks are at best of moderate size (.5< Cohen’s d
<.8; (Poldrack et al., 2017)). The study thus had limited power to find ‘true’ effects and there is
an increased likelihood of statistically significant results representing false positives. However,
Bonferroni-correction was applied to account for multiple testing, limiting the risk of false posi-
tive results. Pre-registering the choice of ROIs would have been a way to further strengthen
this dissertations results (Gentili et al., 2020) and while a clear rational for the choice is given,
the lack of a time-stamped registration should be considered a limitation of this study. The data
analyzed in this dissertation stem from different samples adding in-between subject variance
and were collected on different MRI scanners (although with largely similar sequences). There-
fore, systematic variability in the data stemming from the acquisition set-up (Jovicich et al.,
2009) cannot be ruled out. Studies investigating multi-site-reliability of task-based fMRI found
that a possible effect of site on the data is likely small (Forsyth et al., 2014; Gee et al., 2015).
Nevertheless, it is a limitation of the present dissertation that acquisition site was not included
in the statistical modelling of the data. The mean age of the samples studied differed notably,

and although a recent meta-analysis (Garcia-Garcia et al., 2016) did not find an effect of age

10 Adapted from Hartling, C., Metz, S., Pehrs, C., Scheidegger, M., Gruzman, R., Keicher, C., Wunder, A.,
Weigand, A. & Grimm, S. (2021). Comparison of Four fMRI Paradigms Probing Emotion Processing. Brain sci-
ences, 11(5), 525. CC-BY 4.0. Adapted with permission.
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on neural activations during emotion processing, such effects have been suggested (Cacioppo
et al., 2011; MacCormack et al., 2020) and might have influenced the differences between
activation patterns observed here. As all participants in this study were young to middle-aged,
a possible impact of age differences on the data it is likely small. Lastly, the samples analyzed
for this dissertation were confined to males, potentially limiting the generalizability of the re-
sults. There have been reports of gender differences in neural processes in emotion pro-
cessing (e.g.,Wrase et al., 2003) and earlier meta-analyses found functional lateralization dif-
ferences based on gender (Stevens & Hamann, 2012; Wager et al., 2003). However, their
methodology has been contested (Bluhm, 2013), and the latest meta-analysis on emotion pro-
cessing specifically (Garcia-Garcia et al., 2016) and neural activity in task-based fMRI re-
search more generally did not find evidence for reliable gender differences (Eliot et al., 2021).
However, a potential influence of selection bias on the results of this dissertation cannot be

ruled out.

5. Conclusions

The present dissertation found that the four studied fMRI paradigms, that are frequently used
to study emotion processing, elicit different neural activation patterns in core brain regions of
emotion processing. These differences make the paradigms best suited for different research
interest. Its results suggest that the FACES task can ideally be employed for the selective
study of the amygdala, whereas the OASIS task evoked significant activations both in the left
anterior insula and the amygdalae. The EMOBACK task elicited a deactivation of the pgACC
and activation in the right dIPFC and bilateral anterior insula and is hence best suited for the
study emotion-cognition interactions and the underlying interplay of brain regions from different
networks. Amygdala activation in response to two of the tasks (FACES and OASIS) was not
significantly correlated, warning of easily equating paradigms with each other. These results
are valuable to inform the planning of future studies and the eventual development of functional

MRI biomarkers.
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7. Appendix

Supplementary Table 1 Task characteristics of the four emotion tasks (Reprinted from Hartling et al., 2021 with

permission)
IAPS EMOBACK OASIS Faces
Task design block design block design block design block design
Conditions Positive/negative Egjtl:;vle/negatlve/ negative/scrambled negative/scrambled

Contrast of interest
Stimulus modality
Stimuli database
Num. of conditions
Total num. of stimuli
Num. of blocks
Blocks per condition
Stimuli per block
Block duration
Stimuli per condition
Stimulus duration
Inter-stimulus interval

Break duration

Attention check

break

Overall duration

Volumes collected

Emotional - break
Picture

IAPS

2

80

16

20s
40
4s
none

20s

Question for 8s af-
ter each block

fixation cross

13min

384

Emotional — break
Word

BAWL

3

225

15

15

21s

75
500ms
1500ms
10-14s

n-back task

fixation cross

12min

331

Negative — scrambled
Picture
OASIS
2

84

28

14

3

18s

42

6s
none
20-21s

Indicate whether per-
son is in the picture/
frame colour

fixation cross

15min

430

Negative — scrambled
Picture

WSEFEP

2

144

24

12

18s
72
3s
none

20-21s

Indicate gender/frame
colour

fixation cross

15min

370
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Supplementary Table 2 MRI sequence parameters at the different sites. (Reprinted from Hartling et al., 2021 with

permission)

BCAN

UZH

CCNB

Manufacturer, model name, field

strength

Receiver coil

Functional imaging

Imaging type
TE
TR

Flip angle

Number of slices placed along the
anterior—posterior commissure

plane
Slice thickness
FOV

Voxel size

Parallel imaging method

Slice order
Fat suppression

Anatomical imaging

Imaging type
TRITE

TR

Flip angle
Number of slices
FOV

Voxel size

Siemens MAGNETOM

Prisma 3T

12-channel head coil

EPI
30ms
2000ms
80°

36

3mm
192mm
3x3x3
GRAPPA
Interleaved

Fat saturation

3D

3.03ms
2300ms

9°

192
256x256mm

1x1x1mm

Philips
Achieva TX 3T

8-channel head coil

EPI
35ms
2000ms
82°

32

4mm

220mm
2.75x2.75x 4 mm
SENSE

Ascending

Fat saturation

3D

4.6 ms
9.3ms

g°

160
240x240mm

1x1x1mm

Siemen MAGNETOM Tri-

oTim 3T

12-channel head coil

EPI
30ms
2000ms
70°

37

3mm
192mm
3x3x3mm
GRAPPA
Interleaved

Fat saturation

3D

2.52ms
1900ms

9°

176
256x256mm

1x1x1mm
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Supplementary Table 3 Region of interest analyses for the four tasks. Mean parameter estimates standard deviation, parameters for two-sided Student t-test (t, df, p) and confidence intervals.
(Reprinted from Hartling et al., 2021 with permission)

