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The Road Not Taken

Two roads diverged in a yellow wood,
And sorry | could not travel both

And be one traveler, long | stood

And looked down one as far as | could

To where it bentint he undergrowth;

Then took the other, as just as fair,

And having perhaps the better claim,
Because it was grassy and wanted wear;
Though as for that the passing there

Had worn them really about the same,

And both that morning equally lay

In leaves no step had trodden black.
Oh, | kept the first for another day!

Yet knowing how way leads on to way,

| doubted if | should ever come back.

I shall be telling this with a sigh
Somewhere ages and ages hence:

Two roads diverged in a wood, and | fi
| took the one less traveled by,

And that has made all the difference.

By Robert Frost

Erschdpft, aber zufrieden danke ich am Ende einer langen Reise allen, die mich
begleitet, geférdert , aber auch gefordert und inspiriert haben.
Voller Vorfreude betrete ich nun neue Wege und es ist mein groRtes Geschenk,

einige von Euch als Weggefahrten an meiner Seite zu wissen.



Ab breviations

CBDTE
DMN
fMRI
FPN
NCPM
PPI
ToM
TPJ
STS
dmPFC
PMC

vmPFC
Al
mCC
AMY
Sl

IFG

Computational belief -desire theory of emotion
Default mode network

Functional magnetic resonance imaging
Frontoparietal control  network
Neurocognitive poetics model
Psychophysiological interaction

Theory of mind

Temporo -parietal junction

Superior temporal sulcus

Dorsomedial prefrontal cortex

Posteromedial cortex (i.e., precuneus, posterior
cingulat e, and medial superior parietal cortex)

Ventromedial prefrontal  cortex
Anterior insula

Midcingulate cortex

Amygdala

Secondary somatosensory cortex

Inferior frontal gyrus



Summary

Why do we read literature? Why should we invest li fe time in reading and thinking
about fictional characters having fictional emotions and fictional problems? | am not
good in painting - Why should | care about art? Questions like these were regularly
asked by children and often by their parents, too. The y should be taken serious ly - the
engagement with non -expository texts or, e.g., representational art is implemented in
educational systems all over the world. Our life is full of stories: some of them depict
real-life events and were reported, e.g. in the daily news or in autobiographies,
whereas other stories, as often presented to us in movies and novels, are fictional.
The comprehension of stories requires the reader to imagine the cognitive and
affective states of the characters; the content of many na rrative texts is unpleasant,
as they often deal with conflict, disturbance or crisis. Nevertheless, unpleasant stories
can be liked and enjoyed. However, we have only little insights in the neurocognitive

processes underlying the reading of (literary) narr atives.

This dissertation aimed to throw light upon the following questions: (1) Do we
feel 'real' emotions when reading literature? (2) Have narrative texts the potential to
invite the reader feeling empathy for (often fictional) characters? (3) Elicit f actual and
fictional contents different neural processes? (4) Has representational art the

potential to evoke empathic responses in the perceiver?

To answer the first three questions, they were operationalized according to the
Neurocognitive Poetics Model by Jacobs (NCPM, 2011; 2015a, b ), and a set of 80 short
narratives was compiled, ranging from neutral to negative emotional valence. The
narratives were used as stimulus material in two study 1 and 2. In a first fMRI study
(Chapter 2), we used a parametric  approach to examine (1) the capacity of increasing
negative valence of story contents to activate the mentalizing network (cognitive and
affective theory of mind, ToM), and (2) the neural substrate of liking negatively
valenced narratives. Results reveale d a stronger engagement of affective ToM -related
brain areas with increasingly negative story valence. Stories that were unpleasant, but
simultaneously liked, engaged the medial prefrontal cortex (MPFC), which might
reflect the moral exploration of the sto ry content. Further analysis showed that the
more the mPFC becomes engaged during the reading of negatively valenced stories,
the more coactivation can be observed in other brain areas related to the neural

processing of affective ToM and empathy.



In a second fMRI study (Chapter 3), the neurocognitive effects of reading short
narratives, labeled to be either factual or fictional have been investigated. Reading in
a factual mode engaged an activation pattern suggesting an action -based
reconstruction of the e vents depicted in a story. This process seems to be past -
oriented and leads to shorter reaction times at the behavioral level. In contrast, the
brain activation patterns corresponding to reading fiction seem to reflect a
constructive simulation of what mig ht have happened. This is in line with studies on

imagination of possible past or future events.

In a third fMRI experiment (Chapter 4), the aesthetic experience of art during free
viewing was compared with judgment -oriented viewing of paintings. In the la tter
condition, we observed activation in the orbitofrontal cortex (OFC), dorsolateral
prefrontal cortex ( DLPFC), inferior frontal gyrus (IFG),  dorsal anterior cingulate cortex
(dACC) and anterior insula (Al), indicating the anticipation of participants' s ubsequent
liking judgments. In contrast, the free viewing of artworks elicited brain responses
related to affective mentalizing in the ventromedial prefrontal cortex (vmPFC) and the
posterior cingulate cortex (PCC), in the temporal poles (TP), temporoparie tal junction
(TPJ), and the amygdala, presumably reflecting the attempt of the beholder to
understand the intentions behind an artwork and to read out affective signals of the

depicted contents, thus actively constructing meaning.

Taken together the data p rovide strong evidence that empathy and mentalizing
constitute key factors for meaningful experiences with literary and representational

art.



Zusammenfassung

Warum lesen wir Literatur? Warum sollten wir Lebenszeit in das Lesen und
Nachdenken Uber fiktion ale Charaktere mit fiktionalen Emotionen und fiktionalen
Problemen investieren? Ich bin selbst nicht gut im Malen - warum sollte ich mich fr
Kunst interessieren? Fragen wie diese werden regelmafig von Kindern und oftmals
auch von deren Eltern gestellt. Ma n sollte diese Fragen ernst nehmen - die
Auseinandersetzung mit anderen, als rein erklarenden, Texten und darstellender
Kunst bildet einen wichtigen Bestandteil von Bildungssystemen weltweit. Unser Leben
ist erflllt von Geschichten: einige von ihnen beinha Iten reale Ereignisse und werden
z.B. durch die taglichen Nachrichten oder durch Autobiografien tibermittelt, wahrend
andere Geschichten, die wir aus dem Kino oder aus Romanen kennen, fiktional sind.

Das Verstehen von Geschichten erfordert vom Leser, dass e r sich in die Gedanken und
Geflihle der Protagonisten hineinversetzt, wobei der Inhalt vieler narrativer Texte

negativ konnotiert ist, weil diese Texte Konflikte, Stérungen oder Krisen
thematisieren. Dennoch konnen negativ  -valente Texte vom Leser gemocht un d

genossen werden.

Zielsetzung hinter dieser Dissertation war es, folgende Fragen naher zu
beleuchten: (1) Fuhlen wir ‘reale’ Emotionen beim literarischen Lesen? (2) Besitzen
narrative Texte das Potential, im Leser Empathie fur die - oftmals fiktionalen -
Charaktere zu evozieren? (3) Gehen faktuale und fiktionale Inhalte mit
unterschiedlichen neuronalen Verarbeitungsprozessen einher? (4) Vermag auch

darstellende Kunst empathische Reaktionen im Betrachter auszulésen?

Zur Beantwortung der ersten drei Fragen w urden diese mittels des
neurokognitiven Arbeitsmodells literarischen Lesens von Jacobs (NCPM, 2011; 2015a,
b) operationalisiert; auRerdem wurde ein Korpus erstellt, bestehend aus 80 Texten mit
neutraler bis negativer Valenz und einer narrativen Struktur. D ieses Textmaterial fand
Verwendung in den Studie n 1 und 2 (siehe die Kapitel 2 und 3). In einer ersten fMRT
Studie nutzten wir einen parametrischen Ansatz, um zu untersuchen, inwieweit die
steigende negative Valenz der kurzen Geschichten das Mentalisierung s-Netzwerk (=
Theory of Mind, ToM) auf kognitiver und affektiver Ebene involviert. Au3erdem wurde
die neuronale Reprasentation negativ  -valenter, aber dennoch gemochter Geschichten
untersucht. Die Ergebnisse offenbarten eine starkere Aktivierung ToM -bezogen er

Hirnareale mit zunehmender negativer Valenz. Geschichten, die zwar eine sehr



negative Valenz aufzeigten, aber dennoch gemocht wurden, aktivierten den medialen
prafrontalen Kortex (mPFC), was vermutlich die moralische Evalution des Textinhaltes
wiederspi egelt. Weitergehende Analysen zeigten: je starker die Aktivierung des mPFC
wahrend des Lesens negativ -valenter Texte, desto starker die beobachtbare Co -

Aktivierung von ToM und Empathie verarbeitenden Hirnarealen.

