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Preface 
�³�0�L�W���H�L�Q�H�U���X�Q�J�H�K�H�X�U�H�Q���X�Q�G���V�W�R�O�]�H�Q���*�H�O�D�V�V�H�Q�K�H�L�W���O�H�E�H�Q�����L�P�P�H�U���M�H�Q�V�H�L�W�V�² . Seine Affekte, sein 
FŸr und Wider willkŸrlich haben und nicht haben, sich auf sie herablassen, fŸr Stunden; sich 
auf sie setzen, wie auf Pferde, oft wie auf Esel: �²  man muss nŠmlich ihre Dummheit so gut 
�Z�L�H���L�K�U���)�H�X�H�U���]�X���Q�•�W�]�H�Q���Z�L�V�V�H�Q���´ 

Friedrich Nietzsche, Jenseits von Gut und Bšse, 284 

 

In the introduction to her excellent book exploring the place of emotion in 

contemporary moral philosophy, Martha Nussbaum (2008) describes emotions as forces that 

�³�>�«�@���V�K�D�S�H���W�K�H���O�D�Q�G�V�F�D�S�H���R�I���R�X�U���P�H�Q�W�D�O���D�Q�G���V�R�F�L�D�O���O�L�Y�H�V�����S�����,���´�����D�V���³�J�H�R�O�R�J�L�F�D�O���X�S�K�H�D�Y�D�O�V���R�I��

�W�K�R�X�J�K�W�����S�����,���´���W�K�D�W���D�U�H���³�L�Q�W�H�O�O�L�J�H�Q�W���U�H�V�S�R�Q�V�H�V���W�R���W�K�H���S�H�U�F�H�S�W�L�R�Q���R�I���Y�D�O�X�H�����S�����,�,���´�����:�K�L�O�H��

�1�X�V�V�E�D�X�P�¶�V���E�Rok is a great step forward in rehabilitating emotions as valuable contributors to 

rationality, it is notable that even she adopts a largely passive model of emotion. This view of 

�H�P�R�W�L�R�Q�V���D�V���V�W�D�W�H�V���W�K�D�W���F�R�P�H���R�Y�H�U���X�V�����W�K�D�W���Z�H���D�U�H���U�H�O�D�W�L�Y�H�O�\���S�D�V�V�L�Y�H���³�Y�L�F�W�L�P�V �R�I�´�����W�K�D�W���V�K�D�S�H��

�R�X�U���O�L�Y�H�V���D�Q�G���L�Q�I�R�U�P���X�V���R�I���W�K�H���G�R�¶�V���D�Q�G���G�R�Q�¶�W�V���R�I���W�K�H���Z�R�U�O�G, has been the leitmotif for the 

intellectual exploration of emotion both historically and in modern times (Plamper, 2015). 

However, there is increasing evidence that this paradigm of passivity is, at least in some 

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, dependent on how we choose to relate to them 

(see J. J. Gross, 2015a for a recent review). Moreover, evidence suggests that individuals not 

only react emotionally to events in the world, but seek out and use emotional reactions in an 

instrumental fashion in the service of goal achievement (Ford & Tamir, 2012; M. Y. Kim, 

Ford, Mauss, & Tamir, 2015; Tamir, Mitchell, & Gross, 2008). As such, it is increasingly 

apparent that we are not merely the recipients of the wisdom of emotions, but stand in an 

active dialectic relationship with them. Importantly, evidence is increasingly showing that 

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 flourishing (Bonanno & 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 the self-generation of emotional states based on 

endogenous sources of information. Such states range 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 cases (Brewin, Gregory, Lipton, & 

Burgess, 2010; Cooney, Joormann, Eug•ne, Dennis, & Gotlib, 2010), they can also be elicited 

�L�Q���D���Y�R�O�L�W�L�R�Q�D�O���I�D�V�K�L�R�Q���Z�L�W�K���U�H�O�D�W�L�Y�H���H�D�V�H�����%�\���J�X�L�G�L�Q�J���R�Q�H�¶�V���W�K�R�X�J�K�W�V���W�R���D���F�K�H�U�L�V�K�H�G�����R�U��

maligned) emotionally significant situation (past, future, or hypothetical), one can (under 

ideal circumstances) cause oneself to experience strong and vivid emotional experiences 

(Salas, Radovic, & Turnbull, 2012). Such endogenously generated emotions afford us a 

means to self-induce and experience emotional states independently of the external world, 

and, potentially actively utilise emotion in the service of self-regulation (Fredrickson, 2013). 

Despite the ubiquity of endogenous emotions, comparatively little research has 

focused on how they come to be, much less how they can actively be used for self-regulation. 

The current thesis aims to rectify this by investigating 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 deal with external emotional stressors.  

The investigation of how endogenous emotion generation occurs took two 

complimentary approaches: First, using functional magnetic resonance imaging (fMRI)  in two 

large (N = 32/293) representative samples, the neural and behavioural foundations of 

endogenous emotion generation in the normal population was investigated. This was done 

using a newly developed paradigm that allowed naturalistic and nuanced measurement of 

optimal emotion generation. This was complemented by investigations of the structural and 
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functional neural signatures of endogenous emotion generation in a sample of long-term 

meditation practitioners. These practitioners had extensive experience in practices that 

centrally involve the active generation of the positive emotional states of loving-kindness and 

compassion. Thus, they constituted an expert population that enabled the investigation of 

structural and functional neural changes associated with extensive experience in the 

endogenous generation of emotion. Together, these approaches allowed the triangulation of 

the neural component process architecture supporting the volitional endogenous generation of 

emotion.  

Similarly, the question of how endogenous emotion generation can be used for 

emotional self-regulation was also investigated in both normal and expert populations. 

It has been proposed that endogenous emotion generation has special utility for self-regulation 

by allowing the individual to buffer against negative stressors by self-inducing positive 

emotion. By investigating the neural correlates of using compassion meditation to regulate 

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 was related to 

emotion regulation and coping styles in the normal population, it could be ascertained 

whether buffering, or other modes of emotion management, was associated with efficacy at 

self-generation of emotion. Thus, taken together, these findings provide an insight into the 

mechanisms by which endogenous emotion generation can be used for emotional self-

regulation.  

In the following an overview of the thesis is given. In Part I, the theoretical and 

empirical background for the dissertation is presented. In Chapter 1, the theoretical 

background for the current set of studies is described, discussing the historical conception of 

emotion as passive states of mind, and how a significant counter-current in the continental, 

existentialist philosophical tradition has argued for a more active conceptualisation of 
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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, culminating in a working model of the 

component process architecture 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, culminating in the theoretical account that 

guided the current investigations, identifying the potential mechanisms by which endogenous 

emotion generation can be used in the service of emotional self-regulation. This is followed 

by Part II, in which the empirical investigations that are the heart of the current thesis is 

presented. These studies are either published (H. G. Engen & Singer, 2015) or under review in 

peer-reviewed journals at the time of writing, and the current thesis reproduces these as 

submitted. As the paper format affords limited space for the discussion of methodological 

details, Chapter 3 prefaces the empirical studies with a detailed discussion of the experimental 

and analytical methods used, including an account of the development of a novel paradigm 

used to investigate endogenous emotion generation skills in a naturalistic fashion. Chapter 4 

presents the results from this paradigm in a study that sought to establish the component 

process neural architecture of emotion generation in a large, representative, population. 

Additionally, the study sought to distinguish general neural mechanisms from those 

supporting specific implementations of emotion generation, such as generating specific states 

with specific valences, or containing specific information modalities. Chapter 5 sought to 

validate the candidate neural architecture described in Chapter 4 by investigating the 

functional neural correlates of loving-kindness meditation (a technique centrally involving the 

generation of positive emotion), and how expertise in this technique is reflected in 

morphological changes in cortical thickness. In the same sample of long-term meditators, 

Chapter 6 reports the behavioural and neural effects of using compassion meditation to 

regulate emotional reactions to negative stressors, and how this compares to reappraisal; a 

�³�J�R�O�G-�V�W�D�Q�G�D�U�G�´���H�P�R�W�L�R�Q���U�H�J�X�O�D�W�L�R�Q���V�W�U�D�W�H�J�\ (Buhle et al., 2014; McRae, Ciesielski, & Gross, 
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2012a) that involves generating cognitive interpretations to change the emotional meaning of 

negative stressors. Thus, Chapter 6 investigates the neural mechanisms supporting active 

efforts to regulate responses to negative external stressors using endogenous emotion 

generation, and differentiates this from cognitive forms of emotion regulation. Finally, 

Chapter 7 investigates whether and how emotion generation skills relate 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 III summarises the current studies and 

discusses limitations, implications and future 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 discusses the implications for our fundamental understanding of 

emotion and emotion 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 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 

consequently either being an impediment to self-regulation or something that itself needs to 

be regulated. There exists, however, a significant counter-current to this line of thought, 

rooted in the continental tradition of philosophy. This line of thought states that emotions are 

not mere reactions, but constitute strategies by which we adapt to the external world, 

suggesting they can play an important role in self-regulation. Importantly, it has been argued 

that emotion stemming from endogenous sources can be flexibly used in the service of goal 

achievement, and even counteract emotional reactions imparted on us by the external world.  

 

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

�³�7�K�H���K�H�D�U�W���K�D�V���L�W�V���U�H�D�V�R�Q�V���R�I���Z�K�L�F�K���U�H�D�V�R�Q���N�Q�R�Z�V���Q�R�W�K�L�Q�J�´�� 

�²  Blaise Pascal 
 

As a subject of philosophy, emotions bear the dubious distinction of being both a 

perennial topic of inquiry and being almost universally dismissed as being essentially opposed 

to rational thinking. Frequently described as reactive and irrational, the emotions are 

traditionally thought of as harbingers of discord, perturbers of the soul and the enemies of 

harmony on both societal and individual levels (Nussbaum, 2008; Plamper, 2015). As such, it 

is perhaps not surprising that emotions have been a central topic of Western philosophy as far 

back as the pre-Socratics, perhaps most notably in the ethical teachings of the Stoics (Graver, 

2009). In large part, these teachings focus on how to use rationality to reign in, or control 
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�R�Q�H�¶�V���H�P�R�W�L�R�Q�D�O���U�H�D�F�W�L�R�Q�V (D. M. Gross, 2007a). Typical to this intellectual tradition is the 

assumption that emotions are occurrences over which we have no influence. This 

understanding has been highly influential in forming the modern understanding of emotions 

as more or less adaptive, evolutionarily imparted reactions to significant stimuli in the 

environment. For instance, as this model has it, exposure to events that signify threat to the 

organism is likely to elicit an emotional reaction of fear, concomitant with behaviours (e.g. 

freezing), evalu�D�W�L�R�Q�V�����H���J�����³�W�K�L�V���L�V���D���K�R�U�U�L�E�O�H���W�K�L�Q�J���K�D�S�S�H�Q�L�Q�J�´�����D�Q�G���S�K�\�V�L�R�O�R�J�L�F�D�O���D�Q�G��

cognitive reactions resulting in the organism being mobilised to deal with a given threat (J. J. 

Gross, Sheppes, & Urry, 2011; Ledoux, 1998). Importantly, these reactions are taken to occur 

in a reflexive manner, such that exposure to threat automatically elicits emotional behaviours, 

irrespective of what the goals of the individual might be. Thus, as our opening quote 

indicates, emotions are often thought as having the paradigmatic quality of occurring due to   

a logic �²  such as evolutionarily inherited survival concerns �²  that is inscrutable, 

�L�P�S�H�Q�H�W�U�D�E�O�H�����D�Q�G���H�V�V�H�Q�W�L�D�O�O�\���X�Q�F�R�Q�W�U�R�O�O�D�E�O�H���W�R���D�Q�G���E�\���R�Q�H�¶�V���U�D�W�L�R�Q�D�O���P�L�Q�G�����$�V�L�G�H���I�U�R�P���W�K�H��

potentially deleterious effects acting in affect can have, it was this reflexivity that made 

emotions inimical to ancient thinkers, on whose account emotional reactions are, in a very 

real way, partially losing mastery over oneself and becoming subject to rules not one�¶s own. 

Perhaps understandably then, systems raised in opposition to emotion have largely 

focused on devising means by which self-governance can be upheld or regained through the 

�D�S�S�O�L�F�D�W�L�R�Q���R�I���U�D�W�L�R�Q�D�O�L�W�\�����7�K�X�V�����0�D�U�F�X�V���$�X�U�H�O�L�X�V�����D���Q�R�W�H�G���6�W�R�L�F�����D�G�Y�L�V�H�V���W�K�D�W���E�\���³�>�J�@�H�W�>�L�Q�J�@���U�L�G��

�R�I���W�K�H���M�X�G�J�P�H�Q�W�����\�R�X���D�U�H���U�L�G���R�I���W�K�H���µ�,���D�P���K�X�U�W�¶�����J�H�W���U�L�G���R�I���W�K�H���µ�,���D�P���K�X�U�W���¶���\�R�X���D�U�H���U�L�G���R�I���W�K�H��

�K�X�U�W���L�W�V�H�O�I�´�����0�H�G�L�W�D�W�L�R�Q�V�����,�,�,���������������7�K�X�V�����E�\���F�R�Q�V�F�L�R�X�V�O�\�����H�I�I�R�U�W�I�X�O�O�\�����D�O�W�H�U�L�Q�J���R�Q�H�¶�V���M�X�G�J�H�P�H�Q�W�V��

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 

�U�H�D�F�W�L�R�Q�V���D�O�W�R�J�H�W�K�H�U�����I�R�U�����D�V���(�S�L�F�W�H�W�X�V�����D�Q�R�W�K�H�U���I�D�P�R�X�V���6�W�R�L�F�����P�D�L�Q�W�D�L�Q�H�G���³�>�P�@�H�Q���D�U�H���G�L�V�W�X�U�E�H�G����

not by things, but by the principles and notions which they form concerning thin�J�V�´��
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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. Importantly, even though emotion is here posited to be the consequence of thought, it 

is seen as a side-effect 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 effect, be 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, rational state of mind was endorsed not only by the Stoics, but ran through most 

ancient Western systems proposing a means to achieve eudaimonion (e.g. Cynicism, 

Epicureanism, Peripateticism, Platonism, Pyrrhonism), and is arguably one of the central 

pillars of enlightenment in Buddhism (Lama & Ekman, 2008). While there is increasing 

acknowledgement of the potential intelligence and benefits of emotions in affective science 

(Barrett, 2011; Damasio, 1994; Kashdan & Rottenberg, 2010; Nussbaum, 2008), this 

adversarial account of emotion is still highly influential and can be thought of as the standard 

model organising both philosophy and empirical research into both emotions, and emotion 

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

 

1.3. Emotions as ways of interacting with the world  

 There is, however, a significant philosophical counter-current arguing for emotions 

being active means of engaging with the world. Per this model, emotions should not 

(exclusively) be thought of as reactions that should be avoided or suppressed, but occur in the 

context of, and, importantly, as an expression of our goals and intentions. On such an 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 suppressing or negating the occurrence 
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of emotional reactions, but rather selecting when and what emotional experiences one has at 

any given time �± i.e. that emotions can be actively recruited and employed to further self-

governance. In the following sections, three such accounts will be presented, as proposed by 

Descartes, Sartre, and Solomon, with the aim of demonstrating the means and mechanisms by 

which emotions are not something that (exclusively) happens to us, but entities we actively 

employ to self-regulate. 

 

1.3.1. Cartesian emotion regulation 

�³�7�R���D�U�R�X�V�H���E�R�O�G�Q�H�V�V���D�Q�G���V�X�S�S�U�H�V�V���I�H�D�U���L�Q���R�X�U�V�H�O�Y�H�V�����L�W�¶�V���Q�R�W���H�Q�R�X�J�K���W�R���K�D�Y�H���D���Y�R�O�L�W�L�R�Q���W�R���G�R��
so. We have to set ourselves to think about the reasons, objects, or precedents which argue 
�W�K�D�W���W�K�H���G�D�Q�J�H�U���L�V�Q�¶�W���J�U�H�D�W�����W�K�D�W���W�K�H�U�H�¶�V���D�O�Z�D�\�V���P�R�U�H���V�H�F�X�U�L�W�\���L�Q���G�H�I�H�Q�F�H���W�K�D�Q���L�Q���I�O�L�J�K�W�����W�K�D�W��
�Z�H�¶�O�O���J�D�L�Q���J�O�R�U�\���D�Q�G���M�R�\���L�I���Z�H���F�R�Q�T�X�H�U�����D�Q�G���Q�R�W�K�L�Q�J���E�X�W���U�H�J�U�H�W���D�Q�G���V�K�D�P�H���L�I���Z�H���I�O�H�H�² things 
�O�L�N�H���W�K�D�W�����2�X�U���S�D�V�V�L�R�Q�V���F�D�Q�¶�W���E�H���D�U�R�X�V�H�G���R�U���V�X�S�S�U�H�V�V�H�G���G�L�U�H�F�W�O�\���E�\���W�K�H���D�F�W�L�R�Q���R�I���R�X�U���Z�L�O�O�����E�X�W��
only indirectly by our representing to ourselves things that are usually joined with the passion 
�Z�H���Z�D�Q�W���W�R���K�D�Y�H���R�U���R�S�S�R�V�H�G���W�R���W�K�H���R�Q�H���Z�H���Z�D�Q�W���W�R���I�H�Q�G���R�I�I���´�� 

 Rene Descartes, Passions IV, 45 

 

In addition to being one of the great philosophers of mind and epistemology, 

�'�H�V�F�D�U�W�H�V���I�R�U�P�X�O�D�W�H�G���D���F�R�P�S�U�H�K�H�Q�V�L�Y�H���D�F�F�R�X�Q�W���R�I���³�W�K�H���S�D�V�V�L�R�Q�V�´���R�U���Z�K�D�W���Z�H���Q�R�Z���U�H�F�R�J�Q�L�V�H���D�V��

emotions. Largely due to being perceived as espousing a strong dualism between emotion and 

cognition, Descartes has been the butt of much criticism in recent affective 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 adversarial account of emotion and cognition, as discussed above. Evaluating this 

charge is beyond the scope of the current treatment (see e.g. Damasio, 1994; D. M. Gross, 

2007a), but it is interesting to note that the Cartesian account of how one can go about 

controlling ones emotions (as quoted above) appears not to follow an adversarial account, at 

least in as much as it refuses the possibilit�\���R�I���Y�R�O�L�W�L�R�Q�D�O�O�\���L�Q�I�O�X�H�Q�F�L�Q�J���W�K�H���F�R�X�U�V�H���R�I���R�Q�H�¶�V��

emotions by mere cognition. Rather, in the above quote, Descartes proposes that emotions can 
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only be controlled by the counter-generation of emotions through creating internal 

representations, and that this can be done either in goal achievement or 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 using imagination 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 off, and endogenous emotions, that are, more 

or less, something we can control. This opens the intriguing possibility that a comprehensive 

account of emotion control needs to include the capacity to strategically self-generate 

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

external world. 