A. EMOBACK
leftAlnsula leftAM leftDLPFC pgACC rightAlnsula rightAM rightDLPFC
Mean 1.48495 -0.24744 0.47400 -1.04277 1.32879 -0.28052 1.93647
SD 0.49629 0.50044 0.68464 0.55353 0.57498 0.55892 0.79502
t 11.58833 -1.91496 2,68142 -7,29613 8,95062 -1,94384 9,43357
df 14 14 14 14 14 14 14
p 0.00001 0.07616 0.01790 0.00001 0.00001 0.07229 0.00001
95% ClI [1.21012, 1.75979] [-0.52458, 0.0297] [0.09486, 0.85314] [-1.3493, -0.73623] [1.01038. 1.64720] [-0.59004, 0.029] [1.49620, 2.37674]
B. FACES
leftAlnsula leftAM leftDLPFC pgACC rightAlnsula rightAM rightDLPFC
Mean 0.09323 0.46985 -0.03039 0.03257 -0.00293 0.46597 -0.09403
SD 0.16553 0.31467 0.16785 0.22641 0.16341 0.33638 0.16507
t 2.18137 5.78297 -0.70129 0.55709 -0.06952 5.36501 -2.20631
df 14 14 14 14 14 14 14
p 0.04670 0.00005 0.49461 0.58627 0.94556 0.00010 0.04457
95% CI [0.00156, 0.18490] [0.29559, 0.64410] [-0.12335, 0.06256] [-0.09282, 0.15795] [-0.09343, 0.08756] [0.27969, 0.65225] [-0.18544, -0.00262]
C. OASIS
leftAlnsula leftAM leftDLPFC pgACC rightAlnsula rightAM rightDLPFC
Mean 3 0.29931 0.43119 0.05705 0.08167 0.16307 0.42283 0.03093
SD 0.29854 0.27543 0.20688 0.31179 0.20431 0.32088 0.27998
t 3.88297 6.06322 1.06807 1.01444 3.09125 5.10350 0.42790
df 14 14 14 14 14 14 14
p 0.00166 0.00003 0.30356 0.32758 0.00797 0.00016 0.67523
95% CI [0.13399, 0.46464] [0.27866, 0.58372] [-0.05752, 0.17162] [-0.091, 0.25433] [0.04993, 0.27622] [0.24513, 0.60052] [-0.12411, 0.18598]
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D. IAPS

leftAlnsula leftAM leftDLPFC pgACC rightAlnsula rightAM rightDLPFC
Mean 0.40364 0.64603 0.20267 -0.33096 0.36585 0.89803 0.24453
SD 0.68117 0.82985 0.64881 0.62744 0.46560 0.80244 0.69763
t 2.29500 3.01507 1.20983 -2.04289 3.04322 4.33437 1.35752
df 14 14 14 14 14 14 14
p 0.03771 0.00927 0.24638 0.06036 0.00877 0.00069 0.19610
95% ClI [0.02642, 0.78086] [0.18647, 1.10558] [-0.15663, 0.56197] [-0.67843, 0.01651] [0.10801, 0.62369] [0.45366, 1.34241] [-0.14181, 0.63086]

Supplementary Table 4 Exploratory paired t-test (two-sided) parameters for mean parameter estimates in FACES and OASIS tasks collected in the same sample. (This table appears only this
dissertation framework, its author holds the copyright. It has not previously been published.)

leftAlnsula leftAM leftDLPFC pgACC rightAlnsula rightAM rightDLPFC
df 14 14 14 14 14 14 14
t -1.944 .366 -1.195 -.480 -2.453 .383 -1.87
p .072 72 .252 .638 .028 .708 .082
Cohen’s d .502 .095 .308 124 .633 .099 483

Supplementary Table 5 Exploratory independent sample t-test (two-sided) parameters for contrasts between mean parameter estimates for tasks collected in independent samples. (Reprinted
from Hartling et al., 2021 with permission)

