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Preface
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Preface

30LW HLQHU XQJHKHXUHQ XQG VWRO]H®. 3¢ine AffékteH @K HLW OH
FYr und Wider willkYrlich haben und nicht haben, sich auf sie herablassen, fYr Stunden; sich
auf siesetzen, wie auf Pferde, oft wie auf Eselman muss 8mlich inre Dummbheit so gut
ZLH LKU )HXHU ]X Q*W]HQ ZLVVHQ
Friedrich Nietzsche]enseits von Gut und B§s284

In the introduction to her ertient book exploring the plac# emotionin
contemporary moral philosophy, Martha Nussbd@2608)describes emotions as forces that
3>«@ VKDSH WKH ODQGVFDSH RI RXU PHQWDO DQG VRFLDO
WKRXJKW S |, WKDW DUH 3SLQWHOOLJHQW UHVSRQVHV WR
1 XV VE D XoR %\ geeat step forward in rehabilitating emotions as valuable contributors to
rationality, it is notable thavenshe adopts a largely passive model of emotion. This view of
HPRWLRQV DV VWDWHY WKDW FRPH RYHU RV WKDW XK DSt
RXU OLYHVY DQG LQIRUP XV RI W Kbk i2entMeibn@tifoGHRRQ TWYV RI Wi
intellectual exploration of emotion both historically and in modern tifR&smper, 2015)
However, there is increasing evidence that this paradigm of passivity isstadhleame
cases, mistaken. For one, we have a considerable degree of leeway in heeding the purported
evolutionary wisdom of our emotions. Literally hundreds of studies have shown that the way
we react to emotional events is, at least in part, dependéavowe choose to relate to them
(see J. J. Gross, 2015a for a recent revidwyeover, evidence suggegitst individuals not
only reactemotiorally to events in the wor|dut seek out and use emotional reactions in an
instrumental fashion in the sére of goal achievemeifford & Tamir, 2012; M. Y. Kim,
Ford, Mauss, & Tamir, 2015; Tamir, Mitchell, & Gross, 20083 suchijt is increasingly
apparenthat we are namerelythe recipients of the wisdom of emotions, but stand in an
active dialectic relationsp with them. Importantlyevidence is increasingly showitigat

flexibility and fluency in choosing what emotional states to experience might be a key factor
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not only in mental health, but in flourishitBonanno & Burton, 2013; Fredrickson, 2013;
Kashdan & Rottenberg, 2010)

The current thesis investigates one important means by which one can influence what
emotional states one experiences, namely thegsekration of emotional states based on
endagenous sources of information. Such staémge from the melancholia of reminiscence
to the anticipation of future joys, and constitute important parts of our emotional lives
(Solomon, 2003)Importantly, while such endogenously generated emotion can in some cases
be sources of anguish, as seen in some pathological(Basem, Gregory, Lipton, &

Burgess, 2010; Cooney, Joormann, Eugene, Dennis, & Gotlib, 2018) can also be elicited

LQ D YROLWLRQDO IDVKLRQ ZLWK UHODWLYH HDVH %\ JXLC
maligned) emotionally significant situation (pésiture,or hypothetical)pne canlunder

ideal circumstancgsause oneself to experiensteong and vivid emotional experiences

(Salas, Radovic, & Turnbull, 20123uch endogenously generated emotions afford us a

means to selinduce and experience emotional states independently of the external world,

and, potentially actively utilise emotion in thendee of selfregulation(Fredrickson, 2013)

Despite the ubiquity aéndogenougmotions, comparatively little research has
focused on how they come to be, much less how they can actively be usedregdalion.

The current thesigimsto rectify this by investjating 1) the neural and behavioural means by
which endogenous emotion is generated, and 2) how the capacity to generate such emotion
can be used in an active way to deahveikternal emotional stressors.

The investigation of how endogenous emotion getiear occurs took two
complimentary approaches: First, using functional magnetic resonance ir(fRiy in two
large(N = 32/293) representative samp|éhe neural and behavioural foundations of
endogenous emotion generation in the normal populationweastigated. This was done
using a newly developed paradigm that allowed naturalistic and nuanced measurement of

optimal emotion generatioithis was complemented by investigations of the structural and
2
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functional neural signatures of endogenous emaéreration in a sample of loigrm
meditation practitioners. These practitioners had extensive experience in practices that
centrally involvethe active generation of the positive emotional states of lekimdness and
compassion. Thus, they constitutadexpert population that enabled the investigation of
structural and functional neural changes associated with extensive experience in the
endogenous generatiofiemotion Together, these approaches allowed the triangulation of
the neural component pra=earchitecture supporting thelitional endogenous generation of
emotion.

Similarly, the question of how endogenous emotion generation can be used for
emotional seHregulation was also investigated in both noraral experpopulations.

It has been pqosed that endogenous emotion generation has spékfgifor self-regulation
by allowing the individual to buffer against negative stressors byrekiting positive
emotion. By investigating the neural correlates of using compassion meditationl&ieeg
emotional reactions to negative stressors, the neural mechanisms and behavioural
consequences of buffering against negative emotion could be investigated. Next, by
investigating how individual differences in the ability to generate emotions waadré&bat
emotion regulation and coping styleglire normal populationt could be ascertained
whetherbuffering or other modes of emotion management, was associated with efficacy at
self-generation of emotion. Thus, taken together, these findings pravidsight into the
mechanisms by which endogenous emotion generation can be used for emotional self
regulation.

In the following an overviewef the thesis is given. In Part I, the theoretical and
empiiical background for the dissertatiepresented. I€hapter 1, the theoretical
background for the curreset of studiess described, discussing the historical conception of
emotion as passive states of mind, and how a significant cexurtent in the continental,

existentialist philosophical traditiorak argued for a more active conceptualisation of
3
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emotion. Chapter 2 follows this up with a review of the extant behavioural and neuroscience
literature on how endogenous emotion is generated, culminatingorking model of the
component process architere of endogenous emotion generation that guided the current
work. The chapter also discusses empirical work suggesting a role for endogenous emotion
generation in coping and emotion regulation, culminatingétheoretical accourthat

guided the curma investigationsidentifyingthe potential mechanisms by which endogenous
emotion generation can be used in the service of emotionakgelation. This is followed

by Part 11, in which the empirical investigations that are the heart of thenttinesis is
presentedThese studies are either publistield G. Engen & Singer, 2019y under review in
peerreviewed journals at the time of #img, and the current thesis reproduces these as
submitted. As the paper format affords limited space for the discussion of methodological
details, Chapter Brefaces the empirical studies wildetailed discussion of the experimental
and analtical methods used, including account of the development @hovelparadigm

used to investigate endogenous emotion generation skills in a naturalistic fashion. Chapter 4
presentshe results from this paradigim a study that sought to establish the component
process neural architecture of emotion generation in a, leegeesentativgpopulation
Additionally, the study sought to distinguish general neural mechanisms from those
supporting specific implementations of emotion generation, sughresatingspecifc states

with specificvalences, ocontaining specifiecnformation modalitiesChapter 5 sought to
validate the candidate neural architecture described in Chapter 4 by investigating the
functional neural correlates of lovidkgndness meditation (a techuoig centrally involving the
generation of positive emotion), and how expertise in this technique is reflected in
morphological changes in cortidhickness. In the samsampleof longterm meditators

Chapter 6 reports the behavioural and neural effeaisinf compassion meditation to

regulate emotional reactions to negative stressors,@amdHis compares to reappraisal;

3 JR-O®/DQGDUG” HPRWLR @Bubléiel ¥IQ DM LINRRae/ Qiddi€ldn HJAross,
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2012a)that involves generating cognitive interpretations to change the emotional meaning of
negdive stressors. Thus, Chapteingestigates the neural mechanissnpporting active

efforts to regulate responses to negative external stressors using endogenous emotion
generation, and differentiates this frewgnitiveforms of emotion regulation. Finally,

Chapter 7 investigates whether and how emotion generatios réitdte to adaptive emotion
management styles and trait tendency to experience positive or negative emotion in a subset
(n = 288) of the sample investigated in Chapter 4. Part Ill sursesattie current studies and
discusses limitations, implications afudure directions for this research. Chapter 8 provides

an integrative discussion of the current findings relative to the working models proposed in
Chapter 2, while Chapter 9 discusties implicationdor our fundamental understanding of
emotion and emain regulation, as well as limitations of the current work and questions and

directions for future work hinted at by the present findings.
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Chapter 1: Emotion aaction: Philosophical background

Chapter 1. Emotion as action: Philosophical
background

1.1.Chapter overview

In this chapter, the philosophical and historical background for the current thesis is
presented. Emotion has traditionally been thought of as being an adversary of rationality and
consequentlgitherbeingan impediment to selfeguation or something that itself needs to
be regulated. There exists, howeesjgnificant countecurrent to this line of thought,
rooted in the contiental tradition of philosophy. This line of thought stdteg emotions are
not mere reactions, but wstitute strategies by whishke adapt to the external world,
suggesting they can play an important role in-ssgfulation.Importantly, it has been argued
that emotion stemming from endogenous sources can be flexibly used in the service of goal

achievemet) and even counteract emaotional reactions imparted on us by the external world.

1.2 The adversary of rationality: Emotions in the history of philosophy
37KH KHDUW KDV LWV UHDVRQV RI ZKLFK UHDVRQ NQRZV QR

2 Blaise Pascal

As a subject of philosdyy, emotions bear the dubious distinction of being both a
perennial topic of inquiry and being almost universally dismisséxetiag essentially opposed
to rational thinking Frequentlydescribed aseactive and irrational, the emotions are
traditionally hought of as harbingeof discord, perturbers of the soul and the enemies of
harmony on both societal and individual lev@sissbaum, 2008; Plamper, 2018} such, it
is perhaps notusprising that emotions have been a central topic of Western philosophy as far
back as the pr8ocratics, perhaps most notably in the ethical teachings of the @o&eer,

2009) In large part, these teachingguson how to use rationality to reign in, or control



1.2. The adversanyf rationality: Emotions in the history of philosophy

!

RQHTV HPRWL RN MD.Grass] PO VR)LYRICaMoO thisintellectual traditionis the
assumption that emotions are occurrences over which we hamflusmce. This
understandingpas been highly influential in forming the modern understanding of emotions
as more or less adaptive, evolutionanhparted reactions to significant stimuli in the
environment. For instance, as this model has it, exposure itsghat signify threat to the
organism is likely to elicit an emotional reaction of fear, concomitant with behaviours (e.g.
freezing), evalDWLRQV H J 3WKLV LV D KRUULEOH WKLQJ KDSSHC(
cognitive reactions resulting in the organism being mobilised to deal with a given(fhr&at
Gross, Sheppes, & Urry, 2011; Ledoux, 1998)portantly,these reactions atakento occur
in a reflexivemanner, such that exposure toethirautomatically elicits emotionbéhaviours,
irrespective of what the goals of the individual might be. Thus, as our opening quote
indicates, emotionare often thought as having tharadigmatic quality of occurrindue to
a logic 2 such as evolutionarily inherited survival conceénghat is inscrutable,
LPSHQHWUDEOH DQG HVVHQWLDOO\ XQFRQWUROODEOH WR
potentially deleterious effects actingaffectcan have, it was this fekivity that made
emotions inimical to ancient thinkers, on whose account emotionalmesetie, in a very
real way, partiallyjosing mastery over oneself and becoming subject to rules nét owe.

Perhaps understandably then, systems raised in dippdsi emotion have largely
focused on devising means by which ggiernance can be upheld or regained through the
DSSOLFDWLRQ RI UDWLRQDOLW\ 7KXV ODUFXV $XUHOLXV
RI WKH MXGJPHQW \RPXKXWHVYLEHR WKEH R, WKH p, DP KXUW
KXUW LWVHOI" OHGLWDWLRQV ,,, 7KXV E\ FRQVFLRXV(
through rational thoughts, one can mend oneself of irrational emotional reactions. Moreover,
by cultivating thought and rational judgement, it is held that one can diffuse emotional
UHDFWLRQV DOWRJHWKHU IRU DV (SLFWHWXV DQRWKHU I

not by things, but by the principles and notions which they form concerning Yhin
9
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(Enchiridion, 5). Thus, by training ourselves to see things as they truly are (which is to say
acceding only to the properties they have in themselves) we can avoid emotional reactions
wholly. Importanty, even though emotion is here posited taHsronsequence of thought, it

is seen as a sideffect of faulty thinking. This leads us to impart importance to things and
events that are, in fact, emotionally neutral. Thus, an optimally rational actor should not incur
the vagaries of emotions and, in etfebe wholly in control of oneself in perfect equanimity.

It is difficult to overstate how influential the notion of equanimity as an ideal for self
control has been. The notion that control of emotions involves achieving a neutral, non
emotional, ratioal state of mind was endorsed not only by the Stoics, but ran through most
ancientWesternsystems proposing a means to achiewgaimonior(e.g. Cynicism,
Epicureanism, €ripateticism, Platonism, Pyrrhonismajdis arguably one of the central
pillars ofenlightenment ilBuddhism(Lama & Ekman, 2008While there is increasing
acknowledgemertdf the potential intelligence and benefits of emotions in affective science
(Barrett, 2011; Damasio, 1994; Kashdan & Rottenberg, 2010; Nussbaum, tAi8)
adversarial account of emotion is still highly influentiald can be thought of as the standard
model organising both philosophy and empirical research into both emotions, and emotion

managemen(). J. Gross, 2015b; 2015a; J. J. Gross & Barrett, 2011)

1.3 Emotions asways ofinteracting with the world

There is, however, a significaphilosophicalcountercurrent arguing for emotions
being active means of engaging with the woRerthis model, emotions should not
(exclusively) be thought of as reactions that should be avoided or suppressed, but occur in the
context of, andimportantly, as an expression of our goals and intentionsu€man account
emotion is not something that needs to be controlled by our rational faculties of thought, but
rather are extensions and expressions of rationality. Importantly, if we take this model

seriously emotion control involves more than merely grgssing or negating the occurrence

10
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of emotional reactions, buather selecting when and what emotional experiences one has at
any given timedi.e. that emotionsan be actively recruited and employed to further self
governance. In the following sectigriree such accounts will be presentsiproposetly
Descartes, Sartrand Solomon, with the aim of demonstrating the means and mechanisms by
which emotions are not something thetclusively)happens to us, but entities we actively

employ to selregqulate.

1.3.1 Cartesianemotion regulation

37TR DURXVH EROGQHVY DQG VXSSUHVV IHDU LQ RXUVHOYHYV
so0. We have to set ourselves to think about the reasons, objects, or precedents which argue
WKDW WKH GDQWKDW®@XW UKD WOZD\V PRUH VHFEXULW\ LQ
ZHTOO JDLQ JORU\ DQG MR\ LI ZH FRQTXHU DQEn®®RWKLQJ
OLNH WKDW 2XU SDVVLRQV FDQTW EH DURXVHG RU VXSSUF
only indirectly by our representing to ourselves things that are usually joined with the passion

ZH ZDQW WR KDYH RU RSSRVHG WR WKH RQH ZH ZDQW WR |

Rene Descarte®assions V45

In addition to being one of the great philosophers of mind arsteepblogy,
'"HVFDUWHY IRUPXODWHG D FRPSUHKHQVLYH DFFRXQW RI 3W
emotions. Largely due to being perceived as espousing a strong dualism between emotion and
cognition, Descartes has been the butt of much criticism éntedfective science. In
particular, he has been read as stating that cognition can, and should, be in charge of
emotional responses, and as such has been taken as being one of the strongest proponents of
the dualistic adversil account of emotion anagnition, as discussed abowevaluating this
charge is beyond the scope of the current treat(seete.gDamasio, 1994; D. M. Gross,
2007a) but it is interesting to note that thartesiaraccount ohow one can go about
controlling ones emotion&s quoted aboveppears not to followmnadversarial account, at
least in as much as it refuses the possibiRl YROLWLRQDOO\ LQIOXHQFLQJ WE

emotionsby mere cognitionRatherjn the above quotéescartes proposes that emotions can

11



Chapter 1: Emotion aaction: Philosophical background

only be controlled by theountergeneration of emotiorthrough crating internal

representations, and that tben be doneitherin goal achievemendr to counter ongoing
emotions While thoroughly supporting the notion that emotions are reflexive and following a
specific trajectory, an implication of this view is that emotions can be used to achieve goals
by ushgimagination to achieve what in modern parlance would be called an embodied
representation of a given emotion. Following on this, Descartes makes apparent a distinction
between exogenous emotions, that we can fend affeadogenous emotions, that anmre

or less something we can control. This opens the intriguing possibility that a comprehensive
account of emotion control needs to include the capacity to strategicalbeselfate

emotional states both to motivate behaviour and to deal with emlatgaedions to the

external world.

1.3.2 No exits, no excuses: Sartre on our responsibility for emotion

37KH H[LVWHQWLDOLVW GRHV QRW EHOLHYH LQ WKH SRZHU
passion as a destructive torrent upon which a man is sweptincertain actions as by fate,

and which, therefore is an excuse for them. He thinks that man is responsible for his

SDVVLRQ ~
JeanPaul SartreExistentialism Is a Humanism

JeanPaul Sartre can be thought of as having followed up this Cartesiagl mod
extending it to all emotion, includirgmotionscaused by happenings in the external world
(Sartre, 1939)Rather than thinking of emotion as something that happens to us, Sartre
claimed that we are essentially responsible for our emotional reactioasd|rrdther than
FDOOLQJ WKHP UHDFWLRQV RQ 6D Wa\ddhsgidusklothisn HPRWLR Q"
consciously) uséo deal with the worldsee also Frijda, 2007Essentiallyarguing against the
view that emotions simply happen tq Gartre fundamentally changes the status of the
emoter (possibly exentipg pathology) to someone that is responsible for their emotional

VWDWH 7KH FUX[ RI 6DUWUHYV DUJXPHQW LV WKDW D YLHZ

12
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IRU WKH 3 Efia@vaide fgidfcéferring to our emotional reactioasposthoc excuses

for behaviours that at a later point in time turn out to be undesirable. As such, Sartre argues

that all emotion occurs in the service of gaahievement in his view essentially ego

GHIHQFH 7KXV ZKLOH 6DUWUHYV HPR Vétide @nteDit/ehdH QGRJIHQ
might be camouflaged from our conscious recognition. As such, the Sartrean view argues

strongly that all emotion has endogenous causes. This is similar to the view that judgments
determine emotion, but is taken further by emphasisiagetmotions are actions, that they in

effect stem from our goals and thus should not be thought of as mere reactions to the external

world.

1.3.3 Robert Solomon on emotion as action
32XU HPRWLRQV GR QRW UHQGHU XV SD bhetindds tieXekgind/ KH Y H LU

Rl RXU EHKDYLRXU DQG WKH DFWLYHO\ FKRVHQ PRWLYDWLF
Robert SolomonOn the Passivity of the Passions

Following on Sartre, Robert Solomon expanded on the notion of responsibility to
change the ontological statusemotions from happenings to actions, in as much as they are
constituted by, and occur as consequence, of a series of volitional acts. Key to his argument is
the observation that, at least in humans, emotions are extended processes rather than the
circumgribedimpulsive responses they are often portrayed as in philosophy and modern
research. Indeed, in many cases emotions are in fact something that we activelppdirsue
cause to be in ourselveand as such can only be thought of as volitional objedtsotihg
Descarteshe highlights that what healls WKH S HPHUJHQF\ SDUDGLJP RI HPRW
account for the frequent occurrence of emotions that can only said to be products of our own
cognitive processes. Thus we can, as Solomon suggests in stekisighlitude to Descartes,
SQXUWXUH” HPRWLRQV EV\ ERWK UDWLRQDO DUJXPHQW H J
oneself that one has been slighted) and controlled and guided access ofesé¢engriat a

funeral serviceSolomon 2001, p. 202). Indeegs he points out, the very distinction
18
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frequently drawn between having an emotion and thinking about that emotion is problematic,

LQ DV PXFK DV WKLQNLQJ DERXW WKH MXVWLILFDWLRQV IR
emotion and thus tends to elicietkiery emotional reaction under deliberation. Supporting

this point, a large part of both modern clinical practice and traditional philosophical remedies

for emotion (e.g. Stoicism and certain Buddhist practices) aims at fostering this meta

cogntive distace, with the ultimate aim of enabling the individual to not only understand

why they are experiencing emotions, but also to decide what emotions they can experience.
Importantly, this line of reasoning suggests that emotions are not (just) reacticstspuddt

also be thought of as states that we actively instil in ourselves to adapt to one’s context.

1.3.4 Summary: Endogenous emotion as a means of setjulation

These three accounts together point to something thédigetybeen neglected in
modernpsychology: That emotions are r{ekclusively)something that happen to us, but
rather reactions thate bear responsibility forhat we possess some degree of control,over
and that weactively use to regulate ourselves and our environmé&ftspeciahote are
emotions stemming from endogenous sources, such as thoughts or memories, both because
we are relatively better able to control their occurrence, but also because, as Descartes pointed
out, we can actively use these to counter emotions stemmimgefkternal sources.
Moreover, as Sartre and Solomon point out, such endogenous emotion can be used both to
motivate oneself in pursuit of lortgrm goals, and can be strategies with which one adapts
oneself to the world, and also a means of alteringxterreal (particularly social) world. This
raises the intriguing possibility that the capacity to-gelfierate emotional states based on

endogenous sources of information might serve as tool fereggifation.