Im Rahmen einer zweiten fMRT -Studie wurden die neurokognitiven Effekte
bezogen auf das Lesen von als faktual oder fiktional gekennzeichneten Texten
untersucht. Das Lesen vermutlich faktenbasierter Inhalte evozierte ein
Aktivitatsmuster, welches fir eine handlungsbasierte Rekonstruktion der
geschild erten Ereignisse spricht. Dieser Prozess scheint vergangenheitsbezogen und
ging mit schnelleren Reaktionszeiten auf behavioraler Ebene einher. Im Gegensatz
dazu scheinen die Aktivierungsmuster, welche auf der Verarbeitung vermeintlich
fiktionaler Inhalte b asieren, eine konstruierende Simulation dessen, was passiert sein
kbnnte, widerzuspiegeln - ahnlich, wie es in Studien zur Imagination moglicher

vergangener oder zukinftiger Ereignisse gefunden wurde.

In einem dritten fMRT  -Experiment wurde die asthetische Erfahrung wahrend des
freien Betrachtens mit dem Urteilsbhezogenen Betrachten verglichen. In letztgenannter
Bedingung lieRen sich Aktivierungen, die fir eine Antizipation des folgenden
Gefallens -Urteils sprechen beobachten; im orbitofrontalen Kortex (OFC), im
dorsolateralen préafrontalen Kortex (DLPFC), im inferioren Frontalgyrus (IFG), im

dorsalen anterioren cingularen Kortex (dACC), sowie der anterioren Insel (Al).

Im Vergleich evozierte das freie Betrachten von Kunstwerken Hirnaktivierungen,
die mit dem af fektiven Mentalisieren assoziiert sind; im ventromedialen préafrontalen
Kortex (vmPFC), sowie dem posterioren cingularen Kortex (PCC), den Temporalpolen
(TP), der temporoprietalen Junktion (TPJ) und der Amygdala. Diese Aktivierungen
liegen vermutlich dem Ve rsuch des Betrachters zugrunde, die Intentionen hinter
einem Kunstwerk zu verstehen und affektive Signale des dargestellten Inhaltes

auszulesen, wobei aktiv Bedeutungen erzeugt werden.

Zusammenfassend bieten die Daten starke Evidenz dafur, dass Empathie un d
ToM-Prozesse Schlusselfaktoren sind fur bedeutsame ésthetische Erfahrungen

mittels Li teratur und darstellender Kunst

Vi
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1.1. Theoretical background

1. Introduction

1.1. Theoretical background

1.1.1. Along the lines

"Nothing is more romantic than what we commonly call
the world and destiny i We live in a colossal novel”

(Novalis)

In a way, every book has something fateful about it: Every occurrence is
determined. The beginning, the end, the nuance of every event that is painted in a
narrative work is printed between a f ront and a back cover. And no matter how the
readers respond to the work, no matter what emotions, thoughts, or bodily reactions
they exhibit, its content will unfold unaffected and thereby unconditionally honestly.
According to Kiergegaard, this  'indirect communication' makes literature an art (see
Djikic & Oatley 2014; Oatley, 2016). Neither a protagonist nor the author of the text
will adopt to any behavior of the recipient, who instead can (and must) follow, imagine,

or analyze events whose denouements  are already fixed.

This engagement with the narrative world allows the reader to experience a depth
and intensity rarely provided by daily experiences. In the course of daily interactions,
we have to deal with having access to only limited information abou t the thoughts,
emotions, or motives of others. Accordingly, we have to build our theory of another's
mind on many inferences. In such situations, it could be helpful to be familiar with a
similar constellation with similar constraints, as well as to have knowledge about
possible solutions and outcomes. Reading (especially fiction) can function as a "moral
laboratory" (Haakemulder, 2000) and provide us with a deeper understanding of

others and ourselves. As Oatley (1999) has stated, fiction can be truer tha n fact.

The history o @ndenstamdimgoi theyfuhction of fiction traces back to

Aristotle and his concept of mimesis. Mimesis was often translated and discussed as
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imitation or representation. However, modern readings have suggested that
simulati on might be a better interpretation of the concept (Oatley 1995, 1999), with
its emphasis on the mind's constructive processes and their focus on social
relationships (simulation hypotheses ). Oatley & Olsen (2010) have argued that factual
and fictional ent ities follow different tasks, stating that the aim of real -world
interaction lies in cooperation and alignment while the task of fictional interaction is

imagination and simulation.

1.1.2. What is literariness?

"The author whom a lexicon can keep up with is worth nothing."

(Johann Wolfgang von Goethe)

Experiments have demonstrated that literary texts have a particular capacity to
elicit at least short  -term effects on measures of personality ( Djikic, Oatley, Zoeterman,
& Peterson, 2009; Richter et al., 201 4; see Sestir & Green, 2010 for similar effects of
film), to change beliefs with respect to the 'real' world (Gerrig & Rapp, 2004; Green,
2004) with increasing efficacy over time (Appel & Richter, 2007), and to improve
mentalizing and social abilities ( Mar, Oatley, Djikic , & Mullin , 2006 ; Kidd & Castano,
2013).

This raises the following daunting question: What is literariness? Trying to answer
this question is like attempting to define the color of a chameleon. Accordingly, the
answers given so far varied b etween the search for text inherent properties (Jakobsen,
1960; Muka Svsky, 1970; Shklovsky & Berlina, 2015), including genre signals
(Hamburger, 1973), and the conceptualization of literariness as a construction of
meaning on the basis of interpretive strategies that reflect cultural and social

conventions (cf. Zwaan, 199 3).

Literature in its early meaning (from lat. litter nthra 'grammar’, derived from lat.
littera ‘letter’) referred to all kinds of writing, including scientific writing, up to the

18th century. Later, the focus moved towards belles-lettres (‘fine writing') and aesthetic
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evaluation (Lamarque & Olsen, 1994). In this view, the answer to the question of 'what

is literature' is inherently subjective and not constant over time . Both expert and non -
expert readers regularly publish often very different lists of wor ks that they
appreciate (Fabelhafte -buecher.de, 2017a, b) . A valuable account of this process came
from Miall and Kuiken (1999), who studied the interrelation between a text and its

reader. The authors proposed an interaction of three components: (a) defam iliarizing
elements of textual or narrative foregrounding, (b) the reader's responses to them,

and (c) the construction of meaning and transformation of feelings. Later, the dual
route model of neurocognitive poetics (NCPM; Jacobs, 2011; 2015a,b) built on these
findings and integrated these ideas as a foreground -driven route to literature

reception by contrast with a background -driven route.
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1.1.3. The neurocognitive poetics model of literary

reading

"The most useful books are those of which readers them

selves compose half."

(Voltaire)
Immarsion
Reading motivation & mode Implicit processing
— mood management ~word recognition
— formalist contract — eye movements
— parsonality variables Left hemisphere E—1 - schema assimilation
— mata-emofions = reading system - construction-integration
— reading pleasure VWEAS, — situation models
= dIFFC - event boundaries
Background (pré- jcuneus
_ rapertoire reward system —=| Fiction feelings Fluent reading
— familiar words — familiarity — short fixations
faar, anger, — sympathy - big saccades
cars — fear, suspense - low affect ratings
Explicit processing Slowed reading
Foreground Right hemisphere | [-attention = long fixations
defamiliarization — medial, spTS - schema adaplion - small saccades
~ ropes _insula, TR — meaning gfarmalrs - high affect ratings
— reward syslam - self-reflection
— inferior frontal kobe
?| Aesthetic feelings
- artefact emations
lust, play, ~ interest, fascination
EEak — concemedness

Aesthetic trajectory

neuronal level affective-cognitive level behavioral level

Figure 1.1. The neurocognitive poetics model of literary reading by Jacobs
(simplified version, abstracted from Figure 7.2 of Jacobs, 2014).

The neurocognitive poetics model (NCPM) of literary reading (Jacobs, 2011; 20 15a,
b) provides hypotheses regarding engagement with artistic language covering three

levels of investigation: (1) neuronal, (2) affective -cognitive, and (3) behavioral. The
model invites further investigation from research and is open to continuous
adapt ation in order to gain a deeper understanding of the cognitive, affective, and

aesthetic processes that characterize engagement with narrative (poetic) texts.
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The NCPM suggests a O druoault ed pr oceslsl:ng (Figure

(a) a fast route based on the effortles s, implicit processing of textual background
information is hypothesized to facilitate immersion in a text (similar concepts are
known as transportation, absorption, or flow).