A. pgACC
Contrast EMOBACK / IAPS EMOBACK / FACES EMOBACK / OASIS IAPS / FACES IAPS / OASIS
df 28 28 28 28 28
T -1.944 -7.286 -6.779 -2.111 -2.281
p 0.062 <.001 <.001 .044 .030
Cohen’s d 734 2.753 2.562 .798 .862
B. right dIPFC
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Contrast EMOBACK / IAPS EMOBACK / FACES EMOBACK / OASIS IAPS / FACES IAPS / OASIS
df 28 28 28 28 28
t 4.669 9.579 8.107 1.829 1.100
p <.001 <.001 <.001 .078 .280
Cohen’s d 1.765 3.6216 3.064 .691 41
C. leftdIPFC
Contrast EMOBACK / IAPS EMOBACK / FACES EMOBACK / OASIS IAPS / FACES IAPS / OASIS
df 28 28 28 28 28
t .556 2.598 1.898 135 .828
p .583 .015 .068 .188 415
Cohen’s d .210 .982 718 .509 .313
D. right anterior insula
Contrast EMOBACK / IAPS EMOBACK / FACES EMOBACK / OASIS IAPS / FACES IAPS / OASIS
df 28 28 28 28 28
t 3.412 8.106 6.385 2.894 1.544
p .002 <.001 <.001 .007 134
Cohen’s d 1.292 3.064 2413 1.094 .583
E. left anterior insula
Contrast EMOBACK / IAPS EMOBACK / FACES EMOBACK / OASIS IAPS / FACES IAPS / OASIS
df 28 28 28 28 28
t 3.037 9.111 5.933 1.715 .543
p .005 <.001 <.001 .097 591
Cohen’s d 1.148 3.443 2.243 .648 .205
F. right amygdala
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Contrast EMOBACK / IAPS EMOBACK / FACES EMOBACK / OASIS IAPS / FACES IAPS / OASIS
df 28 28 28 28 28
t -4.912 -5.424 -5.193 1.923 2.130
p <.001 <.001 <.001 .065 .042
Cohen’s d 1.857 2.050 1.963 727 .805
G. leftamygdala
Contrast EMOBACK / IAPS EMOBACK / FACES EMOBACK / OASIS IAPS / FACES IAPS / OASIS
df 28 28 28 28 28
t -3.709 -6.264 -6.360 .769 .952
p <.001 <.001 <.001 448 .349
Cohen’s d 1.402 2.368 2.404 291 .360
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Supplementary Table 6 Correlation of mean parameter estimates of amygdala activation in FACES and OASIS task. This
table only appears in this this dissertation framework, its author holds the copyright. It has not previously been published.

Variable M SD 1.leftAM FACES 2. rightAM FACES 3. [eftAM OASIS
1. leftAM FACES 0.47 0.31
2. rightAM FACES 0.47 0.34 84
[.58, .95]
3. [eftAM OASIS 0.43 0.28 .05 10
[-.48, .55] [-.44, 58]
4. rightAM OASIS 0.42 0.32 -.05 12 90
[-.55, .47] [-.42, 59] [.72, .97]

Note. Values in square brackets indicate the 95% confidence interval for each correlation. The confidence interval is a plausi-
ble range of population correlations that could have caused the sample correlation (Cumming, 2014). * indicates p < .05. **

indicates p < .01.
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Supplementary Figure 1 Scatterplots of mean parameter estimates of neural activation in FACES and OASIS tasks in A) left
amygdala and B) right amygdala. (This figure appears only in this dissertation framework, its author holds the copyright. It
has not previously been published).
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Abstract: Previous fMRI research applied a variety of tasks to examine brain activity underlying emo-
tion processing. While task characteristics are known to have a substantial influence on the elicited
activations, direct comparisons of tasks that could guide study planning are scarce. We aimed to pro-
vide a comparison of four common emotion processing tasks based on the same analysis pipeline to
suggest tasks best suited for the study of certain target brain regions. We studied an n-back task using
emotional words (EMOBACK) as well as passive viewing tasks of emotional faces (FACES) and emo-
tional scenes (OASIS and IAPS). We compared the activation patterns elicited by these tasks in four
regions of interest (amygdala, anterior insula, dorsolateral prefrontal cortex (dIPFC) and pregenual
anterior cingulate cortex (pgACC)) in three samples of healthy adults (N=45). The EMOBACK task
elicited activation in the right dIPFC, bilateral anterior insula and deactivation in pgACC, while the
FACES task recruited the bilateral amygdala. IAPS and OASIS task showed similar activation patterns
recruiting bilateral amygdala and anterior insula. We conclude that these tasks can be used to study
different regions involved in emotion processing and that the information provided is valuable for
future research and the development of fMRI biomarkers.

Keywords: fMRI paradigms; emotion processing; amygdala; anterior insula; pregenual ACC

1. Introduction

A variety of different fMRI paradigms have been used to probe emotion processing in order to under-
stand its neural underpinnings in healthy subjects [1] and to study the effects that development[2], psy-
chopathology [3], or therapeutic interventions [4,5] exert on it. Differences between these paradigms lie
in the stimulus material used (e.g., printed words, pictures, melodies), the task posed to participants
(e.g., passive viewing, matching, emotional Stroop or n-back), and the cognitive effort needed to fulfill
the task (e.g., 0-back vs 2-back conditions, emotional judgements). Previous research has shown that the
nature of the task and stimuli employed have a considerable impact on the effects [6-8] and that differ-
ent tasks can trigger different aspects of emotion processing [9]. In some instances, even tasks intended
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to represent the same concept appear to elicit different activation patterns: a study comparing amygdala
activation in four different threat reactivity tasks found that amygdala activation did not correlate sig-
nificantly across the tasks [10]. Importantly, standard emotion processing paradigms which aim to
study certain target regions or aspects have not been established yet and direct comparisons between
tasks are scarce. This can pose a challenge for planning new experiments. Furthermore, fMRI studies
often differ in their pre-processing routines and analysis software, so that activation differences cannot
safely be ascribed solely to the task at use. The goal of the present study was to compare common emo-
tion processing fMRI tasks based on the same analysis pipeline regarding the activation they elicit in
core regions of emotion processing.