14
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1.4. Harnessing fire: Endogenous emotion geeration as a means of

emotional selfregulation

Following on this way of thinking about emotiotie core propositiomvestigatedn
this thesis is that emotions are not simply something that occurs to us, but something that we
enact andise to governurselves Following Descartes, | specifically propose that emotions
FDQ EH DFWLYHO\ XVHG WR FRQWURO RQHYV HPRWLRQDO P
emotions based on endogenous sources of information, such as our deliberations or memories.
Moreover,| propose that this ability is a central aspect of-gdulation enabling one to deal
with emotion both through increased fluency with emotional situations through simulation
and also through the active use of emotion generation to deal with emotiessbss.

The goal of the current thesis was to empirically investigate these hypotheses, using a
combination of neuroimaging, psychophysiological and psychological methods. As
endogenous emotion generation has received relatively little attentiongs & tics own
right, the thesis has two main topics: First, it aims to develop and test a model of the neural
and psychological component processes that support endogenous emotion generation. Second,
based on this model, it seeks to explore how endogesmason generation skills can be
utilised as a means of emotion regulation and coping. Preceding the empirical portion of the
thesis Chapters 47), the following chapter provides an overview of the current state of
knowledge regarding the endogenous gatien of emotion in psychology and affective
neuroscience and develops the working behavioural and neural working model of endogenous

emotion generatiorhait guided the present research.
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Chapter 2: Endogenous generation of emotion

2.1 Chapter overview

This chaptepresentg&n overview of the current state of knowledgdtenbehavioural
and neural baseg$ endogenous emotion generati@tarting with a discussion of how to
define and differentiate endogenous emotion generation from other relaetivaff
phenomena, the chapter reviews extant behavioural and neuroimaging work investigating how
endogenous emotions are generated and what subjective, behavioural and physiological
effects this has. This review culminatesa working neural component mess model of
endogenous emotion generation that guided the current research. Based on this model, the
chapter next discusses how the gmdheration of emotional states can enable emotional self
maragement, proposing two distinct routes by which the emglmgs generation of emotional
states can be used for sedfjulation. The chapter ends with a presentation of the hypotheses

that guided the current work, and an overview of the empirical part of the thesis.

2.2 Conceptualising endogenous emotion generah

Unlike the generation of emotional reactions to exogenous cues, comparatively little
work has focused on understanding endogenous emotion in their ow(Witgdn-
Mendenhall, Barrett, & Barsalou, 20130 my knowledge, there has hitherto been no
attempts at integrating knowledge of how emotion is generated from endogenous sources of
information into a mechanistic framework. The current section revbelvavioural
psychophysiological and neuroimaging evidence ongaierated emotional states, with the
aim of developing a neural component process model of endogenous generation of emotion
(EnGE). Starting off, the following provides the working operationalisati@ndbgenous
emotion that guided this model development and how EnGE can be differentiated from other,

related, topics.

17
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2.2.1 Operationalsation and definitions

To guidethefollowing literature review and model developmdnwill here adopt an
operatiomlisation of endogenously generated emotions as emotional states whose causes can
be traced to an internal representation. | will refer to the process by which such emotional
states come about as endogenous generation of emotion (EnGE; contrasted witbuxog
generation of emotion (EXGE)). Examples of ENGE are when an emotion occurs due to a train
of thought, memories, imagery or bodily interoception. An important aspecidoigenously
generated emotionsuifd internal representations in geneiialjhatthese an be elicited both
voluntarilyandspontaneously. Thus, emotional states can be elicited by, for instanee, goal
directed recall of a given emotiaaiiciting event in the past or futu(Benoit, Szpunar, &
Schacter, 2014; Fitzgerald et al., 2Q@t)through intrusive thoughts and ruminat{@rewin
et al., 2010; NolefHoeksema, Wisco, & Lyubomirsky, 2008y simply in the coursef
ordinary mindwandering(Ruby, Smallwood, Engen, & Singer, 2018erel will focus on
the voluntary conponent of EnGE in line with thgoal ofthe current work oinvestigating its
potential utility as a means of sefgulation, and because investigations of sp@uas
EnGE is still in its infancybut see Poerio, Totterdell, Emerson, & Miles, 2015b; Ruby et al.,
2013) While this could be seen as a limitation of the current investigation it should be noted
that evidence suggastonsiderable overlap between the psychological and neural
mechanisms and effects of voluntary and involuntary generation of mental qéutdrews
Hanna, 2012; Smallwood & Schooler, 2015; Smallwood et al., 20h8}, it is likely that
the conclusion drawn from the study of voluntary EnGE geisesaio spontaneous EnG&,
leag in terms of psychological and neuraéchanism

Practically, the review is therefore limited to studies of-selficed emotion that
relied either on noemotional or minimally emotional stimuli, and therefore can be said to
arise following processingf information endogenous to the individual. Moreover, given the

objective ofdevisinga general model of EnGHje review focuses on investigations of non
18
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pathological populatias Before proceedinghe following section discusses the
differentiation ofENGE as hereonceptualisednd the related topics of exogenous emotion

generation, emotion regulation, mogehnerationand constructive memory.

2.2.2 Differentiating endogenous emotion generation from related phenomena

2.2.2.1 Exogenous emotion geration

Based orthe precedingperatonalization the relationship between exogenous
(ExGE) and endogenous generation of emotion (Ers@ak)now be discusse®n the surface,
drawing this distinction is relatively simple, with endogenous emotions havirsg€anternal
to the individual, such as thoughts, memories, bodily sensations, or imagery. This contrasts
with exogenouy generate@motions who in turnhawe a cleacausakeferent in the external
world, such as an emotiggrovoking situation or stimuk. Following on this, individual
differences in EXGE tend to revolve around how one responds to external @tlemaknn,
2004) This is of some importance, because it is probable ltigist at best partially
overlapping withthe likely sources ahdividual differences in EnGRvhich also involves
variation in the ability to recall emotional informati@@ollinisch & Averill, 1993; G. A.
Miller et al., 1987)or the capacity to generate mental imad&yA. Miller et al., 1987;
Zeman, Dewar, & Sala, 2019)loreover at leasin the volitional caseEnGE abilities are
also likely to be affected by individual differences in the ability to control asaimemonic
or ideationaprocesseéBanich et al., 2009)hus, while endogenous emotions can occur
with seeming spontaneity, they aex¢epting pathology) in some way dependent on
cognitive processes that involve the directed generation of emotionally relevant narratives
leading to autonoetic simulations of emotional states of affdieslenthal, Winkielman,

Mondillon, & Vermeulen, 2009; WilseiMendenhall et al., 2013)



Chapter 2: Endogensigenerationf emotion

That said, the distinction between exogenously and endogenously generated emotions
is fluid. For instane, in cases of severe anxiety, endogenous processes are arguably
responsible for the generation and maintenance of the emotional state despite it having an
external referenfCha et al., 2016)0On the other hand, external stimuli can sometimes entrain
internal emotion generation processes, such as when reading a story with emotional qualities,
where stimulus properties are not evocative of emotion outside of the narrative context it
appears in. Moreover, recent maigalyses of neuroimaging studies of eimo{Kober et al.,

2008; K. A. Lindquist, Wager, Kober, Bliddoreau, & Barrett, 2012)suggest that even
processing of external stimuli to a large degree involves neural mechanisms sgpghertin
generation of such simulatiofidassabis & Maguire, 2007; Schacter & Addis, 200Hus,
drawing a strict conceptual boundary betweeGExand EnGE might be impossible,

requiring empirical delineation in terms of underlying pssieg.

2.2.2.2 Emotionregulation

Emotion regulation can be definedaprocess in which on experefforts to
influence which emotions one $yahe intensity of these emotions and/or how they are
expressed]. J. Gross, 2007histinguishing emotion generation from emotion regulation is
an important topic in affective sciengk J. Gross et al., 201 1hat is heavily influenced by
the fundamental theory of emotions one hg¢lds). Gross & Barrett, 2011For instance, a
basic emotion theorist can distinguish between the two with relativeoeas=ount of
having a stimuluseaction model of emotion, meaning that emotion regulation simply
involves managing thbehavioural consequences of a given emotional reaction. Conversely,
on a constructivist accouriioth emotion generation and emotion regulatiamolve changes
in the situationby-organism meaninghaking interactior{Barrett, 2014) Thus, segrating the
two becomes conceptually difficids any act of emotion regulation can be construed of as an

act generating a new emotional st@tel. Gross et al., 201However, in the case of
2C
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exogenous emotion, one can, at least in principle, mdigiaction between a) processes that
are initiated by the occurrence of a given event or stimulus and b) those that act to modulate
the trajectory of these procesg¢ésJ. Gross et al., 201 Hor endogenous emotion, no similar
appeal to ontogeny can be made to differentiate events of iendram events of

regulation. Rather,eneration and regulatidikely depend on overlapping procestest are
essentially internal to the ematdloreover, as will be discussed below, it is possible that
EnGE can at times be used as a means to regulate emotional reactions. Providing a
comprehensive resolution to this tojis beyond the scope of the current investigation, and |
therefore take a functional approach to dptiish the twoSpecifically, | propose that

emotion generation occurs when an emotional feeling stdeensvowhere previously there
subjectively was none. Conversely, emotion regulation occurs when ongoing subjectively
experienced emotional states are somehow modulatedtionally or otherwiseThus,
distinguishing the twds on this, albeit simplified, accourd matter of causality and time.
However, thisshould not be construed of as a strict ontolalgiivide as they are likely

reliant on similar neural and ypshological mechanisms, especially those suppottiag
construction of mental representatigk®ber et al., 2008; K. A. Lindquist et al., 2012; K. A.

Lindquist & Barrett, 2012)

2.2.2.3: Mood generation
Endogenous emotion also needs to be differentiated from the closely related construct
of mood states. The usual means of differentiatingd aad emotioris by stating that
emotions are phasic responses to events, whereas mood statentepeetonic level of
affect. Moreover, moodare usually thought of as being more diffirséerms of their
expressiorand duration, usually resulting in ldd/U LQWHQVLW\ 3SEDFNJURXQG ™ DI
experiences that can last for a pasted period of timé€R. J. Larsen, 2000Another

important difference is that moods usually are thought of as hawictgar eliciting cause in
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the environmen{Magen & Gross, 2010Yogethe, these criteria make it fairly straight
forward to differentiate moods from (exogenous) emotional reactions.

In the case of endogenous emotibowever this distinction is blurred. For one, while
endogenous emotion can be thought of as phasic resgoneernal processes, these
processes themselves are likely extended in time, and embedded in the ongoing stream of
consciousnesR. J. Larsen, 2000; Ruby et al., 201Bhis means that the initiation and
durationof endogenous emotionavents are difficult to specify. Second, like moods,
endogenous emotions are, by definition, not (directly) resultatiieoperception oéxternal
eventgR. J. Larsen, 2000Thus, in one sense endogenous emstoa more similar moods
than exogenous emotiorignlike moodshowever,endogenous emotions, as weehdefine
them, are clearly consequent on a specific internal representation, and, crucially, on the
maintenance of this representation at the focus of attention. Thus, it is possible to generate a
positive emotional state by thinking about good times, piesipite being, at the moment,
dysphoric(e.g. Holmes, Lang, & Shah, 2009; Holmes, Mathews, Dalgleish, & Mackintosh,
2006; Pictet, Coughtrey, Mathews, & Holmes, 20Mdgreover, while such EnGE might
provide alleviation of a mood (as suggested by Descart@bapter }, this is effective} an
act of regulatioras it is here defineduch that endogens emotion overrides the mood,
possibly temporarilywith the mood state reinstating itself once active EnGE efforts cease.
Summarising, endogenous emotion can be thought of as occupyindla griound between
exogenous emotional reactions and mood states that are clear reactions to endogenous events,

but whose effects are not pervasive outside of the context in which the reaction was elicited.

2.2.2.4: Constructive memory
At the core, all pgchological processes involving the internal generation of
representations are in some way reliant on constructive memory progéassabis &

Maguire, 2007)Ranging fr;® SODQQLQJ KRZ WR DFKLHYH RQHYV IXWXU
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about thalistantpast, similar psychological and neural mechanisms seem to be at the core of
our abilities to generate simulations of the w@¢Addis, Pan, Vu, Laiser, & Schacter, 2009;
Schacter & Addis, 200 Schacter et al., 2012; Spreng & Grady, 20A8)mentioned above,
EnGE is likely to rely heavily on the ability to create such lifelike, autonoeticpiston
simulations, and is therefore likely to rely on constructive memory proc€ssexrucial
difference, however, is that there is no inherent requirement for constructive memory to be
embodied, i.e. that the simulations should result in a manifest physiological equivalence
between the simulated state and the current state of the body. Asriteiggrests, simulation
involves a distinction between the internal model of the worldfam@ctual constitution of

the world Thus, there is inherentgn analogous R U 3 Quality k6 these simulations. This
does not necessarily pertain to EnGE whimdith by definition and in terms of subjective
experienceresults in genuine, experienced emotional st@atas et al., 2012Yhis is not to

say that EnGE cannot be used for similar purposes as constructive memory, such as planning
or mentally working through problems (past or future) that are pertinent %% goals, but

that theproductof the EfGE process is an experienatl embodie@motional state and not
merely a cognitive or mnemonic representation of that state. As such, the notion of EnGE
adopted here is related to the notion of embodied simulation frequently used in the literature

on mobr imagery(Gallese & Caruana, 2016)

2.3 Characterising EnGE as a psychological phenomenon

In this section, extant behavioural and psychophysiological tigati®ns of EnGEare
reviewed, with thaim of developing a characteat®on of it as a empiricalphenomenon and
identifying the key features an account of EnGE must contain.

Much ofour knowledge about EnGE comes from studies utilising endogenous
emotin generation as a means to induce emotion. Typically, this type of experiment involves

participants being asked to generate emotional states either purely endogenously, by
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remembering past events or by imagining hypothetical scer{@#sasio et al., 2000;

Gemar, Kapur, Segal, Brown, & Houle, 1996; George, Ketter, Parekh, & Herscovitch, 1996;
Holmes et al., 2006; Holmes &athews, 2005; Kimbrell et al., 1999; Liotti et al., 2000;
Mayberg et al., 1999; Morina, Deeprose, Pusowski, Schmid, & Holmes, 2011; Pardo &
Raichle, 1993; Salas et al., 2012; Wilddendenhall et al., 2013pr by being asked to up
regulate emotional aspis of externally presented emotional stin{ely. McRae, Misra

Prasad, Pereira, & Gross, 2012c; Ochsner et al., 2009b; Otto, Misra, Prasad, & McRae, 2014)
As the latter approach @oser to the current definition efnotion regulation (cf. the

distinction between generation and regulation drawn above), and beetats/ely few

studies have used this methodology, the following will focus on studies where elicitation of
emotional states relied minimally on stimulus properties.

Overall, this literature suggests that Er@é&sed emotion induction is highly effe@iv
and result in strongly experienced emotional states, particularly for positive emotions
(Riquelme, Radovic, Castro, & Turnbull, 2015; Salas et al., 20sthg this selinduction
approach, successfuhBE has been reported using mental ima@idojmes & Mathews,

2005; 2010)narrative scripts of both impersorf#/ilson-Mendenhall et al., 201&nd
personal varietie€Salas et al., 20123emantic narrative analygidolmes et al., 2006; Vrana,
Cuthbert, & Lang, 1986)}andauditory imageryBeaty et al., 2013; Williamson et al., 2012)
Interestingly, it appears &hboth autobiographical recall and immersion in hypothetical
emotional evergtresult in emotional reactienThis suggestthat EnGE should not be
conceptualiseds simple recall o& previously experiencezimotional state, but rather a
simulation of a guation in which a given target emotion might ocakin togeneral
constructive memory abilities like episodic recall and prospe¢8ohacter & Addis, @07)
However, evidence suggest that this type of simulation goes beyondubgzetive appraisal
and involves the activation of physiological markers similar to exogenously generated

emotions. Philippot, ChapellandBlairy (2002)demonstrated this in an experiment where
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they investigated the relationship between respiration rate and subjective experience of
emotion. Participants were instructed to put themselves into differentogralcgtates (joy,
sadness, anger, and fear) by altering their respiration patterns, but were given no instruction as
to what pattern of respiration might be associated with each emotional state. In addition to
having marked subjective effects, this reglite participants adopting respiration patterns
matching those seen in previous studies of emotional arousal, and that were differentiable by
type of emotion in question. In a second experiment, participants were surreptitiously induced
to engage in thegeatterns of breathing. This resulted in increased subjective experience of
the emotions associated with a given breathing pattern. Thus, bodily signals of eammtion
notonly concomitants of seliduced emotional states based on endogenous infornfagen
also Fawver, Hass, Park, & Janelle, 2014; Kleinke, Peterson, |&dget 1998; G. A. Miller
et al., 1987)butcanin themselves cause emotional states to come into being. This further
means that a comprehensive account of EnGE should include means by which physiological
signals can be used to generate emotion, eitbeear in combination with other modalities
(Gallese & Caruana, 2016; Niedenthal et al., 2009; Seth, 2Bit&)ly, in addition to being
embodied, EnGE appears to have a clear influence on behaviour, such that, for instance, self
geneated emotional states can affect sport performé@Rathschlag & Memmert, 20149r
even impact obaseianoatility, as is seen in the impaat EnGE on gai{Fawveret al., 2014)
Summarising, evidence demonstrates that EnGE should not be thought of as being a
*FROG" FRJQLWLYH VLPXODWLRQ RI WKH IDFWV DQG DSSUD
EnGE is an embodied phenomenon, resulting in emotional reaetittnslear subjective and
physiological outcomes. Thus, an account of EnGE needistad not only how emotional

informationis recalled, but also how thisads toemotionalphysiological reactions.
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2.3.1 Individual differences in EnGE abilities

Another aspect of EnGE that has been revealed in thandeition literature is that
individuals differ in their ability to self§enerate emotionMiller and colleague§1987)
investigated trait and behavioural markers of the capacity to generate emotionayimage
Participantsvith good imagery abilities generated stronged more differentiated
physiological signatures of emotional arousal when requested to envisage different emotional
situations using the emotional script procedure. Convengatticipantsself-describing as
bad imagers did not show this strong couplintyeen emotion scripts armhysiological
responses. Critically, there were no apparent differences between the good imagers and
people seldescribed as poor imagers severalpersonality ad cognitive variables. Thus, a
concomitant of good emotional imagery ability appears to be the ability to gefudirate
fledgedemotional reactions.

One caveat to this is that the Miller study, like most otherigdliction studies, only
investigated invidual differences in the capacity to use mental imagery to generate emotion.
While there is extensive evidence that mental imagery and emotion might have a preferential
relationship(Holmes & Mathews, 2005; 201Qp date no evidenaxists mapping whether
EnGE abilities are mdicatedexclusivelyon the capacity to engage in mental imagery.
Conceivably, in the normal population, people can differ bo#ffinacy and implementation
of EnGE,with some individuad, for instance, relying on musical imagery, semantic analysis
or bddily interoception to instigate EnGE. Indeed, at least in cases of pathology, semantic
analysis in the form of verbal rumination appears to become the predominant mode of EnGE
employed(Koster, De Lissnyder, Derakshan, & De Raedt, 20d&khjch could stem from
decreaseéfficacy of EnGE based on visual imagéRaune, MacLeod, & Holmes, 2005;

StSber, 1998)Similarly, while evidence exist® suggesthat mental iragery outperforms
verbal semantic analysis in terms of both short term and long terindetttion effects

(Holmeset al., 2006; Holmes & Mathews, 2005; Pictet et al., 2011; Vrana et al.,, 11986)
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not clear whether, for instance, combining multiple modalities of generation is more (or less)
effective at generating different emotional staléwese are important gations because they

can provide information about the core mechanisms of EnGE and because they would provide
guidance for how to optimise and individually adapt interventions aimed at training this skill

tthe topic of our next section.