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

�³�7�K�H���H�[�L�V�W�H�Q�W�L�D�O�L�V�W���G�R�H�V���Q�R�W���E�H�O�L�H�Y�H���L�Q���W�K�H���S�R�Z�H�U���R�I���S�D�V�V�L�R�Q�����+�H���Z�L�O�O���Q�H�Y�H�U���U�H�J�D�U�G���D���J�U�D�Q�G��
passion as a destructive torrent upon which a man is swept into uncertain actions as by fate, 
and which, therefore is an excuse for them. He thinks that man is responsible for his 
�S�D�V�V�L�R�Q���´�� 

 Jean-Paul Sartre, Existentialism Is a Humanism 

 

Jean-Paul Sartre can be thought of as having followed up this Cartesian model by 

extending it to all emotion, including emotions caused 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 reactions. Indeed, rather than 

�F�D�O�O�L�Q�J���W�K�H�P���U�H�D�F�W�L�R�Q�V�����R�Q���6�D�U�W�U�H�¶�V���Y�L�H�Z�����H�P�R�W�L�R�Q�V���D�U�H���V�W�U�D�W�H�J�L�H�V��we (consciously or non-

consciously) use to deal with the world (see also Frijda, 2007). Essentially arguing against the 

view that emotions simply happen to us, Sartre fundamentally changes the status of the 

emoter (possibly exempting pathology) to someone that is responsible for their emotional 

�V�W�D�W�H�����7�K�H���F�U�X�[���R�I���6�D�U�W�U�H�¶�V���D�U�J�X�P�H�Q�W���L�V���W�K�D�W���D���Y�L�H�Z���R�I���H�P�R�W�L�R�Q�V���D�V���S�D�V�V�L�Y�H���L�V���P�H�U�H�O�\���D���Y�H�K�L�F�O�H��



1.3. Emotions as ways of interacting with the world 
!

!
!

13 

�I�R�U���W�K�H���³�E�D�G���I�D�L�W�K�´����mauvaise foi) of referring to our emotional reactions as post-hoc 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 goal-achievement �²  in his view essentially ego-

�G�H�I�H�Q�F�H�����7�K�X�V�����Z�K�L�O�H���6�D�U�W�U�H�¶�V���H�P�R�W�L�R�Q�V���D�U�H���H�Q�G�R�J�H�Q�R�X�V�O�\���F�D�X�V�H�G�����W�K�H���S�Uecise strategic end 

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 emphasising that emotions 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 

�³�2�X�U���H�P�R�W�L�R�Q�V���G�R���Q�R�W���U�H�Q�G�H�U���X�V���S�D�V�V�L�Y�H���E�X�W���W�K�H���Y�H�U�\���R�S�S�R�V�L�W�H�����W�K�H�\���D�U�H���Vometimes the engine 
�R�I���R�X�U���E�H�K�D�Y�L�R�X�U���D�Q�G���W�K�H���D�F�W�L�Y�H�O�\���F�K�R�V�H�Q���P�R�W�L�Y�D�W�L�R�Q���R�I���P�H�D�Q�L�Q�J�I�X�O���D�F�W�L�R�Q���´ 

Robert Solomon, On the Passivity of the Passions 

 
Following on Sartre, Robert Solomon expanded on the notion of responsibility to 

change the ontological status of emotions 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 

circumscribed impulsive responses they are often portrayed as in philosophy and modern 

research. Indeed, in many cases emotions are in fact something that we actively pursue and 

cause to be in ourselves, and as such can only be thought of as volitional objects. Mirroring 

Descartes, he highlights that what he calls �W�K�H���³�H�P�H�U�J�H�Q�F�\���S�D�U�D�G�L�J�P���R�I���H�P�R�W�L�R�Q�´���F�D�Q�Q�R�W��

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 striking verisimilitude to Descartes, 

�³�Q�X�U�W�X�U�H�´���H�P�R�W�L�R�Q�V���E�\���E�R�W�K���U�D�W�L�R�Q�D�O���D�U�J�X�P�H�Q�W�����H���J�����P�D�N�L�Q�J���R�Q�H�V�H�O�I���D�Q�J�U�\���E�\���³�F�R�Q�Y�L�Q�F�L�Q�J�´��

oneself that one has been slighted) and controlled and guided access of memories (e.g. at a 

funeral service, Solomon 2001, p. 202). Indeed, as he points out, the very distinction 
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frequently drawn between having an emotion and thinking about that emotion is problematic, 

�L�Q���D�V���P�X�F�K���D�V���W�K�L�Q�N�L�Q�J���D�E�R�X�W���W�K�H���M�X�V�W�L�I�L�F�D�W�L�R�Q�V���I�R�U���R�Q�H�¶�V���D�Q�J�H�U���L�V���S�D�U�W���D�Q�G���S�D�U�F�H�O���R�I���W�K�D�W��

emotion and thus tends to elicit the very 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-

cognitive distance, 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) reactions, but should 

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 self-regulation 

These three accounts together point to something that has largely been neglected in 

modern psychology: That emotions are not (exclusively) something that happen to us, but 

rather reactions that we bear responsibility for, that we possess some degree of control over, 

and that we actively use to regulate ourselves and our environments. Of special note 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 stemming from external sources. 

Moreover, as Sartre and Solomon point out, such endogenous emotion can be used both to 

motivate oneself in pursuit of long-term goals, and can be strategies with which one adapts 

oneself to the world, and also a means of altering the external (particularly social) world. This 

raises the intriguing possibility that the capacity to self-generate emotional states based on 

endogenous sources of information might serve as tool for self-regulation. 
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1.4. Harnessing fire: Endogenous emotion generation as a means of 

emotional self-regulation 

 Following on this way of thinking about emotion, the core proposition investigated in 

this thesis is that emotions are not simply something that occurs to us, but something that we 

enact and use to govern ourselves. Following Descartes, I specifically propose that emotions 

�F�D�Q���E�H���D�F�W�L�Y�H�O�\���X�V�H�G���W�R���F�R�Q�W�U�R�O���R�Q�H�¶�V���H�P�R�W�L�R�Q�D�O���P�L�O�L�H�X���Y�L�D���W�K�H���H�[�S�H�G�L�H�Q�W���R�I���J�H�Q�H�U�D�W�L�Q�J��

emotions based on endogenous sources of information, such as our deliberations or memories. 

Moreover, I propose that this ability is a central aspect of self-regulation 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 emotional stressors.  

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 attention as a topic in its 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 endogenous emotion generation skills can be 

utilised as a means of emotion regulation and coping. Preceding the empirical portion of the 

thesis (Chapters 4-7), the following chapter provides an overview of the current state of 

knowledge regarding the endogenous generation of emotion in psychology and affective 

neuroscience and develops the working behavioural and neural working model of endogenous 

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

2.1. Chapter overview 

This chapter presents an overview of the current state of knowledge on the behavioural 

and neural bases of endogenous emotion generation. Starting with a discussion of how to 

define and differentiate endogenous emotion generation from other related affective 

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 culminates in a working neural component process model of 

endogenous emotion generation that guided the current research. Based on this model, the 

chapter next discusses how the self-generation of emotional states can enable emotional self-

management, proposing two distinct routes by which the endogenous generation of emotional 

states can be used for self-regulation. 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 generation 

Unlike the generation of emotional reactions to exogenous cues, comparatively little 

work has focused on understanding endogenous emotion in their own right (Wilson-

Mendenhall, Barrett, & Barsalou, 2013). To 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 reviews behavioural, 

psychophysiological and neuroimaging evidence on self-generated 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 operationalisation of endogenous 

emotion that guided this model development and how EnGE can be differentiated from other, 

related, topics.  
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2.2.1. Operationalisation and definitions 

To guide the following literature review and model development, I will here adopt an 

operationalisation of endogenously generated emotions as emotional states whose causes can 

be traced to an internal representation. I will refer to the process by which such emotional 

states come about as endogenous generation of emotion (EnGE; contrasted with exogenous 

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 aspect of endogenously 

generated emotions (and internal representations in general), is that these can be elicited both 

voluntarily and spontaneously. Thus, emotional states can be elicited by, for instance, goal-

directed recall of a given emotion-eliciting event in the past or future (Benoit, Szpunar, & 

Schacter, 2014; Fitzgerald et al., 2004), or through intrusive thoughts and rumination (Brewin 

et al., 2010; Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008), or simply in the course of 

ordinary mind-wandering (Ruby, Smallwood, Engen, & Singer, 2013). Here I will focus on 

the voluntary component of EnGE in line with the goal of the current work of investigating its 

potential utility as a means of self-regulation, and because investigations of spontaneous 

EnGE is still in its infancy (but 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 suggests considerable overlap between the psychological and neural 

mechanisms and effects of voluntary and involuntary generation of mental content (Andrews-

Hanna, 2012; Smallwood & Schooler, 2015; Smallwood et al., 2013). Thus, it is likely that 

the conclusion drawn from the study of voluntary EnGE generalises to spontaneous EnGE, at 

least in terms of psychological and neural mechanisms.   

Practically, the review is therefore limited to studies of self-induced emotion that 

relied either on non-emotional or minimally emotional stimuli, and therefore can be said to 

arise following processing of information endogenous to the individual. Moreover, given the 

objective of devising a general model of EnGE, the review focuses on investigations of non-
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pathological populations. Before proceeding, the following section discusses the 

differentiation of EnGE as here conceptualised and the related topics of exogenous emotion 

generation, emotion regulation, mood generation, and constructive memory.  

 

2.2.2. Differentiating endogenous emotion generation from related phenomena 

 
2.2.2.1. Exogenous emotion generation 

Based on the preceding operationalization, the relationship between exogenous 

(ExGE) and endogenous generation of emotion (EnGE) can now be discussed. On the surface, 

drawing this distinction is relatively simple, with endogenous emotions having causes internal 

to the individual, such as thoughts, memories, bodily sensations, or imagery. This contrasts 

with exogenously generated emotions, who in turn have a clear causal referent in the external 

world, such as an emotion-provoking situation or stimulus. Following on this, individual 

differences in ExGE tend to revolve around how one responds to external stimuli (Hamann, 

2004). This is of some importance, because it is probable that this is at best partially 

overlapping with the likely sources of individual differences in EnGE, which also involves 

variation in the ability to recall emotional information (Gollnisch & Averill, 1993; G. A. 

Miller et al., 1987) or the capacity to generate mental imagery (G. A. Miller et al., 1987; 

Zeman, Dewar, & Sala, 2015). Moreover, at least in the volitional case, EnGE abilities are 

also likely to be affected by individual differences in the ability to control such as mnemonic 

or ideational processes (Banich et al., 2009). Thus, while endogenous emotions can occur 

with seeming spontaneity, they are (excepting 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 affairs (Niedenthal, Winkielman, 

Mondillon, & Vermeulen, 2009; Wilson-Mendenhall et al., 2013) 
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That said, the distinction between exogenously and endogenously generated emotions 

is fluid. For instance, in cases of severe anxiety, endogenous processes are arguably 

responsible for the generation and maintenance of the emotional state despite it having an 

external referent (Cha et al., 2016). On 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 meta-analyses of neuroimaging studies of emotion (Kober et al., 

2008; K. A. Lindquist, Wager, Kober, Bliss-Moreau, & Barrett, 2012), suggest that even 

processing of external stimuli to a large degree involves neural mechanisms supporting the 

generation of such simulations (Hassabis & Maguire, 2007; Schacter & Addis, 2007). Thus, 

drawing a strict conceptual boundary between ExGE and EnGE might be impossible, 

requiring empirical delineation in terms of underlying processing. 

  

2.2.2.2. Emotion regulation 

Emotion regulation can be defined as a process in which on expends efforts to 

influence which emotions one has, the intensity of these emotions and/or how they are 

expressed (J. J. Gross, 2007b). Distinguishing emotion generation from emotion regulation is 

an important topic in affective science (J. J. Gross et al., 2011), that is heavily influenced by 

the fundamental theory of emotions one holds (J. J. Gross & Barrett, 2011). For instance, a 

basic emotion theorist can distinguish between the two with relative ease on account of 

having a stimulus-reaction model of emotion, meaning that emotion regulation simply 

involves managing the behavioural consequences of a given emotional reaction. Conversely, 

on a constructivist account, both emotion generation and emotion regulation involve changes 

in the situation-by-organism meaning-making interaction (Barrett, 2014). Thus, separating the 

two becomes conceptually difficult as any act of emotion regulation can be construed of as an 

act generating a new emotional state (J. J. Gross et al., 2011). However, in the case of 
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exogenous emotion, one can, at least in principle, make a distinction 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 processes (J. J. Gross et al., 2011). For endogenous emotion, no similar 

appeal to ontogeny can be made to differentiate events of generation from events of 

regulation. Rather, generation and regulation likely depend on overlapping processes that are 

essentially internal to the emoter. Moreover, 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 topic is beyond the scope of the current investigation, and I 

therefore take a functional approach to distinguish the two. Specifically, I propose that 

emotion generation occurs when an emotional feeling state is de novo, where previously there, 

subjectively, was none. Conversely, emotion regulation occurs when ongoing subjectively 

experienced emotional states are somehow modulated, intentionally or otherwise. Thus, 

distinguishing the two is on this, albeit simplified, account, a matter of causality and time. 

However, this should not be construed of as a strict ontological divide as they are likely 

reliant on similar neural and psychological mechanisms, especially those supporting the 

construction of mental representations (Kober 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 differentiating mood and emotion is by stating that 

emotions are phasic responses to events, whereas mood states represent the tonic level of 

affect. Moreover, moods are usually thought of as being more diffuse in terms of their 

expression and duration, usually resulting in low�H�U���L�Q�W�H�Q�V�L�W�\���³�E�D�F�N�J�U�R�X�Q�G�´���D�I�I�H�F�W�L�Y�H��

experiences that can last for a protracted period of time (R. J. Larsen, 2000). Another 

important difference is that moods usually are thought of as having no clear eliciting cause in 
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the environment (Magen & Gross, 2010). Together, these criteria make it fairly straight 

forward to differentiate moods from (exogenous) emotional reactions. 

In the case of endogenous emotion, however, this distinction is blurred. For one, while 

endogenous emotion can be thought of as phasic responses to internal processes, these 

processes themselves are likely extended in time, and embedded in the ongoing stream of 

consciousness (R. J. Larsen, 2000; Ruby et al., 2013). This means that the initiation and 

duration of endogenous emotional events are difficult to specify. Second, like moods, 

endogenous emotions are, by definition, not (directly) resultant on the perception of external 

events (R. J. Larsen, 2000). Thus, in one sense endogenous emotions are more similar moods 

than exogenous emotions. Unlike moods, however, endogenous emotions, as we here define 

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 past, despite being, at the moment, 

dysphoric (e.g. Holmes, Lang, & Shah, 2009; Holmes, Mathews, Dalgleish, & Mackintosh, 

2006; Pictet, Coughtrey, Mathews, & Holmes, 2011). Moreover, while such EnGE might 

provide alleviation of a mood (as suggested by Descartes in Chapter 1), this is effectively an 

act of regulation as it is here defined, such that endogenous emotion overrides the mood, 

possibly temporarily, with the mood state reinstating itself once active EnGE efforts cease. 

Summarising, endogenous emotion can be thought of as occupying a middle ground 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 psychological processes involving the internal generation of 

representations are in some way reliant on constructive memory processes (Hassabis & 

Maguire, 2007). Ranging fro�P���S�O�D�Q�Q�L�Q�J���K�R�Z���W�R���D�F�K�L�H�Y�H���R�Q�H�¶�V���I�X�W�X�U�H���J�R�D�O�V���W�R���U�H�P�L�Q�L�V�F�L�Q�J��
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about the distant past, similar psychological and neural mechanisms seem to be at the core of 

our abilities to generate simulations of the world (Addis, Pan, Vu, Laiser, & Schacter, 2009; 

Schacter & Addis, 2007; Schacter et al., 2012; Spreng & Grady, 2010). As mentioned above, 

EnGE is likely to rely heavily on the ability to create such lifelike, autonoetic, first-person 

simulations, and is therefore likely to rely on constructive memory processes. One crucial 

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. As the term suggests, simulation 

involves a distinction between the internal model of the world and the actual constitution of 

the world. Thus, there is inherently an analogous�����R�U���³�D�V���L�I�´ quality to these simulations. This 

does not necessarily pertain to EnGE which, both by definition and in terms of subjective 

experience, results in genuine, experienced emotional states (Salas et al., 2012). This 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 to one�¶s goals, but 

that the product of the EnGE process is an experienced and embodied emotional 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 motor imagery (Gallese & Caruana, 2016). 

 

2.3. Characterising EnGE as a psychological phenomenon 

In this section, extant behavioural and psychophysiological investigations of EnGE are 

reviewed, with the aim of developing a characterisation of it as an empirical phenomenon and 

identifying the key features an account of EnGE must contain. 

Much of our knowledge about EnGE comes from studies utilising endogenous 

emotion 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 scenarios (Damasio et al., 2000; 

Gemar, Kapur, Segal, Brown, & Houle, 1996; George, Ketter, Parekh, & Herscovitch, 1996; 

Holmes et al., 2006; Holmes & Mathews, 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; Wilson-Mendenhall et al., 2013), or by being asked to up-

regulate emotional aspects of externally presented emotional stimuli (e.g. McRae, Misra, 

Prasad, Pereira, & Gross, 2012c; Ochsner et al., 2009b; Otto, Misra, Prasad, & McRae, 2014). 

As the latter approach is closer to the current definition of emotion regulation (cf. the 

distinction between generation and regulation drawn above), and because relatively 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 EnGE-based emotion induction is highly effective 

and result in strongly experienced emotional states, particularly for positive emotions 

(Riquelme, Radovic, Castro, & Turnbull, 2015; Salas et al., 2012). Using this self-induction 

approach, successful EnGE has been reported using mental imagery (Holmes & Mathews, 

2005; 2010), narrative scripts of both impersonal (Wilson-Mendenhall et al., 2013) and 

personal varieties (Salas et al., 2012), semantic narrative analysis (Holmes et al., 2006; Vrana, 

Cuthbert, & Lang, 1986), and auditory imagery (Beaty et al., 2013; Williamson et al., 2012). 

Interestingly, it appears that both autobiographical recall and immersion in hypothetical 

emotional events result in emotional reactions. This suggests that EnGE should not be 

conceptualised as simple recall of a previously experienced emotional state, but rather a 

simulation of a situation in which a given target emotion might occur, akin to general 

constructive memory abilities like episodic recall and prospection (Schacter & Addis, 2007). 

However, evidence suggest that this type of simulation goes beyond mere subjective appraisal 

and involves the activation of physiological markers similar to exogenously generated 

emotions. Philippot, Chapelle, and Blairy (2002) demonstrated this in an experiment where 



2.3. Characterising EnGE as a psychological phenomenon 
!

!
!

25 

they investigated the relationship between respiration rate and subjective experience of 

emotion. Participants were instructed to put themselves into different emotional states (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 resulted in 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 these patterns of breathing. This resulted in increased subjective experience of 

the emotions associated with a given breathing pattern. Thus, bodily signals of emotion are 

not only concomitants of self-induced emotional states based on endogenous information (see 

also Fawver, Hass, Park, & Janelle, 2014; Kleinke, Peterson, & Rutledge, 1998; G. A. Miller 

et al., 1987), but can in 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, either alone or in combination with other modalities 

(Gallese & Caruana, 2016; Niedenthal et al., 2009; Seth, 2013). Finally, in addition to being 

embodied, EnGE appears to have a clear influence on behaviour, such that, for instance, self-

generated emotional states can affect sport performance (Rathschlag & Memmert, 2014), or 

even impact on baseic motility, as is seen in the impact of EnGE on gait (Fawver et al., 2014). 