Meta-analyses of fMRI research on emotion processing have robustly implicated several brain regions:
Namely, the amygdala, anterior insula, pre- and subgenual anterior cingulate cortex (ACC) as well as
dorsal ACC (dACC), dorsomedial prefrontal cortex (dmPFC), dorsolateral PFC (dIPFC), parahippocam-
pus, orbitofrontal cortex, and visual and auditory cortices [1,9,11]. The constructionist approach (cf. [11])
assumes that emotion processing draws on more basic psychological operations and therefore recruits
the respective brain networks underlying these operations. By this account, the brain regions activated
in fMRI tasks of emotion can each be associated with a functional network that exerts a sub-process of
emotion. The functional networks assumed to work together in emotion processing are the limbic net-
work (realizing affective states in the body), salience network (detecting behaviorally relevant infor-
mation), default-mode network (self-referential conceptualization of information), and the executive
control network (evaluating or manipulating the incoming information; [11]).

A recent study on a databank of task-based fMRI studies of emotion processing clustered studies based
on similar activation patterns elicited by the task in use, then performed meta-analyses for each of the
cluster of studies. This approach dissociated five brain networks with convergent activations during
different types of emotion processing tasks [9]. Apart from two networks in sensory cortices, these were
largely overlapping with the salience, the default mode and the limbic network. Subsequently the meta-
data of the experimental designs in each cluster were analyzed. Based on this the found networks were
characterized as contributing to drawing attention to salient information, appraisal and prediction of
emotional information, and induction of the emotional response, respectively. These results are in line
with the constructionist view [11] that emotion processing draws on psychological functions engen-
dered by large-scale brain-networks.

Therefore, as regions of interest we chose one hub of each of these networks: the amygdalae, anterior
insulae, pregenual ACC (pgACC), and bilateral dIPFC. The amygdala is the region that is most robustly
engaged in emotion processing [1,6,7] and shows the greatest functional connectivity with other regions
involved in emotion processing [1]. It is involved in signaling whether sensory information is motiva-
tionally salient [12] and has also been thought of as realizing “core affect”, i.e., affective bodily sensa-
tions [11]. In clinical neuroscience, altered amygdala function in emotion processing, specifically, hy-
peractivation to negative stimuli has been found in patients with depression, social anxiety, post-trau-
matic stress and borderline personality disorder [3,13,14].

The anterior insula is essential for the awareness of interoceptive information [15] as well as own affec-
tive experience [16] and robustly activates during the perception of emotional stimuli [17]. It is a core
component of the salience network [18], where it proposedly integrates physiological information with
emotional, cognitive, and motivational signals to detect salience of stimuli. Therefore, the activation of
the anterior insula in emotion processing may be linked to the salience of emotional stimuli. The pre-
genual ACC (pgACC) is a part of the default mode network and typically deactivated in goal-directed
tasks [19], but activated during self-referential thought [20], the assessment of internal emotional states
[21] as well as emotion perception [22]. It has been suggested to subserve a hub function integrating
emotion and cognition through its projections to several cortical regions [23], and its involvement in
emotion processing may reflect cognitive appraisal of the emotional content of stimuli [9,24]. The pre-
genual ACC seems to play a crucial role in the cognitive regulation of emotions [20]. The dIPFC is a core
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region in the fronto-parietal control network, that supports executive attention, working memory, and
complex problem-solving [18]. It has been found to activate in emotion processing tasks, especially
when participants are asked to categorize or evaluate emotional information [11]. DIPFC activity com-
petes with amygdala activity in tasks that present an interference of emotional content and cognitive
demand [25], such that cognitive load is negatively correlated with amygdala activation in presence of
emotional stimuli [26]. Consistent with these findings, dIPFC activity has been associated with emotion
regulation [27].

In this study we aimed to assess the different brain activation profiles elicited by four different tasks
that have been widely used within the affective neurosciences. Thereby, we hope to inform the choice
of experimental designs when aiming to examine specific parts of the emotion processing network. One
task was an emotional working memory paradigm (EMOBACK; [28]) and three were passive emotion
viewing tasks with attentional control. One of these used emotional face stimuli (FACES task) and the
two others used pictures of emotional scenes, that were either positive and negative (IAPS) or solely
negative (OASIS). All tasks used stimulus material from validated sets of pictures or words whose emo-
tional valence has been established. We analyzed three datasets to investigate how the selected four
core regions activate in response to the specific kind of emotional stimulation in each of the tasks.

2. Materials and Methods
2.1 Participants

This study analyses data from 45 healthy males aged 18-58 belonging to three samples each consisting
of 15 subjects. Mean age of the participants was 25.8 (+5.3) years for the sample from whom FACES and
OASIS task were collected, 29.3 (+2.9) years for the EMOBACK task sample and 35.5 (+10.8) years for
the IAPS task sample. Supplementary Table 1 shows data on demographic variables and scanning sites.
Exclusion criteria were standard MR exclusion criteria, cardiovascular diseases, recent heart or head
surgery, current pregnancy, history of psychiatric or neurological disorders and current use of any psy-
choactive medication. The study was conducted according to the latest version of the Declaration of
Helsinki. The full procedure and purpose were explained to each subject in detail as approved by the
institutional review boards before they gave written informed consent to enter the study.

2.2 Tasks
2.2.1 EMOBACK task

The EMOBACK task [28] is an emotional 2-back task that uses verbal stimuli selected from the Berlin
Affective Word List (BAWL; [29]). Subjects were required to monitor a series of words and to respond
every time a word was presented that was the identical to the one presented 2 trials previously. They
were instructed to respond as quickly and as accurately as possible. The stimuli were categorized as
either positive, negative, or neutral and were matched with regard to length, imageability, emotional
arousal and frequency of appearance. Stimuli were presented in 15 blocks, 5 for each valence category
(positive, negative, or neutral). Between the block a fixation cross appeared for 10-14 s. Each block con-
tained 15 words presented for 500ms each. The interstimulus interval was 1500ms long. A brief training
of the task outside the scanner preceded the scanning session. The task lasted for 12 minutes.