2.3.2 Training EnGE
An important aspect of the Mill€d987)studymentioned above is that even poor
imagers got better wittepeated testings indicated by both enhanced subjective emotional
experience anbetter correspondence between subjectiveptuydiological response Thus,
it appears that the capacity to sgéfnerate emotions can be trained, at least in the case of
EnGE using mental inggery. More evidence for this comes froetent work by Emily
Holmes and colleagudklolmes et al., 2006; 2009; Pictet et al., 20didwingthat EnGE can
be trained, and that such training has canrgr effects on both afféee and cognitive
measures. Importantly, Holmes and colleagues have recently shown that training positive
imagery can provide lasting improveméat symptoms of depressidBlackwell & Holmes,
2010; Holmes et al., 2009; T. J. Lang, Blackwell, Harmer, Davison, & Holmes,.2011)
Anotherline of evidencegertaining tahe trainability of EnGE stems fromsearch
into the effects of lovingindness (LKM) and compassion (CM) meditation. These
techniques centrally involve traininigrough meditatiomn selfinstillation ofa positive
emotional state of benevolence, warmth, concern and motivation to help(&iteehsckson,
2013; Goetz, Keltner, & Simemhomas, 2010; Salzberg, 2001; Singer & Klimecki, 2014)
Recently, a number of training studies hatiewnthat even ort-term training of LKM and
CM is efficacious at increasing experienced positive affect both in the lab and in daily life
(Zeng, Chiu, Wang, Oei, & Leung, 201%) well as being associated with improvements on

psychophysiadgical (Kok et al., 2013and neura(Klimecki, Leiberg, Lamm, & Singer,
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2013; Klimecki, Leiberg, Ricard, & Singer, 20l#hparkers of resilienceCentral to these
meditation practices is training how to engage in vivid mental imagery, the m@cibéti

verbal mantras and increasing interoceptive awareness of the psychosomatic sensations
(particularly warmth) associated with the emotional states of lekimgness and compassion
(Fredrickson, Cohn, Coffey, Pek, & Finkel, 2008; Jazaieri et al., 2012; Klimecki et al;, 2013
2014; Leiberg, Klimecki, & Singer, 20LIJhus, LKM and CM training is a redife example

of a means by which EnGE can be trained, and also that such training can have marked

benefits in terms of mental healfrredrickson, 2013; Holmes et al., 2006; 2009)

2.33. Summary: Conceptualising EnGE

Summarising the extant behavioural investigations, it appears that EnGE is both
something that individuals are capablenith relative easeand that tends to elicit
subjectively(Salas et al., 2012ndphysiologically(G. A. Miller et al., 1987; Philippot et al.,
2002)potentemotional statesThis demonstrates the supposition that EnGE should be
thought of as generatirde factoembodied emotional staté=urther, evidence suggests that
EnGE carbe implemented using variety of diferent information modalities, ranging from
episodic imagery to interoceptiowhile it appears that episodimagery of emotion might be
most effective as a generation techni¢Bergman & Craske, 2000; Holmes et al., 2006)
evidence also qports the efficacy of other modalities. Moreowlere appears to be
considerable individual differencés EnGE suggesting that individuals might vary in how
they tend to implement EnGEBnd how efficacious this implementation is.

As such, the extaittehavioural and psychophysiological evidence suggests EnGE
results in emotional states with clear physiological and subjective concomitants. Therefore, a
complete account of EnGE as a phenomenon needs to include explanations of how both these

aspects aregperated. Moreover, evidence that EnGE can be implemented based on a variety
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of different information modalities, means that it needs to account for both modal and
supramodal mechanisms of implementation.
2.4. The neural architecture of EnGE

In thissectbn, we make the shift from discussing the psychological mechanisms of
EnGE to reviewing extant work on how these mechanisms are neurally implemented. In the
main, research on the neural basis of emotion have followed behavioural and
psychophysiological wérrelying heavily on (primarily visual) stimuli to elicit emotions.
Indeed, it has been estimated that only 6% of previous neuroimaging studies have provided
information on EnGE, primarily in the form of mental imag@njilson-Mendenhall et al.,
2013) meaning our understanding of EnGE is in part limited by a lack of research. This

problem is aggravated by the many different protocols used to elicit emotions in these few

Figure 2.1: Neural networks of EnGE.A) Schematic of three large scale intrinsic connectivity networks
(ICNs) (adapted from Laird et al., 2011; Seeley et al., 20BY)llustration of activations in the early PET
studies made using GingerALE metaalysis toolbox. NB: For ilitration only ap < .05 uncorrected. Colo-
coded circles denote overlaps between ICNs and-arettic findings.
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studies, as the proximate goal of ensuring the uniform elicitation of strong emotional states
has lead researchers to use different stirsutith as visual or auditory cues, to guide the
generation process. Aside frapistemic concerns of whether such paradigms can be said to
rely on endogenous sources of information, the use of different information and instruction
modalities makes it diffiglt to differentiate neural mechanisms supporting modaligrcific
implementation of EnGE from supramodal mechanisms supporting EnGE in géhésas. a
matter of some concern, since the majority of studies were performed on relatively small
samples. Snilarly, the goals of these studies hawainly been to investigate different neural
effects of the outcomes of the generation process (i.e. of different emotional states), and have
therefore not focused on identifying the neural mechanisms of emotioratienper se

One notable exception to thigterogeneity is a series of early positron emission
tomography (PET) studig®amasio et al., 2000; Gemar et al., 1996; George et al., 1996;
Kimbrell et al., 1999; Liotti et al., 2000; Mayberg et al., 1999; Pardo & Raichle, 1993;
Reiman et al., 199hat investigated the neural signatures of volitional autobiographical
recall of significant emotional experiencés these studies were all parfted using the
same imaging modality, with comparable experimental protocols and sample sizes, these
studies are amenabledggregation via metanalysis. (Howevethe low cumulative sample
sizes of these studieN € 122) means that findings should la&én as illustration more than
statistical fac). When combined, these studies suggest EnGE is supported by at least three

large scale neural networks (Figure 2.1)

1) TheDefault Mode MNtwork(DMN; Buckner, AndrewdHanna, & Schacter, 2008;

Raichle & Snyder, 2007; green in Figure 2.1#9luding medial prefrontal, posterior
cingulate/precuneusnd left temporoparietal regions. This network is known to play an
important task in different modes of constructive memory, requiring the internal generation of

representations or simulatio(Spreng, Mar, & Kim, 2009)
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2) The extende@alienceNetwork! (SN; Seeley et al., 2007ed in Figure 2.1A)

including mostprominently insula and dorsal cingulate regions, in addition to subcortical
(amygdala and basal ganglia) and brstiem regions like the substantia nigra, ventral

tegmental area and periaqueductal grey, known to support affective processing of both reward
and punishmen(Berridge & Kringelbach, 2013; Buhle et al., 2013)

3) TheFrontoparietal Control NetworfEPCN; Brass, 2002; Cole et al., 301.aird et

al., 2011; bluen Figure 2.1 A) includinginferior and middle frontal gyrand pre

supplemental motor area, as well as posterior parietal regions not seen here. This network is
involved in a wide range of cognitive control tasks, and it has been suggested thasitser
domaingeneral task implementation network based on work showing that the FPCN flexibly
couples to other networks to facilitate goal achiever(eale et al., 2013; Spreng, Stevens,
Chamberlain, Gilmore, & Schacter, 2010)

Consistentvith this threenetwork structure, Harrison and colleag(idarrison et al.,
2008)reported an fMRI study investigating the difference in brain network connectivity
during selfinduction of sadness via autobiographical recall. Importantly, $tarand
colleagues used independesmponent analysis of fMRI timgeries, meaning that they
could investigate modulations of connectivity within actual intrinsic connectivity networks.

Of the five components thus identified, DMN, Sidright and leftFPCN all showed
significantly increased functional connectivity during sad recall, suggestive ofiam

core functional networks iBnGE. Finally, recent mei@analyses of the neuroimaging

1 The cortical extent of this network is also variably known as, or overlaps with, the ventral attention network
(Vossel, Geng, & Fink, 2014)he paralimbic networfHarrison et al., 2008; Kober et al., 2008) the cingule
opercular networkDosenbach, Fair, Cohen, Schlaggar, & Petersen, 2868)has in different ways been
associated with thadaptation of behaviour to external demands. We here use the formulation of the network
proposed by Seeley et &007)as this explicitly includes subcortical and bratem regions and is in this
configuration thaght not only to detect, but also to support allostatic adaptation of the organism to emotional

demandgTouroutoglou et al., 2016; Touroutoglou, Hollenbeck, Dickerson, & Barrett, 2012)
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literature on (primarily exogenously elicited) emotion indiched the neural basis of emotion
clusters in distinct functional compone(iober et al., 2008; K. A. Lindquist et al., 2012)
As is evident from comparing Figures 2.1 A and 2.2 thecensiderableoverlap between the
activations reported in these early PET studies and those reported in thesaahetas, one
interesting exception being the lack of activation in regions corresponding to the visual
association component (yellow kigure 22) in the PET studies consistent with there being

minimal exogenous stimulation in these experiments.

Lateral paralimbic Core limbic Cognitive/ Motor Medial Posterior Medial PFC Occipital/visual

Figure 2.2 Functional components of emotion generationGroupings of neural regions shown te co
activate in a recent metmalysis of neuroimagingiglies of emotion. Adapted with permission from Kober
et al.(2008)

Before proceeding, the possibilshould be mentioned that this account is inherently
biased towards mnemonic forms of EnGE, as the early PET studies all involved forms of
autobiographical recall as the basis for-gaifuction. Moreover, asiost ofthe studies
discussed investigateégative emotional states, it is unknown whether positive EnGE is
supported by the same netwsrklowever, given the lack of neuroimaging studies
investigating EnGE of other emotional states or induction modalities, the relative
independence of the threetwerks in questiorfLaird et al., 2011; Yeo et al., 2018nd their
role in the general neural reference space of em(iober et al., 2008; K. A. Lindquist et
al.,2012) the remainder of this chapter takes this thre®vork structure to guide the

development of a working model of EnGE.
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2.4.1. State characteristics determine neural implementation of EnGE

A core lesson from the behavioural literature review alisthat EnGEhould be
thought of as constructive phenomenon, such that different components of emotion (e.g.
imagery of emotional situations, semantic knowledge, bodily states) can all be uséd to sel
elicit emotional states. As mostirrentresearchhas focused on the elicitation of single
emotional archetypes of egadness, feaor joy, using single implementation modalities,
little is known about how such construction is neurally implemented. One exception to this is
a recent study by WilselMendenhall and colleagu€2013) in which participants generated
emotions by immersing themselves in affective scenarios that variedreaidhey either
emphasised physical or social thré&aapporting thenotionof EnGEas aprocessdy which
embodiecemotional experienceme selfelicited they found that the generation of both kinds
of threat activated neural systems associated withraplanning, consistent with the role of
threat perception in facilitating behavioural resolutj@gthalen, 1998)Moreover, they found
that social threat primarily elicited activation of DMN regions, particularly mOFC and TPJ,
consistent with the known role of these regions in social primgpd3ecety & Lamm, 2007,
J. P. Mitchell, 2009; Saxe & Powell, 2006; Spreng et al., 26D versely, physical threat
elicited activation of attention nebuks, including both FPCN and dorsomedial portions of
the SN. Activation of these attention networks is a known consequence of exposure to
(particularly negative) emotional stimuéind isthought to underlie the influences of emotion
on goatdirected behaour/processing. Similarly, Damasio and colleag{Z30; see also
Fitzgerald et al., 2004pund that autobiographicateall of situations in which individuals
experienced discrete emotional states (e.g. sadness or joy), differentially activated neural
regions involved in somatic representation and modulatitromeostasis. This onsistent
with EnGE eliciting bodily sitessimilar to thoseexperienced in the original emotional

situations.
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Thus, dependent on the emotional state generated, EnGE appears to involve the
recruitment of appropriate neural systems to construct and prepare the organism for dealing
with the geneated emotional stat&Vhile speculative at present, it is possible thatFPCN
IXQFWLRQV WR VXSSRUW WKLV FRXSOLQJ JLYHQ LWV UROH
(Cole et al., 2013hat organises and coordinates activation in other networks in-a task
dependent manner. In addition to supporting a general embodied simulation account of EnGE
(Niedenthal et al., 2009; Seth, 20,18)is opens for the intriguing possibility that EnGE can
be used to actively prepare the organism for events, emotional or otherwise, as we will discuss
in more detail below when considerirgetpotential role of EnGE as a means of emotion

management.

2.4.2. Temporal dynamics of EnGE networks

If comparatively little data exists on the structural basis of EnGE, next to nothing is
known about its dynamics. One exception to this is an fMRI dtydyaselaar and colleagues
(Daselaar et al., 2008hvestigatingthe neural time course of autobiographical memory
retrieval, including memories with emotional qualities. Of particular intéoefaselaar et
al. was the neural regions involved in the retrieval and (re)construction of episodic memories,
and their subsequent maintenance, elaboration and reliving as an episodic simulation of an
autobiographical event. Daselaar et al. found thairitial recall and construction of
autobiographical events was supported by activation of diffeegidinsfrom those
supporting their subsequent elaboration and experience: Initial recall elicited activation in
dorsal frontal regions, retrosplenialrtax and hippocampus, whereas elaboration of these
memories activated ventrolateral prefrontal regions. These findings are largely consistent with
research on constructive memory in genéhaldis et al., 2009; Addis, Wong, & Schacter,
2007) Critically, Daselaar et al. fountiat theemotional intensity of recalled memories was

only predicted by activation in the initial phase, centred on aspects of the extended SN,
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including limbic regions and basal ganglia. Conversely, the vividnebesé memes

correlated with activation in the later elaboration period, centred on left VLPFC and PCC,
both regions thought to be part of the DN¥Eo etal., 2011) As such, this finding suggests

that core affective qualities are imparted on endogenously generated experiences relatively
early in the generation process, whereas their phenomenal qualities rely on extended
processing. This could suggest ttiat core affective state serves to anchor the generation
process, but it is still an open question whether this is the case outside of EnGE via episodic
memory.

Supporting the notion that EnGE in general is characterised by early generation of
core affetive properties, Suess and Rahr(2@l5)recently found that early stages of mental
imagery of emotional facial expressions is highly similar to perceptual processing. Seuss and
Rahman specifically investigated twwentrelated potential (ERPspnponents known to be
modulated by the emotional qualities of visual stimuli, the early posterior negativity (EPN)
that occurs after 20800 ms and the late positive potenti@lPP; Hajcak & Olvet, 200&hat
has a posterior distribution and occurs after ~600 ms. Importantly, these compavents
been suggested to reflect different procesEles:EPNis thought to reflect initial attentional
orientation andliscernment of core affective properties of stinfGitron, Weekes, & Ferstl,
2013) Conversely, th&PPis thought to reflect extended processing of stimuli, ostensibly
UHODWHG WR %liaitaNpErbaptdwith Xidrmatiok from long term memdHajcak
& Olvet, 2008) When comparing perception with mental imagery of emotional faces, Suess
and Rahman found no discernible difnces in the EPN, but marked differences in
distribution patterns for the LPP. While differences in temporal resolution between
electroencephalograpliigEG)and fMRI (milliseconds vs. seconds)diie spatial
coarseness of ERP componemisans that cam@ust be taken in interpreting these results, it
is interesting to note th#teearly attentional orientinthought to be measured the EPN

corresponds closely to the sort of stimudlrsven attention that is thought to be instantiated
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by theSalience N&vork (Seeley et al., 2007; Vossel et al., 20X3ynversely, extended
construction of representations of the form LPP is thought to be associated with is most
frequently attributedo Default Mode Network (for partially confirming evidence from

combined EEEGMRI see Liu, Huang, McGine-Deweese, Keil, & Ding, 2012; Schacter &

Addis, 2007) Interestingly, Seuss and Rahman found that the LPP component during imagery
had a clear midline distribution, with apparently distinct generators in the frontal and posterior
aspects of the brainposistent with the topography of the DMN.

While again biased by the fact that these studies focused on forms of episodic
imagery, this suggest that EnGE should be construed of as an extended process with at least
two distinct stages related to the reeadtl subsequent maintenance and elaboration of the
emotional state into zeridical internal experience, or simulatidmportantly, it appears that
the coarse core affective qualities of the experiemeanparted early in the EnGE process
with subsequentrocessing elaborating on thegsee Barrett, Mesquita, Ochsner, & Gross,

2007a for an argument for this relationship holding for emotional experiences in general.)

2.4.3. The role of amygdala in EnGE
As a final aside it should be mentioned that the early PET studies didabssedid
not report activation of the amygdalaringEnGE. The amygdala is traditionally thought to
be an essential part of the neural machinery of emotion proc€€sing et al., 2005;
Ghashghaei & Barbas, 2002; Murray, 2007; Seymour & Dolan, 2008; Whalen, t22g)ht
to be especially central eneratindpehavioural anghysiologicalemotional reactions
(Ochsner et al., 2009bMoreover, it is welestablished that the amygdala plays an important
role in the formation of emotional memories, and it is thought to play a releaislingthe
resilience of emotional memory to forgettif}pnelinas & Ritchey, 2015)ndeed, ithas
EHHQ VXJJHVWHG WKDW WKH DP\JGDOD SOD\V D NH\ UROH I

recall with emotion and causing physiological reactions congruent with the originally
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experienced stai@lly, Hussey, & Donahue, 2013y8boda, McKinnon, & Levine, 2006)

It is possible that practical issues like low sample size, the precise emotional states
investigated and/or the use of PET might have occluded amygdala activation in these early
studies A more interesting possibilitis that the amygdala might not play a similar core
processing role in the elicitation of endogenous emotional states. Supporting this, extant
evidence for the role of amygdala in emotion is primarily based on visual processing of
stimuli (Dolan & Vuilleuimier, 2006) where it is thought to support the rapid allocation of
attention to biologically relevant stimylDhman, 2002; Ohman, Carlsson, Lundqvist, &
Ingvar, 2007; Ohman, Soares, Juth, LindstrSm, & Esteves, 20&a&ying aside the
discussion of whether such amygdbised modulation is automatic or not, it is notable that
the amygdala is most strogghplicated in perceptual, most notably vis(labelsch et al.,
2013; Whaleret al., 2004)modes of processin@essoa & Adolph010) Thus, the

absence of amygdala adiion reported in these studiesght reflect the relative lack of
importance of the amygdala in generating emotional readtiassd on endogenous
information due to the lack of incoming stimuli. Howewriderce alsosuggests that the
amygdala might be important in attributing such endogenously generated information to the
external worldMcRae, Misra, Prasad, Pereira, & Gross, 2012c; Ochsner et al., 2R09b)
should also be noted that more recent studtéising fMRI have reported amygdala
activation during both hypothetic@Vilson-Mendenhall et al., 2013nd autobiographical
EnGE(Daselaar et al., 2008hough both protocols involdgresenting participants with
stimuluscues meaning it is unclear whether amygdala activation was caused by stimulus

processing or EnGE. Thus, the precise role of amggddEnGE is still an open question.

$IHowever, recent metanalyses did not find support for amygdala being involved in either general, or
specifically emotional kinds of autobiographical mem@vartinelli, Sperduti, & Piolino, 2013)
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2.5 Towards a working model of EnGE

Thecoreproposition of the current thesis is that EnGE should be construed of as a
process in which constructive cognitive mechanisms are employed to generate representations
of enptional qualia that result in embodied emotional experiences or simulations. These
qualia can takenany differenforms and include informatiofnom a multiplicity of
informationprocessingnodalities ranging from fulfledged visual episodic simulation$
experienced or hypothetical events (e.g. imagining an upcoming event as going good or bad),
VHPDQWLF UHSUHVHQWDWLRQV H J UXPLQDWLQJ DERXW R
takingslow, deep breaths to put oneself at a&e research intdhe effects oflifferent
modalitieshasbeen focused on finding the optimal means ofiselficing emotionusage of
thesemodalities have largely been thought of as being mutually excl(esigeHolmes et al.,

2006) However, in as much as emotional experiences are rich andmudél phenomena
(Barrett et al., 2007a}t is likely thata natural implementation of EnGE involvesing
multiple modalities. Moreover, as there is significant variation in the ability to generate
emotion, it is likely that individuals differ ithe degree to which they show affinity faand
efficacy with tdifferent modalities.

This section aims to synthesise the available evidence into a formal working model of
EnGE as a psychological process, with special emphasis on specifying the aunstitue
component processes supporting the generation of endogenous emotion and how these map

onto the neural reference spdke A. Lindquist et al., 202) indicated by earlier studies.