Summarising, evidence demonstrates that EnGE should not be thought of as being a 

�³�F�R�O�G�´���F�R�J�Q�L�W�L�Y�H���V�L�P�X�O�D�W�L�R�Q���R�I���W�K�H���I�D�F�W�V���D�Q�G���D�S�S�U�D�L�V�D�O�V���W�K�D�W���V�X�U�U�R�X�Q�G���D���J�L�Y�H�Q���H�P�R�W�L�R�Q�����5�D�W�K�H�U��

EnGE is an embodied phenomenon, resulting in emotional reactions with clear subjective and 

physiological outcomes. Thus, an account of EnGE needs to detail not only how emotional 

information is recalled, but also how this leads to emotional physiological reactions.  
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2.3.1. Individual differences in EnGE abilities 

Another aspect of EnGE that has been revealed in the self-induction literature is that 

individuals differ in their ability to self-generate emotions. Miller and colleagues (1987) 

investigated trait and behavioural markers of the capacity to generate emotional imagery. 

Participants with good imagery abilities generated stronger and more differentiated 

physiological signatures of emotional arousal when requested to envisage different emotional 

situations using the emotional script procedure. Conversely, participants self-describing as 

bad imagers did not show this strong coupling between emotion scripts and physiological 

responses. Critically, there were no apparent differences between the good imagers and 

people self-described as poor imagers on several personality and cognitive variables. Thus, a 

concomitant of good emotional imagery ability appears to be the ability to generate full -

fledged emotional reactions.  

One caveat to this is that the Miller study, like most other self-induction studies, only 

investigated individual 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; 2010), to date no evidence exists mapping whether 

EnGE abilities are predicated exclusively on the capacity to engage in mental imagery. 

Conceivably, in the normal population, people can differ both in efficacy and implementation 

of EnGE, with some individuals, for instance, relying on musical imagery, semantic analysis 

or bodily 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, 2011), which could stem from 

decreased efficacy of EnGE based on visual imagery (Raune, MacLeod, & Holmes, 2005; 

Stšber, 1998). Similarly, while evidence exists to suggest that mental imagery outperforms 

verbal semantic analysis in terms of both short term and long term self-induction effects 

(Holmes et al., 2006; Holmes & Mathews, 2005; Pictet et al., 2011; Vrana et al., 1986), it is 
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not clear whether, for instance, combining multiple modalities of generation is more (or less) 

effective at generating different emotional states. These are important questions, 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 

�± the topic of our next section. 

 

2.3.2. Training EnGE 

An important aspect of the Miller (1987) study mentioned above is that even poor 

imagers got better with repeated testing, as indicated by both enhanced subjective emotional 

experience and better correspondence between subjective and physiological responses. Thus, 

it appears that the capacity to self-generate emotions can be trained, at least in the case of 

EnGE using mental imagery. More evidence for this comes from recent work by Emily 

Holmes and colleagues (Holmes et al., 2006; 2009; Pictet et al., 2011) showing that EnGE can 

be trained, and that such training has carry-over effects on both affective and cognitive 

measures. Importantly, Holmes and colleagues have recently shown that training positive 

imagery can provide lasting improvement for symptoms of depression (Blackwell & Holmes, 

2010; Holmes et al., 2009; T. J. Lang, Blackwell, Harmer, Davison, & Holmes, 2011).  

Another line of evidence pertaining to the trainability of EnGE stems from research 

into the effects of loving-kindness (LKM) and compassion (CM) meditation. These 

techniques centrally involve training through meditation in self-instillation of a positive 

emotional state of benevolence, warmth, concern and motivation to help others (Fredrickson, 

2013; Goetz, Keltner, & Simon-Thomas, 2010; Salzberg, 2001; Singer & Klimecki, 2014). 

Recently, a number of training studies have shown that even short-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, 2015), as well as being associated with improvements on 

psychophysiological (Kok et al., 2013) and neural (Klimecki, Leiberg, Lamm, & Singer, 
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2013; Klimecki, Leiberg, Ricard, & Singer, 2014) markers of resilience. Central to these 

meditation practices is training how to engage in vivid mental imagery, the recitation of 

verbal mantras and increasing interoceptive awareness of the psychosomatic sensations 

(particularly warmth) associated with the emotional states of loving-kindness and compassion 

(Fredrickson, Cohn, Coffey, Pek, & Finkel, 2008; Jazaieri et al., 2012; Klimecki et al., 2013; 

2014; Leiberg, Klimecki, & Singer, 2011). Thus, LKM and CM training is a real-life example 

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

benefits in terms of mental health (Fredrickson, 2013; Holmes et al., 2006; 2009). 

 
2.3.3. Summary: Conceptualising EnGE 

Summarising the extant behavioural investigations, it appears that EnGE is both 

something that individuals are capable of with relative ease, and that tends to elicit 

subjectively (Salas et al., 2012) and physiologically (G. A. Miller et al., 1987; Philippot et al., 

2002) potent emotional states. This demonstrates the supposition that EnGE should be 

thought of as generating de facto embodied emotional states. Further, evidence suggests that 

EnGE can be implemented using a variety of different information modalities, ranging from 

episodic imagery to interoception. While it appears that episodic imagery of emotion might be 

most effective as a generation technique (Bergman & Craske, 2000; Holmes et al., 2006), 

evidence also supports the efficacy of other modalities. Moreover, there appears to be 

considerable individual differences in EnGE, suggesting that individuals might vary in how 

they tend to implement EnGE, and how efficacious this implementation is.  

As such, the extant behavioural 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 are generated. 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 this section, 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 work relying 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 imagery (Wilson-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., 2007). B) Illustration of activations in the early PET 
studies made using GingerALE meta-analysis toolbox. NB: For illustration only as p < .05 uncorrected. Colour-
coded circles denote overlaps between ICNs and meta-analytic 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 stimuli, such as visual or auditory cues, to guide the 

generation process. Aside from epistemic 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 difficult to differentiate neural mechanisms supporting modality-specific 

implementation of EnGE from supramodal mechanisms supporting EnGE in general. This is a 

matter of some concern, since the majority of studies were performed on relatively small 

samples. Similarly, the goals of these studies have mainly 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 emotion generation per se.  

One notable exception to this heterogeneity is a series of early positron emission 

tomography (PET) studies (Damasio 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., 1997) that investigated the neural signatures of volitional autobiographical 

recall of significant emotional experiences. As these studies were all performed using the 

same imaging modality, with comparable experimental protocols and sample sizes, these 

studies are amenable to aggregation via meta-analysis. (However, the low cumulative sample 

sizes of these studies (N = 122) means that findings should be taken as illustration more than 

statistical fact.) When combined, these studies suggest EnGE is supported by at least three 

large scale neural networks (Figure 2.1):  

 
1)  The Default Mode Network (DMN; Buckner, Andrews-Hanna, & Schacter, 2008; 

Raichle & Snyder, 2007; green in Figure 2.1A) including medial prefrontal, posterior 

cingulate/precuneus, and 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 simulations (Spreng, Mar, & Kim, 2009).  



2.4. The neural architecture of EnGE 
!

!
!

31 

2)  The extended Salience Network1 (SN; Seeley et al., 2007; red in Figure 2.1A)  

including most prominently insula and dorsal cingulate regions, in addition to subcortical 

(amygdala and basal ganglia) and brain-stem regions like the substantia nigra, ventral 

tegmental area and periaqueductal grey, known to support affective processing of both reward 

and punishment (Berridge & Kringelbach, 2013; Buhle et al., 2013).  

3) The Frontoparietal Control Network (FPCN; Brass, 2002; Cole et al., 2013; Laird et 

al., 2011; blue in Figure 2.1 A), including inferior and middle frontal gyri, and 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 that it serves a 

domain-general task implementation network based on work showing that the FPCN flexibly 

couples to other networks to facilitate goal achievement (Cole et al., 2013; Spreng, Stevens, 

Chamberlain, Gilmore, & Schacter, 2010). 

Consistent with this three-network structure, Harrison and colleagues (Harrison et al., 

2008) reported an fMRI study investigating the difference in brain network connectivity 

during self-induction of sadness via autobiographical recall. Importantly, Harrison and 

colleagues used independent-component analysis of fMRI time-series, meaning that they 

could investigate modulations of connectivity within actual intrinsic connectivity networks. 

Of the five components thus identified, DMN, SN, and right and left FPCN all showed 

significantly increased functional connectivity during sad recall, suggestive of them being 

core functional networks in EnGE. Finally, recent meta-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), the paralimbic network (Harrison et al., 2008; Kober et al., 2008), or the cingulo-

opercular network (Dosenbach, Fair, Cohen, Schlaggar, & Petersen, 2008), and has in different ways been 

associated with the adaptation of behaviour to external demands. We here use the formulation of the network 

proposed by Seeley et al. (2007) as this explicitly includes subcortical and brain-stem regions and is in this 

configuration thought not only to detect, but also to support allostatic adaptation of the organism to emotional 

demands (Touroutoglou et al., 2016; Touroutoglou, Hollenbeck, Dickerson, & Barrett, 2012). 
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literature on (primarily exogenously elicited) emotion indicate that the neural basis of emotion 

clusters in distinct functional components (Kober et al., 2008; K. A. Lindquist et al., 2012). 

As is evident from comparing Figures 2.1 A and 2.2 there is considerable overlap between the 

activations reported in these early PET studies and those reported in these meta-analyses, one 

interesting exception being the lack of activation in regions corresponding to the visual 

association component (yellow in Figure 2.2) in the PET studies consistent with there being  

minimal exogenous stimulation in these experiments. 

 

Figure 2.2: Functional components of emotion generation. Groupings of neural regions shown to co-
activate in a recent meta-analysis of neuroimaging studies of emotion. Adapted with permission from Kober 
et al. (2008). 
 

Before proceeding, the possibility should 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 self-induction. Moreover, as most of the studies 

discussed investigated negative emotional states, it is unknown whether positive EnGE is 

supported by the same networks. However, given the lack of neuroimaging studies 

investigating EnGE of other emotional states or induction modalities, the relative 

independence of the three networks in question (Laird et al., 2011; Yeo et al., 2011), and their 

role in the general neural reference space of emotion (Kober et al., 2008; K. A. Lindquist et 

al., 2012), the remainder of this chapter takes this three-network structure to guide the 

development of a working model of EnGE.  

 
 

Lateral paralimbic Core limbic Cognitive/Motor Medial Posterior Medial PFC Occipital/visual
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2.4.1. State characteristics determine neural implementation of EnGE 

A core lesson from the behavioural literature review above is that EnGE should be 

thought of as a constructive phenomenon, such that different components of emotion (e.g. 

imagery of emotional situations, semantic knowledge, bodily states) can all be used to self-

elicit emotional states. As most current research has focused on the elicitation of single 

emotional archetypes of e.g. sadness, fear, or joy, using single implementation modalities, 

little is known about how such construction is neurally implemented. One exception to this is 

a recent study by Wilson-Mendenhall and colleagues (2013), in which participants generated 

emotions by immersing themselves in affective scenarios that varied such that they either 

emphasised physical or social threat. Supporting the notion of EnGE as a process by which 

embodied emotional experiences are self-elicited, they found that the generation of both kinds 

of threat activated neural systems associated with action planning, consistent with the role of 

threat perception in facilitating behavioural resolution (Whalen, 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 processing (Decety & Lamm, 2007; 

J. P. Mitchell, 2009; Saxe & Powell, 2006; Spreng et al., 2009). Conversely, physical threat 

elicited activation of attention networks, including both FPCN and dorsomedial portions of 

the SN. Activation of these attention networks is a known consequence of exposure to 

(particularly negative) emotional stimuli, and is thought to underlie the influences of emotion 

on goal-directed behaviour/processing. Similarly, Damasio and colleagues (2000; see also 

Fitzgerald et al., 2004) found that autobiographical recall of situations in which individuals 

experienced discrete emotional states (e.g. sadness or joy), differentially activated neural 

regions involved in somatic representation and modulation of homeostasis. This is consistent 

with EnGE eliciting bodily states similar to those experienced 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 generated emotional state. While speculative at present, it is possible that the FPCN 

�I�X�Q�F�W�L�R�Q�V���W�R���V�X�S�S�R�U�W���W�K�L�V���F�R�X�S�O�L�Q�J�����J�L�Y�H�Q���L�W�V���U�R�O�H���D�V���D���V�\�V�W�H�P���R�I���V�X�S�U�D�P�R�G�D�O���³�I�O�H�[�L�E�O�H���K�X�E�V�´��

(Cole et al., 2013) that 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, 2013), this 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 considering the potential 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 study by Daselaar and colleagues 

(Daselaar et al., 2008), investigating the neural time course of autobiographical memory 

retrieval, including memories with emotional qualities. Of particular interest for Daselaar 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 that the initial recall and construction of 

autobiographical events was supported by activation of different regions from those 

supporting their subsequent elaboration and experience: Initial recall elicited activation in 

dorsal frontal regions, retrosplenial cortex and hippocampus, whereas elaboration of these 

memories activated ventrolateral prefrontal regions. These findings are largely consistent with 

research on constructive memory in general (Addis et al., 2009; Addis, Wong, & Schacter, 

2007). Critically, Daselaar et al. found that the emotional 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 vividness of these memories 

correlated with activation in the later elaboration period, centred on left VLPFC and PCC, 

both regions thought to be part of the DMN (Yeo et al., 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 that the 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 affective properties, Suess and Rahman (2015) recently found that early stages of mental 

imagery of emotional facial expressions is highly similar to perceptual processing. Seuss and 

Rahman specifically investigated two event-related potential (ERPs) components known to be 

modulated by the emotional qualities of visual stimuli, the early posterior negativity (EPN) 

that occurs after 200-300 ms, and the late positive potential (LPP; Hajcak & Olvet, 2008) that 

has a posterior distribution and occurs after ~600 ms. Importantly, these components have 

been suggested to reflect different processes: The EPN is thought to reflect initial attentional 

orientation and discernment of core affective properties of stimuli (Citron, Weekes, & Ferstl, 

2013). Conversely, the LPP is thought to reflect extended processing of stimuli, ostensibly 

�U�H�O�D�W�H�G���W�R���³�I�O�H�V�K�L�Q�J���R�X�W�´���W�Ke initial percept with information from long term memory (Hajcak 

& Olvet, 2008). When comparing perception with mental imagery of emotional faces, Suess 

and Rahman found no discernible differences in the EPN, but marked differences in 

distribution patterns for the LPP. While differences in temporal resolution between 

electroencephalography (EEG) and fMRI (milliseconds vs. seconds) and the spatial 

coarseness of ERP components means that care must be taken in interpreting these results, it 

is interesting to note that the early attentional orienting thought to be measured by the EPN 

corresponds closely to the sort of stimulus-driven attention that is thought to be instantiated 
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by the Salience Network (Seeley et al., 2007; Vossel et al., 2014). Conversely, extended 

construction of representations of the form LPP is thought to be associated with is most 

frequently attributed to Default Mode Network (for partially confirming evidence from 

combined EEG-fMRI see Liu, Huang, McGinnis-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 brain, consistent 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 recall and subsequent maintenance and elaboration of the 

emotional state into a veridical internal experience, or simulation. Importantly, it appears that 

the coarse core affective qualities of the experience are imparted early in the EnGE process 

with subsequent processing elaborating on these (see 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 discussed above did 

not report activation of the amygdala during EnGE. The amygdala is traditionally thought to 

be an essential part of the neural machinery of emotion processing (Canli et al., 2005; 

Ghashghaei & Barbas, 2002; Murray, 2007; Seymour & Dolan, 2008; Whalen, 1998), thought 

to be especially central in generating behavioural and physiological emotional reactions 

(Ochsner et al., 2009b). Moreover, it is well-established that the amygdala plays an important 

role in the formation of emotional memories, and it is thought to play a role in enabling the 

resilience of emotional memory to forgetting (Yonelinas & Ritchey, 2015). Indeed, it has 

�E�H�H�Q���V�X�J�J�H�V�W�H�G���W�K�D�W���W�K�H���D�P�\�J�G�D�O�D���S�O�D�\�V���D���N�H�\���U�R�O�H���L�Q���D�X�W�R�E�L�R�J�U�D�S�K�L�F�D�O���P�H�P�R�U�\���E�\���³�L�Q�I�X�V�L�Q�J�´��

recall with emotion and causing physiological reactions congruent with the originally 
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experienced state (Ally, Hussey, & Donahue, 2013; Svoboda, McKinnon, & Levine, 2006) 2. 

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 possibility is 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 stimuli (Ohman, 2002; Ohman, Carlsson, Lundqvist, & 

Ingvar, 2007; Ohman, Soares, Juth, Lindstršm, & Esteves, 2012). Leaving aside the 

discussion of whether such amygdala-based modulation is automatic or not, it is notable that 

the amygdala is most strongly implicated in perceptual, most notably visual (Koelsch et al., 

2013; Whalen et al., 2004), modes of processing (Pessoa & Adolphs, 2010). Thus, the 

absence of amygdala activation reported in these studies might reflect the relative lack of 

importance of the amygdala in generating emotional reactions based on endogenous 

information due to the lack of incoming stimuli. However, evidence also suggests that the 

amygdala might be important in attributing such endogenously generated information to the 

external world (McRae, Misra, Prasad, Pereira, & Gross, 2012c; Ochsner et al., 2009b). It 

should also be noted that more recent studies utilising fMRI have reported amygdala 

activation during both hypothetical (Wilson-Mendenhall et al., 2013) and autobiographical 

EnGE (Daselaar et al., 2008), though both protocols involved presenting participants with 

stimulus-cues meaning it is unclear whether amygdala activation was caused by stimulus 

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

 

                                                 
$!However, recent meta-analyses did not find support for amygdala being involved in either general, or 
specifically emotional kinds of autobiographical memory (Martinelli, Sperduti, & Piolino, 2013).!
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2.5. Towards a working model of EnGE 

The core proposition 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 emotional qualia that result in embodied emotional experiences or simulations. These 

qualia can take many different forms and include information from a multiplicity of 

information processing modalities, ranging from full-fledged visual episodic simulations of 

experienced or hypothetical events (e.g. imagining an upcoming event as going good or bad), 

�V�H�P�D�Q�W�L�F���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�V�����H���J�����U�X�P�L�Q�D�W�L�Q�J���D�E�R�X�W���R�Q�H�¶�V���V�K�R�U�W�F�R�P�L�Q�J�V�������R�U���E�R�G�L�O�\���V�W�D�W�H�V�����H���J����

taking slow, deep breaths to put oneself at ease). As research into the effects of different 

modalities has been focused on finding the optimal means of self-inducing emotion, usage of 

these modalities have largely been thought of as being mutually exclusive (e.g. Holmes et al., 

2006). However, in as much as emotional experiences are rich and multi-modal phenomena 

(Barrett et al., 2007a), it is likely that a natural implementation of EnGE involves using 

multiple modalities. Moreover, as there is significant variation in the ability to generate 

emotion, it is likely that individuals differ in the degree to which they show affinity for �± and 

efficacy with �± different 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 constituent 

component processes supporting the generation of endogenous emotion and how these map 

onto the neural reference space (K. A. Lindquist et al., 2012) 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 resulting in as much as they should be associated with 

subjective feeling states, with the primary difference between the two being how they are 

generated. To the degree that this assumption holds (cf. section 2.2), it should be possible to 
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adapt extant models of exogenous emotion generation to the endogenous case. Gross (J. J. 