2.2.2 FACES task

In the faces task, participants were shown pictures from the Warsaw Set of Emotional Facial Expression
Pictures (WSEFEP, [30]). The block design task consisted of 12 blocks with 6 negative emotional faces
displaying sadness, fear, and disgust (in randomized order) and 12 blocks with scrambled faces (control
condition). In total, 72 negative faces of 24 actors (50% female) were shown for 3 seconds each. The inter-
trial interval was jittered between 10+1seconds. During the inter-trial-interval (ITI), participants viewed
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a white fixation cross on a black background. To ensure attention, participants were asked to indicate
by button press whether the person was female for the portraits or for the scrambled faces whether the
colored frame around the picture was blue (compared to green). The paradigm lasted 13 minutes. A
brief training of the task outside the scanner preceded the scanning session.

2.2.3 IAPS task

The IAPS task consisted of 80 photographs (40 positive and 40 negative) from the International Affective
Picture System [31] presented in a block-design. Five pictures were shown during a block of 20s dura-
tion. To ensure attention, after participants were presented a question after each block regarding the
content of one of the five pictures for 8s (e.g., “Was there a cat in the picture?’). After the rating a fixation
cross was shown for 20s to serve as a baseline condition. The fMRI-paradigm was composed of 16 blocks
(8 positive and 8 negative) with an overall duration of 13 min.

2.2.4 OASIS task

The OASIS task is a passive picture viewing task with attentional control. During the task, scenes from
the OASIS picture set [32] with negative valence and high arousal rating were presented in a block-
design. Scrambled pictures were used in a neutral control condition. There were 14 negative and 14
neutral blocks, each lasting 18 seconds. Within each block, three picture stimuli were presented consec-
utively for 6 seconds each, resulting in a set of 42 negative pictures and 42 scrambled pictures in total.
The order of the blocks was semi-randomized. The inter-trial-interval was jittered within a range of
10+1 seconds to ensure reduced predictability of picture onset and optimized sampling of the BOLD
signal [33]. During the ITI, participants saw a fixation cross. To ensure attention, participants were asked
to indicate by button press whether there was a person present in the picture or for the scrambled pic-
tures whether the bounding box was blue or green. A brief training of the task outside the scanner
preceded the scanning session. The experiment lasted 15 minutes.

Supplementary Table 2 gives an overview of all task characteristics for the four tasks and Supplemen-
tary Figure 1 shows example stimuli from each task. All tasks were presented via MRI compatible video
goggles (VisuaStim digital, Resonance Technology, Inc., Los Angeles, CA, USA) using Presentation®
(Neurobehavioral Systems, Inc., Albany, CA, USA). Participants responded by pushing a fiber-optic
light sensitive key press.

2.3 Data collection

Imaging was performed using 3T MR systems at three study sites (Berlin Center for Advanced Neu-
roimaging (BCAN), Center for Cognitive Neuroscience Berlin (CCNB) and University of Zurich (UZH).
The exact scanner type and sequence parameters at each site can be found in Supplementary Table 3.
For each sample, scanning consisted of functional imaging by an T2-weighted echo planar imaging se-
quence and one anatomical reference image using a 3-dimensional T1-weighted scan. The Faces and
OASIS tasks were assessed in one session, following a 3D scan. For the two other tasks, subjects com-
pleted a 3D scan and one task-based functional scan (EMOBACK and IAPS, respectively). Imaging for
all 4 tasks was collected in one run.

2.4 Data analysis

For behavioral data, accuracy was defined as accuracy= #correct responses/#trials for the FACES, OASIS
and IAPS tasks and as accuracy = (#hits-#false alarms)/#targets in the EMOBACK task. A threshold of

80% accuracy for FACES, OASIS and IAPS tasks and 50% accuracy for EMOBACK task was defined for
participants to be included in data analysis.

FMRI data were analyzed using MATLAB 2020a (The Mathworks Inc., Natick, MA, USA) and
SPM12 revision 7771 (Statistical parametric mapping software, SPM; Wellcome Department of Imaging
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Neuroscience, London, UK; http://www fil.ion.ucl.ac.uk). The first five volumes of each run were dis-
carded to allow for T1 stabilization. The following pre-processing steps were realized: realignement
according to the first volume for motion correction, normalization to a standard stereotactic space tem-
plate from the Montreal Neurological Institute (MNI) and spatial smoothing using a 6 mm FWHM
Gaussian kernel. The time series were high-pass filtered (filter width 128s) to eliminate low-frequency
components and adjusted for systematic differences across trials. We checked for artifacts and set a cut-
off for motion parameters at 3mm or 3°; all volumes of all subjects passed this check. Statistical analysis
on the subject level was performed by modeling the different conditions convolved with a hemody-
namic response function as explanatory variables within the context of the general linear model on a
voxel-by-voxel basis [34]. Realignment parameters were included as additional regressors in the statis-
tical model. A fixed-effect model was performed to create images of parameter estimates, which were
then entered into a second-level random-effects analysis. For the fMRI data group analysis, the contrast
images from the analysis of the individual participants were analyzed using one-sample t-tests.