2.5.1. Psychological component processes of EnGE

For it to be meaningful to speak of endogenous emotions, they need to have a core
similarity to exogenous emotion in resultingais much as they should be associated with
subjectivefeeling states, with the primary difference between the two benghey are

generatedT o the degree that this assumption hgtdssection 2.2), it should be possible to
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adapt extant models of exogenous emotion generation to the endogaseusrosél. J.
Gross, 1998a; 2007B015a)has proposed that research on the generation of emotion could
be summarised in what leallsthe modal model of emotiaffrigure 2.3A). In this model,
emotions aressentially reflexike, shortterm adaptive reactions to external events with
distinct coordinated effects on behaviour, cognition and physiology. @husmotional
reaction results on an individul) being inan emotional situation (e.geeinga snake) that is
2) attended to and 3) appraised as being relevant to the ongoing gbalsnafividual. If
these criteria are fulfilled, an emotional respoissalicitedthat aims at altering the situation
so as to bring it closer in line with o§eongoing goalée.g. in the case of the snake, simple
avoidance of bodily harnCarver & Scheier, 1998; Magen & Gross, 20H)r exogenous
stimuli, this typically involves factors in the world such as being in an uncontrollable
environment in the presence of a poterthia¢at (e.g. being in the wild in the presence of a
venomous snake). Conversely, being in a safe environment (e.g. being in a zoo and viewing a
snake in a terrarium) would stop (or not initiated #motion generatigorocesson account
of it not being elevant to goal adgkvement athat pint in time

A straight forward adaptation of this modelthe exogenous cas®uld be to replace
the elicitingsituation with an internal represetita of a situation (Figure 28). Thus,
endogenousmotion generan would therbe initiated by an internal model of the world,
requiring thegeneratiorof a psychologically relevant simulation, such as reminiscing about a
previous situation in whichreemotion occurred, or the generation of a narrative context in
whichto interpret éhypothetical event. Thign turn, is likely to require¢he engagement of
mechanisms related to directed seartinemory for appropriate parameters and ultimately
combining sources of information into a unified concept or simulation dguivi® the
external situatiorfSchacter & Addis, 2007As such it appears plausibliat EnGErequires
the involvement omechanisms of psychologicabmstruction of situated representations

(Addis et al., 2009; K. A. Lindquist & Barrett, 2012; Schacter & Addis,7200ilson
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Mendenhall et al., 2013; WilsedMendenhall, Barrett, Simmons, & Barsalou, 20Tjus,

further modification to themotion generation loop is required by specifyliogv aninternal

Figure 2.3 Models of emotion generationA) The modal modebf emotion generation as proposed by
Gross(J. J. Gross, 2007bBB) The endogenous adaptation of the modal model, such that eliciting situations
are contingent on inteal processes. C) The elaborated component process model of endogenous emotion
generation that guided the current research.

emotionallyrelevantrepresentation is generatédkely, this process occutbrougha form of
multimodal associative construatigHassabis & Maguire, 2009y whichsemantic,
contextual and sensory (including interoceptive) information relevant to a given emotion
representation is reactivated, retrieved into awareaessultimately integrated into a
complete emotional experience (see FiguBER. This construction poess can be triggered

either incidentally in the course of ofiestream of thought, or volitionallthroughactive,
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guided retrieva[Hassabis & Maguire, 2007 the ldter casea topdown control system is
likely involved guiding retrieval of modalitgpecific information(Wheeler, Petersen, &
Buckner, 2000Q)as well as entrainment of the representdiomation process in the service
of goalachievemen(Gerlach, Spreng, Madore, & Schacter, 2014; Spreng et al.,.2010)

As for the subsequent steps of the emotion generation cascade, evidences provide
some support for an analogytiveen the moal model and EnGE, with recewbrk showing
that individuals are flexible in terms of what aspectseoblled emotional states thpgy
attention to and the appraisals they make about their own endogenously generated emotions.
For instance, it has beenastn repeatedly that the emotional consequence of recalling a past
emotional incident depends on the objectives and mental stance of the individual to either go
into the emotional state or attempt to aboligb&nkova, Dolcos, & Dolcos, 2015; Kross &
Ayduk, 2008; Kross, Ayduk, & Mischel, 2005; Kross, Davidson, Wekdédchsner, 2009)
Thus, at least for EnGE via autobiographical recall, it appears that it is possible to draw a
distinction between mechanisms supporting recall and episodic representation foramation
those enacting the affective consequences of tlepsesentations. An alternative could be
that EnGE involvedirst modulating ones core affective bodily stat@sissell, 2003; 2009)
WKDW WKHQ VHUYHV DV D érédedishRdnatich@ffoftsomdiskemX H QW U
with the previously discussed work by B&sar and colleagug¢2008) who found amygdala
activation during initial recall of the core of emotional autobiographical memories but not
during later elabtion of such memories. As of yet, evidence is not available to arbitrate
between these two possibilities.

Summarising, | propose that EnGE shoulccbeceptualiseds consisting of three
coreprocesses: 1) A multimodal associative representation pr@esprocess involved in
the generation of physiological emotional responses, and in the case of volitionglF=eGE

control process supporting active retrieval of information from memory. In the following the
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possible neural mapping of this compongritcess architectuie discussedyith reference to

the three major intrinsic connectivity networks implicated in previous studies of EnGE.

2.5.2. The role of the Default Mode Network in internally generated cognition

As previously discussed,coselyrelated topic to endogenously generated emotion is
that of selfgeneragd thought (SGT), consisting of more or less spontaneously occurring
episodic memories, streams of thought, and other qualia depending on internal sources of
information(Smallwood & Schooler, 2015)ndeed, as we have showreviously self
generated thought is often the precursor of emotional rea¢Rufy et al., 2013)meaning
that drawing a clear distinction betwete two is not trivial. As such, one would expect that
EnGE and SGT share important features in terms of their neural implementation and, by
extension, their psychological component processes. Consistent with this, there is a large
degree of overlap betweé¢he reference space for EnGiegented previously (Figure B)JL
and that thought to support SGT, with thest notable@verlap being in the DMN and FPCN.
Reviewing the literature on the neural bases of S@itirewsHanna, Smallwood and Spreng
(2014)discussed thplausible component processes instantiated by these networks, pointing
out that DMN activation is reported across a wide range of tasks including theory of mind,
reasoning, scene construction, mental imagery, episodic recall, propmeudiperspective
taking, and other psychological phenomena requiring the generation of internal
representationfAddis et al., 2007; 2009; Gerlach et al., 2014; Schacter et al., 2012; Schacter
& Addis, 2007; Spreng et al., 2009; 201018 & Grady, 2010)nterestingly based on
intrinsic connectivityand coactivatiorharacteristicshe DMN can be parcellated into
distinct subcomponen{g&ndrewsHanna, Reidler, Sepulcre, Poulin, & Buckner, 2020)
dorsatmedial sysem (blue in Figure 2.4, consisting of dorsomedial and lateral PFC, temporal
lobes and temporoparietal junction) that is relatively independent from the wesdzdral

subsystem (green in Figure 2.4, consisting of retrosplenial canfexipr temporal ortex and
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ventromedial prefrontal cortex). These subsystems both interact with a core system centred
around the anterior medial PFRCC and angular gyrus (yellow in Figure 2.4). When
AndrewsHanna et al(2012;see also Andrewklanna et al., 2010h)vestigated the

associations of these subsystems with different psychological terms using the NeuroSynth

databas€Yarkoni, Poldrack, Nichols, Van Essen, & Wager, 201y found evidence for

Figure 2.4: Core- and subsystems of the DMNAdapted with permission froffAndrewsHanna et al.,
2010) Yellow = core DMN system to which both subsystems aupled. Blue = dorsainedial subsystem.
Green = meil-temporal subsystem. Subsystems are coupldidet core, but not each other.

functionaldissogation between these componeniieldorsal medial subsystem was most
closely associated with processes requiring conceptual processing and simulationriormatio
Conversely, the medidémporal subsystem was associated with mnemonic processes,
particularly those requiring scene formatmmepisodic simulationg=inally, the coge system

was found to be most closely associated wélireferential and affectivprocesses,

consistent with the strong connectivity of anterior medial PFC to both limbic and subcortical
regions involved in core affective processes and somatic reguRiign Shohamy, &

Wager, 2012)and the association of PCC with supramodal awardhessh & Sharp,

2014) Summarising, the DMN consists of at least three systems associated a) accessing
memory, b) creating inner mental models based on these memories, and c) evaluaétig the

relevance of these models. Theseakessentiaprocessesor the generation of internal
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simulatiors and evaluation of past and future events, thought to be one of the major adaptive
functions of selgenerated thouglmallwood & Schooler, 2015As such, the DMN is a
likely neural substrate for the multimodapresentation formation process proposed to be

involved in EnGE above.

2.5.3. The Salience Networlas a unigue signature of EnGE

If DMN supports the generation afpresentationsupporting thexperiential aspect
of emotions, it is relatively far removed from neural regions supporting the perception and
generation of the somatic aspects of emotions, which is ithiweght to be supported liye
extendedSalience N&work (Seeley et al., 2007The SN is composed of structures in the
brainstem, limbic system and paralimbic regions, like the insula, amygdala, periaqueductal
grey (PAG), substantia nigra, and hypothalamus. In addititiretebeingextensive evidere
connecting thee structureto theexperience of emotiofiKober et al., 2008; K. A. Lindquist
et al., 2012; Vytal & Hamann, 201hese structures akaown to support interoception,
pain processing, and motivational processes, as well as general hedonic processing
(particularly amygdala and ventral striatum) and homeostatic regulation (particularly
hypothalamusj}Berridge & Kringelbach, 2013; Buhle ak, 2013; Corradr HOO f$FT XD
Tusche, Vuilleumier, & Singer, 2016; Craig, 2011; Damasio et al., 2000; Jabbi, Bastiaansen,
& Keysers, 2008)In concertthese regionare well suited for the generation of the
physiological concomitants (i.e. bodily stgtassociated with emotional reactions. As such, it
is possible that the SN supports the generation of core affective, somatic properties of
endogenous emotional experiences, providing the embodiment of thlatsdm generated by
the DMN. Thus,SN activaton is potentially a signature of EnGE differentiating it from SGT,

supporting the generation of embodied emotional reactions to endogenous information.
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2.5.4. The Frontoparietal Control Networkand goatdirected control of memory

Finally, FPCN activatioms seen in the early PET studies coultectactive control
of mnemonic processes. While the processes supported by the DMN are arguably sufficient
for the generation of internal representationsactivation of DMN and FPCN is frequently
reportede.g.Gerlach et al., 2014; Spreng et al., 2010; Sprei@r&dy, 2010; Spreng,
Sepulcre, Turner, Stevens, & Schacter, 2013; Whitman, Metzak, Lavigne, & Woodward,
2013) in tasks where participants are required to generate internal simulated representations
in the service of attaining a specific goal, such asrpiey how to do somethin@erlach et
al., 2014; Spreng et al., 2010; Spreng & Grady, 20b8restingly, FPCN and DMN
couplng does not appear to occur when imagining the outcomes of such plans, suggesting
that the FPCN is involved in structuring the generation process in terms of particular set
points(Gerlach et al., 2014)

Another, complementarypossibility is that FPCN serves to guide the retrieval of
modality-specific informationin line with its proposed role as a system of supramodal
3O H[LE O(Rolk &t &l 2013)Evidence suggests that modakfyecific information is
stored inprimarysensory association cortices, and that vivid reconstruction of memories
involves reactivation fosimilar neural systems involved in their initial procesgWtheeler et
al., 2000) This process of reactivation is thought to be supported by the ventrolateral portion
of the prefrontatortex corresponding to the anterior IFG, particularly BA 45 and 47. The left
IFG is variably reported to be part of the DM&lg. Yeo et al., 2018nd a part of the FPCN
(e.g.Harrison et al., 2008; Laird et al., 201®)jith evidencesuggestinghat IFG is not a part
of the core functional modules of the DMAndrewsHanna et al., 2010Moreover, théFG
is a central naxs with intrinsic connectivity to both DMN and more central nodes of FPCN
(Spreng et al., 2013As such, the left IFG might serve as a junction through which DMN can
be recruited in a goal directed representation gener@jameng et al., 2010a supposition

supported by findings that the coupling between the FPCN, and particularly left IFG, and
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DMN is a predictor of creativit{Beaty, Benedek, Silvia, & Schacter, 2016; Beaty et al.,
2014) The role of IFG in the cognitive control of memory is well documented, and in
particular the orbital part of the IFG that is implicated in the early &dies appears to
support strategic mnemonic access to conceptual representations in service of goal
achievemen(Badre & Wagner, 2007 he left IFG is also heavily implicated in language
function, encompassing in its poste aspects Broca's ar@aickhoff et al., 2011)known to

be central for language production. Interestingly, the anterior aspects of the IFG, including the
orbital part appears to be particularly involved in semantic fluency (8sk&agner,

Sebastian, Lieb, TYscher, &D G L (i that require the generation of words based on
category membership. Thus, it could be that its involvement in EnGE as reported in these
early studies reflects retrieval of memories based on valence category. Consistent with the
flexible hub @count of the FPCNCole et al., 2013}this could suggest that the role of FPCN
in volitional EnGE is to facilitate activation of DMN in the service of gahli@vement,
combined with supporting the retrieval of information from modadjtgcific sensory

cortices.

2.5.5. A neural component process architecture of EnGE

Summarising, the neural component process architecture proposed involves three
major intrinsc connectivity networks, the DMN, SN and FPCN, working in concert to
generate emotional states based on endogenous sources of information (see Figure 2.5). In
this, it is proposed that the DMN operates primarily in the service of retrieving and integrating
information from longterm memory and generating simulations or representations
correspondingo hypothetical or previously experietemotional situations. The Sl
hypothesisedo be involved in the generati of core affective states rooted in phicgical
sensationdrinally, the FPCN coordinates activation of DMN and SN in the service of

achieving the goal of seliducing an emotional state, and potentially guiding memory search
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by coupling with and activating networks supporting of representatibmodalityspecific
information. To the degree that this model holds, one would expect distinct aspects of
emotion generation to correlate with each of these networks. Specifarahyould expect

the affective intensity of the experienced emotiohd@ssociated with SN activation.
Conversely, one would expect DMN activation to primarily reflect the type of retrieved
information that constitutes the generated emotional experience. Finally, FPCN, subserving
cognitive control of the representation ctvastion process, should show consistent activation
during effortful generation, as well as coupling to modadjpgcific sensory processing

networks as a function of the specific representation being generated.

Figure 2.5: Neural component processes @&nGE. Hypothesised mapping of component processes to the
three networks implicated in earlier PET studies of EnGE.

2.6. EnGE as a means of emotion management

In this section we move from the primarily theoretical question of how EnGE can
occur in term®f psychological and neural mechanisms to the question of what utility EnGE
might have. As we discussed in Chapter 1.3, one of the most intriguing aspects of EnGE is
that it can allow us a measure of control over our emotional reactions. There are many way
by which one can managR Q lrfidtions. For instance, a number of means exist by which
cognitive processes can be used to &ltsvor evenif we process emotional informatidd. J.
Gross, 1998b; 2007bThere is also a large literature on the efficacy of different means of
coping with emotional stressadfisazarus & Folkman, 1984While the literature on emotion
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regulation tends to emphasise the momentary regulation of emotional reactions, the coping
literature has a more loAgrm perspective, such as dealing with bereavement. This aside,
there is considerable overlap between these two fields, such that, for instance, the use of
cognitive strategies to reinterpret events can both be used in a reactiletorgguay and as

a means of longerm copingJ. J. Gross, 2015an the following | will refer to the

confluence of these two fields esiotion managemerity which | mean the range of strategic
(i.e. volitional) means that an individual can use to influence their present or future emotional
states.

It is increasingy becoming apparent that whether or not one reacts to external
emotional stimuli can be regulated by a wide range of cognitive and behavioural strategies
(Webb, Miles, & Sheeran, 201,Zome of which are remarkably simgfar instance, we
recently showed that the preferential processing of affective stimuli (fearful and angry faces)
can be eliminated by the simple expedient of &iregg on the gender of the individual
expressing the emotion rather than éneotional expressioitself (H. G. Engen, Smallwood,

& Singer, 2015)Roughly speakinguch regulatory effortsan be grouped into efforts aimed

at regulating emotion as it occursdahose aimed at predicting and preparing one to deal with
potential future stresso(8. J. Gross, 1998a; 2007b; S. E. Taylor & Schneider, 198%e
following, 1 will discuss evidence for how EnGE can be used in either of these capacities, and
discuss how they can be conagglised within arguably the dominant and most developed
mechanistic framework of emotion management: the process model of emotion reddlation

J. Gross, 1998b; 2015b)

2.6.1. The process model of emotion regulation
Emotion regulation and coping research has traditionally been focused on investigatin
the effects of different cognitive or behavioural strategies to deal with emotional stress as it

occurs. One of the most influential taxonomies of such strategies is the procdsf
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emotion regulation proposed by James G(ds3. Gross, 1998b Figure 2.5his model is
based orthe modal modedf emotion discussed in Chapter 2.4.1 (see Figure @&3sifying
different approaches to influencing the emotional reactions one has into different families of

strategies based on where in the generation process they intetvénéross, 2015a)

Figure 2.6. The process model of emotioregulation, adapted fromwvritings byJames Gros§l. J. Gross,
2007b; 2015a)

Of these, strategies involving attentional deployment and cognitive change have received
considerable attention in the literature, both because they have been shown to be highly
effective, and because they have the potential to be translatetinital interventions for
individuals with emotion regulation difficultig®\ldao, Jazaieri, Goldin, & Gross, 2014;
Blechert et al., 20155uch strategies invohaetively adopting different cognitive stance to
the eliciting event, either by thinking differently aboutas in the strategy eéappraisal
Goldin, McRae, Ramel, & Gross, 2008; McRae, Ciesielski, & Gross, 20t 2amehow
reducing their importance by paying them less attention and distracting dipesédf et al.,
2014; Kanske, Heissler, Schdnfelder, Bongers, & Wessa, 2Bkfgnsive research shows
that such cognitive strategies can be effective means to control emotional reactions in many
contextg(Webb et al., 2012)and ae thought to gain their efficacy in large part from altering
the preconditions for emotional reactions, particularly by blocking or altering the affective
appraisals made about stim(i J. Gross, 2007bjs such, these strategies are examples of

high leveragestrategiegMagen & Gross, 2010@hat impact on early and highly influential
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components of the emotion geatoncascadeThus, if EnGE is an effective means of
emotion management, it is likely to impact on situational, attentional or cognitive processing

components of the EXGE process.

2.6.2. Positive EnGE as a reactive emotion management strategy

A hallmarkof EnGE is that it allows the individual to experience emotional states
independently of the external environment. Recently, Barbara Fredriffksirickson,
2013)suggested that the ability to sginerate positive emotionsight be particularly
important part bBEnGE, with the potentidb increase resilience and improve wading. This
suggestion was based substantial evidencghowingthat experiencing positive emotion is
associated with a wide range of mental and physical health bej@=fitdino & Fredrickson,
2011; Fredrickson, 2001; Fredrickson et al., 2008; Kok et al., 2013; Tugade & Fredrickson,
2004) in the large related to enhancing physiological mental setfegulation. Of particular
interest for present purposéshas been found that emotionally resilient individuals actively
seek out positive emotional experiences and show enhanced proficiency in generating positive
interpretations of negat situationgTugade & Fredrickson, 2004pnsistent with them
actively generating positive emotional stat€&s tERXQFH EDFN~ ZKHQ FRQIURQWI
difficulties. Similarly, it has been found thiadividual differences in thaccessibility of
positive emotional memorigespecially in times of distresis, associated with trait resilience,
even when controlling fasverage trait positivityPhilippe, Lecours, & BeaulieRelletier,
2009) Another line of evidence for the importance of positive emotion generation in mental
health comes frorthe work ofEmily Holmes and colleagudéklolmes et al., 2006; 2009;
Holmes & Mathews, 2005; Holmes, Blackwell, Burnetlyele Renner, & Raes, 2016;
Morina et al., 2011)Holmes and colleaguésve investigated the regulatory effects of
positive mental imagery in both normal and clinical populations. Interestingly, decreased

mental imagery and increased reliance on verbatrifgtions when processing etional
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material appears to m®mmon sequela of depressi®@ergman & Craske, 2000t has been
argued that this shift might be causal in #aology of depression as it diminishes the
capacity of the individual to deal with negative emot{itsber, 1998)Summaising the
work by Holmes and colleagues, they have found 1) that individuals readily generate
emotional reactions based on mental imagery 2) that the capacity to do so can be trained and

WKDW VXFK WUDLQLQJ FDQ ZRUN Driwelmdladres,@iewihYH YDFFL
ongoing depression. Similarly, Gulia Poerio and collea@iBesrio, Totterdell, Emerson, &
Miles, 2015a; 2015)ave shown that positive mirdandering or daglreaming can have
beneficial effects, undoing the effects of externally induced negative affedtieargl
associated with increased positive affect and feelings of social connectedness. Finally, recent
investigations suggest thatey beneficiakffect of compassion and lovidgndness
meditation (botltentrally involving the generatn of positive affetive states)s enhanced
resilience in the face of negative stresgéredickson et al., 2008; Klimecki et al., 2013;
Kok et al., 2013; Singer & Klimecki, 2014)

Summarising these findings, it appears that positive EnGE is closely associated with

emotional resilience and emotional weling and that both directed and spoatars modes
of EnGE can have these effects. However, as of yet it is unclear what mechanisms might be
underlying this effect. Returning to the process model of emotion generation, one possibility
is that having access to segiénerated positive emotions rhigenable one to distract oneself
from negative situations. Distraction is known to be a highly effective emotion regulation
strategy(Kanske et al., 201 McRae et al., 2010; Sheppes & Gross, 2@ is thought to
enable emotion regulation by minimising attention allocated to processing emotional
materials early in the emotion generation pro¢8seppes & Gross, 2011; Thiruchselvam,
Blechert, Sheppes, Rydstrom, & Gross, 20PDssibly, positive EnGE abilities could enable
ore to selfgenerate alternate, more appetitive, objects of atte(demFeindler, Marriott, &

Iwata, 1984; Smallwood, Brown, Baird, & Schooler, 20123uch adistraction hypothesis
51



Chapte 2: Endogenous generatiohemotion

was true one would expect that positive EnGE khmsult in diminished processing of
negative stimul{c.f. Thiruchselvam et al., 2011¥oreover, to the degree that EnGE is an
effective means of distraction, one could expect to see a correlation between EnGE abilities
and trait use of distraction as a means to regelaistion.