(b) a slow route based on explicit, attentive processing of textual foreground
information (defamiliarization) is hypothesized to facilitate aesthetic and meaningful

reading experiences.

Within the NCPM, the focus is set on the act of reading, which covers a time span
from seconds to minutes, and which constitutes one sequence of the reading
experience. The model builds its assumptions on the experience of readers, who
independently read a (literary) text in the form of prose. The act of being read to (e.g.
by audiobooks) is not explicitly commented on in terms of whether it lies withi n the
scope of the model s coverage ofr not . It mi ght be
clarify, to what extent the neurocognitive model of literary reading covers the
reci pientds experience in another mo d(aut see vy . The seé

Jacobs, Ludtke, & Meyer -Sickendiek, 2013) .

Central to my work is the influence of context ( modulation -by-context hypothesi s,
cf. section 1.1.4.) on affective and aesthetic processes in reading (and art perception,
see Chapter 4), as well as the fiction -feeling component of the NCPM. The fiction -
feeling hypothesis postulates that emotional contents in narratives " invite readers [...]
to be empathic with the protagonists and immerse in the text world (e.g., by engaging
the affective empathy network [...])" (Jacobs , 2015a, p. 2). As language itself is not an
object of emotion but refers to objects of emotion and/or action, Jacobs (2015a)
introduces a second hypothesis, which states that the neuronal networks underlying
the processing of reading narratives "must be | inked to the ancient emotion circuits
we share with all mammals" ( Panksepp-Jakobson hypothesis; Jacobs, 2015a, p. 3 ;
Panksepp, 2008 ). Continuously, g rowing evidence of (ne uroscientific) research further
informs the model (Bohrn et al., 2012; 2013; Citron, Gusten, Michaelis, & Goldberg,
2016; Hsu, Conrad, & Jacobs, 2014 ; Jacobs, Ludtke, & Meyer -Sickendiek, 2013 ).
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A decade before the NCPM was introduced Leder, Belke, Oeberst, & Augustin
(2004) provided a boxological model for the domain of visual art (Figure 1.2. The
model proposed the aesthetic experience of art perception a process of cognitive
mastering, which is informed continuously through affective evaluation. In contrast
to the NCPM, Leder and colleagues (2004, see also Leder & Nadal, 2014) assume

cognitive and affective processes to be intertwined.

Pre-classification ‘—4 Context: Museum - Gallery - Aesthetic Experiment - Private Spaces l
Artwork, Object of J

aesthetic Interest (2)

N
[ ore >'o o domain specific expertise Social Interaction
Pravious #> declarative knowledge Discourse
| @xperience | interest, personal taste —
Explicit J
ificati Cognitive || Evaluation
Memory Classification Mastering & | 7. :
Integration :Cognitive State : 3
s i ‘Understanding | [ Aesthetic Judgment
Perc. Fluency | Familiarity M_SPWﬁF ;ATI?.I.QUKW... 4:
Complexity | Fluency = | Interpretation Affeaiive Stai
-4 Contrast NS ) . - Affective State,
Symmetry " Self-related ~SJ_” Satisfaction
Order Prototypic Interpretation :Pleasure i - Aesthetic Emotion
Grouping S
Emotional Affective State )
i Continuous Affective Evaluation

automatic T deliberate

Model of Aesthetic Experiences (adpated from Leder, Belke, Oeberst & Augustin, 2004). Painting by HL.

Figure 1.2. The updated model of aesthetic appreciation and aesthetic judgments
(abstracted from Leder & Nadal, 2014).
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1.1.4. Literature, fiction, reality, and truth

"Truth is the invention of al iar

(Foerster; see Foerster & Pérksen, 1998)

The NCPM (Jacobs, 2011; 2015a, b) accounts for context variables that influence
the reading process even before the recipient opens a book. Such a variable is the so -
call ed O6paratext & ( GeamecoveraletailslsAch 8s)the ditle,iosthen g f r
name of the author. Genre signals provide essential knowledge to the reader (e.g.
whether the text is a novel, crime story, or autobiography) and are associated with
certain expectations. As Gerrig & Rapp (2004) w  ere able to show, readers expect
truthfulness with respect to the 'real world. Violations of such expectations often lead
to heated debate, as in the case of Benjamin Wilkomirski, when it emerged that his
6autobiographyd® about s uriafactdfictignalstbhrne(sebKliger,c aust was
2006, for a detailed discussion). In the domain of art, similar reactions can be
observed. An example is when it became apparent in 2010 that the German artist
Wolfgang Beltracchi had forged and sold numerous painting s of famous artists.  Both
examples illustrate the importance of contextual factors for tracing any aesthetic
trajectory besides the specific properties of a piece of art, such as form and content

(for the domain of art, see Leder & Nadal, 2014; Jacobs & Wi llems, 2017).

Nevertheless, can any narrative actually tell the truth? The lessons learned from
narrative psychology reveal a fluid boundary between 'reality' on the one hand and
fiction on the other. Narrative therapeutic approaches emerged when attention shifted
from what a client reportedto  how people talk about conflicts, and their approaches
to problems, thereby creating meanings. From this point of view, "reality consists of
nothing but stories; these are what people really talk about.” (transl. from v. Schlippe

& Schweitzer, 2007, p. 40).

We know that even the sensory perception of our environment is a result of
numerous (highly efficient) chemical and neuronal interpretative processes. Because

these processes 'run’ both speedily and continuously on our biological ‘hardware', we
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experience  constancy within the permanent construction of reality.

In order to communicate about the perceived (internal and external) events and
thoughts, we select and interpret our perceptions anew, until a verbal utterance is
made [As Roman Jacobsen (1989) argued: " Jede verbale AuRerung stilisiert und
transformiert in gewissem Sinn die Begebenheit, welche sie schildert. " (p.75.)]. Thus,
the content of narratives must not be 'real’ in a narrow sense, but relevant (Rossi et

al., 2003), and thus realistic (Green, 2004). Fiction has especial potential in evoking
emotion in the reader who sympathizes with the protagonists (and the protagonist's
emotions) in the narrative world. Poetic language can defamiliarize the concepts of

the reader and put the apparently inexpressible (feelings) into new words (Lieberman

et al., 2007).

(@)}

1.1.5.Can (fictional) artworks elicit

"For there is nothing either good or bad, but thinking makes it so"

(Shakespeare: Hamlet, Act 2, Scen e 2)

A common basic assumption of many theories on emotion is the object -
relatedness of emotions. Thus, emotions have intentional objects - one is not just
happy or sad, but happy or sad about something. This something, the object of an
emotion, can be a certain state of affairs, such as an action or an event. An emotion
accordingly presupposes the belief in the existence of its object, as well as appraising
or evaluating the belief  as either good or bad for oneself (Arnold, 1960; Frijda, 2009;
Lazarus, 19 91; Reisenzein & Junge, 2012; Scherer, 1999; for an overview, see Moors,

Ellsworth, Scherer , & Frijda, 2013).

With respect to art, a distinction can be made between emotions towards the
represented figures, and emotions towards the represented emotional tr iggers. ltis
possi bl e, for example (cf. Friese, 2017), that reat
only experience fear for the protagonists (fear towards represented figures); it might

so happen that a reader, even months after finishing the book, eyes puddles



1.1. Theoretical background

suspiciously orinspects the sink drain with an uneasy, fearful feeling; Pennywise, after

all, could be anywhere (fear towards the represented emotional triggers).

However, it has been questioned whether emotions such as those involving figures
in a book or the triggers those figures are confronted with, are 'real' emotions. The
presupposition, in particular, of the common emotion theory that emotions have
intentional objects raises a problem, known

a. Emotional responses presuppose a belief in the existence of the object
of emotion.

b. The content of books, films, and artworks can elicit strong emotional
responses in recipients,

c. although they are quite aware of the nonexistence of the depicted
figures, scenes, or events and the fact they do not believe them to be real.

An influential theory developed in order to solve the paradox is Kendall Walton &
theory of make -believe. Kendall Walton (1978, 1990) introduced the concept of quasi -
emotions withina kind of preten d play while reading fiction. He argued that, in order
to more fully appreciate the reading process, the reader en  gages with the content of
a story as if it w ere real by establishing a willing suspension of disbelief. Lamarque
(1981) questioned the idea of disbelief a nd quas i-emotions, stating that the object of
an emotion can be fictional , but notthe emotion itself that has been stimulated by the
object: " We can reflect on, and be moved by, a thought independently of accepting it
as true. This in turn accounts for th e intuition that belief and disbelief stay in the

background when we are engaged  with fiction " (Lamarque, 1981, p. 302).

