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Abstract 

Distancing is a type of emotion regulation that involves simulating a new 

perspective to alter the psychological distance and emotional impact of a stimulus. The 

effectiveness and versatility of distancing make it a promising skill for clinical 

applications. However, the specific neurocognitive mechanisms of this emotion 

regulation tactic are poorly defined relative to the broader strategy of reappraisal. More 

focused investigation of these mechanisms would promote further understanding of the 

processes underlying distancing and potentially improve its applications. Therefore, I 

first synthesized literature on the component processes of distancing to propose a 

preliminary neurocognitive model. I tested the neural architecture of this model through 

a meta-analysis of fMRI literature, and then further validated and refined it by 

comparing three forms of distancing in an fMRI study. Finally, I investigated self-

projection and its relation to the left temporoparietal junction using transcranial 

magnetic stimulation. The results of this work supported the neural architecture of the 

proposed model and suggested subtle differences in the recruitment of parietal regions 

across forms of distancing. No conclusions could be drawn regarding the specific 

functional contribution of the left temporoparietal junction, but I found that distancing 

performance was facilitated by repeated use, reinforcing the utility of this tactic for 

applied contexts. This model contributes new insights into the neurocognitive 
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mechanisms of distancing, informs the optimal use of this tactic, and provides a 

framework for future research and interventions. 
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1. Introduction: A Preliminary Neurocognitive Model of 
Distancing 

Preface 

 Some material in this chapter has been adapted from the candidate’s published article:  

Powers, J. P. & LaBar, K. S. (2019). Regulating emotion through distancing: A taxonomy, 

neurocognitive model, and supporting meta-analysis. Neuroscience & Biobehavioral Reviews, 96, 

155-173. 

The structure and language of this content has been altered from the published version. The 

candidate served as the primary author of the published article and drafted all of the original text. 

The last author (LaBar) provided feedback on the content and language of the manuscript, which 

the candidate incorporated into the final version that was submitted and published. 

 

Affective dysregulation is a transdiagnostic feature of mental health disorders 

including mood and anxiety disorders, trauma-related disorders, borderline personality 

disorder, addiction, and more (Kring & Sloan, 2010). These conditions have devastating 

personal and societal impacts (Insel, 2011), but effective training in emotion regulation 

can help alleviate affective disturbances and allow individuals to optimize their well-

being (Berking, Ebert, Cuijpers, & Hofmann, 2013). Across the myriad methods available 

to regulate emotion, distancing is particularly versatile and effective (Webb, Miles, & 
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Sheeran, 2012). These features make it a promising candidate for systematic 

investigation and clinical application. 

Distancing refers to one of the two main reappraisal tactics for emotion 

regulation, the other being reinterpretation (Ochsner, Silvers, & Buhle, 2012). Distancing 

involves simulating a new perspective to alter the psychological distance and emotional 

impact of a stimulus. This distance can take several forms such as spatial distance, 

temporal distance, or objectivity. For instance, upon feeling hurt by criticism from a co-

worker, you might try to minimize the impact of the incident by imagining how a 

neutral, objective observer would perceive the situation. In contrast, reinterpretation 

refers to deriving an alternative outcome or meaning for some stimulus to alter its 

emotional effect. In this case, you might change your emotional response by imagining 

that your co-worker is not simply criticizing you, but is trying to help you. The 

difference between these tactics is that reinterpretation is more focused on transforming 

the content or meaning of the stimulus, while distancing is more focused on 

transforming the viewpoint from which the stimulus is considered. Another way of 

thinking about this difference is that reappraisals involving reinterpretation are 

stimulus-dependent, whereas those involving distancing are not. In the example above, 

a neutral viewpoint could be considered for any situation, but reimagining the co-

worker’s intentions is dependent on the circumstances of this situation. 



 

3 

Reappraisal, more broadly, tends to produce some of the largest effect sizes in 

the emotion regulation literature (Webb et al., 2012), and its versatility makes it an 

appealing alternative to other strategies in many situations. For instance, strategies 

characterized by avoiding or changing the external aspects of a situation are not always 

possible. Likewise, shifting attention away from aversive stimuli can be a powerful 

approach to regulating emotion (Shafir, Schwartz, Blechert, & Sheppes, et al., 2015; 

Webb et al., 2012), but it might not be feasible for aversive situations that require focused 

attention (e.g. treating an injury). Strategies focused on modifying the outcomes of 

emotional responses (e.g. relaxation techniques) can be effective in some contexts, but 

they can also interfere with ongoing goal-directed behavior. Reappraisal tactics are 

advantageous because they can be implemented in a wide range of situations with less 

attentional and behavioral disruption. These tactics still occupy cognitive resources, but, 

unlike distraction, the relevant event is still being attended and processed. Thus, 

reappraisal tactics are favorable over other emotion regulation strategies in some 

contexts. 