Another possibility is that positive ENGE can cause changes in the interpretation of a
stimulus by facilitating other emotion regulation processes. For instance, fgeselfating a
positive emotional state, it is possible that one can dralweoddcumented effects of positive
emotional states to widen the scope of attention and flexibility of th@Egbdrickson &

Branigan, 2005)This could potentially enable one to d&rbetter adapted and more effective
reappraisals of emotional stressors one is confrontedBigirich, Hofmann, Cuijpers, &
Berking, 2016) Such reappraisal has been found to be a highly effective meamotion
regulation with extensive benefits both in terms of altering affect, and long term health
benefits(Blechert et al., 2015; Buhkt al., 2014; Folkman & Moskowitz, 2000; McRae,
Ciesielski, & Gross, 2012dfacilitating the efficacy and occurrence of reappraisal would
therefore be expected to enable the individual better to regulate their emotional staites. If
facilitation hypdhesiswas true, one would expect that positive EnGE would lead to similar
neural and behavioural consequences as reappraisal, and that EnGE abilities should be
associated with trait usage of strategies that involve internally changing how one thinks about
different situations.

Finally, an intriguing possibility is that positive EnGE can work even earlier in the
emotion generation process and constitute a means of situation modification, directly altering
the emotional significance of a given event. Whiteation modification most commonly
refers to behavioural means of altering the physical external situation, it should be noted that
the emotional significance of a situation is a function not only of the state of the external
world, but also of the statd the individual(J. J. Gross, 2015aJhis, for instance, is see

when peple chemically alter their mental statedierea common concomitaig altered
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perception of the emotional significance of situatichisother example of this can be seen in
affective congruence effects in which being in a certain mood statesrygalk more likely to
notice and process stimuli of the same valence. Research shows that such affective
congruency effects are highly prevalent and elicited by largely automatic (fessll,

2014) Unlike the previous hypotheses discussed, such regulatory effects might be better
characterised as enhancing thdigbio endurenegative emotional by buffering with positive
emotion than outright alteration of negative emotional states into neutrality or positivity. This
might be particularly helpful in cases where the situation makes the dgutation of
negativeaffect difficult or suboptimal, such as in a caretaker setting where an empathic link is
needed for optimal caf®anzano Garc’'a & Ayala Calvo, 2012; Singer & Kéoki, 2014)
Importantly, unlikedistraction if this was the mechanism of action one would not expect
diminished processing of negative stimuli. Moreover, unlikefdb#itation hypothesisthe
buffering hypothesigould suggest that regulatory effeatsuld be neurally and

behaviourally supported primarily ligcreasegositive emotion, and not improved ability to
downregulate negative emotions.

Presently, insufficient evidence is available to arbitrate between these three
hypotheses, though it shouteé noted that recent functional MRI evidence shows that
engaging in positive emotion generation via compassion meditation does not appear to result
in reduction of either neural correlates nor subjective experience of negative affect when
confronted withadverse stimulfKlimecki et al., 2013)suggesting that a distraction account

might not be applicable.

2.6.3. Emotion simulation as preemptive emotion managment
Hitherto, we have followed the literature, in describing emotion regulation and coping
efforts as occurring as a consequence of an emotional stressor being present in the

environmentHowever, a Taylor and Schneid¢t989)pointedout, such a reactive account
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of emotion managemetignores the panoply of behaviours and cognitions people engage in
preempting and preparing themselves for potential future stressors, where success involves
the stressor not occurring. Thus, for instance, a person tasked with givikgantanotivate
themselves to extra preparation and rehearsal by envisaging the emotional consequences of
not preparing, thereby avoiding the stressor altogdilienaking extra efforts to prepare
Conversely, bymaginingthe positive outcome of a giventen it is possible to motivate

oneself despite the mundaneness or aversiveness of that(@sitingen & Mayer, 2002)

As such, this notion of emotiananagemerds reactiveo external events overlooks one of

the most distinctive features of human cognition: The capacity to simulate potential events in
the service of problem solving and goal achieven@®ahacter & Addis, 2007)

In the context oEmotion managemernhis capacitycan enable both prediction of
upcoming stressors and preparation for theprfdryinstanceadopting appropriate emotional
states and mustering appriate levels of arousal to deal with a situaiibh Y. Kim et al.,

2015; Tamir et al., 2008; S. E. Taylor & Schneider, 1988% occurrence of such

instrumental motives emotion has recently been documented, and appears to be a highly
effective and utised means of selfegulation(Ford & Tamir, 2012; M. Y. Kim et al., 2015;
Millgram, Joormann, Huppert, & Tamir, 2015; Tamir et 2008) EnGE might be

particularly useful for this as it allows the individual to experience (through embodiment) the
likely emotional outcomes of future events, thereby allowing the mobilisation of appropriate
coping resources. Similarly, EnGE can beisgill to simulate possible alternate outcomes to
future events, enabling one to select appropigaals foemotion managemesfforts.

Optimal goalselectionin agiven the situatiowould be afforded by a simple simulation
heuristic(Kahneman & Tversky, 19820y which goals are selected based on the ease by
which they can be imagédl. Thus, the ease with which an emotional state can be generated
could serve as an indicator tlemhotion management of this kioen be achieved. Referring

again to the process model of emotion regulation, this hypothetically means that EnGE can be
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usedto enable situation selection, by predicting and diffusing stressors, as well as situation
modification, by altering the internal component of the situation to fit potential upcoming

challenges, thereby enabling increased fluency in dealing with emastoesdors.

2.6.4. Two routes of EnGEbased emotion management

Summarising, | suggest that there exist at least two distinguishable routes by which
EnGE can be used for emotion managemEyy enabling the individual to generate, in
particular positiveemotional experiences, in effect buffering them from negative vagaries of
the environment, a2) by allowing them to simulate scenarios including potential emotional
states based on past experience, thereby enabliregnptve action to be taken and plaos
be made that either enhance or decrease the likelihood of that state arising. Critically, while |
propose that these two routes are dissociable, they are likely to work in concert, such that

EnGE abilities would be associated with both reactive argppidive emotion management.

2.7. Hypotheses and questions

Thecurrent thesidiastwo overarching goals. First,seekdo test the validity of the
neural component process model of endogenous emotion generation proposed above. This
was done using a cormation of behavioural and neuroimaging methods wersedito
investigate different ways in which goal directed emotion generation can be implemented. By
triangulating across different modes and methods of emotion generation thaithesis
proposet establish a general neural architecture of EnGE. Informed by the enhanced
understanding of the underlying mechanisms of EnGE the second focus of the thesis to
explore the question of whether EnGE can be used as a means of emotion management.
Specifically, potential benefits of emotion generation ability on trait markers of resilience and

coping, and the relation of emotion generation to emotion regulation were investigated. In the
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following the specific hypotheses guiding the current research are pokdasiftare an

overview of the following empirical investigations is provided.

2.7.1. Hypothesis 1: A neural component process architecture of EnGE

The first part othis thesigrovidestest the neural component process architecture
proposed above i@hager 2.4 (see also Figure 2.5). Specificallyisihypothesisedhat
EnGE should be neurally implemented by the cooperation of three major intrinsic
connectivity networks: The Default Mode Network (DMN), the Salience Network (SN), and
the Frontoparietal Gurol Network (FPCN). Thesarehypothesisedo implement dissociable
psychological component processes supporting the endogenous generation of emotion.
Specifically, DMNis hypothesisedo implement the generation of representations of affective
situatiors while the SNs hypothesisedo coordinate the emotional responses to these.
Finally, the FPCNSs proposed to support the cognitive control of the representation
generation process. Importantly, the FPiENroposed both to support the representation
gereration process in general, and to support the retrieval of enretited information in

modal association regions.

2.7.2. Hypothesis 2: Neural plasticity of EnGarchitecture

To the degree that the above hypothbsisls, one would expect to see nwfogical
changes in this network as a function of expertise in EreBfive to a normal population
Moreover, to the degree that En®kpertise is an emergent skill distinguishable from its
processual subcomponents, one would expect that such changlelscgmire around the
components of the network that are most important focolo&ination of component

processes, here hypothesised to be supported by the FPCN.
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2.7.3 Hypothesis 3: Neural mechanisms of EnGlEased regulation

In Chapter2.5 two distirct means by which EnGE can be used for emotion
management was proposed: 1) A reactive mode, by which positive emotional states can be
generated in response to external stressors and 2eanpté/e mode, allowing the individual
predict and prepare for upming stressors. In the current thesis, the neural bases of the
reactive form of emotion management is investigaBaded on the current review, one would
H[SHFW WKDW HIIRUWY WR XVH (Q*( WR UHJXODWH RQHYV H
neurd architecture to that proposed in hypotheses 1 aMbgeover, by comparinthe neural
bases oEnGEbased emotion regulation efforts with other emotion regulation techniques it
should be possible to determine the mechanism by vemigtobservedegulatoy effects
occur.Chapter2.5.2 furtherproposedhree potential mechanisms for reactive EAziSed
emotion regulationdistraction, facilitation,andbuffering In the context of a negative
stressor, thdistractionandfacilitation accouns would both predict increased positive affect
with a concomitant decreasenegative affect. However, the accounts diverge in terms of
neural effects with thdistractionaccount predicting the involvement of EnGE circuits alone,
and thefacilitation hypothesis predigtg involvement of EnGE circuits in conjunction with
those supporting other forms of emotion regulation. Finallybthferingaccount diverges
from the two preceding by proposing that Ert3&Sed regulatory efforts should primarily
enhance the ability tendure negative stressors, meaning that it should result in increased

positive emotion without, necessarily, a concomitant drop in negative emotion.

2.7.4 Hypothesis4: EnGE influences trait emotion and emotion management

To the degree that EnGE is dfi@acious emotion regulation technique one would
expect to see evidence of this in its relationship with indices of adaptive emotion management
and trait affectSpecifically, if the reactive mode is efficacious, one would expect EnGE

abilities to be assmated with usage of emotigocused emotion management. Conversely, if
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the preemptive mode is efficacious, one would expect a relationship between EnGE abilities
and instrumental emotion management styles, that ensphalsing preemptive action to

diffuse the impact of emotional evemslditionally, if EnGE facilitates adaptive emotion
management as is here proposed, one would expect to that individual differences in EnGE

abilities mediate the relationship between adaptive emotion management aaftethit

2.8 Overview of dissertation

The empiical body of work (Chapters-4) in this thesis is published or is under
review in peetreviewed journals. As the article format does not allow sufficient space-for in
depthdiscussion of the methods us&tapter 3 provides an overview of the different
experimental methods employed, and discusses how they canideel tbilansver the
guestions posed above.

The focus of Chapters 4 and 5 was to investigate what neural processes support the
generation of endamous emotion. In Chapter 4, a large scale study investigating the neural
component structure of EnGE is reported. This study focused on establishing the neural
architecture of EnGE, differentiating implementat&pecific mechanisms from those
supportingenGE in general. Chapter 5 presents a study in which the effects etlomg
practice of volitional emotion generation via lovikigdness and compassion meditation on
brain structure was investigated. To the degree that our neural component process model
holds, one would expect that such experts show structural changes in these networks.
Together, these chapters enabled testing of the proposed component process architecture of
EnGE both in terms of functional activation and lgagm brain change.

In Chapters 6 and 7 the thesis shifts to the question of the utility of EnGE. Chapter 6
investigates the feasibility of using EnGE as an emotion regulation strategy when confronted
with an external stressor and the neural mechanisms supporting such reguletisy lef

investigating the behavioural and neural consequences of using compassiitetion to
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downregulate emotional reactions to negative film clips. Further, this was compared with
emotion regulation implemented using reappraisal, allowing a ditiaf¢éest how EnGE

based regulation occurs in light of the process model of emotion regulation. Finally, Chapter 7
investigates whether and how trait abilities to generate positive and negative emotion predicts
trait affectivity and emotion managementlety as measured by sedfport. This allowed
investigation of the relative importance of general or valapeeific EnGE abilities for

different forms of emotion management, and also to directly test whether EnGE causally

mediated the relationship betweemotion management styles and trait affect
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3.1. Chapteoverview

Chapter 3: Methods

3.1 Chapter overview

This Chapter provides an overview of the methods employed in the studies reported in
Chapters 4 and how they relate to therdral research questions. The first goal of the thesis
was to establish the neural mechanisms supporting endogenous emotion generation. This was
done in two experiments investigating 1) how endogenous emotion generation is implemented
in the normal poput&on (Chapter 4) and 2) how expertise in emotion generation has long
term effects on brain architecture (Chapter 5). The second goal was to investigate how EnGE
can be used as a mechanismefarotion managementhis was done by 1he neural
mechanism oémotion regulation using compassion meditation in a population of expert
meditators (Chapter 6) and &tablishing how emotion generation abilities correlate with
trait affect and emotion management style in the normal population (Ciagtethis
Chager an overview of the methods used in these investigations is given, starting with a
description of the two samples, followed by presentations of the experiments utilised and the

measures and analytical approach taken.

3.2 Overview of the empirical body of work
The empirical body of work in this thesis is either publis{@dapter 7; H. G. Engen

& Singer, 2015)r is currently under revie{Chapters 46). Chapters 4 consist of the
article manuscripts as they have been submitted. As the article format does not allow
sufficient space for hlepth discussion of the methods used, the present chaptitgsran
overview of the different experimental methods employed, and discusses how they can be
utilised to answer the questions posed above.

In the current thesis two complimentary approaches were taken to map the neural and

behavioural mechanisms of EnGHrst, Chapter 4 investigated how volitional EnGE was
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implemented in the normal population, using a newly developed, naturalistic fMRI paradigm

(known as the RAGE, described in more detail below) in two indepenrefmeisentative
samples=32 and 293)This paradigm enabled the investigation of how EnGE is neurally
implemented in the normal population and provided ample power to test our component
process model in Chapter 4. The larger of these two samples stemmed frorrsadégge
longitudinal mentalraining study (thékeSourcélrojecy. As part of this project participants
completed an extensive battery of trait measures of sdfgotive skills. In Chapter, this
was used to investigate whether EnGE abilities predicted trait affectivity, emajidatien
and coping styles in the normal population.

Second, the neural and behavioural correlates of EnGE expertise were investigated.
This was accomplished by investigating the morphological differences in brain structure in a
sample of meditators withxtensive experience in lovifdgndness and compassion
meditation N = 17). As discussed in Chapter 2.3.2, a central aspect of these meditation
practices is the active sajeneration of positive emotional states. Thus, by comparing
practitioners to a mabted sample of normal controls, we coirldChapter Snvestigate the
structurdbrain bases of EnGE expertise. The aim of this studytevesrify our results from
the normal population, the reasoning being that-t@mg practice in emotion generation
shauld lead to durable changes in our putative emotion generation networks. Finally, as
compassion meditation centrally involves dealing with the sufferirtgghers, we could in
Chapter &irectly test whether the generation of positive, compassionate edigdtbe used
as a reactive emotion management strategy to deal with exogenous stressors as discussed in
Chapter 2. Moreover, by comparing the neural and behavioural outcomes of compassion
relative to the welllescribed emotion regulation strategy of prajsal we could directly test
whether any observed regulatory effects were consistent with the distraction, facilitation or
buffering hypotheses &nGE based emotion regulatiproposed in Chapter 2. To begin, the

following section provides a detailpgesentatiorof the two samples under investigation.
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3.3 Samples
3.3.1 TheReSource Project

Chapters 4 and &@re based odata from a newly developed functional magnetic
resonance imaging paradigm (the Regulation and Generation of Emotion; the RAGE, see
bdow), as it was it was implemented in tReSource ProjedSinger et al., 2016) a large
scalelongitudinalmental trainingorojed, the baseline data of which are reported in the
current thesisUtilising the large, representative sample gathered iR&eurce Project
allowed for the investigation of endogenous generation of emotion as it naturalistically occurs
in terms of behavioural and neural implementation. Out of a total sample of 332 recruited for
theReSource ProjecBO05 participants completedetfRAGE. In Chapter 4, a further 12
participants were excluded due to data qualityaskaving a final sample of 293 (170
female, mean age40.4, range: 235, SD=9.3). Furthermore, as a step in the development
of the paradigm used, a demographicaigtching sample of32 IHPDOH PHDQ DJH
UDQJH 6" underwentthe procedure, allowing us to provide wistirdy
replication of our findings. Finally, as tieSourcetudy included extensive psychometric
assessment, we were additiopalble to investigate the degree to which endogenous emotion
generation abilities are associated with benefigiadr pernicious? affect and coping styles,

A further 5 participants had incomplete questionnaire data, leading to a sample of 288 in

Chapter 7168 female, mean age = 40.42, range5230SD = 9.29).

3.3.2: Long-term meditationpractitioner study

Chapters 5 and &re based on data acquired in the context of a project investigating
expert, longterm practitioners (LMs; N =17; 5 women; 4%2 yers, meart SD age= 56+
5 years) of lovingkindness (LKM) and compassion meditation (CM), together with a control
group matched on age and sex (5 womerb3§ears, mean SD age= 54 + 6 years),

education level (LTM: meas SD years of education14 £ 3 years; Controls: 14 3 years)
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énd IQ (103.6: 20.0 vs 102.4+ DVVHVVHG XVLQJ 5DYHQYYV 3URJUHVYV
Moreover, participants and controls had equivalent affective status, reporting similar,
subclinical symptoms of depression and anxiegc{Bs Depression Inventory (Beck et al.,

1996); meart SD in LTM: 5.9+ 3.9; controls: 6.& 7.0;p > 0.7; Spielberger Trait Anxiety

Scale, (Spielberger et al., 1983) maa8D in LTM: 37.3+ 9.9; controls: 37.@ 9.1;p > 0.7).

As reviewed in Chapter 23.this family of meditation techniques is characterised by the

active generation of positive emotions of caring and compassion in a meditative setting,
making them arfin-the-wild “example of endogenous emotion generation. A strong test of

our componentocess model of EnGE would be to find evidence of structural plasticity

within the relevant networks in people who have trained EnGE. Given the, on average
~40,000 hours of practice our sample reported in these techniques, this allowed us to
investigate tb effects of emotion generation expertise in terms of-teng brain plasticity,
investigating whether extensive practice in EnGE resulted in structural changes in our

putative generation networ&hapter 5nvestigates whether theeevidence of brain

plasticity as a function of emotion generation expertise, by investigating cortical thickness
changes in practitioners compared to the group of matched controls. Chapter 6 is focused on a
subsampler(=15) of practitioners (5 women; age range6&years, ge mears 56.1

SD=4.6 years) who further completed a task designed to investigate how EnGE abilities in the
form of compassion meditation can be used to regulate emotional reactions to exogenous

negative stimuli.

3.4. Experimental methods

As the study oEnGE as a process in its own right is a relatively underdeveloped
topic, its investigation required the adaptation or development of new experimental methods.
The rationale guiding these experiments and their development is provided in this section, as
well as an account of how their design allowed us to address our core hypotheses.
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3.4.1 Regulation and Generation of Emotion: The RAGE paradigm

Based on our considerations in Chapten@ developed the Regulation And
Generation of Emotion (RAGE) task (deigure 3.1) as a means to sample EnGE abilities as
they naturalistically occur in a normal population. Based on pilot data \pheieipants were
allowed participants full freedom in how to generate posithcereegative emotional states, it
was foundhat participants tended to gravitate towards usimgtiple modalities and that
these primarily included variants of episodic imagery (hentally envisaging a narrative),
semantic analysis (i.e. thinking about a situation in terms of words), bodilydapion (i.e.
focusing on different bodily sensations associated with emotions) and auditory imagery (i.e.
mentally recalling emotioevoking music or the timbre of voice®eplicating previous
research, participants reported both that they could gerameatiions with relative ease
(Wilson-Mendenhall et al., 2013and that the emotional states thus generated were
subjectively experienced as real emotional st@®éguelme et al., 2015; Salas et al., 2012)
The aim of the main experiment was to retain as naturalistiessurexs possible, such that
we could measure EnGE abilities as they occur in the normal papuiatierms of evoked
subjective affect, while at the same time retaining experimental control such that meaningful
neural and psychophysiological measurements could be performed. As such, parti@pants
permittedto generate emotions in whichever whgy themselves felt would elicitehmost
robust emotional statesufher, they were alloweddtgenerate either high or low arousal
exemplars of positive and negative emotidfe opted for a shogtpoch design inspired by
extant studies of extended ematiegulation and emotion generation proce$Seddin et
al., 2008; 2005)This shortepoch design was chosen as it would allow us to differentiate
processes based on their temporal activation patterns, in accord with our neural component
process model. The epoch was split into a Generation phase, in which participants generated

positive or negative emotions, and a Modulation phase, where participants either maintained
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Figure 3.1.The RAGE paradigm. Schematic overview of the complete experimental procedure for the

RAGE paradigm

their generated state or dowegulated it, againsing whichever method they best saw fit.