The literary scholar Frank  Zipfel (2012) emphasized that humans do not exhibit
emotions with respect to fictional contents but towards representations in general,
which can comprise factual as well as fictional contents. Zipfel (2012, p. 136) suggests
the distinguish ing of two levels of consideration: (  a) experienced vs. represented (or

direct vs. indirect), and  (b) real vs. fictive.

The capacity to develop emotion  with regardto representations appears not to be
uniquely human ; it can also be observed in non-human primates . Mineka, Davidson,

Cook, & Keir (1984 ; see also Cook & Mineka, 1989 ) presented rhesus monkeys that

as

t

he
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had been raised in a laboratory with a video showing wild -reared conspecifics
exhibit ing fearful reactions towards real snakes or snake models. The laboratory -
raised rhesus monkeys acquired the fear of snakes from their observation of th is
representation. The capacity to le arn from models in representations can be life -
saving; in fact, it can  be fatal to rely exclusivelyon o n e & s dimeat rexperience within

a potentially dangerous  environment.

As mentioned earlier, abstract language itself is not an object of emotion , but
language can represent a state of affairs such as an action, event, or situation, which
itself can be an object of emotion . Today, itis un iversally accepted that the extraction
of meaning from language is embodied, mean ing that semantic content activates the
corresponding regions in the motor system (Gallese, 2007; Hauk, Johnsrude, &
Pulvermdiller, 2004; Pulvermdiller, 2005 ; for an approach using naturalistic narrative

material, see Wallentin,Nielsen, Vuust, Dohn, Roepstorff, & Lur2l)11). The second

study examined in this thesis (reported on in Chapter 3) revealed the influence of the
reception agreement ( i.e., texts labeled either ‘fact' or ‘fiction’) on the reader,
suggesting a stronger action relevance  for factual as compared to fictional texts. Are
emotions, elicited by one and the same text, 'real' emotions when labeled as fact and
‘quasi -emotions' when labeled as fiction ? The answer to that question is highly
dependent on the adduced emotion theory, and on whether it conceptualizes action

or action te ndency as the predetermined/constituent property of emotions (Frijda,

1986; Oatley & Jenkins, 1996).

10
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A Store for newly acquired beliefs

¢ Schroiber wins the election.

Belief-confirmation Desire-fulfillment

Belief-belief Belief-desire

— comparator | Signal comparator | Signal
(BBC) Belief-disconfirmation (BDC) Desire-frustration
signal signal
Belief store (preexisting beliefs) Desire store (preexisting desires)
« | will not be invited to Paul’s party. * I will be invited to Paul’s party.
* Schroiber does not win the election. * Schroiber wins the election.
||« 1 won’t win a million Euros in the lottery. | L] | win a million Euros in the lottery.
* My daughter is sick. * My daughter is not sick.
¢ John does not get what he deserves. + John gets what he deserves.

B Store for newly acquired assumptions

¢ Schroiber wins the election.

Assumption-
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. . ° ...

» Schroiber does not win the election. * Schroiber wins the election.

« John does not get what he deserves. * John gets what he deserves.

Figure 1.3. The belief desire theory of emotion (A), extended to fantasy emotions (B,
adapted from Reisenzein, 2012).
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One account is provided by Reisenzein (2012a, b) , who extended his
Computational Belief-Desire Theory of Emotion ( CBDTE) explicitly to fantasy emotions
(Figure 1.3). The CBDTE in its basic form assumes that emotions can be elicited on the
basis of a belief (that something is the case) and a desire (that something should be
the case) about a certain state of affairs. Emotions arise, according to the model, as a
result of comparative analysis. The Belief -Belief Comparator (BBC) matches pre -
existing beliefs with new ones, as a result of w hich actual beliefs can be modified.
Similarly, the Belief -Desire Comparator (BDC) matches actual beliefs with actual

desires, detecting (preconscio us) congruence or incongruence between both.

With respect to the extension of the CBDTE model , Reisenzein r efers to the
philosopher and psychologist Meinong ( 1983/ 1910), who introduced  the notion of
‘fantasy emotions' in order to address the paradox of fiction. Meinong stated that
fantasy emotions do not emerge from beliefs (which include belief in the existenc e
of the object of the emotion), but from assumptions. Reisenzein (2012) extended the
CBDTE model with an Assumption -Assumption Comparator (AAC) to account for the
compari ng of newly made assumptions with  pre -existing assumptions ; and an
Assumption -Desire Comparator (ADC), for the matching of newly acquired
assumptions with pre  -existing desires. Fantasy emotions then emerge as a result of
the comparison between new assumptions and pre -existing assumptions or desires.
Are, then, fantasy emotions ‘real’ emoti ons, or quasi -emotions, according to the
extended CBDTE? The model in its actual form remains open to both interpretations.

On the one hand, the outcomes of the Belief -Desire Comparator be qualitatively
different could from those of the Assumption -Desire C omparator. On the other,
differences in the outcomes of the BDC and ADC might simply reflect differences in
emotional intensity or timecourse, but not quality (see Reisenzein, 2012b for a

broader discussion of this question). The latter interpretation woul d bein
accordance with the Panksepp-Jakobson hypothesis described in section 1.1.3 . (for

empirical evidence, see Sperduti et al., 2016).

12
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1.2. Conceptualization of the empirical studies

1.2.1. Chapter 2: The power of emotional valence

The first study was  implemented in order to test the fiction feeling hypothesis. It
was predicted that increasing negative story valence leads to similar activation
patterns of affect -related brain regions as found in previous studies on single -word
and sentence level. Moreo ver, the involvement of the affective ToM network was
expected, as the negative valence of stories appears to be intertwined with the plights

and conflicts the protagonists are confronted with.

1.2.2. Chapter 3: Fact vs Fiction

The second study tested the simulation hypothesis  regarding the neuronal
processing of texts, labeled either ‘fact' or ‘fiction', in combination with the
modulation -by-context hypothesis , according to which the mere labeling of a text as
fictional invites the reader to enter the game of pretence and simulation (German et
al., 2004; Whitehead et al., 2009). This approach disregarded possible stylistic

differences, thus keeping the | ower route of the NCPM constant.

1.2.3. Development of the stimulus material  for the study
of the power o femotional valence and the Fact vs. Fiction
study

Approaching the research questions described above, required the construction
of suitable test material. To this end, 80 short narratives were used (mean number of
words: 48, range: 41 3857), adopting 40 of them a narrative -based game, the so called
black stories (°moses Verlag GmbH, 47906 Kempen, www.moses  -verlag.de). The plot
of these stories was negative in valence (including crimes, disasters, and accidents)
and comparable to the content of daily news sto ries, but also of novels or crime
stories. For the other half of the material, we created 40 additional narratives that had

comparable content settings but were neutral in valence. In these stories, protagonists

13
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were not confronted with plights pursuing th eir goals smoothly. Negative and neutral
narratives were matched on the number of protagonists, sentences, words, and
syllables, as well as on word frequency and comprehensibility. Two prestudies were
applied: (1) Firstly, a prestudy with 32 participants ( 16 female, 16 male) was conducted
in order to make sure that content and style of the text material included only events

that could possibly occur, and that the micro -narratives could be read under two
context -label conditions (‘real', 'invented') which we re used during the task in the MRI

scanner. (2) Secondly, a group of 32 participants (16 female, mean age = 24.6; SD =

4. 3) rated the text mater i al on valence (OHow do

bL3-0very negabveey posBtiveéodPoanwdul |l kkagt he
1-01 do not | ikelitike Btlvetypy Hucho). The
each scale were then used in the first fMRI experiment (described in Chapter 2) to
modulate parametric regressors for the effe ct of valence and liking during reading.
(Please refer to Table 2.7 for further details on the second prestudy. A complete list

of the final study material is provided in Appendix 1 ).

1.2.4. Chapter 4 - Beyond beauty

When readers get immersed into a narrat  ive world, they are free to direct their
attention throughout the reading process, e.g., to elements of foregrounding, and to
adopt their speed of reading. Fiction feelings or aesthetic responses that emerge from
the involvement with the narrative content thus result from a self -paced processing
of the artwork. The fiction feeling hypothesis predicts that emotional contents invite
readers to immerse and engage empathically with the protagonists of the represented
narrative world. This raised the question wh ether representational art has a similar
power to engage the beholder empathically. Although , several philosophers and
psychologists emphasized mentalizing and empathic engagement to be crucial
aspects of aesthetic experience (Lipps; 1903; see Currie, 2011 ; Freedberg & Gallese,
2007; Hirstein, 2013), especially the young discipline of neuroaesthetics focussed at
gaining insight into the processing and explicit judgment of beauty throughout the
past decade ( Chatterjee, 2011; Chatterjee & Vartanian, 2014; Cel a-Conde et al., 2004;
Kawabata & Zeki, 2004; Vartanian & Goel, 2004 ).