Gross, 1998a; 2007b; 2015a) has proposed that research on the generation of emotion could 

be summarised in what he calls the modal model of emotion (Figure 2.3A). In this model, 

emotions are essentially reflex-like, short-term, adaptive reactions to external events with 

distinct coordinated effects on behaviour, cognition and physiology. Thus, an emotional 

reaction results on an individual 1) being in an emotional situation (e.g. seeing a snake) that is 

2) attended to and 3) appraised as being relevant to the ongoing goals of the individual. If 

these criteria are fulfilled, an emotional response is elicited that aims at altering the situation 

so as to bring it closer in line with one�¶s ongoing goals (e.g. in the case of the snake, simple 

avoidance of bodily harm; Carver & Scheier, 1998; Magen & Gross, 2010). For exogenous 

stimuli, this typically involves factors in the world such as being in an uncontrollable 

environment in the presence of a potential threat (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 initiate) the emotion generation process, on account 

of it not being relevant to goal achievement at that point in time.  

A straight forward adaptation of this model to the exogenous case would be to replace 

the eliciting situation with an internal representation of a situation (Figure 2.1B). Thus, 

endogenous emotion generation would then be initiated by an internal model of the world, 

requiring the generation of a psychologically relevant simulation, such as reminiscing about a 

previous situation in which an emotion occurred, or the generation of a narrative context in 

which to interpret a hypothetical event. This, in turn, is likely to require the engagement of 

mechanisms related to directed search of memory for appropriate parameters and ultimately 

combining sources of information into a unified concept or simulation equivalent to the 

external situation (Schacter & Addis, 2007). As such, it appears plausible that EnGE requires 

the involvement of mechanisms of psychological construction of situated representations 

(Addis et al., 2009; K. A. Lindquist & Barrett, 2012; Schacter & Addis, 2007; Wilson-



                                                           Chapter 2: Endogenous generation of emotion 

!
!

40 

Mendenhall et al., 2013; Wilson-Mendenhall, Barrett, Simmons, & Barsalou, 2011). Thus, 

further modification to the emotion generation loop is required by specifying how an internal  

 

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

 

emotionally-relevant representation is generated. Likely, this process occurs through a form of 

multimodal associative construction (Hassabis & Maguire, 2009), by which semantic, 

contextual and sensory (including interoceptive) information relevant to a given emotion 

representation is reactivated, retrieved into awareness, and ultimately integrated into a 

complete emotional experience (see Figure 2.3C). This construction process can be triggered 

either incidentally in the course of one�¶s stream of thought, or volitionally, through active, 
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guided retrieval (Hassabis & Maguire, 2007). In the latter case, a top-down control system is 

likely involved guiding retrieval of modality-specific information (Wheeler, Petersen, & 

Buckner, 2000), as well as entrainment of the representation formation process in the service 

of goal-achievement (Gerlach, Spreng, Madore, & Schacter, 2014; Spreng et al., 2010).  

As for the subsequent steps of the emotion generation cascade, evidence provides 

some support for an analogy between the modal model and EnGE, with recent work showing 

that individuals are flexible in terms of what aspects of recalled emotional states they pay 

attention to and the appraisals they make about their own endogenously generated emotions. 

For instance, it has been shown 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 abolish it (Denkova, Dolcos, & Dolcos, 2015; Kross & 

Ayduk, 2008; Kross, Ayduk, & Mischel, 2005; Kross, Davidson, Weber, & Ochsner, 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 formation, and 

those enacting the affective consequences of those representations. An alternative could be 

that EnGE involves first modulating ones core affective bodily states (Russell, 2003; 2009), 

�W�K�D�W���W�K�H�Q���V�H�U�Y�H�V���D�V���D�Q���³�D�Q�F�K�R�U�´���I�R�U���V�X�E�V�H�T�X�H�Q�W���Uepresentation formation efforts, consistent 

with the previously discussed work by Daselaar and colleagues (2008), who found amygdala 

activation during initial recall of the core of emotional autobiographical memories but not 

during later elaboration of such memories. As of yet, evidence is not available to arbitrate 

between these two possibilities.  

Summarising, I propose that EnGE should be conceptualised as consisting of three 

core processes: 1) A multimodal associative representation process, 2) a process involved in 

the generation of physiological emotional responses, and in the case of volitional EnGE, 3) a 

control process supporting active retrieval of information from memory. In the following the 



                                                           Chapter 2: Endogenous generation of emotion 

!
!

42 

possible neural mapping of this component process architecture is discussed, with 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, a closely related topic to endogenously generated emotion is 

that of self-generated 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). Indeed, as we have shown previously, self-

generated thought is often the precursor of emotional reactions (Ruby et al., 2013), meaning 

that drawing a clear distinction between the 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 between the reference space for EnGE presented previously (Figure 2.1B) 

and that thought to support SGT, with the most notable overlap being in the DMN and FPCN. 

Reviewing the literature on the neural bases of SGT, Andrews-Hanna, Smallwood and Spreng 

(2014) discussed the plausible 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, prospection and perspective 

taking, and other psychological phenomena requiring the generation of internal 

representations (Addis et al., 2007; 2009; Gerlach et al., 2014; Schacter et al., 2012; Schacter 

& Addis, 2007; Spreng et al., 2009; 2010; Spreng & Grady, 2010). Interestingly, based on 

intrinsic connectivity and coactivation characteristics, the DMN can be parcellated into 

distinct subcomponents (Andrews-Hanna, Reidler, Sepulcre, Poulin, & Buckner, 2010): A 

dorsal-medial system (blue in Figure 2.4, consisting of dorsomedial and lateral PFC, temporal 

lobes and temporoparietal junction) that is relatively independent from the medial-temporal 

subsystem (green in Figure 2.4, consisting of retrosplenial cortex, inferior temporal cortex and 
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ventromedial prefrontal cortex). These subsystems both interact with a core system centred 

around the anterior medial PFC, PCC and angular gyrus (yellow in Figure 2.4). When 

Andrews-Hanna et al. (2012; see also Andrews-Hanna et al., 2010) investigated the 

associations of these subsystems with different psychological terms using the NeuroSynth 

database (Yarkoni, Poldrack, Nichols, Van Essen, & Wager, 2011), they found evidence for  

 

  

Figure 2.4: Core- and subsystems of the DMN. Adapted with permission from (Andrews-Hanna et al., 
2010). Yellow = core DMN system to which both subsystems are coupled. Blue = dorsal-medial subsystem. 
Green = medial-temporal subsystem. Subsystems are coupled to the core, but not each other. 
 

functional dissociation between these component: The dorsal medial subsystem was most 

closely associated with processes requiring conceptual processing and simulation formation. 

Conversely, the medial-temporal subsystem was associated with mnemonic processes, 

particularly those requiring scene formation or episodic simulations. Finally, the core system 

was found to be most closely associated with self-referential and affective processes, 

consistent with the strong connectivity of anterior medial PFC to both limbic and subcortical 

regions involved in core affective processes and somatic regulation (Roy, Shohamy, & 

Wager, 2012), and the association of PCC with supramodal awareness (Leech & 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) evaluating the self-

relevance of these models. These are all essential processes for the generation of internal 
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simulations and evaluation of past and future events, thought to be one of the major adaptive 

functions of self-generated thought (Smallwood & Schooler, 2015). As such, the DMN is a 

likely neural substrate for the multimodal representation formation process proposed to be 

involved in EnGE above. 

 
2.5.3. The Salience Network as a unique signature of EnGE 

If DMN supports the generation of representations supporting the experiential aspect 

of emotions, it is relatively far removed from neural regions supporting the perception and 

generation of the somatic aspects of emotions, which is rather thought to be supported by the 

extended Salience Network (Seeley et al., 2007). The 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 addition to there being extensive evidence 

connecting these structures to the experience of emotion (Kober et al., 2008; K. A. Lindquist 

et al., 2012; Vytal & Hamann, 2010), these structures are known to support interoception, 

pain processing, and motivational processes, as well as general hedonic processing 

(particularly amygdala and ventral striatum) and homeostatic regulation (particularly 

hypothalamus) (Berridge & Kringelbach, 2013; Buhle et al., 2013; Corradi-�'�H�O�O�¶�$�F�T�X�D����

Tusche, Vuilleumier, & Singer, 2016; Craig, 2011; Damasio et al., 2000; Jabbi, Bastiaansen, 

& Keysers, 2008). In concert, these regions are well suited for the generation of the 

physiological concomitants (i.e. bodily states) associated 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 the simulation generated by 

the DMN. Thus, SN activation 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 Network and goal-directed control of memory 

Finally, FPCN activation as seen in the early PET studies could reflect active control 

of mnemonic processes. While the processes supported by the DMN are arguably sufficient 

for the generation of internal representations, co-activation of DMN and FPCN is frequently 

reported (e.g. Gerlach et al., 2014; Spreng et al., 2010; Spreng & Grady, 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 as planning how to do something (Gerlach et 

al., 2014; Spreng et al., 2010; Spreng & Grady, 2010). Interestingly, FPCN and DMN 

coupling 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, complementary, possibility is that FPCN serves to guide the retrieval of 

modality-specific information in line with its proposed role as a system of supramodal 

�³�I�O�H�[�L�E�O�H���K�X�E�V�´��(Cole et al., 2013). Evidence suggests that modality-specific information is 

stored in primary sensory association cortices, and that vivid reconstruction of memories 

involves reactivation of similar neural systems involved in their initial processing (Wheeler et 

al., 2000). This process of reactivation is thought to be supported by the ventrolateral portion 

of the prefrontal cortex corresponding to the anterior IFG, particularly BA 45 and 47. The left 

IFG is variably reported to be part of the DMN (e.g. Yeo et al., 2011) and a part of the FPCN 

(e.g. Harrison et al., 2008; Laird et al., 2011), with evidence suggesting that IFG is not a part 

of the core functional modules of the DMN (Andrews-Hanna et al., 2010). Moreover, the IFG 

is a central nexus with intrinsic connectivity to both DMN and more central nodes of FPCN 

(Spreng et al., 2013). As such, the left IFG might serve as a junction through which DMN can 

be recruited in a goal directed representation generation (Spreng et al., 2010), a supposition 

supported by findings that the coupling between the FPCN, and particularly left IFG, and 
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DMN is a predictor of creativity (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 PET studies appears to 

support strategic mnemonic access to conceptual representations in service of goal 

achievement (Badre & Wagner, 2007). The left IFG is also heavily implicated in language 

function, encompassing in its posterior aspects Broca's area (Eickhoff 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 tasks (S. Wagner, 

Sebastian, Lieb, TŸscher, & �7�D�G�L�ü�������������� 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 account of the FPCN (Cole et al., 2013), this could suggest that the role of FPCN 

in volitional EnGE is to facilitate activation of DMN in the service of goal achievement, 

combined with supporting the retrieval of information from modality-specific sensory 

cortices. 

 
2.5.5. A neural component process architecture of EnGE 

Summarising, the neural component process architecture proposed involves three 

major intrinsic 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 long-term memory and generating simulations or representations 

corresponding to hypothetical or previously experienced emotional situations. The SN is 

hypothesised to be involved in the generation of core affective states rooted in physiological 

sensations. Finally, the FPCN coordinates activation of DMN and SN in the service of 

achieving the goal of self-inducing an emotional state, and potentially guiding memory search 
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by coupling with and activating networks supporting of representations of modality-specific 

information. To the degree that this model holds, one would expect distinct aspects of 

emotion generation to correlate with each of these networks. Specifically, one would expect 

the affective intensity of the experienced emotion to be associated 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 construction process, should show consistent activation 

during effortful generation, as well as coupling to modality-specific sensory processing 

networks as a function of the specific representation being generated. 

 

 
Figure 2.5: Neural component processes of EnGE. 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 terms of 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 ways 

by which one can manage �R�Q�H�¶�V emotions. For instance, a number of means exist by which 

cognitive processes can be used to alter how or even if we process emotional information (J. J. 

Gross, 1998b; 2007b). There is also a large literature on the efficacy of different means of 

coping with emotional stressors (Lazarus & Folkman, 1984). While the literature on emotion 
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regulation tends to emphasise the momentary regulation of emotional reactions, the coping 

literature has a more long-term 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 reactive, regulatory way and as 

a means of long-term coping (J. J. Gross, 2015a). In the following I will refer to the 

confluence of these two fields as emotion management, by which I mean the range of strategic 

(i.e. volitional) means that an individual can use to influence their present or future emotional 

states. 

It is increasingly 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, 2012), some of which are remarkably simple. For instance, we 

recently showed that the preferential processing of affective stimuli (fearful and angry faces) 

can be eliminated by the simple expedient of focusing on the gender of the individual 

expressing the emotion rather than the emotional expression itself (H. G. Engen, Smallwood, 

& Singer, 2015). Roughly speaking such regulatory efforts can be grouped into efforts aimed 

at regulating emotion as it occurs and those aimed at predicting and preparing one to deal with 

potential future stressors (J. J. Gross, 1998a; 2007b; S. E. Taylor & Schneider, 1989). In the 

following, I will discuss evidence for how EnGE can be used in either of these capacities, and 

discuss how they can be conceptualised within arguably the dominant and most developed 

mechanistic framework of emotion management: the process model of emotion regulation (J. 

J. Gross, 1998b; 2015b). 

 

2.6.1. The process model of emotion regulation 

Emotion regulation and coping research has traditionally been focused on investigating 

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 process model of 
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emotion regulation proposed by James Gross (J. J. Gross, 1998b Figure 2.5). This model is 

based on the modal model of emotion discussed in Chapter 2.4.1 (see Figure 2.3), classifying 

different approaches to influencing the emotional reactions one has into different families of 

strategies based on where in the generation process they intervene (J. J. Gross, 2015a). 

Figure 2.6. The process model of emotion regulation, adapted from writings by James Gross (J. 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 translated into clinical interventions for 

individuals with emotion regulation difficulties (Aldao, Jazaieri, Goldin, & Gross, 2014; 

Blechert et al., 2015). Such strategies involve actively adopting a different cognitive stance to 

the eliciting event, either by thinking differently about it (as in the strategy of reappraisal; 

Goldin, McRae, Ramel, & Gross, 2008; McRae, Ciesielski, & Gross, 2012a) or somehow 

reducing their importance by paying them less attention and distracting oneself (Dšrfel et al., 

2014; Kanske, Heissler, Schšnfelder, Bongers, & Wessa, 2011). Extensive research shows 

that such cognitive strategies can be effective means to control emotional reactions in many 

contexts (Webb et al., 2012), and are 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 stimuli (J. J. Gross, 2007b). As such, these strategies are examples of 

high leverage strategies (Magen & Gross, 2010) that impact on early and highly influential 
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components of the emotion generation cascade. Thus, 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 hallmark of EnGE is that it allows the individual to experience emotional states 

independently of the external environment. Recently, Barbara Fredrickson (Fredrickson, 

2013) suggested that the ability to self-generate positive emotions might be particularly 

important part of EnGE, with the potential to increase resilience and improve well-being. This 

suggestion was based on substantial evidence showing that experiencing positive emotion is 

associated with a wide range of mental and physical health benefits (Catalino & Fredrickson, 

2011; Fredrickson, 2001; Fredrickson et al., 2008; Kok et al., 2013; Tugade & Fredrickson, 

2004), in the large related to enhancing physiological and mental self-regulation. Of particular 

interest for present purposes, it has been found that emotionally resilient individuals actively 

seek out positive emotional experiences and show enhanced proficiency in generating positive 

interpretations of negative situations (Tugade & Fredrickson, 2004) consistent with them 

actively generating positive emotional states t�R���³�E�R�X�Q�F�H���E�D�F�N�´���Z�K�H�Q���F�R�Q�I�U�R�Q�W�H�G���Z�L�W�K��

difficulties. Similarly, it has been found that individual differences in the accessibility of 

positive emotional memories, especially in times of distress, is associated with trait resilience, 

even when controlling for average trait positivity (Philippe, Lecours, & Beaulieu-Pelletier, 

2009). Another line of evidence for the importance of positive emotion generation in mental 

health comes from the work of Emily Holmes and colleagues (Holmes et al., 2006; 2009; 

Holmes & Mathews, 2005; Holmes, Blackwell, Burnett Heyes, Renner, & Raes, 2016; 

Morina et al., 2011). Holmes and colleagues have investigated the regulatory effects of 

positive mental imagery in both normal and clinical populations. Interestingly, decreased 

mental imagery and increased reliance on verbal descriptions when processing emotional 
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material appears to be common sequela of depression (Bergman & Craske, 2000). It has been 

argued that this shift might be causal in the ¾tiology of depression as it diminishes the 

capacity of the individual to deal with negative emotion (Stšber, 1998). Summarising 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 

�������W�K�D�W���V�X�F�K���W�U�D�L�Q�L�Q�J���F�D�Q���Z�R�U�N���D�V���D���³�F�R�J�Q�L�W�L�Y�H���Y�D�F�F�L�Q�H�´���D�J�D�L�Q�V�W���D�I�I�Hctive maladies, even in 

ongoing depression. Similarly, Gulia Poerio and colleagues (Poerio, Totterdell, Emerson, & 

Miles, 2015a; 2015b) have shown that positive mind-wandering or day-dreaming can have 

beneficial effects, undoing the effects of externally induced negative affect, and being 

associated with increased positive affect and feelings of social connectedness. Finally, recent 

investigations suggest that a key beneficial effect of compassion and loving-kindness 

meditation (both centrally involving the generation of positive affective states) is enhanced 

resilience in the face of negative stressors (Fredrickson 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 well-being and that both directed and spontaneous 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 self-generated positive emotions might enable one to distract oneself 

from negative situations. Distraction is known to be a highly effective emotion regulation 

strategy (Kanske et al., 2011; McRae et al., 2010; Sheppes & Gross, 2011) and is thought to 

enable emotion regulation by minimising attention allocated to processing emotional 

materials early in the emotion generation process (Sheppes & Gross, 2011; Thiruchselvam, 

Blechert, Sheppes, Rydstrom, & Gross, 2011). Possibly, positive EnGE abilities could enable 

one to self-generate alternate, more appetitive, objects of attention (see Feindler, Marriott, & 

Iwata, 1984; Smallwood, Brown, Baird, & Schooler, 2012). If such a distraction hypothesis 
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was true one would expect that positive EnGE should result in diminished processing of 

negative stimuli (c.f. Thiruchselvam et al., 2011). Moreover, 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 regulate emotion.  

Another possibility is that positive EnGE can cause changes in the interpretation of a 

stimulus by facilitating other emotion regulation processes. For instance, by self-generating a 

positive emotional state, it is possible that one can draw on the documented effects of positive 

emotional states to widen the scope of attention and flexibility of thought (Fredrickson & 

Branigan, 2005). This could potentially enable one to devise better adapted and more effective 

reappraisals of emotional stressors one is confronted with (Diedrich, Hofmann, Cuijpers, & 

Berking, 2016). Such reappraisal has been found to be a highly effective means of emotion 

regulation with extensive benefits both in terms of altering affect, and long term health 

benefits (Blechert et al., 2015; Buhle et al., 2014; Folkman & Moskowitz, 2000; McRae, 

Ciesielski, & Gross, 2012a). Facilitating the efficacy and occurrence of reappraisal would 

therefore be expected to enable the individual better to regulate their emotional states. If this 

facilitation hypothesis was 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. While situation 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 state of the individual (J. J. Gross, 2015a). This, for instance, is seen 

when people chemically alter their mental states, where a common concomitant is altered 
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perception of the emotional significance of situations. Another example of this can be seen in 

affective congruence effects in which being in a certain mood state makes you 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 means (Russell, 

2014). Unlike the previous hypotheses discussed, such regulatory effects might be better 

characterised as enhancing the ability to endure negative 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 down-regulation of 

negative affect difficult or suboptimal, such as in a caretaker setting where an empathic link is 

needed for optimal care (Manzano Garc’a & Ayala Calvo, 2012; Singer & Klimecki, 2014). 