Importantly, this allowed us to differentiate systems involved in the initial generation of the

emotional state from those involved in #laboratedepresentation and maintenance of these

states over the coursétime.

Previous work on EnGE has reported response to depictions of hypothetical scenarios

(Oosterwijk et al., 2012; WilseMendenhall et al., 2011; 2018) autobiographical

memoriegGeorge et al., 1996; Liotti et al., 2000; evayberg et al., 1999As the goal of

these studies were primarily to investigate the neural correlates of the emotional states thus

elicited, they depended to different degrees on the presentation of-éoshoversion of the
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target scenarios via verbaues or auditory shoform versions of the scenarios. This means
that the results from these studies potentially conflate processing of external information with
processes central to EnGE as we conceptualise it here, particularly pertainingdvegted
retrieval of information from long term memory. To avoid these problems, we opted for a
purely cuebased approach in EnGE abilities. In different contexts, suchasex paradigms
have been used in the past to investigate the endogenous processiragiofial information
(Singer et al., 2004; e.g. 200&)d tends to provide robust and circumscribed estimates of the
neural mechanias supporting internal mental proces&ee e.g. Lamm, Decety, & Singer,
2011)

A problem with this cudased approach is that one runs the risk of losing
experimental control by not having an external referent (e.g. a visual stimulus) entraining
processing between individuals. To counteract this, participants completed a supervised
computerised training séea prior to entering the scanner. First, to ensure that participants
all generated similar emotional states, they underwent a multimodal emotion induction in
which high and low arousal, positive and negative emotional states (as well as a neutral,
baselire state) were induced using normed affective material, including musical clips, images
and verbal descriptions of the target emotional states and their bodily concomitants. In
addition to ensuring similar representations of the goal emotional statésdtiison was
designed to match the primary four modalities reported used in our piloting (i.e. auditory
imagery, episodic imagery, semantic analysis, and bodily interoception). Following induction,
participants selected whether they generated high oatousal exemplars of positive and
negative emotion, in addition towthey generated them by selecting one or more of the four
modalities to use in combination, or sd#fine a means, based on how they themselves were
best able to generate their electadjet states, as determined by three practice trials. Thus,
theapproachakenwas to keep the target emotional states as constant as possible between

participants but allowthemto elect the methods by which to achieve them, ensuring optimal
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implementabn across individuals. Moreover, by having individuals generate both positive

and negative states we could for the first time distinguish individual differences in EnGE
abilitiesper sefrom the ability to generate specific emotional staesf importane for
distinguishing between the buffering and fluency hypotheses of EraS&d emotion
regulationin Chapter 7

The selfselection of generation methods also served two important fun&tjoofs
allowingthe answerin@f important questions not addresgeg@revious literatureFirst, it
allowedthe differentiation oheural systems supporting the implementation of EnGE reliant
on modalityspecific information (e.g. using episodic imagery or semantic analysis) from
those supporting thelaboration osubjective experience of EnGE itself, i.e. in a modality
independent manner. This is of particular importance as it allows a means of differentiating
component processes supporting the generation of core affect from those supporting their
conceptualisation (i.gheir interpretation). Second, and in accordance thitigoal of
naturalistic measurement of EnGE abilities, allowing individuals to utilise their optimal EnGE
approaches enabled us to investigate trait EnGE abilities in an objective fashion. This is
important because previous studies have been limited to investigating either EnGE via a
single modality (most often episodic imagery), or have investigated the efficacies of different
modalities(e.g. episodic imagery vs semantic analysis as in Bergman & Craske, 2000;
Holmes et al., 2006 However, EnGE as it naturalistically occurs is likely to be multi modally
implemented, much like imagination or geslecognition(Barsalou, 2008)As such,
individual differences in usage of a given maiyale.g. semantic analysis) might not
adequately capture EnGE abilities in general, or concealimear effects of combining
modalities. By allowing participants to freely combine modalities to whichever degree they
felt most efficacioushis questioncould be addressed

Finally, the RAGE allowedhe differentiatiorbetween circuits supporting te novo

generation of emotional states and those supporting their subsequent modulation-or down
7C
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regulation. Participants trained dowegulation using one oraone of six different emotion
regulation tactics derived from the literature (Reappraisal, Distancing, Distraction, Relaxation,
Clearing, Acceptance) or a seléfined alternative. Participants were instructed to use the
technique or combination of techn&gito whichever degree they found was the most
efficacious for both valences, as determined by a set of the trials in which participants both
generated and regulated their emotional statesed@r, by including partidtials (Ollinger,
Shulman, & Corbetta, 200Where the Modulation phaseas omittedthe neural signatures
of active maintenance of emotional statesld be differentiateffom those associated with
either volitional dowrreguldion of those states or natural decay (Sigerre 3.2). Together,
this design allowed testing of the neural component process architecture proposed in Chapter
2, by investigating the activation dynamics of networks using a similar procedure to that
succeskll used in the study of the neural processes supporting constructive m@&udiy et
al., 20(r; 2009; Daselaar et al., 2008)

Summarising, the RAGE affords the investigation of individual differences in EnGE
abilities by allowing individuals optimal implementation. Additionally, the paradigm allows
the investigation of implementation methodserms of both absolute efficacy and potential
combinatorial effects, as well as allowing the differentiation of modapigcific from core
emotion generation systems in the brain. Finally, by having participants both generate and
regulate endogenous enatit was possible tdifferentiate neural systems specifically
related to the generation of emotion from those supporting general emotion control. In the
current thesis data from RAGE was used to 1) investigate the neural mechanisms supporting
EnGE (Chapr 4) and 2) investigate whether EnGE abilities were predictive of emotion
management stgk and trait affect (Chapter 7). The latter allowed the testing of the fourth
hypothesis proposed hapter 2, that EnGE should be related with trait differences in
emotion management skills and, importantly, mediate the relationship between these skills

and trait affect.
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3.4.2 36 W-DO\BH"~ PRving-kindnessmeditation

The second hypothesis of this thesis is that there showibderniblestructural
changes of thproposed EnGHetwork in individuals with expertise in the sgneration of
emotion.In Chapter 5, the neural correlates of En&pertisevere exploredby
investigating the overlapstween cortical thickness in tsample of LKM and CM (see
Chapter2.3.2) experts relative tacontrol group. Importantly, previous work has shown that
LKM training reliably improves experienced positive affect, but that this is increase is reliant
on persistent engagement in LK@ohn & Fredrickson, 2010; Fredrickson et al., 2008)
such, LKM appears to directly result in the generation of positive affective states. Moreover,
LKM is a highly standardised technigsachthat LKM-based emotion elicitation is likelg t
progress in a similar manner across individuals. This meani ihatgood candidate for
elucidating the neural mechanisms supporting expertise in EnGE. To ensure that any findings
were specific to LKMamulti-modal approackvas adoptedcomparing tle cortical thickness
changes with results from a functional MRI investigation based on resting state methodology.
In a typical resting state fMRI experiment-{MRI) participants are scanned without any
particular task and are simply requested to eitbgrwhile fixating on a cross or with eyes
closed. By investigating either the tirseries or amplitude of low frequency fluctuations of
voxels in the brain, an extensive literat(iBeickner et al., 2008; Raichle & Snyder, 2007)
shows that while doing this, the brain tends to enter a discrete state characterised by
engagement of thBefault ModeNetworkmentioned in Chapter @uckner, Krienen, & Yeo,
2013) :KLOH WUDGLWLRQDOOQHROQWHIYHH &R BRI3RM DPRGMHVRI WK
evidence strongly suggests that this activation pattern is characteristic @ftéhefshind
wandering or selfjenerated thougliAndrewsHanna, 2012; Andrewklanna et al., 2014;
Smallwood & Schooler, 20157s such, tk resting state of the brain is more properly thought
of as an active, generative cognitive state that, importantly, appears to be distinguishable from

mental states imparted by meditatidfrazek, Franklin, Phillips, Bed, & Schooler, 2013)
72

!



3.4. Experimentainethods

At the same time there is increased interest in investigating the neural bases of discrete brain
states, with evidence suggesting that such states are supported by the large scale coupling and
co-activation of networks supportinge function of said brain staf€. D. Gilbert & Sigman,

2007; Milazzo et al., 2016Yhus, in Chapter &ctivation in the resting stateas contrasted

with that occurring when our sample of LTMs engaged in LKM, reasoning that this should
reveal neural activation specifically related to the geaimraf positive affect, rendering

novel insight into the neural bases of the state of EnGE. Specifically, as we contrasted the
generation of LKM with the resting staavhich itself involves generation of cognitive

material? findings should engage primarillge neural substrates of generating an emotional
state of loving kindness. Moreover, as the main topic of Chapter foviragestigatehow

expertise in emotion state generation using meditation influenced brain morphology, this
allowed us to differentiateffects structural alterations specific to LKM from those reflecting

general longerm meditation practice.

3.4.3 EnGE as a means toounterwith exogenous stressors
The third hypothesis of the thesis is twofold, stating 1) that using EnGE in response t
external stressors is a viable means of emotion regulation, and 2) that such emotion generation
should rely on largely the same neural network as described above. In chaptes G dtes!
by investigating the neural and behavioural correlates ofusimpassion meditation (CM)
to regulate emotional reactions in response to negative external srmudijor difference
between LKM and CM is that CM involves both the generation of a state of laividgess
and the application of that state to a spegiérson in the world that is in a state of suffering
(Goetz et al., 2010As such, compassion meditation can be thought of as a means by which
emotions can be regulated in response gatiee events in the world, particularly events
social in nature. This is of some importance as recent evidence suggests that standard emotion

regulation technigues can result in emotional bluntness or calloSasgron & Payne,
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2011) suggesting that they might not be particularly well suited to dealing with emotional

situations where empathy is requi@&inger & Klimecki, 2014)Critically, CM involves the
active generation of positive affect meaning that it is an apt model technique for testing the
buffering hypothesis of EnGE based emotion management.

Chapter 6 investigasthe efficacy of CM to regulate emotional reactions to negative
socicaffective film stimuli depicting people in distress was tested. The paradigm employed
was modelled on a previously published emotion regulation paradigm optimised for
investigating tle temporal dynamics of neural processes supporting different emotion
regulation strategiedGoldin et al., 2008; see Figure 3.8ing a sloweventrelated design,
participants were presented with negative film stimuli previously shown to elicit strong
negative affec{Klimecki et al., 2014)with matched neutral film clips serving as an induction
check. Participants were instructed to either passively view the fiirm aliuse CM to
regulate their emotional reactions, allowing a contrast between the conditions to reveal the
neural signatures of using EnGE as a means of dealing with negative environmental stressors.
Additionally, participants regulated their emotionedctions using positive Reappraisal, an
emotion regulation strategy that involves the active generation of alternate interpretations
(appraisals) of emotional stimuli, thereby altering their emotional me#éBlaghertet al.,

2015; Buhle et al., 2014; J. J. Gross, 2015b; McRae, Ciesielski, & Gross, 201adyition

to being a high leverage strategy, Reappraisal is the most thoroughly investigated strategy of

the emotiorregulation literature and can be thought®V D 3VWO®@ GDUG” DJDLQVW Z
efficacy of other strategies can be gau(féchert et al., 2015; Buhle et al., 2014; Goldin et

al., 2008; J. J. Gros2p07b) Critically, positive reappraisal and CM involve engaging with

negative stimuli in markedly different ways: Reappraisal involves inhibiting a prepotent and
immediately given negative interpretation and replacing it with a positive interpretation

(Blechert et al., 2015; Buhle et al., 2014; Goldialet2008; J. J. Gross, 1998a; Wager,

Davidson, Hughes, Lindquist, & Ochsner, 20@8\, conversely, has no inhibitory
I
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component (at least conceptually), but rather the pivots oteti@vageneration of a

positive emotional state that is then appliedhie object of negative affe(@inger &

Klimecki, 2014) Thus, reappraisal and compassion should be similar in their reliance on
generation materials, but differ irrtes of both experienced affect, with CM resulting in more
mixed emotional states, and concomitant neural consequences. Importantly, evidence already
exists on how reappraisal differs from different types of emotion regulation using distraction
(Dsrfel et al., 2014; Kanske et al., 2011; McRae et al., 2Dl@rms of both behavipal

outcomes and neural bases, allogwime to infer to what degree Cbhased meditation is

similarto either of these techniqué3verall, this paradigm allowed us to identify which of

the three possible mechanisms of reactive Eb@ged emotion management (discussed in

Chapter 2, 2.7.2) besharacteged CM.

3.5. Methods and analyses

To test the hypotheses proposed in Chapter 2, a variety of measures were used,
spanning from questionnaire measurements of trait affective styles to measures of the
thickness of the cerebral cortex. Here | pdavan overview of the methods used, the
analytical approaches taken and the rationale guiding their useviggesting the core

hypotheses of the thesis.

3.5.1 Assessing the neural architecture of EnGE

In the experiments described herein three mamagrhes were taken to investigate
the neural mechanisms supporting EnGE: 1) Measurements were performed of what neural
regions are activated during EnGE relative to neutral baselines suggesting that they encode
different processes, 2) netweitcused metbds were used to investigate how different neural
regions correlate during EnGE, and 3) how expertise andterngpractice of EnGE is

associated with changes in the structure of the brain. Of these, the first two rely on functional
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magnetic resonance imiag (fMRI) which measures neural activity via the proxy of

hemodynamics, while the latter relies on measuring the relative quantities of protons in
different tissue types. In the following | will provide an overview of the methods employed in

each of thehree domains.

3.5.1.1 Activationbased fMRI

The measurement of neural activation via the proxy of hemodynamics using fMRI is a
cornerstone technique in modern cognitive and affective neuroscience, allowing the
measurement of fluctuations of neural aation by proxy of measuring changes in blood
oxygen level dependent (BOLD) signals in the bfamgothetis, Pauls, Augath, Trinath, &
Oeltermann, 2001)with millimetric accuracy. As such, the BOLD signal is a cumulative
signal, measuring the mass activity of neurons, with tiding assumption being that
increased neural activation results in increased metabolic demands, and consequently larger
BOLD signals. Importantly, BOLD is not an absolute measure of neural activity, since even
inactive neurons uige oxygen for their maitenance. Temporally, the resolution of the fMRI
signal is limited by two sources: First, it is an indirect measure of cardiovascular effects
resultant on neural activity signals are temporally shifted b§ sdconds in normal
individuals and extend overperiod of about 20 seconds following the onset of a stimulus
(Handwerker, Ollinger, & D'Esposito, 2008econd, drainwide acquisition of this signal
usually takes around 2 seconds, which limits the sampling rate of this signal at any given
point in the brain. As such, fMRI as a method is best used to investigate neural processes that
extend over time. Similarly,Jbinvestigating how signal in voxels-e@ried with usage of
different generation modalities, we could identify regions whose activation likely supported
implementation of modality usage.

In the current thesis activation patterns were investigated indiffeeent ways. First,

differential BOLD signals in brain regions as a function of experimental conditions were
7€
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investigated. This is the mainstay approach for f\dR$ed cognitive neuroscience, and
involves convolving a design matrix with a canontoatrodynamic response function
(Friston, 1995)This allows the parcellation of an fMRI tirseries into events, allowing the
differentiation of discrete phasesaf experiment in terms of the BOLD signal at each voxel.
Importantly, this allows estimation parameters of signal strength in different conditions. Next,
basic cognitive subtraction logic can be applied, in which brédle signal in a baseline
measuremdris subtracted from the signal apparent in an experimental condition of interest to
reveal brain regions that encode, or are sensitive to, the process in question. For instance, in
Chapter 7, participants were presented with negative and neutral vigesghtBacting the
BOLD signal in the negative condition from the neutral condition, brain regions that
responded stronger to specifically emotional content in videokl be identifiedMoreover,
by investigating modulations of the activation strengtisiiyjective report, we could identify
brain regions that parametrically varied as a function of the intensity of experienced emotional
states, consistent with them supporting the generation core affective aspects of emotional
experiencegsee e.g. Heinzel et al., 2005)

One limitation of this approach is that it is @rkntly tied to an experimental design
and thus cannot be used to address questions of brain activity during different cognitive states,
that typically have a longer extent than e.g. a few seconds. Moreover, the reliance on a design
matrix to parcellate fNRI time series in the above approach means that it is nesuigdid to
explore the neural bases of states that are not particularly amenable to translation into an
experimental task, such as sielfluction of meditative states. In Chapter 5, this was
circumvented by investigation of the amplitude of low frequency fluctua{®bBF; Yang et
al., 2007; Zou et al., 2008f fMRI signal during the meditation state of lovikndness.
ALFF is a spectral method that quantifies the degree to which a given brain region shows
evidence of slow fluctuations (0.@108 Hz) of BOLD signal. While tradanally applied as

an individual difference measure of resting state activation, ALFF has been shown to vary
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within-person as a function of stimulati@ao et al., 2013; Yan et alQ@)and the content

of thoughts during taskee scanningGorgolewski et al., 2014; KYhn, Vanderhasselt, De
Raedt, & Gallinat, 2012)suggesting that it is also sensitive to changes in activation
corresponding to cognitive states. By contrasting ALFF during LKM with that of a normal
resting state, the neural basis of a sustained state of Em@dEbe investigatedoreover, as
the resting state is itself generative (as discussed in Chapter 2) and is frequently loaded with
affective materia(Gorgolewski et al., 2014his contrast should allow us igentify neural
systems specifically involved in the controlled generation of emotional states.

Finally, in Chapter 4, masking logieas usedo provide a nuanced test of dynamic
hypotheses regarding the component processes supporting HiaGiing is, ineffect, a
simple logical procedure, enabling one to identify conjunctions and disjunctions of neural
activations as a function of conditiofs previously mentioned, the standard approach to
mapping activations involves convolving a design matrix withiRfr. This means that any
reported activation is, in effect, a measure of the relative fit of the empirical fluctuations in the
signal to the predicted HRF given processing occurring at a given point in time. While this is
unproblematic in the context ofnsple stimulusresponse type processes, this means that
extended, mukkcomponent processes like the one proposed for EnGE will be blurred into one
activation map. One way of getting around this is by having the design matrix include
multiple regressors dgifferent points of the process. We specifically propose that there is a
differentiation between processes involved in the initial generation and subsequent
elaboration of emotional experiences. Based on previous Mddis et al., 2007; 2009;
Daselaar et al., 2008)e therefore modelled the first 10 seconds and the subsequent 5 seconds
of our15second triakeparately. Second, our design included several conditions that we
expected to differentially engage component processes, allowing us to parcel out activation

associated with different processes (see Chapter 4 for more detail).
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3.5.1.2 Netwak-based fMRI

A different way of approaching the question of how function is reflected in brain
dynamics is to investigate modulations of correlations between different regions as a function
of conditions. This is of particular relevance for the currerkvas we specifically propose
that different component processes are instantiated by different functional networks. We
investigated this in Chapter 4 using complementary-dat@n and modebased approaches.

Constrained principal components analy¥i®&odward et al., 2008 multivariate
method that draws on the fact that any given fMRI measurement has several thousands (in our
case ~30000) time series measurements, one for each voxel. By using PCA, it is possible to
lump these voxels together into components that are higielscorrelatedFriston, Frith,
Liddle, & Frackowiak, 1993and thus are formally known as functionally connected
networks(Friston, 2004)that tend to activate in a coordinated fashionc&ystraining the
investigated time series to e.g. the period following a-tastkuction, it is thus possible to
identify networks that are of special relevance to a given task. Importantly, the resultant
networks are formed by their different dynamicsinlg different conditions and not intrinsic
connectivity, meaning that spatially overlapping, teslkevant functional units composed of
multiple networks can be identifigiVoodward et al., 2006; Woodward, Feredoes, Metzak,
Takane, & Manoach, 2013Jhis is of special importance here, given our hypothesis that
FPCN coordinates activation of both DMN and SN.

While CPCA can be used to provide insight the dynamic fumatiorganization of a
given task based on its condition structure, it is silent about how betubgtt variance in
implementation of a task is reflected in brain networks. To get at this, we usedbséiole
mediation analyse@Vager et al., 2008p identify brain networks supporting usage of a
given modality to generate emotion, by performing a wihoén search for voxels that
mediated the relationshipetween activation of a region and s&lported modality usage (i.e.

a mediation of a correlation between brain activity and behaviour). This analysis had two
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goals: First, we wanted to investigate the neural networks supporting implementation of each

modality, seeking support for our notion of the embodiment of EnGE. Second, we sought to
identify networks shared by all modalities, as these most likely support general EnGE
processes such as representation or controlled retrieval, in line witpthessed

component process structure.