14

text ?,

resul ti

y

o

ng



1.2. Conceptualization of the empirical studies

Although disinterestedness has been frequently accentuated a crucial
characteristic of aesthetic experience (Leder et al., 2004; Leder et al.,, 2014) such
processes have rarely been exami ned in neuroscientific studies on visual aesthetics.

The study reported in Chapter 4 aimed at testing the hypotheses that mentalizing and
empathic engagement are more likely to unfold if participant's attention during art
perception is not focused onanex  plicit judgment of liking and the respective decision

they are requeste d to provide.

1.2.5. Development of stimulus material for the Beyond
beauty -study

A set of 200 artworks was assembled and rated by non -experts for preference,
abstractness, and familiar ity in a prestudy ( using scales from -3 to +3) . In order to
avoid potential memory effects only paintings relatively unfamiliar to the non -experts
were selected. The final set consisted of 120 paintings representing a variety of artists
(Marc Chagall, René Magritte, Edouard Manet, Claude Monet, Rembrandt van Rijn,
Pierre -Auguste Renoir, Vincent van Gogh, and Jan Vermeer) and artistic styles
(baroque, impressionism, expressionism, and surrealism). The artworks included
paintings depicting one or more human s ubjects with clearly recognizable faces (49%),
paintings depicting figures but no clearly recognizable faces (27%) or figures subtly in
the background (13%), as well as landscapes or still lifes (19%). A complete list of the

final set of artworks IS availdle from the authors on request.

1.2.6 Components of Theory of Mind (ToM)

All studies upon which this dissertation has focused refer to the concept of
theory of mind (ToM).  The literature distinguishes two components of ToM: cognitive
ToM and affective To M (Figure 1.4; see Walter, 2012 for a review). Cognitive ToM
refers to mental state attribution in general (goals, intentions and desires of others)
and engages a network comprising the dmPFC, STS, and TPJ . Affective ToM can be
used almost synonymously wit  h cognitive empathy and relates to the capacity to

understand another's affective state.

15
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Cognitive Cognitive Affective
ToM Empathy Empathy
= Affective ToM

| | |

TPJ, STS, dmPFC, PMC —)E vmPFC || Al, mCC, Amy, SlI, IFG

High Road Low Road

Affective State of

Other

Figure 1 .4. Brain circuits for empathy and theory of mind (ToM). The affective state

of another can elicit activations in the observer either by bottom dup affective signals
(6l ow roadédown bwpwyghopive information on content an
roaddé). The |l arge rectangle depicts schematically t
the small rectangles depict neural networks that have some specificity for the ty pes

of mental processes in the upper part. However, as indicated by the arrows between

the small rectangles, these systems can be coactivated, as, for example, shown by

the recruitment  of the cognitive ToM system in  cue-based elicitation of empathy for
pain. (Figure and description taken from Walter, 2012).
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The power of emotional valence & from
cognitive to affective processes in reading

This chapter was published as

Altmann, U., Bohrn, I. C., Lubrich, O., Menninghaus, W., & Jacobs, A. M. (2012). The
power of emotional valence fi from cognitive to affective processes in reading.
Frontiers in Human Neuroscience , 6, 192. http://doi.org/10.3389/fnhum.2012.00192
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Chapter 2: The power of em otional valence

2.1. Introdu ction

Humans are storytellers. They share daily experiences, tell each other anecdotes,
and exchange gossip (Baumeister et al., 2004; Dunbar, 2004). Besides producing and
performing live narratives (McAdams Dan, 2001; Habermas and de Silveira, 2008),
indiv iduals also extensively consume stories: we read them in newspapers and
magazines, in biographies and novels, via videotext or on the internet (for the purpose
of this paper, we will use the term story in a broad sense synonymous with narrative).
Yet even when stories have a negative content, as they deal with conflicts or crises,
individuals not only understand, but also appreciate or enjoy them. In a study by
Berthoz et al. (2002), for example, stories with endings that were either embarrassing
or violate d social norms were rated as funnier compared to stories whose endings

reaffirmed normative social behavior.

We have, however, only limited knowledge about the neural processing of the
emotional valence of stories. On the one hand, research on the neural e ffects of
valence focuses primarily on the level of single words (Kuchinke et al., 2005; see
Citron, 2012 for a review) or sentences (Willems et al., 2010; Kuchinke et al., 2011).

On the other hand, there is extensive literature on the cognitive and emotio nal neural
processing underlying theory of mind (ToM) stories (Abu -Akel and Shamay -Tsoory,
2011; Brink et al., 2011; Schnell et al., 2011; Walter, 2012). In these studies, individuals

are often asked to make explicit cognitive and affective attributions to auditory or
visually presented stories, and the material is primarily selected for its capacity to

invoke mental state attributions. What has not been investigated so far is the question

to what extent the emotional valence of such stories might contribut e to ToM related
neural processes. Usually, no data concerning the valence of ToM stories were
included in the analysis or reported as a selection criterion (but see Berthoz et al.,

2002; Brink et al., 2011). In the current study, we therefore took a rever sed approach
and investigated the contribution of emotionally valenced story contents to ToM -
related processing in a passive reading task. In particular, we were interested in
whether increasing negative story valence would engage not only more brain regio ns

related to affective processing, but also invite a stronger engagement of ToM -related
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regions. Story comprehension seems to be closely linked to ToM, as it presupposes
the understanding of actions and intentions of real or invented protagonists (Ferstl et

al., 2008).

In a recent meta -analysis, Mar (2011) reported a profound overlap between text -
based ToM studies and non -text-based ToM studies that used cartoons, pictures,
animations or games as stimuli. Common activations comprised the dorsomedial
prefro ntal cortex (dmPFC), bilateral posterior superior temporal sulcus (pSTS), right
temp oroparietal junction (TPJ), left inferior frontal gyrus (IFG), bilateral medial
temporal gyrus (MTG), and anterior STS. Moreover, the analysis revealed large overlaps
betwe en the ToM network and results from studies that primarily investigated

comprehension of texts with a narrative structure rather than ToM.

The literature distinguishes two components of ToM: cognitive ToM and affective
ToM (see Walter, 2012 for a recent re view). Cognitive ToM refers to mental state
attribution in general (goals, intentions and desires of others) and engages a network
comprising the dmPFC, STS, and TPJ, as reflected in the meta  -study by Mar (2011).
Affective ToM can be used almost synonymous ly with cognitive empathy and relates
to the capacity to understand another's affective state. Although the actual experience
of a corresponding affective state is explicitly not assumed within the framework of
this concept, recent data suggest an interpla y of cognitive and affective processes

(Schnell et al., 2011).

The first aim of the current study was to investigate the interplay of negative story
content and ToM. We used a set of short narrative texts that were either neutral or
negative in valence. Th e neutral stories deal with everyday events and actions. They
meet the definition of prototypical third -person narratives as
structure including an agent, a goal and a causal sequence connecting the agent's

various actions with the achie v e men't or nonachi evement of

t

p . 205) . According to Bruner (1986, p . 35),

compelling human plights that are oOaccessi
OAccesso6 to a st or gompgehensianpfmdicns mtertidneand goals

of its protagonists, and should thus be closely linked with ToM processes (Mason and
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Just, 2009; Mar, 2011). We therefore assume that, compared to their neutral
counterparts, the negative stories we used were more effective in their potential to

engage ToM, as their negative valence is related to

For the understanding of affective processes in reading, the consideration of
valence might be one aspect to consider. The issue of lik ing could be another one.
Highly interesting artwork can be disturb ing and unpleasant (Turnerand  Silvia, 2006),
and it has been known since Aristotle's work on tragedy that narrative contents do
not have to be pleasurable in the sense of positive valence in order to be liked. The
second aim of the current study was to investigate the neural substrate of liking
negatively valenced narratives. This at first glance paradoxical tendency to like and
enjoy unpleasant contents has been investigated in media psych ology regarding
different narrative contexts, including tragic television news and crime drama
(Zillmann et al., 1998; Raney, 2002; Raney and Bryant, 2002). The enjoyment of
unpleasant stories is not limited to a positive ending; in fact, a film without ha ppy -
end can also be enjoyed (Schramm and Wirth, 2010). How can liking unpleasant stories
be explained? Disposition -based theories (Zillmann, 1994) postulate the involvement
of two key factors: empathy with the character and moral evaluation. Accordingly, t he
enjoyment of unpleasant stories depends on the affective disposition and empathic
reactions towards the characters as well as on moral judgments of the outcomes the
characters were confronted with (deserved/undeserved). Correspondingly, increased
sad fi Im enjoyment was reported for viewers with high empathy (de Wied et al., 1994).