Importantly, unlike distraction, if this was the mechanism of action one would not expect 

diminished processing of negative stimuli. Moreover, unlike the facilitation hypothesis, the 

buffering hypothesis would suggest that regulatory effects would be neurally and 

behaviourally supported primarily by increased positive emotion, and not improved ability to 

down-regulate negative emotions.  

Presently, insufficient evidence is available to arbitrate between these three 

hypotheses, though it should be 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 with adverse stimuli (Klimecki et al., 2013), suggesting that a distraction account 

might not be applicable. 

 
2.6.3. Emotion simulation as pre-emptive emotion management 

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 

environment. However, as Taylor and Schneider (1989) pointed out, such a reactive account 
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of emotion management ignores the panoply of behaviours and cognitions people engage in 

pre-empting and preparing themselves for potential future stressors, where success involves 

the stressor not occurring. Thus, for instance, a person tasked with giving a talk can motivate 

themselves to extra preparation and rehearsal by envisaging the emotional consequences of 

not preparing, thereby avoiding the stressor altogether by making extra efforts to prepare. 

Conversely, by imagining the positive outcome of a given action it is possible to motivate 

oneself despite the mundaneness or aversiveness of that action (Oettingen & Mayer, 2002). 

As such, this notion of emotion management as reactive to 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 achievement (Schacter & Addis, 2007).  

In the context of emotion management, this capacity can enable both prediction of 

upcoming stressors and preparation for them by, for instance, adopting appropriate emotional 

states and mustering appropriate levels of arousal to deal with a situation (M. Y. Kim et al., 

2015; Tamir et al., 2008; S. E. Taylor & Schneider, 1989). The occurrence of such 

instrumental motives in emotion has recently been documented, and appears to be a highly 

effective and utilised means of self-regulation (Ford & Tamir, 2012; M. Y. Kim et al., 2015; 

Millgram, Joormann, Huppert, & Tamir, 2015; Tamir et al., 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 be utilised to simulate possible alternate outcomes to 

future events, enabling one to select appropriate goals for emotion management efforts. 

Optimal goal-selection in a given the situation could be afforded by a simple simulation 

heuristic (Kahneman & Tversky, 1982), by which goals are selected based on the ease by 

which they can be imagined. Thus, the ease with which an emotional state can be generated 

could serve as an indicator that emotion management of this kind can be achieved. Referring 

again to the process model of emotion regulation, this hypothetically means that EnGE can be 
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used to 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 emotional stressors. 

 

2.6.4. Two routes of EnGE-based emotion management 

Summarising, I suggest that there exist at least two distinguishable routes by which 

EnGE can be used for emotion management: 1) By enabling the individual to generate, in 

particular positive, emotional experiences, in effect buffering them from negative vagaries of 

the environment, or 2) by allowing them to simulate scenarios including potential emotional 

states based on past experience, thereby enabling pre-emptive action to be taken and plans to 

be made that either enhance or decrease the likelihood of that state arising. Critically, while I 

propose that these two routes are dissociable, they are likely to work in concert, such that 

EnGE abilities would be associated with both reactive and prospective emotion management. 

 

2.7. Hypotheses and questions 

The current thesis has two overarching goals. First, it seeks to test the validity of the 

neural component process model of endogenous emotion generation proposed above. This 

was done using a combination of behavioural and neuroimaging methods were utilised to 

investigate different ways in which goal directed emotion generation can be implemented. By 

triangulating across different modes and methods of emotion generation the thesis aims to 

propose to 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 presented, before an 

overview of the following empirical investigations is provided. 

 

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

 The first part of this thesis provides test the neural component process architecture 

proposed above in Chapter 2.4 (see also Figure 2.5). Specifically, it is hypothesised that 

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 Control Network (FPCN). These are hypothesised to implement dissociable 

psychological component processes supporting the endogenous generation of emotion. 

Specifically, DMN is hypothesised to implement the generation of representations of affective 

situations while the SN is hypothesised to coordinate the emotional responses to these. 

Finally, the FPCN is proposed to support the cognitive control of the representation 

generation process. Importantly, the FPCN is proposed both to support the representation 

generation process in general, and to support the retrieval of emotion-related information in 

modal association regions.  

 

2.7.2. Hypothesis 2: Neural plasticity of EnGE-architecture 

 To the degree that the above hypothesis holds, one would expect to see morphological 

changes in this network as a function of expertise in EnGE relative to a normal population. 

Moreover, to the degree that EnGE-expertise is an emergent skill distinguishable from its 

processual subcomponents, one would expect that such changes should centre around the 

components of the network that are most important for the coordination of component 

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

In Chapter 2.5 two distinct 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 2) a pre-emptive mode, allowing the individual 

predict and prepare for upcoming stressors. In the current thesis, the neural bases of the 

reactive form of emotion management is investigated. Based on the current review, one would 

�H�[�S�H�F�W���W�K�D�W���H�I�I�R�U�W�V���W�R���X�V�H���(�Q�*�(���W�R���U�H�J�X�O�D�W�H���R�Q�H�¶�V���H�P�R�W�L�R�Q�D�O���U�H�D�F�W�L�R�Q�V���V�K�R�X�O�G���U�H�O�\���R�Q���D���V�L�P�L�O�D�U��

neural architecture to that proposed in hypotheses 1 and 2. Moreover, by comparing the neural 

bases of EnGE-based emotion regulation efforts with other emotion regulation techniques it 

should be possible to determine the mechanism by which any observed regulatory effects 

occur. Chapter 2.5.2 further proposed three potential mechanisms for reactive EnGE-based 

emotion regulation: distraction, facilitation, and buffering. In the context of a negative 

stressor, the distraction and facilitation accounts would both predict increased positive affect 

with a concomitant decrease in negative affect. However, the accounts diverge in terms of 

neural effects with the distraction account predicting the involvement of EnGE circuits alone, 

and the facilitation hypothesis predicting involvement of EnGE circuits in conjunction with 

those supporting other forms of emotion regulation. Finally, the buffering account diverges 

from the two preceding by proposing that EnGE-based regulatory efforts should primarily 

enhance the ability to endure negative stressors, meaning that it should result in increased 

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

 

2.7.4: Hypothesis 4: EnGE influences trait emotion and emotion management 

To the degree that EnGE is an efficacious emotion regulation technique one would 

expect to see evidence of this in its relationship with indices of adaptive emotion management 

and trait affect. Specifically, if the reactive mode is efficacious, one would expect EnGE 

abilities to be associated with usage of emotion-focused emotion management. Conversely, if 
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the pre-emptive mode is efficacious, one would expect a relationship between EnGE abilities 

and instrumental emotion management styles, that emphasise taking pre-emptive action to 

diffuse the impact of emotional events. Additionally, 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 and trait affect. 

 

2.8: Overview of dissertation 

The empirical body of work (Chapters 4-7) in this thesis is published or is under 

review in peer-reviewed journals. As the article format does not allow sufficient space for in-

depth discussion of the methods used, Chapter 3 provides an overview of the different 

experimental methods employed, and discusses how they can be utilised to answer the 

questions posed above.  

The focus of Chapters 4 and 5 was to investigate what neural processes support the 

generation of endogenous 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 implementation-specific mechanisms from those 

supporting EnGE in general. Chapter 5 presents a study in which the effects of long-term 

practice of volitional emotion generation via loving-kindness 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 long-term 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 regulatory effects, by 

investigating the behavioural and neural consequences of using compassion-meditation to 
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down-regulate emotional reactions to negative film clips. Further, this was compared with 

emotion regulation implemented using reappraisal, allowing a differential test 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 management styles, as measured by self-report. This allowed 

investigation of the relative importance of general or valence-specific EnGE abilities for 

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

mediated the relationship between emotion management styles and trait affect. 
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Chapter 3: Methods 
 

3.1. Chapter overview 

This Chapter provides an overview of the methods employed in the studies reported in 

Chapters 4-7 and how they relate to the central 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 population (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 mechanism for emotion management. This was done by 1) the neural 

mechanism of emotion regulation using compassion meditation in a population of expert 

meditators (Chapter 6) and 2) establishing how emotion generation abilities correlate with 

trait affect and emotion management style in the normal population (Chapter 7). In this 

Chapter 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 published (Chapter 7; H. G. Engen 

& Singer, 2015) or is currently under review (Chapters 4-6). Chapters 4-7 consist of the 

article manuscripts as they have been submitted. As the article format does not allow 

sufficient space for in-depth discussion of the methods used, the present chapter provides an 

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 EnGE: First, 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 independent representative 

samples (N=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 from a large-scale 

longitudinal mental training study (the ReSource Project). As part of this project participants 

completed an extensive battery of trait measures of socio-affective skills. In Chapter 7, this 

was used to investigate whether EnGE abilities predicted trait affectivity, emotion regulation 

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 with extensive experience in loving-kindness and compassion 

meditation (N = 17). As discussed in Chapter 2.3.2, a central aspect of these meditation 

practices is the active self-generation of positive emotional states. Thus, by comparing 

practitioners to a matched sample of normal controls, we could in Chapter 5 investigate the 

structural brain bases of EnGE expertise. The aim of this study was to verify our results from 

the normal population, the reasoning being that long-term practice in emotion generation 

should lead to durable changes in our putative emotion generation networks. Finally, as 

compassion meditation centrally involves dealing with the suffering of others, we could in 

Chapter 6 directly test whether the generation of positive, compassionate affect could be 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 well-described emotion regulation strategy of reappraisal we could directly test 

whether any observed regulatory effects were consistent with the distraction, facilitation or 

buffering hypotheses of EnGE based emotion regulation proposed in Chapter 2. To begin, the 

following section provides a detailed presentation of the two samples under investigation. 
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3.3. Samples 

3.3.1. The ReSource Project 

Chapters 4 and 7 are based on data from a newly developed functional magnetic 

resonance imaging paradigm (the Regulation and Generation of Emotion; the RAGE, see 

below), as it was it was implemented in the ReSource Project (Singer et al., 2016)�²  a large 

scale longitudinal mental training project, the baseline data of which are reported in the 

current thesis. Utilising the large, representative sample gathered in the ReSource 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 

the ReSource Project, 305 participants completed the RAGE. In Chapter 4, a further 12 

participants were excluded due to data quality issues leaving a final sample of 293 (170 

female, mean age = 40.4, range: 20-55, SD = 9.3). Furthermore, as a step in the development 

of the paradigm used, a demographically matching sample of 32 ���������I�H�P�D�O�H�����P�H�D�Q���D�J�H��� ��������������

�U�D�Q�J�H�����������������6�'��� ��������underwent the procedure, allowing us to provide within-study 

replication of our findings. Finally, as the ReSource study included extensive psychometric 

assessment, we were additionally able to investigate the degree to which endogenous emotion 

generation abilities are associated with beneficial �²  or pernicious �²  affect and coping styles, 

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

Chapter 7 (168 female, mean age = 40.42, range: 20-55, SD = 9.29). 

 

3.3.2: Long-term meditation practitioner study 

Chapters 5 and 6 are based on data acquired in the context of a project investigating 

expert, long-term practitioners (LTMs; N = 17; 5 women; 45-62 years, mean ± SD age = 56 ± 

5 years) of loving-kindness (LKM) and compassion meditation (CM), together with a control 

group matched on age and sex (5 women; 46-63 years, mean ± SD age = 54 ± 6 years), 

education level (LTM: mean ± SD years of education = 14 ± 3 years; Controls: 14 ± 3 years) 
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and IQ (103.6 ± 20.0 vs. 102.4 ± �������������D�V�V�H�V�V�H�G���X�V�L�Q�J���5�D�Y�H�Q�¶�V���3�U�R�J�U�H�V�V�L�Y�H���0�D�W�U�L�F�H�V������

Moreover, participants and controls had equivalent affective status, reporting similar, 

subclinical symptoms of depression and anxiety (Beck's Depression Inventory (Beck et al., 

1996); mean ± SD in LTM: 5.9 ± 3.9; controls: 6.6 ± 7.0; p > 0.7; Spielberger Trait Anxiety 

Scale, (Spielberger et al., 1983) mean ± SD in LTM: 37.3 ± 9.9; controls: 37.0 ± 9.1; p > 0.7). 

As reviewed in Chapter 2.3.2, this family of meditation techniques is characterised by the 

active generation of positive emotions of caring and compassion in a meditative setting, 

making them an �³in-the-wild�  ́example of endogenous emotion generation. A strong test of 

our component process 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 the effects of emotion generation expertise in terms of long-term brain plasticity, 

investigating whether extensive practice in EnGE resulted in structural changes in our 

putative generation network. Chapter 5 investigates whether there is evidence 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 

subsample (n=15) of practitioners (5 women; age range=45-62 years, age mean = 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 of EnGE 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 Chapter 2, we developed the Regulation And 

Generation of Emotion (RAGE) task (see Figure 3.1) as a means to sample EnGE abilities as 

they naturalistically occur in a normal population. Based on pilot data where participants were 

allowed participants full freedom in how to generate positive and negative emotional states, it 

was found that participants tended to gravitate towards using multiple modalities and that 

these primarily included variants of episodic imagery (i.e. mentally envisaging a narrative), 

semantic analysis (i.e. thinking about a situation in terms of words), bodily interoception (i.e. 

focusing on different bodily sensations associated with emotions) and auditory imagery (i.e. 

mentally recalling emotion-evoking music or the timbre of voices). Replicating previous 

research, participants reported both that they could generate emotions with relative ease 

(Wilson-Mendenhall et al., 2013), and that the emotional states thus generated were 

subjectively experienced as real emotional states (Riquelme et al., 2015; Salas et al., 2012). 

The aim of the main experiment was to retain as naturalistic a measure as possible, such that 

we could measure EnGE abilities as they occur in the normal population in terms of evoked 

subjective affect, while at the same time retaining experimental control such that meaningful 

neural and psychophysiological measurements could be performed. As such, participants were 

permitted to generate emotions in whichever way they themselves felt would elicit the most 

robust emotional states. Further, they were allowed to generate either high or low arousal 

exemplars of positive and negative emotion. We opted for a short-epoch design inspired by 

extant studies of extended emotion regulation and emotion generation processes (Goldin et 

al., 2008; 2005). This short epoch 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 down-regulated it, again using 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 the elaborated representation and maintenance of these 

states over the course of time.  

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

(Oosterwijk et al., 2012; Wilson-Mendenhall et al., 2011; 2013) or autobiographical 

memories (George et al., 1996; Liotti et al., 2000; e.g. Mayberg et al., 1999). As 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 a short-form version of the 
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target scenarios via verbal cues or auditory short-form 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 pertaining to goal-directed 

retrieval of information from long term memory. To avoid these problems, we opted for a 

purely cue-based approach in EnGE abilities. In different contexts, such cue-based paradigms 

have been used in the past to investigate the endogenous processing of emotional information 

(Singer et al., 2004; e.g. 2006) and tends to provide robust and circumscribed estimates of the 

neural mechanisms supporting internal mental processes (see e.g. Lamm, Decety, & Singer, 

2011). 

A problem with this cue-based 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 session 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, 

baseline 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 states, this induction 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 or low arousal exemplars of positive and 

negative emotion, in addition to how they generated them by selecting one or more of the four 

modalities to use in combination, or self-define a means, based on how they themselves were 

best able to generate their elected target states, as determined by three practice trials. Thus, 

the approach taken was to keep the target emotional states as constant as possible between 

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

and negative states we could for the first time distinguish individual differences in EnGE 

abilities per se from the ability to generate specific emotional states �²  of importance for 

distinguishing between the buffering and fluency hypotheses of EnGE-based emotion 

regulation in Chapter 7. 

The self-selection of generation methods also served two important functions by of 

allowing the answering of important questions not addressed in previous literature: First, it 

allowed the differentiation of neural systems supporting the implementation of EnGE reliant 

on modality-specific information (e.g. using episodic imagery or semantic analysis) from 

those supporting the elaboration of subjective 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.e. their interpretation). Second, and in accordance with the goal 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 general cognition (Barsalou, 2008). As such, 

individual differences in usage of a given modality (e.g. semantic analysis) might not 

adequately capture EnGE abilities in general, or conceal non-linear effects of combining 

modalities. By allowing participants to freely combine modalities to whichever degree they 

felt most efficacious this question could be addressed. 

Finally, the RAGE allowed the differentiation between circuits supporting the de novo 

generation of emotional states and those supporting their subsequent modulation or down-
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regulation. Participants trained down-regulation using one or more of six different emotion 

regulation tactics derived from the literature (Reappraisal, Distancing, Distraction, Relaxation, 

Clearing, Acceptance) or a self-defined alternative. Participants were instructed to use the 

technique or combination of techniques to 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 states. Moreover, by including partial trials (Ollinger, 

Shulman, & Corbetta, 2001) where the Modulation phase was omitted, the neural signatures 

of active maintenance of emotional states could be differentiated from those associated with 

either volitional down-regulation of those states or natural decay (see Figure 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 

successful used in the study of the neural processes supporting constructive memory (Addis et 

al., 2007; 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 methods in terms of both absolute efficacy and potential 

combinatorial effects, as well as allowing the differentiation of modality-specific from core 

emotion generation systems in the brain. Finally, by having participants both generate and 

regulate endogenous emotion it was possible to differentiate 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 (Chapter 4) and 2) investigate whether EnGE abilities were predictive of emotion 

management styles and trait affect (Chapter 7). The latter allowed the testing of the fourth 

hypothesis proposed in Chapter 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. �³�6�W�D�W�H-�I�0�5�,�´���R�I��loving-kindness meditation 

The second hypothesis of this thesis is that there should be discernible structural 

changes of the proposed EnGE-network in individuals with expertise in the self-generation of 

emotion. In Chapter 5, the neural correlates of EnGE-expertise were explored, by 

investigating the overlaps between cortical thickness in the sample of LKM and CM (see 

Chapter 2.3.2) experts relative to a control 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 LKM (Cohn & Fredrickson, 2010; Fredrickson et al., 2008). As 

such, LKM appears to directly result in the generation of positive affective states. Moreover, 

LKM is a highly standardised technique such that LKM-based emotion elicitation is likely to 

progress in a similar manner across individuals. This means that it is a good candidate for 

elucidating the neural mechanisms supporting expertise in EnGE. To ensure that any findings 

were specific to LKM, a multi-modal approach was adopted, comparing the cortical thickness 

changes with results from a functional MRI investigation based on resting state methodology. 