For each subject, contrasts testing response to emotional stimuli relative to baseline or neutral stimuli
were calculated. Specifically, for the four tasks, these were: 1. EMOBACK: emotional stimuli versus
fixation condition (Emotional > break); 2. OASIS: emotional stimuli versus control condition (Emotional
> scrambled) 3. IAPS: emotional stimuli versus fixation condition (Emotional > break) 4. FACES: emo-
tional stimuli versus control condition (Emotional > scrambled).

Regions-of-interest (ROIs) were defined to examine emotion related brain activations. Specifically, the
following ROIs previously linked to emotion processing [1,11] were selected (abbreviation and MNI
coordinates in brackets): the bilateral dorsolateral prefrontal cortex (I/rdIPFC; +40 36 32), the bilateral
amygdala (1/rAM +24 -2 -20), the bilateral anterior insula (I/rAl +34 20 0) and the pregenual anterior
cingulate cortex (pgACC; 0 42 2). Spherical ROI templates with a diameter of 10 mm were built with
automated term-based meta-analyses on neurosynth.org or based on own previous studies (for pgACC;
[28]). All ROlIs are illustrated in Fig. 1. The mean parameter estimate of each ROI was extracted using
the REX Toolbox (https://www.nitrc.org/projects/rex/). Significance tests for the ROI analyses were con-
ducted with an a-level Bonferroni adjusted for the number of ROI of p<.05/7=p<.0071

Figure 1. Region of interest (ROI) templates were spheres with 10mm diameter. Red = dorsolateral pre-
frontal cortex, yellow=anterior insula, green = pregenual anterior cingulate cortex, blue = amygdala.

Paired and independent sample t-tests were conducted to compare activation in the ROI between the
tasks that have been collected in the same and different samples, respectively. As exploratory analyses
these are reported at an uncorrected a-level of p=.05.

3. Results

Figure 2 shows an overview of the activations in our regions of interest for all 4 tasks. Activations
in response to the emotional working memory condition compared to break in the EMOBACK task
were found in bilateral anterior insula, right dorsolateral prefrontal cortex along with a significant de-
crease in activity in the pgACC (pgACC: mean (3=-0.681 95% CI [-0.512, -0.849] t(14) = -8.666 p<.00001;
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1AI: mean 3=1.004 95% CI [0.810,1.199] t(14) = 11.110 p<.00001; rAl mean (3=0.910 95% CI [0.686,1.135]
t(14) = 8.713 p<.00001; rdIPFC: mean (3=1.310 95% CI [1.010,1.611] t(14) = 9.341 p<.00001;). There was
also noticeable activation in the left dIPFC that was, however, not significant to a Bonferroni corrected
alpha-level (1dIPFC: mean 3=0.320 95% CI [0.046, 0.593] t(14) = 2.505 p = .0252).

The FACES task elicited significant activation in the bilateral amygdala (IAM: mean (=469 95%
CI=[.296,.644] t(14)=5.783 p=.00005; rAM: mean {3 =0.466 95% CI [0.278, 0.652] t(14) = 5.365 p = .00001).

The IAPS task elicited activation in the bilateral amygdala and bilateral anterior insula during
presentation of emotional stimuli (activation in the left amygdala and bilateral anterior insula was not
significant to an Bonferroni adjusted alpha-level of p=.007; rAM: mean (3=0.898 95% CI [0.454,0.631] t(14)
=4.33 p =.0007; IAM: mean 3 = 0.646 95% CI [0.186,1.106] t(14) = 3.015 p = .009, IAI: mean (3=0.404 95%
CI=10.026,0.781 ] t(14) = 2.295 p=.038 rAl: mean 3=0.366 95% CI = [0.108,0.624] t(14) = 3.043 p = .009).

Activation elicited by emotional stimuli in the OASIS task was found in the bilateral amygdala as
well as in the bilateral anterior Insula (Bonferroni-corrected significance not met for rAl; IAM: mean
[3=0.431 95% CI[.278,.584] t(14)=6.063 p =.00003; rAM: mean 3 = 0.422 95% CI [0.245,0.601] t(14)=5.103
p = .00016; 1AI: mean {3 = 0.299 95% CI=[0.133,0.465] t(14) = 3.882 p =.002; rAl: mean 3 = 0.163 95% CI
[.050,.276] t(14)=3.091 p=.008).

As data for the FACES and the OASIS task stem from the same subjects we further conducted
exploratory paired t-tests to directly compare activation patterns between the two tasks. No significant
difference arose except for the right anterior insula where activation in the OASIS task exceeded that in
the FACES task (OASIS: M = 0.163+0.041 FACES: M =0.002+ 0.027, Cohen’s d = .633, p=.028).

Further, we also conducted exploratory independent t-tests comparing activation elicited in each of the
regions of interest between the tasks that were run in different samples. In the right DLPFC, the activa-
tion elicited by EMOBACK was found to be significantly stronger than that under any other task (EMO-
BACK: M= 1.310+.525 IAPS M=.245+.673 FACES: M=.094+.159 OASIS: M = .031+.270 Cohen’s d >1.7 all
p<.001 for all comparisons of EMOBACK with other tasks). In the left DLPFC the only significant dif-
ference that arose was between EMOBACK (M= .320+.477) and FACES task (M:.030+.162; Cohen's
d=.982 p=.015).