In a study on crime drama, Raney (2002) found that (a) the enjoyment of unpleasant
contents was predicted by moral judgments and that (b) moral judgments were
predicted by empa thy. Parkinson and colleagues (2011) investigated the neural
processing during moral judgments of stories containing harm, dishonesty, or
disgust. The dmPFC was the only region that all scenarios had in common and that
therefore might represents a general underlying evaluative processing. Together,
these studies led us to the following assumptions: (1) If moral judgment is associated

with the enjoyment of unpleasant stories, as reported for crime drama by Raney
(2002), the dmPFC might be especially involved when negatively valenced (unpleasant)

narratives are simultaneously liked. (2) If moral judgments of narratives are related
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to empathy, coactivation of empathy -related brain regions and dmPFC can be

expected.

Growing evidence suggests that reading (especi ally reading fiction) has the
capacity to modify personality traits (Djikic et al., 2009) and is associated with better
performance on scales of empathy and social abilities (Mar et al., 2006). Therefore,
further insight in the affective processes in readi ng can help to inform us about their
contribution to ToM -related processes and their potential capacity to enhance ToM

development.

To sum up, we hypothesized that (1) passive reading and comprehension of both
stories with neutral and negative valence shou Id engage the cognitive ToM network.
(2) We further predicted that increasing negative story valence leads to (a) similar
activation patterns of affect -related brain regions as found in previous studies on
single -word and sentence level. Moreover, we expec ted to find (b) the affective ToM
network to be involved, as the negative valence is intertwined with the plights and
conflicts the protagonists are confronted with. Neutral narratives should invite less
ToM processes because the protagonists (and along wi th them the reader) can follow
their goals and intentions without major disturbances or complications. (3) We
expected to find an interaction effect of negative valence and liking. In detail, reading
stories that are considered negative but simultaneously liked should especially engage
the mPFC, reflecting the moral monitoring of the characters and the plights they have
to deal with. (a) This region should show a functional coupling with brain areas related

to ToM and affective processing.

2.2. Methods

2.2.1. Material

We used 80 short narratives (mean number of words: 48, range: 41 857), adopting
half of them from the so called black stories , a narrative -based game (°moses Verlag
GmbH, 47906 Kempen, www.moses -verlag.de). The plot of these stories was negative ly

valenced (crimes, disasters, accidents), comparable to the content of daily news
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stories, but also of novels or crime stories. For the other half of the material, we
created 40 additional narratives that had comparable content settings but were
neutral in valence. In these stories, protagonists pursued their goals smoothly and
were not confronted with plights. Negative and neutral narratives were matched on
the number of protagonists, sentences, words, and syllables, as well as on word
frequency and comp rehensibility. We conducted a prestudy with 32 participants (16
female, 16 male) in order to make sure that content and style of the negative and the
neutral narratives included only events that could possibly occur, and that they could
bereadundertwoc ontext-l abel conditions (o0real,h 6

the task in the MRI scanner. A second group of 32 participants (16 female, mean age

= 24.6; SD = 4.3) rated the material on
from 13-0vergaheveodvéepobpy3positived) and | i ki
from 1 -0 | do not I i keoli tl iakte altl 6vetroy "mucho

values of each scale were then used in the fMRI experiment to modulate parametric
regressors fo rthe effect of valence and liking during reading (please refer to Table

for further details on the prestudy).

2.2.2. Participants

Oinventedod)

val ence

ng (0Do

) . The

2. 7

Twenty -four healthy, right -handed volunteers (12 female, mean age = 26.5; SD =

6.7) took part in the study. Participants were German native speakers and skilled

readers (assessed with a screening test that provides normdata for adults; SLS

Salzburger Lesescreening, unpublished version). Only participants who did not know

the game black stories and were naive to its content w  ere included. All participants

had normal or corrected -to-normal vision and gave informed written consent in

accordance with the local research ethics committee.

2.2.3. Task

A 2 x 2 repeated measures design was applied with one factor varying the story
type (oO0negative, 6 Ooneutral dé) and a secon

was presented (o0real, 6 oOinventedd). 20

d factor

stori
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2.2.Methods

(Figure 2.1). We pseudo -randomized the order of conditions as well as the

presentation o f the narratives across conditions, but all participants read exactly the

same set of black stories and neutral narratives. During the fMRI experiment, a

narrative was presented for 20 s, displayed on five lines (shown 4 s each). Prior to the

story,acont e xt | abel (either OReal 6 or Ol nventedo6) was
were requested to read the text silently and solve a verification task following each

text . By means of a cue (O0OReal ?é6 or Ol nvented?d6d) pe
attenti on control task, whether the story they just read was real, or they were asked

whet her it was invented. Participants answered by p
verification cues were presented in a pseudorandomized order to avoid motor

preparation du ring the reading phase and to assure an equal assignment of question

cues and required responses with regard to each condition. Additionally, participants

completed the Interpersonal Reactivity Index (IRI; Davis, 1983; German version:

Paulus, 2009), which provides a four -dimensional self -report estimate of empathy. In

this study, we focus on the oOempathic concerno s
individual tendency to feel concern and compassion for other people, because

empathic concern was found to be associ ated with increased interest in tragic

television news (Hoffner et al., 2009) as well as with the perception of a liked partner

being in pain (Singer et al., 2004). Empathic concern scores showed a mean of 13.09

and a standard deviation of 1.79 (correspond ing mean of German population norms
= 14.56, SD = 2.94; norm data retrieved from Paul us
modified November 21, 2011, http://bildungswissenschaften.uni -

saarland.de/personal/paulus/empathy/Normen.pdf).
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Invented?

Example:

+ + +
“A farmer steered his harvester into
—/  acornfield where his children were
playing hide-and-seek. Suddenly
INVENTED the machine seemed stuck, so he
got off to find the fault. When he
realized that he had run over his
children, he took his own life”
10 secs. ‘ 3 secs. 1 secs. 20 secs. (5 lines x 4 secs) 5 secs. 3 secs. )
Presentation of con- Presentation of story: Presentation of
text label: either either neutral or ne- question cue: either
Real or Invented gative in valence Invented? or Real?

Figure 2.1. Experime ntal design and stimuli

2.2.4. fMRI d ata acquisition

Functional data were acquired on a Siemens Tim Trio 3 T MR imager at 3 T field
strength. Four runs of 425 volumes were measured using a T2* weighted echo -planar
sequence [slice thickness, 3 mm; no gap; 37 slices; repetition time (TR), 2 s; echo time
(TE), 30 ms; flip angle, 90°; matrix, 64 x 64; field of view (FOV), 192 mm; voxel -size 3.0
x 3.0 x 3.0 mm], and individual high -resolution T1 -weighted anatomical data (MPRAGE
sequence) were acquired (176 sli ces; FOV, 256; TE, 2.52; TR, 1.9; matrix, 256 x 256;

resolution 1.0 x 1.0 x 1.0 mm,; sagittal plane; slice thickness, 1 mm).

2.2.5. Data a nalysis

Analysis of fMRI data was conducted with Brain Voyager QX [2.0] (Brain
Innovation, Maastricht, Netherlands; Goe bel et al., 2006). Functional Data were
corrected for head -motion and for different slice scan times using cubic spline
interpolation. To remove low  -frequency signal drifts, a high  -pass filter was applied
with a cutoff period three times the block length. Spatial smoothing was performed

using a Gaussian filter of 8 mm, full width at half maximum. The functional maps of
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2.2. Methods

each participant were then transformed into standard Talairach space (Talairach and

Tournoux, 1988).

Whole -brain statistical analysis was pe rformed according to the general linear
model as implemented in Brain Voyager QX. On the first level, the model was
generated with two blocked regressors for the reading of stories (negative, neutral)
and two blocked regressors for the instruction and atte ntion task periods. Three
different models were constructed: (1) the first model included an additional
parametric regressor containing the mean valence for each story/narrative, (2) the
second model was added by a parametric regressor containing the mean liking values
for each story/narrative (3) and in the third model we added the parametric
interaction term of valence and liking (valence x liking). For each model, individual
contrast images from the first level analysis were then applied to a second leve
random effects group analysis, in which we tested for the parametric effects of (1)
reading negatively valenced stories (2) liking of texts, and (3) the corresponding
interaction (valence x liking). All parametric contrasts were reported whole brain
corr ected (p < 0.05) using false discovery rate (FDR), and with an extend threshold of

k = 20 voxels for the resulting clusters.