In a typical resting state fMRI experiment (rs-fMRI) participants are scanned without any 

particular task and are simply requested to either rest while fixating on a cross or with eyes 

closed. By investigating either the time-series or amplitude of low frequency fluctuations of 

voxels in the brain, an extensive literature (Buckner et al., 2008; Raichle & Snyder, 2007) 

shows that while doing this, the brain tends to enter a discrete state characterised by 

engagement of the Default Mode Network mentioned in Chapter 2 (Buckner, Krienen, & Yeo, 

2013)�����:�K�L�O�H���W�U�D�G�L�W�L�R�Q�D�O�O�\���F�R�Q�F�H�L�Y�H�G���R�I���D�V���D���³�W�D�V�N-�Q�H�J�D�W�L�Y�H�´���R�U���³�R�I�I�´���P�R�G�H���R�I���W�K�H���E�U�D�L�Q�����U�H�F�H�Q�W��

evidence strongly suggests that this activation pattern is characteristic of the state of mind-

wandering or self-generated thought (Andrews-Hanna, 2012; Andrews-Hanna et al., 2014; 

Smallwood & Schooler, 2015). As such, the 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 meditation (Mrazek, Franklin, Phillips, Baird, & Schooler, 2013). 
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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 supporting the function of said brain state (C. D. Gilbert & Sigman, 

2007; Milazzo et al., 2016). Thus, in Chapter 5 activation in the resting state was contrasted 

with that occurring when our sample of LTMs engaged in LKM, reasoning that this should 

reveal neural activation specifically related to the generation of 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 state�² which itself involves generation of cognitive 

material�² findings should engage primarily the neural substrates of generating an emotional 

state of loving kindness. Moreover, as the main topic of Chapter 5 was to investigate how 

expertise in emotion state generation using meditation influenced brain morphology, this 

allowed us to differentiate effects structural alterations specific to LKM from those reflecting 

general long-term meditation practice. 

 

3.4.3. EnGE as a means to counter with exogenous stressors 

The third hypothesis of the thesis is twofold, stating 1) that using EnGE in response to 

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 chapter 6, this is tested 

by investigating the neural and behavioural correlates of using compassion meditation (CM) 

to regulate emotional reactions in response to negative external stimuli. A major difference 

between LKM and CM is that CM involves both the generation of a state of loving-kindness 

and the application of that state to a specific person in the world that is in a state of suffering 

(Goetz et al., 2010). As such, compassion meditation can be thought of as a means by which 

emotions can be regulated in response to negative events in the world, particularly events 

social in nature. This is of some importance as recent evidence suggests that standard emotion 

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

situations where empathy is required (Singer & 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 investigates the efficacy of CM to regulate emotional reactions to negative 

socio-affective film stimuli depicting people in distress was tested. The paradigm employed 

was modelled on a previously published emotion regulation paradigm optimised for 

investigating the temporal dynamics of neural processes supporting different emotion 

regulation strategies (Goldin et al., 2008; see Figure 3.3). Using a slow event-related design, 

participants were presented with negative film stimuli previously shown to elicit strong 

negative affect (Klimecki et al., 2014), with matched neutral film clips serving as an induction 

check. Participants were instructed to either passively view the film clips or use 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 emotional reactions using positive Reappraisal, an 

emotion regulation strategy that involves the active generation of alternate interpretations 

(appraisals) of emotional stimuli, thereby altering their emotional meaning (Blechert et al., 

2015; Buhle et al., 2014; J. J. Gross, 2015b; McRae, Ciesielski, & Gross, 2012a) . In addition 

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

the emotion-regulation literature and can be thought of �D�V���D���³�J�R�O�G-�V�W�D�Q�G�D�U�G�´���D�J�D�L�Q�V�W���Z�K�L�F�K���W�K�H��

efficacy of other strategies can be gauged (Blechert et al., 2015; Buhle et al., 2014; Goldin et 

al., 2008; J. J. Gross, 2007b). 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; Goldin et al., 2008; J. J. Gross, 1998a; Wager, 

Davidson, Hughes, Lindquist, & Ochsner, 2008). CM, conversely, has no inhibitory 
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component (at least conceptually), but rather the pivots on the de novo generation of a 

positive emotional state that is then applied to the object of negative affect (Singer & 

Klimecki, 2014). Thus, reappraisal and compassion should be similar in their reliance on 

generation materials, but differ in terms 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 

(Dšrfel et al., 2014; Kanske et al., 2011; McRae et al., 2010) in terms of both behavioural 

outcomes and neural bases, allowing one to infer to what degree CM-based meditation is 

similar to either of these techniques. Overall, this paradigm allowed us to identify which of 

the three possible mechanisms of reactive EnGE-based emotion management (discussed in 

Chapter 2, 2.7.2) best characterised 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 I provide an overview of the methods used, the 

analytical approaches taken and the rationale guiding their use vis-a-vis testing the core 

hypotheses of the thesis. 

 

3.5.1. Assessing the neural architecture of EnGE 

In the experiments described herein three main approaches 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) network-focused methods were used to investigate how different neural 

regions correlate during EnGE, and 3) how expertise and long-term practice 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 imaging (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 I will provide an overview of the methods employed in 

each of the three domains. 

 

3.5.1.1. Activation-based 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 activation by proxy of measuring changes in blood-

oxygen level dependent (BOLD) signals in the brain (Logothetis, Pauls, Augath, Trinath, & 

Oeltermann, 2001), with millimetric accuracy. As such, the BOLD signal is a cumulative 

signal, measuring the mass activity of neurons, with the guiding 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 utilise oxygen for their maintenance. 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 by ~4-6 seconds in normal 

individuals and extend over a period of about 20 seconds following the onset of a stimulus 

(Handwerker, Ollinger, & D'Esposito, 2004). Second, a brain-wide 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, by investigating how signal in voxels co-varied 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 in three different ways. First, 

differential BOLD signals in brain regions as a function of experimental conditions were 
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investigated. This is the mainstay approach for fMRI-based cognitive neuroscience, and 

involves convolving a design matrix with a canonical hemodynamic response function 

(Friston, 1995). This allows the parcellation of an fMRI time-series into events, allowing the 

differentiation of discrete phases of an 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 brain-wide signal in a baseline 

measurement is 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 videos. By subtracting the 

BOLD signal in the negative condition from the neutral condition, brain regions that 

responded stronger to specifically emotional content in videos could be identified. Moreover, 

by investigating modulations of the activation strength by subjective 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 

experiences (see e.g. Heinzel et al., 2005). 

One limitation of this approach is that it is inherently 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 fMRI time series in the above approach means that it is not well-suited to 

explore the neural bases of states that are not particularly amenable to translation into an 

experimental task, such as self-induction of meditative states. In Chapter 5, this was 

circumvented by investigation of the amplitude of low frequency fluctuations (ALFF; Yang et 

al., 2007; Zou et al., 2008) of fMRI signal during the meditation state of loving-kindness. 

ALFF is a spectral method that quantifies the degree to which a given brain region shows 

evidence of slow fluctuations (0.01-0.08 Hz) of BOLD signal. While traditionally 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 stimulation (Jao et al., 2013; Yan et al., 2009) and the content 

of thoughts during task-free scanning (Gorgolewski et al., 2014; KŸhn, 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 EnGE could be investigated. Moreover, as 

the resting state is itself generative (as discussed in Chapter 2) and is frequently loaded with 

affective material (Gorgolewski et al., 2014) this contrast should allow us to identify neural 

systems specifically involved in the controlled generation of emotional states. 

Finally, in Chapter 4, masking logic was used to provide a nuanced test of dynamic 

hypotheses regarding the component processes supporting EnGE. Masking is, in effect, a 

simple logical procedure, enabling one to identify conjunctions and disjunctions of neural 

activations as a function of condition. As previously mentioned, the standard approach to 

mapping activations involves convolving a design matrix with an HRF. 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 of simple stimulus-response type processes, this means that 

extended, multi-component 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 at different 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 work (Addis et al., 2007; 2009; 

Daselaar et al., 2008) we therefore modelled the first 10 seconds and the subsequent 5 seconds 

of our 15 second trial separately. 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. Network-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 current work as we specifically propose 

that different component processes are instantiated by different functional networks. We 

investigated this in Chapter 4 using complementary data-driven and model-based approaches.  

Constrained principal components analysis (Woodward et al., 2006) is 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 highly intercorrelated (Friston, Frith, 

Liddle, & Frackowiak, 1993) and thus are formally known as functionally connected 

networks (Friston, 2004), that tend to activate in a coordinated fashion. By constraining the 

investigated time series to e.g. the period following a task-instruction, 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 dynamics during different conditions and not intrinsic 

connectivity, meaning that spatially overlapping, task-relevant functional units composed of 

multiple networks can be identified (Woodward et al., 2006; Woodward, Feredoes, Metzak, 

Takane, & Manoach, 2013). This 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 functional organization of a 

given task based on its condition structure, it is silent about how between-subject variance in 

implementation of a task is reflected in brain networks. To get at this, we used whole-brain 

mediation analyses (Wager et al., 2008) to identify brain networks supporting usage of a 

given modality to generate emotion, by performing a whole-brain search for voxels that 

mediated the relationship between activation of a region and self-reported 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 with our hypothesised 

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 previously 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, 2009), with grey matter concentrations 

consistently showing expertise and training effects (Draganski & May, 2008). Thus, the 

involvement of a region in a given process can 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 meditation-general effects from LKM-specific 

�F�K�D�Q�J�H�V���X�V�L�Q�J���W�K�H���³�V�W�D�W�H�´-fMRI method described above. Given that the meditators tested 

were specifically experts in meditation methods requiring EnGE, we therefore expected to 

find structural differences in the neural reference space for EnGE described in Chapter 2, 

possibly most centrally involving regions involved in the volitional initiation and shielding of 

mental states, i.e. the FPCN (Andrews-Hanna et al., 2014). 

 

3.5.2. Psychophysiological measurement of embodied emotion 

As discussed, the component process model proposed in Chapter 2 presupposes that 

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 
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investigated the relationship between EnGE and galvanic skin responses (GSR) concurrent 

with the RAGE scanner session, acquired using two Ag-Cl electrodes attached to the left 

index and middle fingers. Using Continuous Decomposition Analyses as implemented in the 

LedaLab toolbox (Benedek & Kaernbach, 2010a), we could distinguish phasic changes in 

GSR reflective of e.g. stimulus processing, from longer-duration trial-wise fluctuations in skin 

conductance levels (SCL). SCL is a commonly used (Kreibig, 2010) and highly reliable (El-

Sheikh, 2007) measure of autonomic arousal, with evidence suggesting that SCLs are elevated 

as a function of increasing experienced emotional intensity (J. J. Gross, 1998a; Levenson, 

2014; Mauss, Levenson, McCarter, Wilhelm, & Gross, 2005), at least 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 

emotional states 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 the ReSource study, participants completed a comprehensive package of 

questionnaires measuring a range of social and affective traits, including self-report measures 

of self-regulation capacities and trait tendency to use different emotion regulation and coping 

strategies, as well as several measures of affective styles and tendency to experience positive 

and negative emotional states in daily life. In Chapter 7 we utilised these measurements to 

investigate how individual differences in the capacity to generate emotion in the RAGE 

paradigm correlated with individual differences in trait affectivity and emotion management 

styles. This allowed a test of the hypothesis that EnGE can be actively used as a means of 

emotion management.  Drawing on the multivariate nature of our data, we took a latent 

variable approach, and combined all relevant scales for trait affect and, separately, emotion 

regulation, self-regulation and coping technique usage using principal components analysis 
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(PCA). The resultant components (see Chapter 7 for more detail) can thus be taken as 

reflecting overall trait affect and tendency to utilise 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 particular questionnaire, and thus likely constitute a measure 

of actual, self-experienced, affective style. Importantly, by having separate factors for trait 

affect and emotion management, we could validate our factors by establishing that loadings 

on emotion management 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, a happy 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, while investigating one of 

these parameters, we controlled for the other meaning that any relationships observed were 

specific to general or valence-specific EnGE abilities. Second, we adopted a causal mediation 

modelling approach, directly testing whether EnGE-abilities 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 supporting the 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 multi-modal and multi-method in line 

with the stated goal of testing a comprehensive neural component process model 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, 2015) or currently under review in peer-

reviewed journals are presented, whereupon Chapter 8 provides a summary and discussion of 

this work in terms of our hypotheses  and Chapter 9 discusses limitations, implications and 

future directions for the current work.  
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Chapter 4: The neural component-process 
architecture of endogenously generated emotion3 
 
Haakon 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 model of endogenous generation of emotion (EnGE) and test it in 

two fMRI experiments (N = 32/293) where participants generated and regulated positive and 

negative emotions based on internal representations, using self-chosen generation methods. 

EnGE activated nodes of Salience (SN), Default Mode (DMN), and Frontoparietal Control 

(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 consistent with it supporting the initial 

generation of core affect. Dorsomedial DMN, together with ventral anterior insula, 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 subjective affect and representation 

formation, consistent with FPCN supporting the executive coordination of the generation 

process. These results support a component process mapping of EnGE onto major neural 

networks, providing a foundation for research into endogenous emotion in normal, 

pathological, and optimal function.  

                                                 
3 3 The current chapter is presently under review, and the final, published version, might show discrepancies 
from the present version. Presented here is 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, such as thoughts and memories (Killingsworth 

& Gilbert, 2010). Such endogenous emotion is described as richer and more intense than 

emotion elicited by external events (Salas et al., 2012), and is known to play an important role 

in affective psychopathology, such as depression (Nolen-Hoeksema et al., 2008)and anxiety 

(Freeston, Dugas, & Ladouceur, 1996). There is also evidence that the endogenous generation 

of positive emotional states can used as an effective means to regulate emotional reactions to 

external events (Engen and Singer 2015). Moreover, the trait tendency to do this is a predictor 

of psychological resilience (Tugade & Fredrickson, 2004). Thus, understanding the 

psychological and neural mechanisms of endogenous generation of emotion (EnGE) can yield 

important insight into normal, pathological, and even optimal emotional function. 

 Despite this, research into EnGE has been limited, stemming mainly from behavioural 

studies using EnGE as a method to induce emotional states. This research shows that EnGE 

can be occasioned by multiple information-processing modalities, including mental imagery 

and semantic analysis of emotional information (Vrana et al., 1986), interoception of bodily 

signals (Philippot et al., 2002)or recall of episodic autobiographical memories (Mayberg et al. 

1999). It has also been shown that EnGE can effectively occur when individuals immerse 

themselves in hypothetical scenarios (Wilson-Mendenhall et al., 2013).This latter finding 

demonstrates the theoretically important point that EnGE is not limited to reinstantiation of 

previously experienced emotional situations, but can also simulate states appropriate for novel 

contexts. Indeed, emotions are frequently elicited by spontaneous cognition about future 

events (Ruby et al., 2013), suggesting that an important use of EnGE is predicting the 

affective relevance of hypothetical future scenarios (Baumgartner, Pieters, & Bagozzi, 2008). 

While these studies were not focused at exploring EnGE as a process in its own right, they 

show that multiple means (e.g. different strategies or different information modalities) can be 
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used to generate emotional states, dependent on the representational content of the target 

emotional experience. Mirroring recent constructivist theories of emotion (Barrett & Wilson-

Mendenhall, 2014; Russell, 2014), this suggests that a comprehensive account of EnGE needs 

to distinguish between 1) processes supporting the generation of the hedonic or core affective 

quality of an endogenous emotional experience from 2) processes supporting the formation of 

representations of the context to which this affective state applies (or stems from). 

Importantly, this opens for the possibility that the two are mechanistically distinct, with neural 

systems supporting the generation of affective qualities being differentiable from those 

supporting the generation of elaborated experiential representations.  

 Presently, neuroimaging studies of EnGE using comparable protocols are limited, 

making evaluation of this hypothesis difficult. One exception is a series of early PET 

experiments in which participants generated emotional states by volitionally recalling 

significant emotional experiences (Damasio 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., 1997). Considered in aggregate (see Appendix: Figure A2.1.1), these studies 

implicate three large scale functional networks in EnGE: 1) The Default Mode Network 

(DMN; Raichle & Snyder, 2007), including ventromedial prefrontal cortex (vmPFC), 

posterior cingulate cortex (PCC), left temporoparietal junction (TPJ) and hippocampus (HC), 

2) the extended Salience Network (SN; Seeley et al., 2007)including anterior insula (AI), 

dorsomedial PFC (dmPFC), and structures in basal ganglia and midbrain and 3) The 

Frontoparietal Control Network  (Laird et al., 2011; FPCN; Spreng et al., 2010; 2013) centred 

on lateral 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 forms of psychological 

processes involving simulation based on endogenous information (Spreng et al., 2009), and 

appears to be involved in the integration of information about a given topic into detailed 
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episodic representations/simulations. Interestingly, DMN does not appear to support the initial 

generation of the representational core that these details pertain to (Addis et al., 2007). Rather, 

this initial generation is thought to involve the direct activation of domain-specific and task-

relevant networks (Hassabis & Maguire, 2007)In the context of emotion, the SN is a likely 

candidate such a network. Composed of cortical (AI, dorsal ACC), limbic (amygdala (AMY), 

ventral striatum (VS)), and midbrain structures (periaqueductal grey (PAG), substantia 

nigra/ventral tegmentum (SN/VTA)), the SN is closely associated with the generation of core 

affect and homeostatic regulation (K. A. Lindquist & Barrett, 2012; Seeley et al., 2007). 

Interestingly, DMN and SN appear to be intrinsically anti-correlated (Buckner et al., 2013; 

Spreng et al., 2013), strengthening the claim that they support dissociable component 

processes in EnGE. This anti-correlation also suggests the need for an intermediary network 

coordinates and maintains activation 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 control in general (Cole et al., 2013). FPCN 

is known to interface with SN (Dosenbach et al., 2008), affording a pathway by which core 

affective states can be generated in a goal-directed fashion. Similarly, FPCN and DMN are 

known to couple during goal-directed internal mentation (Spreng et al., 2010) and to be 

implicated in the domain-general control of retrieval processes important for representation 

formation (Badre & Wagner, 2007). 

 To the degree that this functional process architecture holds, an interesting question is 

how these processes interact over the course of a given EnGE event. Addis and colleagues 

(Addis et al., 2007; 2009; see also Daselaar et al., 2008) have shown that the construction of 

endogenous simulations of events involves 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 for EnGE, 
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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. Plausibly, however, 

the opposite could be true, such that generation involves setting up representations of 

emotional situations, which in turn elicit core affective states (Kross et al., 2009).  

 The objective of the current study was to investigate this and to establish a 

comprehensive neural component process architecture for EnGE. Based on the above 

considerations we expected EnGE to be neurally implemented by DMN, SN, and FPCN. Each 

of these networks were hypothesised to support separable component processes of EnGE. 

Specifically, 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 supports the executive 

maintenance and coordination of the generation process, coupling with both SN and DMN. 

Importantly, as we propose they form the functional core of EnGE, we expect that these 

networks should partake in EnGE irrespective of the hedonic quality of the emotional state or 

the precise means or modality used to generate it. We tested this model in two experiments (N 

= 32 and N = 293) with a newly developed paradigm aimed at maximizing ecological validity 

and generalizability of EnGE. To ensure that participants 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 scanning, �D�Y�R�L�G�L�Q�J���D�U�W�L�I�L�F�L�D�O�O�\���E�L�D�V�L�Q�J���S�D�U�W�L�F�L�S�D�Q�W�V�¶���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���W�R�Z�D�U�G�V��

particular information modalities. In order to maximise ecological validity and task 

compliance, participants were instructed to implement EnGE as they experienced most 

efficacious. Thus, in 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 endogenous analogues to the modalities used in the induction procedure), in whichever 

way they found most effective. 