3.5.1.3 Cortical thickness

Finally, Chapter 5 investigated how EnGE expertise was related to structural plasticity
of cortical grey matter. This was done by measuring the thickness of the grey matter sheath of
the previosly described sample of LKM and CM experts and how it differed from that of
matched controls. Cortical thickness is a sensitive proxy for total grey matter in a given region
(Hutton, Draganski, Ashburner, & Weiskopf, 200@)th grey matter concentrations
consistently showing expertise and training effébimganski & May, 2008)Thus, the
involvement of a region in a givemocessan be inferred from changes in cortical thickness
of that region with training. In lieu of a proper longitudinal design training EnGE abilities, we
opted for an expert approach and dissociated meditgdneral effect from LKM-specific
FKDQJHV XV L &NRMhethod \davdiibed-bbove. Given that the meditators tested
were specifically experts in meditation methods requiring EnGE, we therefore expected to
find structural differences in the neural reference spatcEdGE described in Chapter 2,
possibly most centrally involving regions involved in the volitional initiation and shielding of

mental states, i.e. the FPGAndrewsHanna et al., 2014)

3.5.2 Psychophysiological measuremeot embodied emotion
As discussed, theomponent procesaodel proposed in Chapter 2 presuppdkas
EnGE results in embodied simulations of emotion states that are largely similar in terms of

physiological reactions to emotional states elicited by external events. To verify this, we
8C
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investicated the relationship between EnGE and galvanic skin responses (GSR) concurrent
with the RAGE scanner session, acquired using twChglectrodes attached to the left

index and middle fingers. Using Continuous Decomposition Analyses as implemented in the
Ledalab toolboXBenedek & Kaernbach, 2010a)e could distingwh phasic changes in

GSR reflective of e.g. stimulus processing, from lordyamation trialwise fluctuations in skin
conductance levels (SCL). SCL is a commonly ygedibig, 2010)and highly reliabl€EI-

Sheikh, 2007neasure of autonomic arousal, with evidence suggesting that SCLs are elevated
as a function of increasing experienced emotional inte@&ity. Gross, 1998a; Levenson,

2014; Mauss, Levenson, McCarter, Wilhelm, & Gross, 2085east in exogenously elicited
emotional states. Observing a relationship between subjective ratings and SCL would
therefore suggest that EnGE as implemented by our design had both subjective and
physiological consequences, consistent with EnGE producing embodied simulations of

emotionalstates and not merely cognitive representations of emotional situations.

3.5.3 Assessing the role of EnGE in trait affect and emotion management

As part of theReSourcestudy, participants completed a comprehensive package of
guestionnaires measuringange of social and affective traits, including selfort measures
of selfregulation capacities and trait tendency to use different emotion regulation and coping
strategies, as well as several measures of affective styles and tendency to experiénee posit
and negative emotionalages in daily life. In Chapterwe utilised these measurements to
investigate how individual differences in the capacity to generate emotion in the RAGE
paradigm correlated with individual differences in trait affetgiandemotion management
styles. This allowed a test of the hypothesis that EnGE can be actively used as a means of
emotion managemenDrawing on the multivariate nature of our data, we took a latent
variable approach, and combined all relevant scales foaffact and, separately, emotion

regulation, selregulation and coping technique usage using principal components analysis
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(PCA). The regltant components (see Chaptdo7more detail) can thus be taken as

reflecting overall trait affect and tendenoytilise different families of emotion

management. Taking the degree to which each participant loaded on each of these
dimensions, we thus devised composite individual difference scores that were not biased by
any particular formulation in any particulguestionnaire, and thus likely constitute a measure
of actual, seHexperienced, affective style. Importantly, by having separate factors for trait
affect and emotion management, we could validate our factors by establishing that loadings
on emotion manageent style correlated in the expected fashion with trait affect.

A major problem to investigating the relationship between EnGE and emotion
management styles is that the capacity to generate emotions are construably associated overall
trait affect. Thus, Aappy person might be more adept at generation of positive emotional
states just because they are happy. Moreover, it is a known fact that trait affect is associated
with usage of specific adaptive emotion management styles, meaning that any correlation
observed could be simply because emotion management improves affect that in turn improves
EnGE. We tackled this problem in two ways: First, we investigated both average and relative
ability to generate both positive and negative emotion. Importantly, wiistigating one of
these parameters, we controlled for the other meaning that any relationships observed were
specific to general or valengpecific EnGE abilities. Second, we adopted a causal mediation
modellingapproach, directly testing whether En@Hilities mediated the observed
relationship between different kinds of adaptive (and maladaptive) emotion management
styles and trait affect. This allowed us to investigate whether EnGE abilities showed evidence
of being part of the mechanism supportihg beneficial (or detrimental) impact of emotion

management style on trait affect.
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3.5 Conclusion

The approach taken in this thesis is inherently rmtidal and multmethod in line
with the stated goal of testing a comprehensive neural componentgpmoads| of EnGE, as
well as investigating the consequences of EnGE abilities for emotion management and well
being. the following four chapters, the manuscripts for the empirical investigations as they are
published(Chapter 7; H. G. Engen & Singer, 2018)currently under review in peer
reviewed journals are presented, whereupon Chapter 8 providesrasy and discussion of
thiswork in terms of our hypotheses and Chapter 9 discusses limitations, implications and

future directions for the current work.






4.1. Abstract

Chapter 4: The neural componemprocess
architecture of endogenously generated emotién

Haalon G. Engen, Philipp Kanske, & Tania Singer

4.1 Abstract

Despite the ubiquity of endogenous emotions and their role in both resilience and
pathology, the processes supporting their generation are largely unknown. We propose a
neural component process nebdf endogenous generation of emotiBnGE) and test it in
two fMRI experimentsN = 32/293) where participants generated and regulated positive and
negative emotions based on internal representations, usirchestn generation methods.
EnGEactivatednodes ofSalience (SN)DefaultMode (DMN), and-rontoparietalControl
(FPCN)Networks. Component processes implemented by these networks were established by
investigating their functional associations, activation dynamics and integration. SN activation
correlated with subjective affect, with midbrain nodes exclusively distinguishing between
positive and negative affect intensity, and dynamics consisiénit supporting the initial
generation otore affect. Dorsomedial DMNogethemwith ventral anteor insulg formed a
pathway supporting multiple generation methods, with dynamics suggesting it is involved in
the experiential representation of emotion. Finally, both SN and DMN coupled to left frontal
portions of the FPCN which correlated with both sgliye affect and representation
formation, consistent with FPCN supporting the executive coordination of the generation
process. These results support a component process mapginGBbnto major neural
networks, providing a foundation for research ietologenous emotion in normal,

pathologicaland optimal function.

33 The current chapter is presently under review, anditiag published version, might show discrepancies
from the present versioRresentedhereis the revision of the manuscript as of 24.06.2016
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4.2. Introduction

From melancholic reminiscence to joyful anticipation, we frequently experience
emotions caused by internal mental processes) as thoughts and memor(gdlingsworth
& Gilbert, 2010) Such endogenous emotion is described as riaiten®re intense than
emotion elicited by external ever{&alas et al., 2012and is known to plagn important role
in affective psychopathology, such as depres@imien-Hoeksema et al., 20G)d anxiety
(Freeston, Dugas, & Ladouceur, 199B)ere is also evidence that the endogenous generation
of positive emotional states can used as an effective means to reguddienal reactions to
externalevents (Engen and Singer 2015). Moreothss,trait tendency to do this is a predictor
of psychological resilienc€lugade & Fredrickson, 2004)hus, understanding the
psychological and neural mechanisms of endogenous generation of emai) En yield
important insight into normal, pathological, and even optimal emotional &mcti

Despite this, research intm&E has been limited, stemming mainly from beharab
studies using BGE as a method to induce emaotional states. This research showsGiiat E
can be occasioned lyultiple informationprocessing modalities, including mehimagery
and semantic analysis of emotional informatfgrana et al., 1986)nteroception of bodily
signals(Philippot et al., 2002y recall of episodic autobiographical memories (Mayberg et al.
1999). It has also been shown that¥E can effectively occur when individuals immerse
themséves in hypothetical scenari¢g@/ilson-Mendenhall et al., 2013)his latter finding
demonstrates the theoretically important point th#BE is not limited to reinstantiation of
previously experienced emotional stioas, but can also simulate states appropriate for novel
contexts. Indeed, emotions are frequently elicited by spontageguagion about future
eventgRuby et al., 2013suggesting that an important use ofFE is predicting the
affective relevance of hypotheticaltfme scenarioBaumgartner, Pieters, & Bagozzi, 2008)
While these studies were not focused at explorin@Eas a process in its own right, they

show that multiple means (e.qg. different stgés or different information modalities) can be
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usedto generate emotional states, dependent on the representational content of the target
emotional experience. Mirroring recent constructivist theories of em(@mmett & Wilsor
Mendenhall, R14; Russell, 2014}his suggests that a comprehensive accounhGEEneeds
to distinguish between 1) processes supporting the generation of the hedonic or core affective
quality of an endogenous emotional experience from 2) processes supportingtitéfoof
representations of the context to whibis affective state appliesr(stems from
Importantly, this opens for the possibility that the two are mechanistically distinct, with neural
systems supportinipe generation of affective qualities bgidifferentiable from those
supporting the generation efaborated experiential representasion

Presentlyneuroimaging studies offi5E using comparable protocols are limited,
making evaluation of this hypothesis difficult. One exception is a seresxlgfPET
experiments in which participants generated emotional states by volitionally recalling
significant emotional experiencé3amasio et al., 2000; Gemar et al., 1996; George et al.,
1996; Kimbrell et al., 1999; Liotti et al., 2000; Mayberg et al., 1999; Pardo & Raichle, 1993;
Reiman et al., 1997Considered in aggregate (s&ependix:Figure A2.1.}, these studies
implicatethree large scale functional networks inGE: 1) The DefatlMode Netwok
(DMN; Raichle & Snyder, 2007)ncluding ventromedial prefrontal cortex (vmPFC),
posterior cingulate cortex (PCC), left temporoparigtattion (TPJ) and hippocampus (HC),
2) the extended Salience Netwd8d\; Seeley et al., 200Axluding anterior insula (Al),
dorsomedial PFC (dmPFC), and structures in basal ganglia and midbrain and 3) The
Frontoparétal Control Network(Laird et al., 2011; FPCN; Spreng et al., 2010; 2@E3)red
onlateral and dorsomedial prefrontal, and inferior parietal cortices. There is a notable overlap
between this putative neural architecture and that known to support the construction of mental
representations in general: DMN is associated with numerous @mpsychological
processes involving simulatiom$ed on endogenous informati@preng et al., 2009and

appears to be involved the integration of information about a given topic into detailed
817
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episodic representatiatsimulations Interestingly, DMN does not appear to support the initial
generation of the representational core that these slptatiain tdAddis et al., 2007)Rather,
this initial generation is thought to involve the direct activation of dorgpétfic and task
relevant networkgHassabis & Maguire, 200) the context of emotion, the SN is a likely
candidate such a network. Composed of cortical ddtsal ACQ, limbic (amygdalgdAMY),
ventral striatum(VS)), and midbrain structures (periaqueductal grey (PAG), substantia
nigra/ventral tegmentum (SN/VTA)he SN is closely associated with the generation of core
affect and homeostatic regulatifit. A. Lindquist & Barrett, 2012; Seeley et al., 2007)
Interestirgly, DMN and SN appeap be intrinsically antcorrelatedBuckner et al., 2013;
Spreng et al., 2013¥trengthening the claim that they support dissociable component
processes inl&SE. This anticorrelation also suggedtse need foan intermediary network
coordinates and maintainstiaation of the SN and DMN, pointing to the need for executive
processes to coordinate and maintain the generation process. Possibly, the FPCN supports this
role as it is known to support adaptive cognitive corntrgleneral(Cole et al., 2013FPCN
is known to interfacavith SN (Dosenbach et al., 20Q&ffording a pathway by which core
affective states can be generated in a-goakted fashion. Similarly, FPCN and DMN are
known to couple during godlirected internal mentatigi$preng et al., 201@nd to be
implicated in the domakgeneral control of retrieval processes imparfanrepresentation
formation(Badre & Wagner, 2007)

To the degree thalis functional process architecture holds, an interesting question is
how these processes interact over the course of a giveR Event. Addis ahcolleagues
(Addis et al., 2007; 2009; see also Daselaar et al., 2@3&shown that the construction of
endogenous simulations of eveimgolves distinct generation and elaboration phases, with
the initial phase involving retrieval of the core semantic features of the representation and the
subsequent elaboration phase involving the elaboration of the core information in question

with details about the specific event, supported by the DMN. If this model holds\&EE
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one would expect involvement of SN primarily in the early stages of process, corresponding
to core affect serving as a semantic anchor for later elaboration efforts. Rlesitever,

the opposite could be true, such that generation involves setting up representations of
emotional situations, which in turn elicit caxffective stateg¢Kross et al., 2009)

The objective of the current study was to investigate this and to establish a
comprelensive neural component process architectured@He= Based on the above
considerations we expected&E to be neurally implemented by DMN, SN, and FPCN. Each
of these networks were hypotlessl to supporseparableomponent processe§ EnGE
Specificaly, we suggest that SN supports the generation of core affective states that serve as a
guide for the formation of detailed representations via processes instantiated in the DMN,
resulting in an emotional experience. Finally, we propose that FPCN suhigoetsecutive
maintenance and coordination of the generation process, coupling with both SN and DMN.
Importantly, as we propose they form the functional coren@®E we expect that these
networks should partake imBE irrespective of the hedonic qualdf/the emotional state or
the precise means or modality used to generate it. We tested this model in two expeNments (
=32 andN = 293) with a newly developed paradigm aimed at maximizing ecological validity
and generalizability of BEGE. To ensure thatgpticipants generated comparable emotional
states, they were anchored using a multimodal emotion induction procedure prior to scanning.
This procedure elicited multiple markers of emotional states (semantic, visual, auditory, and
bodily) prior to scanningDYRLGLQJ DUWLILFLDOO\ ELDVLQJ SDUWLFLS
particular information modalities. In order to majiseecological validity and task
compliance, participants were instructed to implemex@E as they experienced most
efficacious. Thusin Experiment 1 participants were given complete freedom in how they
generated emotions, while in Experiment 2 they were allowed to combine four generation

modalities (Semantic Analysis, Episodic and Auditory Imagery, and Bodily Interoception; i.e.
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the endgenous analogues to the modalities used in the induction procedure), in whichever
way they found most effective.

Participants then completed a eumsed fMRI paradigm (Figurel A). Trials
consisted of a Generation phase and a Modulation phase. IetigegBon phase, participants
used their selfelected techniques to generate positive and negative emotional states, or
actively attempted to remain neutral. Thus, we could distinguish the neural cercélate
general emotion generatidmom those suppdrig generation of particular implementations of
generation. In the subsequent Modulation phase, participants maintained this state (Maintain
condition), actively suppressed it (Regulate condition), or simply ceased their generation
efforts (Cease conditigiExperiment 1 only). This approach enabled us to dissociate neural
systems supporting different component processes based on their activation profiles. Finally,
participants provided ratings of their affective states following each trial, allowing

identification of the neural correlates of generation success.

4.3 Methods
4.3 1. Participants

JRU ([SHULPHQW SDUWLFLSDQ@W®RX\VZH S B UM IERILDSDNHAG
EDVH IHPDOH PHDQ DJH6' YROQPHHULPHQEWYV SBHUWLF
UHFUXLWHG LQ WKHVFRQW H] R/OR b R/ X GIFE. € IREHRBNS H WS L [
$ S5H6RXUFH HOLJLEUGENW FIUQW R QLDWIFOXQWFGDQMD [URP V
ZHUH XVHG SDUWLFLS D W ROHUEEN HFWIAKK L W IS G U R/W PALR B G
FRPSOHWLQJ WKH FXUUHQW SDUDGLJP 21 WKHVH SDUWLF
PLVVLQJ DX[LOLDARDQ DXYHV VBRRAWQDLUH VWUXFWXUDO 05, D
SDUWLFLSDQWY UHSRUWHRBUGLOIHASOQHWY GIXUL@DXWKH VFI
ZHUH GURSSHG IURP DQDO\VLV )URP WKH VDPSOH RI ZL\

SDUWLFLSDQWYV ZHUH UHRPRD)HORHERBUIW D QEHUURBRQWFFHSWD
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DIWHU SUHSURRHNMOLKPHOW | FRUUXSWHG WLPH SRLQWYV
OHDYLQJ D ILQDO VDPSOH RI U DHPIMHO 6 P H DROMJI H
SDUWLFLSDQWY KDG QRUPDO RKHFRW X EFWDB\G NSRS QRYWG & \Y
5HVHDUFK (WKLRV S8RKMHP 8 @/IMYHHHIW LW\ R /HILSPLGG QWKKPHE H U
+XPEROGW 8QLYHUVLW\ LQ %HUOLMQ®XPBBOVSDUWLFLSDQV
JDYH ZULWWHQ LQIRUPHG FRQVHQW ZHUH SDLG IRU WKHLU

VWXG\ ZDWHBPSOH

4.3.2. Experimental procedue

Figure 4.1: Experimental task, behaviour and psychophysiological validation. Apchematic of a single trial.
B) Subjective ratings of affect in Experiment €) Subjective ratings of affect for Experiment R) Main

effect of Condition on skin conductance levels (SCL) in a subketa44) of participants in Experiment 2.
Error-bars = withinsubject standard errofsoftus & Masson, 1994): p < .05, **p < .01, ***p < .001.

YHIRUH VFDQQLQJ SDUWLFLSDQWY XQGHUZHQW DQ DXV
$SSHQIGL[ 7UDLQLQJ SRIRFBHIKMIHOV LQFOXGLQJ D PXOWLPR
DLPHG DWVPRQWEZSHHOWLFLSDQW YDULDQFH LQ LPSOHPHQWH

([SHULPHQW SDUWLFLSDQWY ZHUH DOVR LQVWUXFWHG LC
o1



Chapter 4: The neural compongmbcess architecture of EnGE

6HPDQWLF (SLVRGLF $XGLWRU\ %RGLO\ DQG LQVWUXFW
HDFK LQ WKH IROORZLQJ H[SHULPHQW DFRRWD®IQJ WR WKHL
SDUWLFLSDQWYVY ZHUH VKRZQ B QX% EFMW XRIHY BRE\MBDAIY b WHE R K
WR DFWLYHO\ RPIWQHXMWUWER HHFRWWRQDO VWDWH GHSLFWHG |
FRQGLWLRQV VHH EHORZ  $IWISD QWKW AHWDH G HEU VHNMNA R,
([SHULPHQW YHWDOMRGHZUMKLIY H[SHULPHQWHU ,Q ([SH!I
UHSRUWHG WKH GHJUHH WR ZKLFK WKH\ XVHG HDFK RI WKH

/ILNHWWFWOH

(DFK WULDOS$ ) VIXDBHWK ® ZKLWH IL[DWLRQ FURVV LQGLF
WULDO 7KHQ D V *HQHUDWLRQ SKDVH ZDV HQWHUHG LQ :
VIPERO LQGLFDWLQJ ZKLFK HPRWLRQDO VWDWH WR JHQHUTL
SOXV 3RVLWLYH %®KW ZDWXROWORZHG E\' D V ORGXODWLRQ
SDUWLFLSDQWY HLWKHU PDLQWDLQHG W KHHUK@HDWHEGL RYW R
WR DWWDLQ D QHXWUDO HPRWLRQDO VWDWH ,Q WKH 0DLQ’
WKH VDPMKBIV*HQHUDWLRQ SKDVH ,Q WKH 5HJXODWLRQ FRQ
EOXH )LQDOO\ LQ ([SHULPH®WWLDDHFR@FELMAHR® I KSHWHY VX
FKDQJHG WR D IL[DWLRQ FURVV &HDVH FRQGLQGRWLRBHUIL
WKH VIPERO GLG QRW FKDQJH EXW UHPDLQHG D EOXH 7K
GLIIHUHQW FRQGLWLRQV ODLQWDLQ 3RVLWLYH 1HJDWLYH
3RVLWLYH 1HJDWLYH DQG 1HXWUDO ([LSRHQ DRHMHXQ W K XR/PK BVGV |
Rl FRQGUI®HRIQPHQW KDG WZR UXQV RI WULDOV SHU FRG
([SHULPHQW KDG D VLQJOH UXQ RI  WULDOV SHU FRQGLW
SVHX DR GER HQVXULQJ QR CRIUHEQGUWS ROV VRIEFEGVUUHG )LQ
IL[DWLRQ FURVV ZDV SUHVHQWHG DRPRO@®RWY HGXRXY 9L BXDIV

WWLQJ 6FDOH YDVUKPH 0V RREDBINY MWMRON UHPHO\ SRVQ WH. Y H

oL
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I[IURP WKH QHXW, QL& ISIR&A GWUVRU SRVLWLRQ ZDV MLWW
IHXWUDO SRLQW 3DUWLFLSDQWY UHVSRQGHG XVLQJ D EXV
ILQJHU 3DUWLFLSDQWY ZHUH LQVWUXFWHG WR UHSRUW WEk
UHSRWWP XOL ZSWRIMEHIFAMNHG XVLQJ D PLUURU VHWXS 7DVN V

HI[SHULPHQWY H[FHSW IRU WKH RPLVVLHR@WRI| @&KH \& R DVIHP R

FRQVWUDLQWYV

4.3.3. MRI acquisition

JRU ERWK H[SHULPHQWY 03 D&\ B ZHYVDFXILR 6 DRYRQ H
6LHPHQV OHGLFDO 6\WVWHPV (UOPKQDBQHPORKED®\ XVLQJ D
UHVROXWLRQ VWUXFWXUDO LRZBILHY W eIT5H*) ATHKIDUHHGF KV 76 J

PV 7( PV 7, PV IOLS OQIGBBW VDJLWWDO VOLFHV )2

PP PDWUL[ VL]JH A PP YR[HOV WRWDO D P WY RQRWLI
WKH IXQFWLRQDO LPDJLQ@BLZKWHPG OB DHG HDQW (3LNEHTXHQFE
GLVWRUWLRQV LQ PHGLDO RWILWRQOY DBG DQWHULRISWHPS|

DQJOH L3DW VOLFHV WLOWHG a f IURP WKHRR 3& D[LDO

PDWUL[ VILIH PP YR[HOV PP JDS )RU ([SHBQfRH@aps ZH DF1
using a doubleecho gradientecalled sequece with matching dimensions to the EPI images

(TR =517 ms, TE =4.92 and 7.38 ms).