In correspondence with our initial hypotheses, we identified the mPFC as involved
in the interaction of negative valence x liking a nd selected it as the seed region for
further psychophysiological interaction (PPI) analysis (Friston et al., 1997) with a
sphere of 10 mm around the peak voxel ( 19, 41, 16). PPI analysis provides a measure
for task related functional connectivity f it allows identifying brain regions that show
a stronger co -activation during one task (read ing negative stories) as compared to
another (reading neutral stories). Particularly we were interested in whether valence -
specific mPFC activation (i.e., reading negative st
ToM-related brain areas, especially the tempo ral poles (TP), the IFG, and the
temporoparietal junction (TPJ). The PPI regressor was calculated as the element -by-
element product of the mean corrected mPFC region of interest, and the task vector
coding for the valence -specific effect of reading black s  tories compared to reading

neutral narratives. To identify areas of the brain that showed increased activity while
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Chapter 2: The power of em otional valence

reading black stories when mPFC activity increased, individual PPI regressors where
entered into a second level random effects analysis [repo rted whole brain corrected
(p < 0.05) using FDR, k = 20 voxels]. Finally, we repeated the analysis with individual
scores on the empathic concern scale of the IRI as covariate to examine areas of the

brain that showed a stronger coupling with mPFC dependin g on the individual
tendency to feel concern for other people [cluster level corrected ( p < 0.05) using
Monte Carlo simulations as implemented in Brain Voyager, initial voxel level threshold

p < 0.001 uncorrected].
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2.3. Results

2.3.1. Conjunction of nega tive and neutral narratives

Prior to the analysis that focused on emotional valence, we applied a conjunction
analysis in order to assess the common effects of neutral and negative narratives
(Table 2. 1 and Figure 2.2A). This analysis revealed that neutral and negative narratives
share extensive activation patterns including brain areas that are regularly reported
for cognitive ToM, namely the dmPFC (BA 9), bilateral TP (TP: BA 38), and posterior

superior temporal gyrus (pSTG: BA 22/39).

2.3.2. Parametric e ffects

First, we analyzed the parametric eff  ect of negative valence (Table 2. 2 and Figure
2.2B). This led to subcortical activations in the left striatum (caudate body), left
mediodorsal thalamus, and left amygdala. Furthermore, the analyses revealed an
extensive fronto -temporal network including the left mPFC (mPFC: BA 8/9), the
bilateral IFG (IFG: BA 45/47), and the TP (TP: BA 38), the left
fusiform/parahippocampal gyrus (BA 20/36), the bilateral middle temporal gyrus
(MTG: BA 21) and STG (BA 22), as well as the bilateral posterior superior temporal
gyrus extending to the temporal parietal junction (STG/TPJ: BA 39).

Second, we analyzed the para metric effect of liking (Table 2.  3). Activations were
found in the bilateral anterior STG/TP (BA 38), anterior MTG (BA 21), IFG (IFG: BA
45/47), lingual/fusiform gyrus (BA 18/19), and left posterior cingulate cortex (PCC:

BA 30).

Third, we analyzed the parametric interaction effec t of valence and liking (Table
2.4 and Figure 2 .2C). Increasing negative valence combined  with increasing values of
liking was associated with activations in the bilateral mPFC (BA 9, 32), supramarginal

gyrus/TPJ (BA 39/40), and left dorsolateral prefrontal cortex (DLPFC: BA 8).
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Chapter 2: The power of em otional valence

Figure 2.2. (A) Brain activation for story reading fi conjunctio n of negative stories
and neutral stories  (B) Parametric effect of increasing negative valence (C) Brain
activation for increasing negative story valence combined with increasing story

liking i Parametric interaction of valence x linking, whole brain correct ed (p <0.05)
using FDR.
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2.3.3. PPl analysis

Next, we examined the results of the PPI analysis with the mPFC as the seed region,
as this region revealed an interaction eff ect of valence x liking (Table 2. 5 and Figure
2.3). Several regions showed a strong er coactivation with the mPFC during the reading
of the negatively valenced stories as compared to the neutral narratives (negative >
neutral). Such coactivations could be observed bilaterally in the IGF extending into the
insula (BA 45/47/13), the thalamu s, the supramarginal gyrus (BA 40), and the vmPFC
(BA 10) as well as in the left amygdala, the right dorsal striatum and the dorsal ACC
(BA 32).

% s:gnal change
o

OISF I I I I l I

Amygdala  Caudate dACC left IFG rightIFG  Thalamus vmPFC

Figure 2.3. Brain regions showing positive connectivity with mPFC while reading
negative stories compared to  reading neutral stories, whole brain corrected (p < 0.05)
using FDR.
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An additional PPI analysis was applied to take the individual tendency to feel
concern for other people into account. It was tested which areas of the brain showed
higher functional conne ctivity with mPFC during reading negative stories, depending
on self -report scores at the empathic concern scale. The bilateral anterior insula (BA
13) and the right posterior ¢ ingulate cortex (BA 31) (Table 2. 6 and Figure 2.4) showed
a stronger coupling w ith mPFC for individuals who reported a stronger tendency to
feel concern for other people [cluster level corrected (p < 0.05), initial voxel level

threshold p < 0.001 uncorrected].

06 -

04

Parameter estimate in the anterior insula [-36 14 -2]
o
N
S

- - . R=0539
/ p = 00001
04 Z ]
7 g 9 10 1" 12 13 14 15 16 17
IRl empathic concern scale - individual tendency to feel concern for other people
Figure 2.4. Positive connectivity between mPFC and the anterior insula c orrelates with

the individual tendency to feel concern for other people (Positive correlation between

the empathic concern scale and mPFC d&connectivity while reading negative stories
compared to reading neutral stories), cluster level corrected (p < 0.05), initial voxel
level threshold p < 0.001 uncorrected.
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2.4. Discussion

2.4.1. The i nterplay of story valence and To M

This study aimed to investigate the hypothesis that narratives with negatively
valenced content invite for an increased engagement of the a ffective mentalizing
network (cognitive empathy). The conjunction analysis between neutral and negatively
valenced narratives showed that they share the cognitive ToM network, including

dmPFC, bilateral TP, and left pSTS.

As hypothesized, these regions bec ame more engaged with increasing negative
valence. The parametric analysis of valence revealed activations in the bilateral
posterior STS/TPJ and the anterior subdivision of the mentalizing network,
comprising dmPFC, TP, and aSTS/MTG. This network appears to be especially involved
when mental state reasoning requires the interplay of cognitive and affective
components (cognitive empathy; Preston and de Waal, 2002), e.qg., for the inference of
another person's affective state. In a recent study, Schnell and ¢ olleagues (Schnell et
al., 2011) investigated cognitive empathy and found a simultaneous activation of the
anterior mentalizing network and limbic structures, including the left amygdala, when
affective as compared to non -affective visuospatial states had to be inferred. This
network could also be observed when the participants made affective judgments
about social contexts from their own point of view, without being explicitly asked to
adopt a third -person perspective. This fits the requirements of the tas k used in the
current experiment, as our participants were asked simply to read the short

narratives.

In line with those previous findings our results suggest a close link between
affective and cognitive components for mentalizing. Two key areas of cogniti ve ToM,
the dmPFC and the TPJ, were also related to valence. Particularly, the dmPFC and the
TPJ region seem to increase activation when updates of character -related information
and the processing of intentions are needed (Saxe and Wexler, 2005; Mason and Just,
2009). In a study of Hooker and colleagues (Hooker et al., 2008), participants had to

infer the emotional responses of characters in social scenes. In order to predict
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correctly whether an emotional response of a character might change or remain
constant participants had to update their character -related information. In line with
our results, the engagement of regions associated with mentalizing (STS/TPJ, mPFC,
TP) and with emotion (IFG, thalamus) was higher when the emotions of a character

were likel y to change and unlikely to remain constant.

These observations are compatible with the negative stories in the current study:
here, the intentions and emotions of the characters often changed as they were
confronted with sever al dnphe neyitrak swnes, nBhe wthee r
hand, the characters could act upon their goals without major disturbances.
Apparently, the conflicts implicated in the negative stories evoke more attributions of
goals and thoughts to the characters, as opposed to the neutral, everyday stories. Such
attributions and inferences are essential for understanding the character and the story
at large. And with increasingly negative emotional valence, reading stories also
engaged the bilateral IFG and additional subcortical s tructures commonly involved in
emotion processing, namely the bilateral dorsal striatum (caudate body), left

mediodorsal thalamus, and left amygdala.