In both the left and right amygdalae, the EMOBACK elicited significantly less activation than the other
tasks (EMOBACK lAM: M=-.185+.255 rAM=-.210+.347 Cohen’s d>1.4 p<.001 for all comparisons with
other tasks), in the right amygdala the activation elicited by IAPS was also significantly stronger than
that in the OASIS task. (IAPS: M=.898+.775 OASIS M=.422+.310 Cohen’s d=.805 p=.042)

In the anterior insula the activation elicited by the EMOBACK was found to be significantly greater
bilaterally than that by any other task (EMOBACK rAl: M=910+.404 1AI: M=1.004+.350 Cohen’s >1.1
p<.006 for all comparisons). For the right anterior insula, a significant difference was found also between
the IAPS and the FACES task, (IAPS: M=.365+466 FACES: M= -.003+.158 Cohen’s d=1.094 p=.007) with
greater activation elicited by the IAPS task.

In the pgACC, no significant difference was found between the de-activations elicited by EMOBACK
or IAPS task, however both differed significantly from the other two tasks, FACES and OASIS (EMO-
BACK M:-0.681+.294 TIAPS: M=-0.331+.606 FACES: M= .033+.219 OASIS: M=.082+.301 Cohen’s d>.75
p<.05 for all comparisons of EMOBACK or IAPS task with OASIS and FACES task).
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Figure 2. Mean parameter estimates of neuronal activation in the prespecified regions of interest on the group (bars) and individual (dots) level. Error bars represent the

95% confidence interval. Colors represent the four tasks; pink: EMOBACK (Emotional > break), blue: FACES (Negative > scrambled), orange: IAPS (Emotional > break),
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4. Discussion

We compared four fMRI paradigms, that are often applied in the Affective Neurosciences, regard-
ing their potential of eliciting activation in regions commonly associated with emotion processing. Our
results indicate that the different fMRI paradigms elicit different neural activation patterns. The EMO-
BACK task elicited activation in the right dIPFC and the bilateral anterior insula and deactivation in the
pgACC (but no significant change in amygdala activation). The FACES task induced activity selectively
in the bilateral amygdala and the two tasks that use emotionally valenced scenes, OASIS and IAPS, both
induced activity in the bilateral amygdala and insula. While the activations in right amygdala and an-
terior insula appeared stronger in the IAPS task, there was less variance in the OASIS task, that consists
solely of negative emotional scenes, resulting in more statistically significant activations.

A meta-analysis of n-back tasks with neutral stimuli found activity in the bilateral middle frontal
gyrus and left anterior insula (among other regions; [35]), pointing to the activation in the right anterior
insula in our data being attributable to the emotional nature of the stimuli at use. The activation elicited
by EMOBACK in our data is in line with previous research from our group that found activation in the
bilateral dIPFC and anterior insula as well as deactivation in a region in the rostral anterior cingulate
cortex [28]. While we observed some activation in the left dIPFC, it was much less pronounced and not
statistically significant. Previous studies have also reported predominant involvement of the right com-
pared to the left dIPFC in coping with emotional distractors in working memory tasks [26,36]. The ex-
ploratory independent sample t-tests between the tasks revealed that the EMOBACK task elicited sig-
nificantly greater right dIPFC and bilateral anterior insula activity than any other of the studied tasks.
This finding is plausible given that the EMOBACK is the only task of those studied here that has a
working memory component on top of the emotional stimulation and also the one with the shortest
stimulus duration, likely requiring greater attention. We did not find amygdala activation in response
to the EMOBACK task. This is in line with previous results showing high cognitive effort in emotion-
cognition-interference tasks reducing amygdala activation in response to emotional stimuli [36]. The
EMOBACK also uses written words as stimulus material, which have consistently been shown to be
associated with a lower probability of amygdala activation compared to emotional pictures [37], possi-
bly due to greater stimulus complexity of the latter [38]. The pregenual ACC is part of the default mode
network, which is characterized by deactivation during goal-directed tasks but is activated in autobio-
graphical and self-referential thought and social cognition [19,39]. However, the pgACC is also implied
in the cognitive regulation of affect [20]. The deactivation found here might thus represent an interaction
of both reduced activity due to a cognitive process and involvement in the regulation of activity in
emotion-reactive brain regions. A previous study from our group concordantly found the pgACC to
deactivate less in an emotional compared to a neutral condition of the EMOBACK [28].

Our result regarding the FACES task eliciting amygdala activation distinctively is in line with
meta-analytic findings on tasks using emotional faces [6,7], where several brain regions apart from the
amygdala (e.g., fusiform gyrus) were significantly associated with viewing facial expressions of emo-
tion, but none of the other ROIs studied here. Robust engagement of the bilateral amygdala has been
found in response to facial stimuli regardless of valence [7]. However, the amygdala is routinely impli-
cated in orienting responses to behaviorally relevant stimuli, suggesting it is especially sensitive to the
emotional content in facial expressions [12].

The two tasks studied here that use pictures of naturalistic emotional scenes elicited activations in
the anterior insula and amygdala. The tasks using naturalistic scene stimuli were found to elicit a wider
set of neural activations than the FACES task, which is in line with a meta-analytic comparison of these
two types of tasks [6]. While this meta-analysis did not find an association of scenic emotional stimuli
with activation in the anterior insula, a later meta-analysis did establish a robust association of anterior
insula activation and emotional stimulation [17]. Although in the direct comparison the IAPS task pro-
voked a significantly greater activation in the right amygdala and right anterior insula, the OASIS task
elicited more reliable (and significant) bilateral activation in both amygdala and anterior insula. This
may be due to differences between the tasks: While the OASIS task shows only negative stimulus ma-
terial to participants, the IAPS task uses both positive and negative scenes. The representation of posi-
tive and negative emotion in the brain seems to largely overlap [40], however, there have been reports
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of negative emotions eliciting stronger activation in the amygdala [41] and the insula [42] compared to
positive emotions, which might explain the different activation patterns between the two tasks. It fur-
ther seems plausible that showing aversive content exclusively, as in the OASIS task, might more likely
induce a negative affective state as compared to alternating between pictures of positive and negative
valence as in the IAPS task, hence triggering a more consistent neuronal response. As we did not collect
ratings of subjective emotional experience during the tasks, we can only speculate about this relation.