 Participants then completed a cue-based fMRI paradigm (Figure 4.1 A). Trials 

consisted of a Generation phase and a Modulation phase. In the Generation phase, participants 

used their self-selected techniques to generate positive and negative emotional states, or 

actively attempted to remain neutral. Thus, we could distinguish the neural correlates of 

general emotion generation from those supporting 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 condition; Experiment 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 
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�S�D�U�W�L�F�L�S�D�Q�W�V���U�H�S�R�U�W�H�G���G�L�I�I�L�F�X�O�W�L�H�V�����H���J�����Q�D�X�V�H�D���R�U���V�O�H�H�S�L�Q�H�V�V�����G�X�U�L�Q�J���W�K�H���V�F�D�Q�Q�L�Q�J���V�H�V�V�L�R�Q���D�Q�G��

�Z�H�U�H���G�U�R�S�S�H�G���I�U�R�P���D�Q�D�O�\�V�L�V�����)�U�R�P���W�K�H���V�D�P�S�O�H���R�I�����������Z�L�W�K���F�R�P�S�O�H�W�H���G�D�W�D�����D���I�X�U�W�K�H�U������

�S�D�U�W�L�F�L�S�D�Q�W�V���Z�H�U�H���U�H�P�R�Y�H�G���G�X�H���W�R���D�E�H�U�U�D�Q�W���E�H�K�D�Y�L�R�X�U�D�O���U�H�S�R�U�W���D�Q�G���R�U���X�Q�D�F�F�H�S�W�D�E�O�H���G�D�W�D���T�X�D�O�L�W�\��
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�D�I�W�H�U���S�U�H�S�U�R�F�H�V�V�L�Q�J�����!�������Y�R�[�H�O���P�R�Y�H�P�H�Q�W�����!���������F�R�U�U�X�S�W�H�G���W�L�P�H���S�R�L�Q�W�V�����G�H�V�L�J�Q���9�,�)���!����������
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�V�W�X�G�\���Z�D�V���F�R�P�S�O�H�W�H�G�� 

 

4.3.2. Experimental procedure 

 

Figure 4.1: Experimental task, behaviour and psychophysiological validation. A) Schematic of a single trial. 
B) Subjective ratings of affect in Experiment 1.  C) Subjective ratings of affect for Experiment 2.  D) Main 
effect of Condition on skin conductance levels (SCL) in a subset (N = 244) of participants in Experiment 2. 
Error-bars = within-subject standard errors (Loftus & Masson, 1994). *: p < .05, **p < .01, ***p < .001. 
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�W�R���D�F�W�L�Y�H�O�\���D�W�W�D�L�Q���W�K�H���V�R�U�W���R�I���Q�H�X�W�U�D�O���H�P�R�W�L�R�Q�D�O���V�W�D�W�H���G�H�S�L�F�W�H�G���L�Q���W�K�H���1�H�X�W�U�D�O���D�Q�G���5�H�J�X�O�D�W�L�R�Q��

�F�R�Q�G�L�W�L�R�Q�V�����V�H�H���E�H�O�R�Z���������$�I�W�H�U���W�K�H���V�F�D�Q�Q�L�Q�J���V�H�V�V�L�R�Q�����S�D�U�W�L�F�L�S�D�Q�W�V���Z�H�U�H���G�H�E�U�L�H�I�H�G�����,�Q��

�(�[�S�H�U�L�P�H�Q�W�������Y�H�U�E�D�O���G�H�E�U�L�H�I�L�Q�J���Z�D�V���G�R�Q�H���Z�L�W�K���D�Q���H�[�S�H�U�L�P�H�Q�W�H�U�����,�Q���(�[�S�H�U�L�P�H�Q�W�������S�D�U�W�L�F�L�S�D�Q�W�V��

�U�H�S�R�U�W�H�G���W�K�H���G�H�J�U�H�H���W�R���Z�K�L�F�K���W�K�H�\���X�V�H�G���H�D�F�K���R�I���W�K�H���J�H�Q�H�U�D�W�L�R�Q���P�R�G�D�O�L�W�L�H�V���X�V�L�Q�J���D�������S�R�L�Q�W��

�/�L�N�H�U�W���V�F�D�O�H���� 

 
�(�D�F�K���W�U�L�D�O�����)�L�J�X�U�H�����������$�����V�W�D�U�W�H�G���Z�L�W�K���D���������V���Z�K�L�W�H���I�L�[�D�W�L�R�Q���F�U�R�V�V���L�Q�G�L�F�D�W�L�Q�J���W�K�H���V�W�D�U�W���R�I��

�W�U�L�D�O�����7�K�H�Q���D�������V���*�H�Q�H�U�D�W�L�R�Q���S�K�D�V�H���Z�D�V���H�Q�W�H�U�H�G�����L�Q���Z�K�L�F�K���V�X�E�M�H�F�W�V���Z�H�U�H���V�K�R�Z�Q���D���F�R�O�R�U�H�G��

�V�\�P�E�R�O���L�Q�G�L�F�D�W�L�Q�J���Z�K�L�F�K���H�P�R�W�L�R�Q�D�O���V�W�D�W�H���W�R���J�H�Q�H�U�D�W�H�����5�H�G���P�L�Q�X�V��� ���1�H�J�D�W�L�Y�H�����*�U�H�H�Q��

�S�O�X�V� �3�R�V�L�W�L�Y�H�����%�O�X�H����� �1�H�X�W�U�D�O���������7�K�L�V���Z�D�V���I�R�O�O�R�Z�H�G���E�\���D�����V���0�R�G�X�O�D�W�L�R�Q���S�K�D�V�H���Z�K�H�U�H��

�S�D�U�W�L�F�L�S�D�Q�W�V���H�L�W�K�H�U���P�D�L�Q�W�D�L�Q�H�G���W�K�H���J�H�Q�H�U�D�W�L�R�Q���R�I���W�K�H���H�P�R�W�L�R�Q�D�O���V�W�D�W�H���R�U���G�R�Z�Q���U�H�J�X�O�D�W�H�G���L�W���V�R���D�V��

�W�R���D�W�W�D�L�Q���D���Q�H�X�W�U�D�O���H�P�R�W�L�R�Q�D�O���V�W�D�W�H�����,�Q���W�K�H���0�D�L�Q�W�D�L�Q���F�R�Q�G�L�W�L�R�Q���W�K�H���L�Q�V�W�U�X�F�W�L�R�Q���V�\�P�E�R�O���U�H�P�D�L�Q�H�G��

�W�K�H���V�D�P�H���D�V���L�Q���W�K�H���*�H�Q�H�U�D�W�L�R�Q���S�K�D�V�H�����,�Q���W�K�H���5�H�J�X�O�D�W�L�R�Q���F�R�Q�G�L�W�L�R�Q�����W�K�H���V�\�P�E�R�O���F�K�D�Q�J�H�G���W�R���D��

�E�O�X�H���������)�L�Q�D�O�O�\�����L�Q���(�[�S�H�U�L�P�H�Q�W�������Z�H���L�Q�F�O�X�G�H�G���D���S�D�U�W�L�D�O���W�U�L�D�O���F�R�Q�G�L�W�L�R�Q���Z�K�H�U�H���W�K�H���L�Q�V�W�U�X�F�W�L�R�Q���F�X�H��

�F�K�D�Q�J�H�G���W�R���D���I�L�[�D�W�L�R�Q���F�U�R�V�V�����&�H�D�V�H���F�R�Q�G�L�W�L�R�Q�����(�[�S�H�U�L�P�H�Q�W�������R�Q�O�\�������)�R�U���W�K�H���1�H�X�W�U�D�O���F�R�Q�G�L�W�L�R�Q��

�W�K�H���V�\�P�E�R�O���G�L�G���Q�R�W���F�K�D�Q�J�H�����E�X�W���U�H�P�D�L�Q�H�G���D���E�O�X�H���������7�K�X�V�����(�[�S�H�U�L�P�H�Q�W�������F�R�Q�V�L�V�W�H�G���R�I���D���W�R�W�D�O���R�I������

�G�L�I�I�H�U�H�Q�W���F�R�Q�G�L�W�L�R�Q�V�����0�D�L�Q�W�D�L�Q���3�R�V�L�W�L�Y�H���1�H�J�D�W�L�Y�H�����5�H�J�X�O�D�W�H���3�R�V�L�W�L�Y�H���1�H�J�D�W�L�Y�H�����&�H�D�V�H��

�3�R�V�L�W�L�Y�H���1�H�J�D�W�L�Y�H���D�Q�G���1�H�X�W�U�D�O�������(�[�S�H�U�L�P�H�Q�W�������R�P�L�W�W�H�G���W�K�H���&�H�D�V�H���F�R�Q�G�L�W�L�R�Q���D�Q�G���W�K�X�V���K�D�G���D���W�R�W�D�O��

�R�I�������F�R�Q�G�L�W�L�R�Q�V�����(�[�S�H�U�L�P�H�Q�W�������K�D�G���W�Z�R���U�X�Q�V���R�I�������W�U�L�D�O�V���S�H�U���F�R�Q�G�L�W�L�R�Q�����������S�H�U���U�X�Q�������Z�K�L�O�H��

�(�[�S�H�U�L�P�H�Q�W�������K�D�G���D���V�L�Q�J�O�H���U�X�Q���R�I���������W�U�L�D�O�V���S�H�U���F�R�Q�G�L�W�L�R�Q�����������W�R�W�D�O�������&�R�Q�G�L�W�L�R�Q���V�H�T�X�H�Q�F�H���Z�D�V��

�S�V�H�X�G�R���U�D�Q�G�R�P�L�V�H�G�����H�Q�V�X�U�L�Q�J���Q�R���G�L�U�H�F�W���U�H�S�H�W�L�W�L�R�Q�V���R�I���F�R�Q�G�L�W�L�R�Q�V���R�F�F�X�U�U�H�G�����)�L�Q�D�O�O�\�����D�����V��

�I�L�[�D�W�L�R�Q���F�U�R�V�V���Z�D�V���S�U�H�V�H�Q�W�H�G���I�R�O�O�R�Z�H�G���E�\���D�����V���S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���D���F�R�Q�W�L�Q�X�R�X�V���9�L�V�X�D�O���$�Q�D�O�R�J�X�H��

�U�D�W�L�Q�J���6�F�D�O�H���U�D�Q�J�L�Q�J���I�U�R�P���³�(�[�W�U�H�P�H�O�\���Q�H�J�D�W�L�Y�H�´���Y�L�D���³�1�H�X�W�U�D�O�´���W�R���³�(�[�W�U�H�P�H�O�\���S�R�V�L�W�L�Y�H�´�����U�D�Q�J�H��
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�����������������I�U�R�P���W�K�H���Q�H�X�W�U�D�O���S�R�L�Q�W���������������,�Q�L�W�L�D�O���F�X�U�V�R�U���S�R�V�L�W�L�R�Q���Z�D�V���M�L�W�W�H�U�H�G���U�D�Q�G�R�P�O�\���D�U�R�X�Q�G���W�K�H��

�1�H�X�W�U�D�O���S�R�L�Q�W�����3�D�U�W�L�F�L�S�D�Q�W�V���U�H�V�S�R�Q�G�H�G���X�V�L�Q�J���D���E�X�W�W�R�Q���E�R�[���D�Q�G���W�K�H���U�L�J�K�W���K�D�Q�G���L�Q�G�H�[���D�Q�G���P�L�G�G�O�H��

�I�L�Q�J�H�U�����3�D�U�W�L�F�L�S�D�Q�W�V���Z�H�U�H���L�Q�V�W�U�X�F�W�H�G���W�R���U�H�S�R�U�W���W�K�H�L�U���D�I�I�H�F�W�L�Y�H���V�W�D�W�H���D�V���L�W���Z�D�V���D�W���W�K�H���P�R�P�H�Q�W���R�I��

�U�H�S�R�U�W�����6�W�L�P�X�O�L���Z�H�U�H���E�D�F�N���S�U�R�M�H�F�W�H�G���X�V�L�Q�J���D���P�L�U�U�R�U���V�H�W�X�S�����7�D�V�N���V�H�W�X�S���Z�D�V���L�G�H�Q�W�L�F�D�O���L�Q���E�R�W�K��

�H�[�S�H�U�L�P�H�Q�W�V�����H�[�F�H�S�W���I�R�U���W�K�H���R�P�L�V�V�L�R�Q���R�I���W�K�H���&�H�D�V�H���F�R�Q�G�L�W�L�R�Q���L�Q���(�[�S�H�U�L�P�H�Q�W�������G�X�H���W�R���W�L�P�H��

�F�R�Q�V�W�U�D�L�Q�W�V���� 

 

4.3.3. MRI acquisition 

�)�R�U���E�R�W�K���H�[�S�H�U�L�P�H�Q�W�V�����0�5�,���G�D�W�D���Z�D�V���D�F�T�X�L�U�H�G���R�Q���D�����7���6�L�H�P�H�Q�V���9�H�U�L�R���6�F�D�Q�Q�H�U��

���6�L�H�P�H�Q�V���0�H�G�L�F�D�O���6�\�V�W�H�P�V�����(�U�O�D�Q�J�H�Q�����*�H�U�P�D�Q�\�����X�V�L�Q�J���D���������F�K�D�Q�Q�H�O���K�H�D�G���F�R�L�O���� �+�L�J�K��

�U�H�V�R�O�X�W�L�R�Q���V�W�U�X�F�W�X�U�D�O���L�P�D�J�H�V���Z�H�U�H���D�F�T�X�L�U�H�G���X�V�L�Q�J���D���7�����Z�H�L�J�K�W�H�G�����'���0�3�5�$�*�(���V�H�T�X�H�Q�F�H�����7�5��

� �����������P�V�����7�(��� �����������P�V�����7�,��� ���������P�V�����I�O�L�S���D�Q�J�O�H��� �����ƒ�����L�3�D�W��� �����������������V�D�J�L�W�W�D�O���V�O�L�F�H�V�����)�2�9��� ��

�������P�P�����P�D�W�U�L�[���V�L�]�H��� ���������î�������������A�����P�P���Y�R�[�H�O�V�����W�R�W�D�O���D�F�T�X�L�V�L�W�L�R�Q���W�L�P�H��� �������������P�L�Q�X�W�H�V�������)�R�U��

�W�K�H���I�X�Q�F�W�L�R�Q�D�O���L�P�D�J�L�Q�J�����Z�H���H�P�S�O�R�\�H�G���D���7���
���Z�H�L�J�K�W�H�G���J�U�D�G�L�H�Q�W���(�3�,���V�H�T�X�H�Q�F�H���W�K�D�W���P�L�Q�L�P�L�V�H�G��

�G�L�V�W�R�U�W�L�R�Q�V���L�Q���P�H�G�L�D�O���R�U�E�L�W�D�O���D�Q�G���D�Q�W�H�U�L�R�U���W�H�P�S�R�U�D�O���U�H�J�L�R�Q�V�����7�5��� �����������P�V�����7�(��� �������P�V�����I�O�L�S��

�D�Q�J�O�H��� �������ƒ�����L�3�D�W��� ���������������V�O�L�F�H�V���W�L�O�W�H�G���a�����ƒ���I�U�R�P���W�K�H���$�&���3�&���D�[�L�D�O���S�O�D�Q�H�����)�2�9��� �����������P�P����

�P�D�W�U�L�[���V�L�]�H��� �������î���������������P�P���Y�R�[�H�O�V�������P�P���J�D�S�������)�R�U���(�[�S�H�U�L�P�H�Q�W�������Z�H���D�F�T�X�L�U�H�G��B0 field maps 

using a double-echo gradient-recalled sequence with matching dimensions to the EPI images 

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

 

4.3.4. fMRI preprocessing 

�3�U�H�S�U�R�F�H�V�V�L�Q�J���Z�D�V���S�H�U�I�R�U�P�H�G���X�V�L�Q�J���D���F�R�P�E�L�Q�D�W�L�R�Q���R�I���6�3�0���������U�������������I�X�Q�F�W�L�R�Q�V���D�Q�G��

�W�K�H���$�U�W�5�H�S�D�L�U���W�R�R�O�E�R�[��(Mazaika, Whitfield, & Cooper, 2005)���U�X�Q�Q�L�Q�J���R�Q���0�D�W�O�D�E�����������E����

�)�X�Q�F�W�L�R�Q�D�O���L�P�D�J�H�V���Z�H�U�H���U�H�D�O�L�J�Q�H�G�����(�[�S�H�U�L�P�H�Q�W���������R�U���U�H�D�O�L�J�Q�H�G���D�Q�G���X�Q�Z�D�U�S�H�G���W�R���D�G�G�L�W�L�R�Q�D�O�O�\��

�F�R�U�U�H�F�W���I�R�U���G�L�V�W�R�U�W�L�R�Q���X�V�L�Q�J���%�����I�L�H�O�G���P�D�S�V�����(�[�S�H�U�L�P�H�Q�W�����������$�U�W�5�H�S�D�L�U���S�U�R�F�H�G�X�U�H�V���Z�H�U�H���W�K�H�Q��
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�H�P�S�O�R�\�H�G�����L�Q�F�O�X�G�L�Q�J���V�O�L�F�H���Z�L�V�H���D�U�W�H�I�D�F�W���G�H�W�H�F�W�L�R�Q���D�Q�G���U�H�S�D�L�U���X�V�L�Q�J���L�Q�W�H�U�S�R�O�D�W�L�R�Q�����D�U�W�B�V�O�L�F�H����������

�F�X�W�R�I�I�������W�L�P�H���V�H�U�L�H�V���G�L�D�J�Q�R�V�W�L�F�V�����D�U�W�B�J�O�R�E�D�O�����L�G�H�Q�W�L�I�\�L�Q�J���D�Q�G���U�H�S�D�L�U�L�Q�J���Y�L�D���L�Q�W�H�U�S�R�O�D�W�L�R�Q��

�Y�R�O�X�P�H�V���V�K�R�Z�L�Q�J���O�D�U�J�H���J�O�R�E�D�O���L�Q�W�H�Q�V�L�W�\���I�O�X�F�W�X�D�W�L�R�Q�����!�������������������Y�R�O�X�P�H���E�\���Y�R�O�X�P�H���P�R�Y�H�P�H�Q�W��

�H�[�F�H�H�G�L�Q�J�����������P�P���D�Q�G���R�Y�H�U�D�O�O���P�R�Y�H�P�H�Q�W�����!�����P�P�������D�Q�G���G�H�V�S�L�N�L�Q�J���Z�L�W�K���D���������V�L�J�Q�D�O���F�K�D�Q�J�H��

�F�X�W���R�I�I�����D�U�W�B�G�H�V�S�L�N�H�������7�����V�W�U�X�F�W�X�U�D�O���L�P�D�J�H�V���Z�H�U�H���U�H�J�L�V�W�H�U�H�G���W�R���W�K�H���P�H�D�Q���U�H�D�O�L�J�Q�H�G���Y�R�O�X�P�H���D�Q�G��

�V�H�J�P�H�Q�W�H�G�����8�V�L�Q�J���'�$�5�7�(�/��(Ashburner, 2007)���S�U�R�F�H�G�X�U�H�V�������I�X�Q�F�W�L�R�Q�D�O���L�P�D�J�H�V���Z�H�U�H��

�Q�R�U�P�D�O�L�V�H�G���D�Q�G���V�P�R�R�W�K�H�G���Z�L�W�K���D�Q���L�V�R�W�U�R�S�L�F���N�H�U�Q�H�O���R�I�����P�P���)�:�+�0�� 

 

4.3.5. 1st level fMRI analyses 

�,�Q�G�L�Y�L�G�X�D�O���O�H�Y�H�O���P�R�G�H�O�V���L�Q�F�O�X�G�H�G���V�H�S�D�U�D�W�H���V�H�W�V���R�I���U�H�J�U�H�V�V�R�U�V���I�R�U���W�K�H���*�H�Q�H�U�D�W�L�R�Q���D�Q�G��

�0�R�G�X�O�D�W�L�R�Q���S�K�D�V�H�����)�R�U���W�K�H���*�H�Q�H�U�D�W�L�R�Q���S�K�D�V�H���������U�H�J�U�H�V�V�R�U�V���Z�H�U�H���V�S�H�F�L�I�L�H�G���F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R���W�K�H��

�H�P�R�W�L�R�Q�D�O���W�D�U�J�H�W�����3�R�V�L�W�L�Y�H�����1�H�J�D�W�L�Y�H�����1�H�X�W�U�D�O�����R�I���W�K�H���W�U�L�D�O�����)�R�U���W�K�H���0�R�G�X�O�D�W�L�R�Q���S�K�D�V�H�����V�H�S�D�U�D�W�H��
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�D�G�G�L�W�L�R�Q�D�O�������U�H�J�U�H�V�V�R�U�V�����9�D�O�H�Q�F�H�����3�R�V�L�W�L�Y�H���D�Q�G���1�H�J�D�W�L�Y�H�����
���0�R�G�X�O�D�W�L�R�Q�����0�D�L�Q�W�D�L�Q�����&�H�D�V�H���D�Q�G��

�5�H�J�X�O�D�W�H���������1�H�X�W�U�D�O�������Z�K�L�O�H���W�K�H���P�R�G�H�O���L�Q���(�[�S�H�U�L�P�H�Q�W���������Z�K�H�U�H���W�K�H���&�H�D�V�H���F�R�Q�G�L�W�L�R�Q���Z�D�V��

�R�P�L�W�W�H�G���L�Q�F�O�X�G�H�G���D�Q���D�G�G�L�W�L�R�Q�D�O�������U�H�J�U�H�V�V�R�U�V�����5�H�J�U�H�V�V�R�U�V���Z�H�U�H���F�R�Q�Y�R�O�Y�H�G���Z�L�W�K���F�D�Q�R�Q�L�F�D�O���+�5�)��

�I�X�Q�F�W�L�R�Q�V���Z�L�W�K���D�������V�����*�H�Q�H�U�D�W�L�R�Q�����R�U�����V�����0�R�G�X�O�D�W�L�R�Q�����G�X�U�D�W�L�R�Q�����D�V���Z�H�O�O���D�V���U�H�J�U�H�V�V�R�U�V��

�V�S�H�F�L�I�\�L�Q�J���S�D�U�D�P�H�W�U�L�F���P�R�G�X�O�D�W�L�R�Q�V���E�\���W�U�L�D�O���Z�L�V�H���V�X�E�M�H�F�W�L�Y�H���D�I�I�H�F�W���U�D�W�L�Q�J�V�����$�Q���D�G�G�L�W�L�R�Q�D�O��

�U�H�J�U�H�V�V�R�U���Z�D�V���V�S�H�F�L�I�L�H�G���I�R�U���W�K�H���5�D�W�L�Q�J���S�H�U�L�R�G�����0�R�Y�H�P�H�Q�W���S�D�U�D�P�H�W�H�U�V���G�H�U�L�Y�H�G���I�U�R�P���W�K�H��

�U�H�D�O�L�J�Q�P�H�Q�W���V�W�H�S���������U�H�J�U�H�V�V�R�U�V�������W�K�H�L�U���G�H�U�L�Y�D�W�L�Y�H�V���D�Q�G���V�T�X�D�U�H�G���Y�D�O�X�H�V���Z�H�U�H���D�G�G�H�G����������

�U�H�J�U�H�V�V�R�U�V�������3�R�W�H�Q�W�L�D�O���S�K�\�V�L�R�O�R�J�L�F�D�O���F�R�Q�I�R�X�Q�G�V���Z�H�U�H���F�R�Q�W�U�R�O�O�H�G���I�R�U���E�\���D�G�G�L�Q�J���I�R�X�U���D�G�G�L�W�L�R�Q�D�O��

�U�H�J�U�H�V�V�R�U�V���U�H�I�O�H�F�W�L�Q�J���Y�R�O�X�P�H���Z�L�V�H���P�H�D�Q���V�L�J�Q�D�O���I�U�R�P���Z�K�L�W�H���P�D�W�W�H�U���D�Q�G���&�6�)�����J�O�R�E�D�O���V�L�J�Q�D�O�����D�Q�G��

�K�L�J�K�H�V�W���Y�D�U�L�D�Q�F�H���Y�R�[�H�O���W�L�P�H���F�R�X�U�V�H�����)�L�Q�D�O�O�\�����W�K�H���P�R�G�H�O�V���L�Q�F�O�X�G�H�G���S�D�U�D�P�H�W�U�L�F���P�R�G�X�O�D�W�L�R�Q��

�U�H�J�U�H�V�V�R�U�V���F�R�G�L�Q�J���I�R�U���W�U�L�D�O���Z�L�V�H���U�D�W�L�Q�J�V���I�R�U���D�O�O���U�H�J�U�H�V�V�R�U�V���R�I���L�Q�W�H�U�H�V�W�� 
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4.3.6. 2nd level analyses fMRI analyses 

All 2nd level GLM analyses were conducted using robust regression (Wager et al. 

2005), with covariates of no interest coding elected arousal level, age and gender. 2nd level 

models for Experiment 2 additionally included regressors coding self-reported generation 

modality usage (4 regressors) as continuous covariates. 

All results were corrected for multiple comparisons using cluster extent Family Wise 

Error Rate (FWEc) 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 NeuroElf package. Note that peak-forming 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 masked with a grey matter template derived from the DARTEL 

created template, thresholded at 95% grey matter probability, supplemented by a hand-drawn 

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 data-driven approach using constrained principal 

components analysis (CPCA; see Woodward et al., 2013 for details) of fMRI time series 

using the CPCA-fMRI 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 followed by an estimation of BOLD change in each 

network over peristimulus time as a function of experimental condition. Here we used finite 

impulse response (FIR) modelling to identify task-specific functional connectivity networks 

based on the 15 bins (i.e. 30 seconds, allowing for hemodynamic lag) following the onset of 
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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 functional connectivity 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 supporting emotion regulation 

performance via mediation modelling (Denny, Ochsner, Weber, & Wager, 2014). First, 

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 toolbox (Wager et al., 2008) was used to investigate modality specific and 

modality general pathways of emotion generation. We performed a whole-brain search for 

voxels whose activity during emotion generation (relative 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 the bootstrapping approach implemented in the M3 toolbox (10,000 

samples). 

 

4.3.9. Analysis overview 

The first objective of our analyses was to establish the overall neural architecture of 

EnGE. To achieve this, we first sought to establish the validity of our experiment by 

investigating subjective and physiological indices of emotional states. Next, we contrasted 

combined positive and negative EnGE with the neutral baseline, thereby identifying the 

overall neural basis of EnGE. We next sought to test the component process mapping 
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proposed in the introduction in two ways: First, based on the data from Experiment 1, we 

enacted a contrast-based decomposition, based on a model of the activation dynamics 

expected for each of the component processes. To complement this, we next performed a 

data-driven decomposition of the data from Experiment 2 using CPCA, to identify the 

functional networks central in EnGE. Together, the results from these three analyses allowed 

a description of the overall network and functional subcomponents supporting EnGE in 

general. Following on this, the second objective of the analyses was to differentiate general 

EnGE networks from those supporting specific implementations of EnGE, such as the 

generation of a particular valence, or using a specific modality. By investigating how 

subjective ratings for positive and negative generation parametrically modulated signal, we 

could differentiate regions activated in a valence-specific manner from those supporting 

specifically the generation of positive and negative emotional states. Finally, by investigating 

the correlation of activation with reported usage of different modalities, we could identify 

specific regions supporting modality-specific implementation, and, using mediation analysis, 

identify the networks supporting EnGE modality usage. Moreover, by comparing these 

networks we could differentiate parts of these networks supporting specific modalities from 

those supporting EnGE in general. 

 

4.4. Results 

4.4.1. Behavioural and psychophysiological validation 

 Our first objective was to validate our experimental design, using a combination of 

behavioural and psychophysiological measures to ascertain that participants were able to 

generate and regulate emotional states as measured by subjective and objective markers of 

emotional arousal.  
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Experiment 1 t-value 

   (df = 31) 

Comparison Positive Negative 

Maintain vs Neutral 11.25*** -10.50*** 

Cease vs Neutral 10.94*** -9.50***  

Cease vs Maintain -3.27**  2.43*   

Regulate vs Maintain -7.79***  6.88***  

Cease vs Regulate 6.96***  -6.08***  

     
Experiment 2 t-value 

   (df = 292) 

Comparison Positive Negative 

Maintain vs Neutral 27.24*** -27.94*** 

Regulate vs Maintain -19.44*** 20.69*** 
* = p < .05, ** = p < .01, *** = p <.001 
  
Table 4.1: Comparison of self-reported experienced affect.  
Descriptives are reported in Figure 4.1 

 Post-trial 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 Neutral baseline 

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 Maintain conditions. Finally,  

regulation resulted in decreased ratings for both positive and negative emotion relative to the 

respective Maintain conditions. Figure 4.1 C shows subjective ratings as function of condition 

for Experiment 2. Relative to the neutral baseline condition, 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 conditions. 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 states decay 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 establish �Z�K�H�W�K�H�U���S�D�U�W�L�F�L�S�D�Q�W�V�¶���J�H�Q�H�U�D�W�L�R�Q���H�I�I�R�U�W�V���D�O�V�R���H�O�L�F�L�W�H�G��

objective emotional arousal responses. To this end, we concurrently assessed elicited skin 

conductance levels (SCL) in Experiment 2 (see Appendix: A.1.1.3. Psychophysiological Data 

Acquisition and Preprocessing). 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 frequently reported 

measure in investigations of exogenously induced emotional states (Kreibig, 2010), an 

interaction would suggest that the elicited states can be construed of as bona fide emotional 

states and that behavioural ratings can be taken as proxy for emotional arousal. Using linear 

mixed modeling of trial-wise SCL responses during the Generation period, we predicted the 

trial-wise log-transformed estimates of skin conductance level measured in microsiemens 

�����6�����X�V�L�Q�J���D���V�X�E�M�H�F�W-level random intercept model. The model further included a factorial 

fixed effect for condition (Generate Positive, Generate Negative, Neutral) and a continuous 

fixed covariate for scaled trial-wise 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, please see Appendix: A1.1.5. Assessing the 

effect of fatigue on emotion generation). This analysis revealed a main effect of Condition 

[F(2, 11012.639)= 3.155, P < 0.05], Rating [F(1, 11013.700)= 4.625, p < 0.05], as well as a 

Condition*Rating interaction [F(2, 11014.119)= 17.815, p < 0.001]. Bonferroni corrected t 

tests (Figure 4.1 D) were performed to clarify the main effect of Condition, showing that, 

relative to the neutral [mean = 1.205, SE =.0.32] baseline condition, higher SCL levels were 

observed for both negative [mean = 1.267, SD =.032; paired t test: t(224) =4.44, p < 0.001] 

and positive [mean = 1.268, SD= .032; paired t test: t(224) =5, p < 0.001] emotion generation 

conditions. Closer investigation of the Condition*Rating interaction showed that it consisted 
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of a significant difference in the slopes of the rating effect between negative and positive 

generation [t(8770.515) = 5.63, p <.0001]. Specifically, SCL had a negative relationship with 

ratings [t(4278.64)=-3.71, p <.001] during negative generation, and a positive relationship 

[t(4278.64)=4.16, p <.001] during positive generation. Corresponding to the bipolar scale 

used (see Figure 4.1A), this shows that SCL levels increased with stronger affect ratings for 

both positive and negative emotion (Figure 4.1E). These 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 behavioural report corresponded to objective physiological arousal. 

 Finally, we sought to explore what kind of emotional states participants elected to 

generate. Thus, during debriefing, participants in Experiment 2 were asked whether they 

generated high or low arousal exemplars of positive and 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. Similarly, 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 analyses in Experiment 2 control for this between-

subject variance. 

 

4.4.2. Exploring the neural architecture of EnGE 

�2�X�U���Q�H�[�W���R�E�M�H�F�W�L�Y�H���Z�D�V���W�R���H�V�W�D�E�O�L�V�K���Z�K�H�W�K�H�U���R�X�U���K�\�S�R�W�K�H�V�L�V�H�G���W�K�U�H�H���Q�H�W�Z�R�U�N��

�D�U�F�K�L�W�H�F�W�X�U�H���R�I��EnGE���Z�D�V���L�Q���H�Y�L�G�H�Q�F�H�����7�R���L�G�H�Q�W�L�I�\���W�K�H���Q�H�X�U�D�O���F�R�U�U�H�O�D�W�H�V���R�I���H�P�R�W�L�R�Q���J�H�Q�H�U�D�W�L�R�Q��

�Z�H���F�R�Q�W�U�D�V�W�H�G���W�K�H���F�R�P�E�L�Q�H�G���*�H�Q�H�U�D�W�L�R�Q���D�Q�G���0�D�L�Q�W�H�Q�D�Q�F�H���S�H�U�L�R�G�V���I�R�U���E�R�W�K���S�R�V�L�W�L�Y�H���D�Q�G��

�Q�H�J�D�W�L�Y�H���D�I�I�H�F�W���J�H�Q�H�U�D�W�L�R�Q���Z�L�W�K���W�K�H���1�H�X�W�U�D�O���E�D�V�H�O�L�Q�H���F�R�Q�G�L�W�L�R�Q�����Z�L�W�K���R�Q�H���V�D�P�S�O�H���W���W�H�V�W�V 

�S�H�U�I�R�U�P�H�G���X�V�L�Q�J���U�R�E�X�V�W���U�H�J�U�H�V�V�L�R�Q��(Wager, Keller, Lacey, & Jonides, 2005)����For Experiment 

1, a primary cluster-forming threshold of p < .001, T > 3.38 was used. In Experiment 2, a 
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more stringent threshold of p < .00005, T > 3.95 was used for the primary contrasts to balance 

increased power. Using Monte-Carlo simulation (Forman et al., 1995), cluster thresholds were 

determined to be k > �������D�Q�G���N���!�����������U�H�V�S�H�F�W�L�Y�H�O�\�����I�R�U���)�:�(�F���.���������������� 

 

 

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

 �,�Q���(�[�S�H�U�L�P�H�Q�W���������)�L�J�X�U�H���������$�����$�S�S�H�Q�G�L�[�����7�D�E�O�H���$���������������Z�H���R�E�V�H�U�Y�H�G���D�F�W�L�Y�D�W�L�R�Q���L�Q���F�R�U�H��
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�K�L�S�S�R�F�D�P�S�X�V�������D�Q�G���6�1�����$�,�����G�P�3�)�&�����L�Q�F�O�X�G�L�Q�J���S�U�H�V�X�S�S�O�H�P�H�Q�W�D�O���P�R�W�R�U���D�U�H�D�����S�U�H���6�0�$�����D�Q�G��

�G�R�U�V�D�O���D�Q�W�H�U�L�R�U���F�L�Q�J�X�O�D�W�H���F�R�U�W�H�[�����G�$�&�&���������$�F�W�L�Y�D�W�L�R�Q���Z�D�V���D�O�V�R���R�E�V�H�U�Y�H�G���L�Q���Q�R�G�H�V���R�I���W�K�H���6�1��

�P�R�V�W���F�O�R�V�H�O�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���K�H�G�R�Q�L�F���S�U�R�F�H�V�V�L�Q�J�����9�6�����6�1���9�7�$�������D�V���Z�H�O�O���D�V���F�H�U�H�E�H�O�O�D�U 

�U�H�J�L�R�Q�V�����'�H�D�F�W�L�Y�D�W�L�R�Q�V���Z�H�U�H���R�E�V�H�U�Y�H�G���L�Q���U�L�J�K�W���)�3�&�1�����L�Q���D�G�G�L�W�L�R�Q���W�R���L�Q�I�H�U�L�R�U���W�H�P�S�R�U�D�O���J�\�U�X�V��

���,�7�*�����D�Q�G���V�X�S�H�U�L�R�U���R�F�F�L�S�L�W�D�O���J�\�U�X�V�����,�Q���(�[�S�H�U�L�P�H�Q�W���������)�L�J�X�U�H���������%�����$�S�S�H�Q�G�L�[�����7�D�E�O�H���$���������������Z�H��

�R�E�V�H�U�Y�H�G���D�F�W�L�Y�D�W�L�R�Q���D�Q�G���G�H�D�F�W�L�Y�D�W�L�R�Q���S�D�W�W�H�U�Q�V���V�X�E�V�W�D�Q�W�L�D�O�O�\���V�L�P�L�O�D�U���W�R���(�[�S�H�U�L�P�H�Q�W���������D�O�E�H�L�W��

�P�D�U�N�H�G�O�\���V�W�U�R�Q�J�H�U�����F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���W�K�H���L�Q�F�U�H�D�V�H�G���S�R�Z�H�U���L�Q���(�[�S�H�U�L�P�H�Q�W���������1��� ���������������$�G�G�L�W�L�R�Q�D�O��

�D�F�W�L�Y�D�W�L�R�Q���Z�D�V���R�E�V�H�U�Y�H�G���L�Q���W�K�H���I�U�R�Q�W�D�O���S�R�U�W�L�R�Q�V���R�I���W�K�H���O�H�I�W���)�3�&�1�����E�L�O�D�W�H�U�D�O���L�Q�I�H�U�L�R�U�����,�)�*�����D�Q�G��

�P�L�G�G�O�H�����0�)�*�����I�U�R�Q�W�D�O���J�\�U�L�������6�W�U�R�Q�J�H�U���D�F�W�L�Y�D�W�L�R�Q�V���Z�H�U�H���R�E�V�H�U�Y�H�G���L�Q���P�L�G�E�U�D�L�Q�����L�Q�F�O�X�G�L�Q�J���E�R�W�K��

�6�1���9�7�$���D�Q�G���3�$�*�����D�V���Z�H�O�O���D�V���K�\�S�R�W�K�D�O�D�P�X�V�����W�K�D�O�D�P�X�V�����E�D�V�D�O���J�D�Q�J�O�L�D�����D�Q�G���Y�H�Q�W�U�D�O���$�,�����$�J�D�L�Q����

�G�H�D�F�W�L�Y�D�W�L�R�Q�V���F�H�Q�W�U�H�G���R�Q���U�L�J�K�W���)�3�&�1���D�Q�G���R�F�F�L�S�L�W�D�O���U�H�J�L�R�Q�V�� 
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�7�K�H�V�H���U�H�V�X�O�W�V���U�H�S�O�L�F�D�W�H���W�K�H���3�(�7���V�W�X�G�L�H�V���G�L�V�F�X�V�V�H�G���L�Q���W�K�H���L�Q�W�U�R�G�X�F�W�L�R�Q�����D�Q�G���V�X�S�S�R�U�W���R�X�U��
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4.4.3. Model-based component process mapping 
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Figure 4.3: Model-based differentiation of EnGE networks. Results from the CPCA analysis showing the two 
components that predicted endogenous emotion generation ability, their dynamics and correlation with 
generation efficacy. A) The primary component, composed mainly of FPCN and DMN regions. B) The 
secondary component, composed mainly of FPCN and SN nodes. C) Conjunction of A and B, showing regions 
partaking in both task-relevant components. 
 




















































































































































































































































































































