The thalamus appears to be involved in general emotion processing, independent
of valence (Lane et al.,, 19 97; Goldin et al., 2005) or social/nonsocial content (Britton
et al., 2006) and has been shown to be involved when subjects empathize with a
protagonist suffering a threat (emotional empathy) compared to empathizing with a
protagonist in a neutral everyday (cognitive empathy) situation (Nummenmaa et al.,
2008). Engagement of the amygdala has been reported for viewing pictures of negative
emotion (Lane et al., 1997) and watching sad films (Goldin et al., 2005), but, similar to
the thalamus, this structure is presumably more sensitive to the salience than to the

valence of affective stimuli (Phan et al., 2004; Britton et al., 2006).

In correspondence with our results, a recent meta analysis (Mar, 2011) identified
lefthemispheric amygdala activation to be assoc iated with story -based ToM, whereas

righthemispheric activation was found for nonstory -based ToM.

The IFG, which showed to be responsive to both emotional valence and liking in

the present study, is considered a possible human analogue to the mirror neuron
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system (Rizzolatti and Craighero, 2004; lacoboni, 2009). It was reported for the
imitation and observation of emotion in pictures (Carr et al., 2003), imagery of
emotional scripts (Sabatinelli et al., 2006), and might also play a role in affective
mentali zing (Schnell et al., 2011). In correspondence with our results, Hynes et al.
(2006) observed the orbital part of the bilateral IFG (BA 47) and the left IFG (BA 11) to
be more strongly engaged in emotional perspective taking than in cognitive
perspective t aking in a story -based mentalizing task. Furthermore, potential mirror
neuron activation in bilateral IFG and STS was found to correlate with empathy scores

(Schulte -Ruther et al., 2007).

2.4.2. Liking of unpleasant story contents

The parametric interactio n analysis showed that when valence and liking come
together, the activation peak of the mPFC moves inferiorly and closer to the anterior
cingulate gyrus ( 19, 41, 16), compared to the activation peak resulting from the
parametric valence effect alone (16, 44, 31). For reading negatively valenced narratives
(as compared to neutral ones) this region showed a functional coupling not only with
regions related to ToM, but also with regions known to be involved in affective
empathy (amygdal a, anterior insula, mid cingulate cortex, and IFG; Walter, 2012).
These results were supported by the additional result showing a stronger functional
coupling between the mPFC seed region and bilateral anterior insula engagement
when the magnitude of the participant's empathic co ncern is taken into account.
Similar correlations between the anterior insula and self -reported empathy have been
observed for empathy of social pain (Masten et al., 2011), and for the observation of

other individuals receiving pain (Singer et al., 2004, 2 006).

These results support our initial hypotheses derived from media psychology,
which assumed that moral evaluations and empathic reactions to characters in stories
influence liking of unpleasant story contents (Raney, 2002; Parkinson et al., 2011).
Furt her studies will be needed to systematically investigate the potential role of moral
reasoning and its relationship to empathy for affective and aesthetic processes in

reading. Empathy and moral reasoning about characters provide two possible factors
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which influence enjoyment in reading. Others are very likely involved as well, for
instance stylistic features (Miall and Kuiken, 1994; Jacobs, 2011) and provided details
(see Green et al., 2004 for an overview). A major challenge for future research will be

th e implementation of paradigms that allow us to follow the temporal dynamics of
reading, particularly of longer, well -crafted stories. As Green and Brock (2000)
showed, well -crafted, canonical stories were rated as more immersive. First steps in

that direct ion have already been made (e.g., Wallentin et al., 2011).

2.4.3. Limitations of the study

The values for valence and liking that were used for the parametric analysis of
the fMRI study reflect mean data that were derived from a prestudy and as such
treate d as characteristics of the stories. The fact that we did not use individual subject
ratings of the fMRI sample might limit the conclusions that can be drawn from the

results.

We decided for an implicit reading task as it was one purpose of the study to
assess the interplay of valence, liking and ToM during (as much as possible) natural
reading of stories. Post scan data of individual subjects for valence and liking might
have strengthened the results. On the other hand, the usage of pretest data allowed
pr eventing subjects from fatigue effects, likely arising for rating the 80 stories again
during an additional postscan session. Moreover, it has been shown that especially
liking judgments can change with repeated exposure (Tan et al., 2006), which might
have distorted our data. The standard deviations for liking judgments were
compara ble to those of valence (Table 2. 7). Thus, it could be excluded that the
evaluation of liking implies lower intersubject agreement than the evaluation of
valence. Similar observ ations have been made for judging the attractiveness of faces
(for an overview see Chatterjee et al., 2009) and for reading poems (Martindale and
Dailey, 1995). Given these potential limitations, we consider a similar study using
postscan rating data desir able as to further inform us about individual effects in the

reader and to strengthen the present results.
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2.5. Conclusion

To summarize, taking the emotional valence (from neutral to negative) of the
content of stories into account reveals the full scale o f ToM -related processing,
ranging from cognitive and affective ToM to components of affective empathy
through top -down processing during reading (Walter, 2012). Therefore, it seems
worthwhile to include valence for the investigation of ToM and related proc esses
either as a variable of interest or as control variable (e.g., between conditions of
interest and control conditions). Given the extensive use of stories in our daily life,
their capacity to provide simulations of the social world (Mar and Oatley, 20 08), and
to evoke even emotional reactions as complex as liking unpleasant contents, we
should attempt to improve our understanding of the underlying mechanisms and of

how these processes might relate to learning and development.
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Table 2. 1. Brain activat ion for story reading (negative stories AND neutral stories)

Cluster size

820

954

10940

53

38

167
38

Region

Inferior Frontal Gyrus

Postcentral Gyrus

Precentral Gyrus

Middle Frontal Gyrus

Precentral Gyrus

Middle Temporal Gyrus

Superior Temporal Gyrus

posterior Insula

Superior Temporal Gyrus extending
into posterior Superior Temporal Gyrus

Superior Temporal Gyrus

Middle Frontal Gyrus

Lingual Gyrus

Lingual Gyrus

Lingual Gyrus

Cerebellum

Precentral Gyrus

Fusiform Gyrus

Cuneus

Superior Temporal Gyrus extending into
into posterior Superior Temporal Gyrus

Middle Temporal Gyrus
Superior Temporal Gyrus
Lateral Geniculum Body
Cerebellum

Thalamus

Middle Frontal Gyrus
Inferior Frontal Gyrus
Parahippocampal Gyrus
Cerebellum

Sub-Gyral
Parahippocampal Gyrus
Parahippocampal Gyrus
Precentral Gyrus

Medial Frontal Gyrus
Medial Frontal Gyrus
Caudate Body

Putamen

Medial Frontal Gyrus
Thalamus

BA

47
35

20
35
34

w

D HD®DD®IDDVDVD VDD

rreermrrrmesrdoa

e rearsaarreT e arrsr

Talairach coordinates

54.0
60.0
48.0
27.0
39.0
48.0
48.0
42.0
42.0

33.0

27.0

120
-120
-21.0
-27.0
-48.0
-39.0
-24.0
-54.0

-57.0
-51.0
-21.0
33.0
-6.0
-39.0
-39.0
-21.0
0.0
-36.0
21.0
-18.0
-27.0
-6.0
-6.0
-6.0
-18.0
-6.0
-9.0

Y

20.0
-10.0
-13.0
-13.0

-1.0
-10.0

1.0
-19.0
~28.0

26.0

38.0
-79.0
-79.0
-91.0
-73.0

-7.0
-61.0
-82.0
-25.0

-10.0
8.0
-25.0
-56.0
-28.0
1.0
26.0
-28.0
49.0
-16.0
-28.0
-10.0
-22.0
53.0
53.0
5.0
-1.0
-1.0
-13.0

Z

22.0
25.0
52.0
61.0
31.0
-11.0
-14.0
-8.0
-2.0

-29.0
-17.0
-5.0
-5.0
-2.0
-14.0
43.0
-14.0
13.0
1.0

-5.0
-11.0
-2.0
-14.0
-5.0
22.0
-20
-14.0
32.0
-17.0
-14.0
-14.0
64.0
34.0
34.0
13.0
10.0
55.0
7.0

Max. t-value

6.396.391
6.249.121
5.192.021
4.339.577
3.511.845
9.289.865
8.176.331
7.638.433
6.806.289

4.523.798

4.029.813
41.358.112
21.272.240
19.262.949
16.760.603
13.336.107
13.138.165
12.455.202
11.726.843

11.552.003
10.425.444
9.180.390
9.042.595
8.5635.957
6.862.788
6.730.738
5.937.679
5.328.261
4.988.610
4.333.858
4.179.035
3.165.962
3.812.754
3.812.754
3.740.989
3.450.212
6.942.378
5.033.025
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2.5. Conclusion

Table 2. 2. Brain activation for increasing negative story valence
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