Our results from the direct comparison of the FACES and the OASIS tasks appear at odds with the
only other study that compared passive viewing tasks of emotional facial expressions and scenes [43].
In this study, the anterior insula showed greater activity in response to emotional face stimuli compared
to naturalistic scenes. The stimuli selection (a wider range of emotions including positive ones) and
contrasts used (emotion — fixation), however, were different from the tasks studied here. It remains
inconclusive, whether the activation profiles we report from the tasks studied here generalize to similar
paradigms or are rather specific to the exact task.

Our results demonstrate that the different paradigms elicit different activation profiles and can be
used to address different aspects of emotion processing. The pattern of activation elicited by the EMO-
BACK task suggests that it is well suited for the study of emotion-cognition interactions in the anterior
insula, pgACC, and (right) dIPFC, as might be of interest for example in the study of depression and its
treatment [44,45]. Investigators primarily interested in amygdala activations and its potential change in
response to interventions could deduct from our results to employ the FACES task, whereas the OASIS
task showed robust activation in amygdala as well as anterior insula, allowing for a broader study of
brain regions involved in emotion processing. Our results are less conclusive about recommendations
concerning the IAPS task. It might have the greatest face validity to assess emotion processing among
the tasks studied here as it presents naturalistic scenes of both positive and negative valence. However,
in our sample, there was substantial variability in the neural response during IAPS task performance
and a statistically significant change in activation was found only in the right amygdala.

Currently, a big variety of fMRI paradigms are in use for the study of emotion processing, limiting
comparability between studies and impeding concise meta-analyses [9]. Therefore, it can be difficult to
extract from the literature which paradigm is best suited for a specific research question; especially, as
it has become clear that analytic choices can heavily impact the results of fMRI studies [46,47]. To allow
for a comparison between fMRI tasks, it is crucial that the data are studied using the same analysis
pipeline, as we did here. We thus hope that the present results of activation elicited by different emo-
tional fMRI paradigms in relevant pre-defined ROIs might provide guidance for planning studies on
emotion processing.

Ultimately, the field of affective and clinical neuroscience would profit from standardized task
protocols for the study of certain brain regions or mental processes as it would grant optimized compa-
rability of results and meta-analytic synthesis. Recent studies have shown that the fMRI paradigms cur-
rently in use lack the reliability that would be needed for the use of fMRI as a biomarker in pathology
and intervention research [48,49]. One potential remedy that has been discussed is increasing the
amount of individual data collected (i.e., longer scan time) [50], which could be achieved relatively eas-
ily by collecting several runs of the tasks in question.

The present study has limitations that need to be considered when interpreting the results. Alt-
hough the region of interest approach does increase power compared to whole-brain analyses, the size
of the available samples was quite small, especially considering that the effects reported for emotion
perception tasks are at best of moderate size (.5< Cohen’s d<.8; [47]). Our study thus had limited power
to find “true’ effects and there is an increased likelihood of statistically significant results representing
false positives. We did however apply Bonferroni-correction to account for multiple testing, limiting the
risk of false positive results. Nevertheless, it is a limitation of the present study that acquisition site was
not included in the statistical modelling of the data. The data analyzed for this study stem from different
samples adding in-between subject variance and were collected on different MRI scanners (although
with largely similar sequences). Therefore, we cannot rule out systematic variability in the data stem-
ming from the acquisition set-up [51]. Studies investigating multi-site-reliability of task-based fMRI
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found that a possible effect of site on the data is likely small [52,53]. Nevertheless, it is a limitation of
the present study that acquisition site was not included in the statistical modelling of the data. We used
a standard SPM12-based pre-processing pipeline relying on defaults. Although this approach is very
common, there are now superior alternatives available, in particular fMRI prep, a robust pre-processing
pipeline that combines optimal processing steps from different analytical software packages [54]. Our
results might be weakened by the suboptimal pre-processing. The mean age of the samples studied
differed notably, and although a recent meta-analysis [1] did not find an effect of age on neural activa-
tions during emotion processing, such effects have been suggested [55,56] and might have influenced
the differences between activation pattern that we observed here. As all participants in this study were
young to middle-aged, a possible impact of age differences on the data it is likely small. Lastly, the
samples we analyzed for this study were confined to males. While they have been scrutinized [57], there
have been reports of gender differences in neural processes in emotion processing (e.g.,[58]). Although
the latest meta-analysis on the matter did not find a consistent difference in neural activation patterns
in emotion processing tasks between men and women [1], previous meta-analyses found functional
lateralization differences based on gender [41,59], such that a potentially limited generalizability of our
findings should be considered.

5. Conclusions

The present study found that four common emotional fMRI paradigms elicit different profiles of
neural activation. The results suggest that the FACES task is most useful for the selective study of the
amygdala, whereas the OASIS task robustly activated the left anterior insula and bilateral amygdala.
The EMOBACK task evoked activation in the right dIPFC, bilateral anterior insula, and deactivation of
the pgACC. These results are valuable to inform the planning of future studies and the eventual devel-
opment of functional MRI biomarkers.
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