4.34. fMRI preprocessing

SWBURFHYNMYGBHUIRUPHG XVLQJ D FRPELQDWLRQ RI 630
WKH $UW 5 H SRdzaika)\RHRf@I&, R [Cooper, 2005 XQQLQJ RQ ODWODE E
JXQFWLRQDO LPDJHVY ZHUH UHDOLJQHG ([SHULPHQW RU L

FRUUHFW IRU GLVWRUWLRQ XVLQJ % ILHOG PDEXWHQ([SHULPEF
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Chapter 4: The neural compongmbcess architecture of EnGE

HPSOR\HG LQFOXmBUW &N®KMFMEZRQHDQG UHSDLU XVLQJ LQWE
FXWRII WLPH VHULHV GLDJQRVWLFVY DUWBJOREDO LGHQW
YROXPHV VKRZLQJ ODUJH JOREDO LYRMEQWRIOXPH RRWXPMQWR
HIFHHGLQJ PP DQG RYHWPDOMOBREHYSIOW QUJ ZLWK D VLI
FXRMI DUWBGHVSLNH 7 VWUXFWXUDO LPDJHV ZHUH UHJLV
VHIPHQWHG 8V Agbures 2007 SURFHGXUHY IXQFWLRQDO LPDJ

QRUPBHD QG VPRRWKHG ZLWK DQ LVRWURSLF NHUQHO RI PF

4.35. 1stlevel fMRI analyses

,QGLYOGHXMH® PRGHOV LQFOXGHG VHSDUDWH VHWYV RI Ul
ORGXODWLRQ SKDVH )RU WKH *HQHUDWLRQ SKDVH UHJUF
HPRWLRQDO WDUJHW 3RVLWLYHRWUHYEW LOWRH XIOHDMWVLLRDO S RD Y
UHJUHVVRUV ZHUH VSHFLILHG IRU HDFK FRQGLWRRQ 7KXV
DGGLWIURH@DEBVVRUYV 9DOHQFH 3RVLWLYH DQG 1HJDWLYH
5HIXODWH IHXWUD®@ (ZISHOH WEW PRAXKHHQH WKH &HDVH FF
RPLWWHGD@ PGXG& WEHRQBDWVYRUYV 5HJUHVVRUV ZHUH FRQYRO
IXQFWLRQV ZLWK D V *HQHUDWLRQ RU V ORGXODWLRQ
VSHFLI\LQJ SDUDPHW WLLEL B/BHGVOCOBNWH RQPIVYH DITHFW UDWLQJV
UHJUHVVRU ZDV VSHFLILHG IRU WKH 5DWLQJ SHULRG ORYH
UHDOLJQPHQW VWHS UHJUHVVRUV WKHLU GHULYDWLYH\V
UHJUHVVRUV 3RWHQWRMIORXKQEVRORIH FRQWUROOHG IRU E
UHJUHVVRUV UHEQMAWLIHDIQYRIODOMDHD IURP ZKLWH PDWWHU D(
KLIKHNVUWLDQFH FRPHO/VM/LPAHDDOO\ WKH PRGHOV LQFOXGHG ¢

UHJUHVVRIRWARGUE)XAADWLQJV IRU DOO UHJUHVVRUV RI LQWI

9
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4.3.6. 2" level analyses fMRI analyses

All 2" level GLM analyses were conducted using robust regression (Wager et al.
2005), with covariates of no interest coding elected arousal level, age atet.g&Hevel
models for Experiment 2 additionally included regressors codingeqaifted generation
modality usage (4 regressors) as continuous covariates.

All results were corrected for multiple comparisons using cluster extent Family Wise
Error Rate(FWECc) correction at an alpha of p<.05, unless otherwise indicated. Cluster extents
were estimated using Monte Carlo simulation and estimated intrinsic smoothness
(3DClustSim and 3DFWHMx from the AFNI package (Forman et al. 1995)), as implemented
in the NauroEIf package. Note that pe&drming thresholds were adapted for Experiment 1
(p<.001) and 2 (p<.00005) to account for differences in sample size. Correlational and
mediation results also used a less strict peak threshold of p<.0005.

All analyses were neked with a grey matter template derived from the DARTEL
created template, thresholded at 95% grey matter probability, supplemented bydagvamd
masks of brainstem nuclei due to poor differentiation of white from grey matter in these

regions.

4.3.7. Constrained principal component analysis

In Experiment 2, we adopted a dai@ven approach using constraihgrincipal
components analys{€PCA,; see Woodward et al., 208 details)of fMRI time series
using the CPCAMRI package (www.nitrc.org/projects/fmricpca). CPCA analysis of fMRI
data is a multivariate method that involves a singular value decomposition of BOLD time
series to identify functional networks followbg an estimation of BOLD change in each
network over peristimulus time as a function of experimental condition. Here we used finite
impulse response (FIRhodellingto identify taskspecific functional connectivity networks

based on the 15 bins (i.e. 3@grds, allowing for hemodynamic lag) following the onset of
9t
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Chapter 4: The neural compongmbcess architecture of EnGE

the generation cue. Importantly, using a FIR model allows hemodynamic response (HDR)
profiles to be identified for each component separately, allowing the identification of task
relevant functionleconnectivity networks with dissociable temporal profiles. Finally, CPCA
provides HDR estimates at the individual level, allowing the resultant predictor weights to be
used to explore the correlates of individual differences in component activation.
4.3.8. Mediation analyses

To differentiate components of the generation network involved in generation using a
specific modality from components involved in generation in general, we followed previous
work aimed at identifying the large scale networks supppgimotion regulation
performance via mediatianodelling(Denny, Ochsner, Weber, & Wager, 2014jst,
regions whose activation during generation of emotion (relative to neutral) was identified
using robust regression. Mediation Effect Parametric Mapping (MEPM) as implemented in
the M3 mediation toolboWVager et al., 2008)as used to investigate modality specific and
modality general pathways of emotion generation. We performed a-Wwiratesearch for
voxels whose activity during emotion generationgtige to the neutral baseline) showing a
relationship with reported use of a given modality that was mediated by the activity in regions
independently correlated with usage of that modality in a robust regression model. Statistics
were assessed using theobstrapping approach implemented in the M3 toolbox (10,000

samples).

4.3.9. Analysis overview

The first objectiveof our analyses was to establish the overall neural architecture of
EnGE. To achieve this, we first sougbtestablish the validity of owexperiment by
investigating subjective and physiological indices of emotional states. Next, we contrasted
combined positive and negative®&E with the neutral baseline, thereby identifying the

overall neural basis ofr&SE. We next sought to test the compohprocess mapping
9€
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proposed in the introduction in two ways: First, based on the data from Experiment 1, we
enacted a contrabiased decomposition, based on a model of the activation dynamics
expected for each of the component processes. To complensntehiext performed a
datadriven decomposition of the data from Experiment 2 using CPCA, to identify the
functional networks central inMGSE. Together, the results from these three analyses allowed
a description of the overall network and functional smngonents supportingnsE in

general. Following on this, the second objective of the analyses was to differentiate general
EnGE networks from those supporting specific implementations 16 such as the
generation of a particular valence, or using aifipeoodality. By investigating how

subjective ratings for positive and negative generation parametrically modulated signal, we
could differentiate regions activated in a valeaspecific manner from those supporting
specifically the generation of positia@d negative emotional states. Finally, by investigating
the correlation of activation with reported usage of different modalities, we could identify
specific regions supporting modalispecific implementation, and, using mediation analysis,
identify thenetworks supporting & E modality usage. Moreover, by comparing these
networks we could differentiate parts of these networks supporting specific modalities from

those supportingi&sE in general.

4.4. Results
4.4.1. Behaviaural and psychophysiological Vigation

Ouir first objective was to validate our experimental design, using a combination of
behaviarral and psychophysiological measures to ascertain that participants were able to
generate and regulate emotional states as measured by subjective etiveabgrkers of

emotional arousal.

o7



Chapter 4: The neural compongmbcess architecture of EnGE

Experiment 1 t-value
(df =31)
Comparison Positive Negative
Maintain Vs Neutral 11.25%* -10.50***
Cease Vs Neutral 10.94*** -9.50***
Cease S Maintain -3.27** 2.43*
Regulate  vs Maintain S7.79%x 6.88***
Cease 'S Regulate 6.96*** -6.08***
Experiment 2 t-value
(df = 292)
Comparison Positive Negative
Maintain ~ vs Neutral 27.24%* -27.94xx*
Regulate vs Maintain -19.44*** 20.69***

*=p<.05 *=p<.01, ¥ =p<.001

Table 4.1: Comparisorof selfreported experienced affect.
Descriptives are reported Figure4.1

Posttrial ratings were analysed using paired t tests, reported in Table 4.1. Fig 4.1 B
shows subjective ratings in each condition for Experiment 1. Relative to the Neuslaidas
condition, increased reports of corresponding affect were observed for both Maintain and
Cease conditions. The Cease condition also showed significantly higher ratings for both
positive and negative affect compared to their respective MaintainticorsdiFinally,
regulation resulted in decreased ratings for both positive and negative emotion reldigve to
respective Maintain conditions. Figutel C shows subjective ratings as function of condition
for Experiment 2. Relative to the neutral baselcondition, increased reports of
corresponding affect were observed for both positive and negative Maintain conditions.
Regulation conditions also showed decreased ratings for both positive and negative affect,
relative to their respective Maintain cotidhs. These results demonstrate that participants
were subjectively able to generate and regulate endogenous emotional states of both positive
and negative valence in both experiments. Importantly, they also show that, while a generated

emotional statesatay without active maintenance, they remain subjectively significant for at
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least a short time following generation, consistent with the representation of the emotional
state persisting even without active generation efforts.

We next sought to estabishKHWKHU SDUWLFLSDQWVY JHQHUDWLR(
objective emotional arousal responses. To this end, we concurrently assessed elicited skin
conductance levels (SCL) in Experiment 2 (8ppendix:A.1.1.3. Psychophysiological Data
Acquisition and Preqocessing. 225 recordings had acceptable data quality, and were used to
investigate the impact of generation instructions on objective measures of emotional arousal,
as well as their interaction with subjective ratings. As SCL is the most frequentliecepor
measure in investigations of exogenously induced emotional atgbkig, 2010) an
interaction would suggest that thkicited states can be construed of as bona fide emotional
states and that behaui@l ratings can be taken as proxy for emotional arousal. Using linear
mixed modeling of trialvise SCL responses during the Generation period, we predicted the
trial-wise lag-transformed estimates of skin conductance level measured in microsiemens

6 XVLQJ BewlXanddm midrcept model. The model further included a factorial
fixed effect for condition (Generate Positive, Generate Negative, Neutral) and a continuous
fixed covariate for scaled triaVise ratings of subjective affect. To control for potential
learning/fatigue effects, trial number was entered as a nuisance covariate (for more detail on
the effect of fatigue in the current experiment, pleaséppendx: A1.1.5.Assessing the
effect of fatigue on emotion generaliohhis analysis revealed a main effect of Condition
[F(2, 11012.639)= 3.155, P < 0.05]Jafthg [F(1, 11013.700)= 4.62p < 0.05], as well as a
Condition*Rating interatton [F(2, 11014.119)47.815,p < 0.001]. Bonferroni corrected t
tests (Figuret.1 D) were performed to clarify the main effect of Condition, shovtfrad,
relative to the neutral [mean = 1.205, SE =.0l&&eline condition, higher SCL levelere
observed for both negativenfan = 1.267, SD =.032; paired t ta6224) =4.44p < 0.001]
and positive fnean = 1.268, SD= .032; paired t teé&224) =5,p < 0.001]emotion generation

conditions. Closer investigation of the Condition*Rating interaction showed that it consisted
99
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of asignificant difference in the slopes of the rating effect between negative and positive
gereration [(8770.515) = 5.63y <.0001] Specifically, SCL had a netjee relationship with

ratings [(4278.64)=3.71,p <.001]during negative generatipand a posive relationship
[t(4278.64)=4.16p <.001]during positive generation. Corresponding to the bipolar scale

used (see Figue1A), this shows that SCL levels increased with stronger affect ratings for
both positive and negative emotion (FigdtgeE). Thee results show that participants were
capable of generating both positive and negative emotional states, as measured by both
subjective and objective indices of emotional arousal, and these indices were correlated, such
that behaviaral report corresponddd objective physiological arousal.

Finally, we sought to explore what kind of emotional states participants elected to
generate. Thus, dung debriefing, participants indgeriment 2 were asked whether they
generated high or low arousal exemplars oftp@sand negative emotional states after the
experiment. 39% of participants reported generating high arousal positive emotional states,
like joy or happiness, with the complementary 61% generating low arousal positive emotion
like calmness or caring. Sikarly, 29% of participants reported generating high arousal
negative emotions like fear or anger, while 71% reported generating low arousal states like
sadness or melancholia. All subsequent analysEgpariment 2 control for this between

subject variaoe.

4.4.2. Exploring the neural architecture oENGE

2XU QH[W REMHFWLYH ZDVKWRRMWKWI/EKEHNG K RZIKHH WKHU R>
DUFKLWHFEXDWYW RO HYLGHQFH 7R LGHQWLI\ WKH QHXUDO F
ZH FRQWUDVWHG WKWH.RRPEQGH® F&@OHQDQFH SHULRGV IRU
QHJDWLYH DIITHFW JHQMNEWDMWME @ QAL WRQW K W LWMH VALWK RQH \
SHWRG XVLQJ UR E Nager,Kellgt) lthsey, I&RGhides, 2005pr Experiment

1, a primary clusteforming threshold op <.001, T> 3.38 was used. In Experimé 2, a
10C
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more stringent thresholaf p <.00005, T> 3.95 was used for the primary contrasts to balance
increased power. Using Mor@arlo simulation(Forman et al., 1995¢luster thresholds were

determined to be k DQG N ! UHVSHFWLYHO\ IRU ):(F .

Figure 4.2: Core networks of endogenous emotion generation Aegions activated in Experiment 1 for the
Generation conditions (Positive and Negative Generate & Maintain) relative to the Neutral coBdlition.
Equivalent contrast for Experiment 2.

,Q (I[ISHULPHQW $)39MQ®IHM®H $ ZH REVHUYHG DFWLYDW
QRGHV RI WKH '01 YPB3& HI&& P DGEWH WHPSRUDO J\UXV 07
KLSSRFDPSXV DQG 61 $, GP3RHQWMMXBR BRS UBGHS SSU H
GRUVDO DQWHULRU FLQJXODWH FRUWH[ G$&& $FWLYDWL
PRVW FORVHO\ DVVRFLDWHG ZLWK KHGR QALHFUSERIOODUL QJ ¢
UHJLRQV 'HDFWLYDWLRQV ZHUB RBGHUWYR® MORULQ KAV ) R& V
,7* DQG VXSHULRU RFFLSLWDO J\UX\SSKQ@GRHEOHPHQW ZHL
REVHUYHG DFWLYDWLRQ DQG GHDFWLYDWLRQ SDWWHUQV V
PDUNHGO\ VWURQUWH WRBVIQPMJHMO@WHG SIRZHU $Q & SH.RIQFHI
DFWLYDWLRQ IZDWREVHBYMW® O SRUWLRQV RI WKH OHIW )3&
PLGGOH 0)* IURQWDO J\UL 6WURQJHU DFWLYDWLRQV ZHU
61 979QG 3%$* DV ZHOO DV K\SRWKDODPXV WKDODPXV EDV

GHDFWLYDWLRQV FHQWUHG RQ ULJKW )3&1 DQG RFFLSLWDC
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7KHVH UHVX QWKW BHBUWROBALHYV GLVFX\VD/HGE \LQS WRBIW. @W
FRQWHQWLRQ W KDWG WE&L' WH\6OUH FRPSRQHQWY LQ WKH Qt
VXSSRANBELQKH\ DOVR H[SDQG RQ WKHP GHPRQVWUDWLQJ W
ENnGEDV LW LV I[UHHO\ LPSOHPHQWHG LQ WKENGERSXODWLRQ
DGGLWLRQDO ®FMQAWRIOWXS/SWKHWVLRQ Rl ULJKW I[URQWRSDUL
H[SODLQDEOH E\ WKH NQRZQ GHDFWLYDWLRQ RI WKHVH UH.

(AndrewsHanna et al., 2014)

4.4.3. Modelbased component process mapping

"LITHUHQWLDWLQJ WW KH B B RRIDMWQ R RJ HIREXW R/ WBWB VO H
UHSUHVHQWIRPPR@O\ GRQH E\ KDYLQJ SDUWLFLSDQWYV UHS
H[SHULHQFH WR K® YWKHRP-BXDHU DUHWRWL BYBR O HR/IVFRUMH VHPDQ
LQIRUPDWLRQ DERBWEBDL 8 WKW SURFHVV Rl HODERQDWHG
GHWDLOV DE RXJVAMWIK et aF, REDTW2PY) WKH FRQWHI{AKRHYLQJ D
VLPLODU VXEMHFWLY HX®WI|HULHFW LIDMRW QRIOMD G@H[SHULHQFF
VLW XDW H G (WikoBMeEmRIEN#aHdt\W., 2011; 2013)H WKHUHIRUH WRRN D PR
BEDVHG GHFRPSRVLWLRQ DSSURDFK WR WHVW RXU FRPSRQH!

VHFRQG *HQHUDWLRQ SHULRG RI HDFK WULDO VKRXOG L(C

FRPSRQHQW SURFHVVHVY L H JHQHUDWLRQHHOIBPRUDWLRQ
VXSSRUWLQJ WKHVH SURFHVVHYVY VKRXOG EH GLVWLQJXLVKI
FRQGLWLRQV GXULQJ WKH ORGXODWLRQ SKDVH %\ PDVNLQ
PDLQWHQDQFH RU HODERUDWLRQ IURRWKKRXOKBFWR®B UHIRK
OHIW ZLWKSHRILURE®ROYHG LQ JHQHUDWLRQ

6SHFLILFDOO\LXHWKORWHEKHILRQVY VXSSRUWLQJ WKH LQL
DIIHFWLYH VWDWH VKRXOG VKRZ HDUO\ DQG SKDVRF DFWLY

WKH JHQHUDWLRQ RI WKH DIITHFWLYH FRUH RI WKH H[SHULH
10z
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ODUJHO\ XQDIIHFWHG E\ PRGXODWLRQ HIIRUWYV DV VXFK HI
UHSUHVHQWDWLRQ RI WKH HP® WLKRYBHOL BQSHAQ H QB W LLROQV K F
&RQYHUVHO\ UHJLRQV VXSSRUWLQJ WKH HODERUDWHG UHSE
EH DIIHFWHG E\ PRGXODWLRBWLKRUWHRG D@G HH SDUROR| Wk
ORUHRYHU JLYHQ WKDW HPRWLO\RQYMO RS, BB HY WHQG V
Verduyn, Delvaux, Van Coillie, Tuerlinckx, & Van Mechelen, 20090 W VKR XOGHEW RS RV V
GLVVRFLDWH WKH QHXUDO VXEVWUDWHY RI HODERUDWHG F
DFWLYHQOPDQIFHWH WKH JHQHUDWER @ RQWB BV W LI @RNVWXD W
&HDVH FRQGLWLRQ ZLWK WKH ODLQWHKQD\QH RFAQ GIWKRE |

VFKHPDWLFDOO\ LOOXGHDEFWW ¥V WLIRH KO SRDWPKIFV IRU HDFK F

Figure 4.3: Modelbased differentiation of EnGE networks.Results from the CPCA analysis showing the two
components that predicted endogenemotion generation ability, their dynamics and correlation with
generation efficacyh) The primary component, composed mainly of FPCN and DMN regBjriEhe

secondary component, composed mainly of FPCN and SN noji€anjunction of A and B, showinggions
partaking in both taskelevant components.
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