Although the reappraisal tactics of distancing and reinterpretation are both 

effective, some differences between them suggest that distancing may be particularly 

promising. Denny and Ochsner (2014) found that longitudinal training in distancing was 

associated with decreased stress in daily life and more neutral evaluations of aversive 

content when no regulation was instructed. These benefits were not associated with 
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longitudinal training in reinterpretation. Additionally, applying distancing across 

diverse situations may require less effort than reinterpretation because distancing 

solutions are not bound by the specific features of a stimulus. Although reinterpretation 

has received greater attention in emotion regulation research (Koenigsberg et al., 2010; 

Ochsner et al., 2012), the benefits of distancing motivate further investigation of this 

tactic.  

In the distancing literature, the specific emotion regulation technique used in a 

study is sometimes referred to as broadly as reappraisal (Goldin, McRae, Ramel, & 

Gross, 2008; Gruber, Hay, & Gross, 2014; Opialla et al., 2015). This practice can foster the 

misleading assumption that the results of these studies will generalize to all types of 

reappraisal. However, reappraisal encompasses a variety of techniques, and differences 

have been found between variants of reappraisal (Denny & Ochsner, 2014; Webb et al., 

2012). Across studies, consistent techniques have also been labeled with various terms. 

For example, researchers using distancing focused on objective perspective taking have 

referred to these techniques as reappraisal (Goldin et al., 2008; Gruber et al., 2014), 

inhibition (Beauregard, Lévesque, & Bourgouin, 2001), cognitive regulation (Erk, von 

Kalckreuth, & Walter, 2010; Schardt et al., 2010), self-focused regulation (Ochsner, Ray, 

et al., 2004), detachment (Erk, Mikschl, et al., 2010), detached reappraisal (Shiota & 

Levenson, 2009) and suppression (Lévesque et al., 2003). These confusions have likely 

contributed to inconsistency in participant instructions, training criteria, and measures 
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of regulation success. As a result, I established a taxonomy of distancing and emotion 

regulation to promote more consistent terminology and conceptual distinctions (Figure 

1; Powers & LaBar, 2019). This system was developed through literature review on 

emotion regulation and psychological distance, and it will constitute the framework for 

discussing the research on distancing presented in this document.  

 

Figure 1: Taxonomy of distancing as an emotion regulation tactic. Gray boxes 

denote items at each level that relate to distancing. 1I refer to categories of distancing 

as forms; however, including a level between tactic and technique is not necessarily 

informative for all methods of emotion regulation. 2While distancing is regarded as a 

reappraisal tactic, there is discrepancy in the literature over whether reappraisal is 

synonymous with cognitive change or a subcategory of it. 3A distancing technique 

refers to any specific way that one or more forms of distancing is implemented (e.g. 

spatially distancing by imagining a stimulus receding away or imagining the 

stimulus being in another part of the world; spatially and temporally distancing by 

imagining that a stressful situation happened long ago and far away). 
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Four forms of distancing have emerged in the emotion regulation literature, 

which I refer to as spatial, temporal, objective, and hypothetical distancing. Each form of 

distancing requires the user to generate a new, imagined perspective of emotional 

content that increases or decreases separation between the person and content in some 

way. Most commonly, the imagined perspective involves increased distance of some 

form to attenuate an emotional response (i.e. downregulation). For example, if someone 

were upset after losing a credit card, he could imagine his situation from the perspective 

of a removed, objective observer. This perspective-taking process may then enable more 

affectively neutral reflection on the event, such as, “The situation is inconvenient, but the 

problem will not likely take long to resolve or result in any major harm. Getting upset 

would just be a waste of energy.” The new appraisals of the stimulus generated under 

this perspective help to shape a new affective response. Here, the use of objective 

distancing interrupts and replaces the current response with a more neutral response 

based on the alternative perspective. Descriptions and examples of general techniques 

for each form of distancing in the context of affective downregulation are included in 

Table 1.  
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Table 1: Forms of distancing as applied to emotion downregulation. 

Form Description Example Technique 

 

Spatial 

 

The user downregulates an 

emotional response by taking a 

perspective that is more spatially 

distant from the stimulus. 

 

Imagine how you would 

feel about the content if 

you were very far away 

from it. 

 

Temporal 

 

The user downregulates an 

emotional response by taking a 

perspective in which the 

stimulus is more distant in time. 

 

Imagine how you would 

feel about the content 

after many years have 

passed. 

 

Objective 

 

The user downregulates an 

emotional response by taking an 

objective perspective. This 

perspective is often linked to an 

imagined observer, who may be 

a generic neutral party or a 

contextually appropriate 

professional, such as a clinician, 

investigator, or reporter.  

 

Imagine you are 

observing the content 

from the perspective of a 

neutral, objective 

observer. 

 

Hypothetical 

 

The user downregulates an 

emotional response by taking a 

perspective in which the 

stimulus represents a 

hypothetical scenario as opposed 

to reality. 

 

Imagine how you would 

feel about the content if it 

were not real, but 

instead, a contrived or 

hypothetical scenario. 

 

Because distinctions within reappraisal have been inconsistently recognized and 

labeled, the mechanisms that support distancing are not clear. Understanding these 

cognitive mechanisms and their brain bases could lead to improved measures of 
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distancing (e.g. functional neuroimaging indices of neural circuit activation) which, in 

turn, could inform better interventions (e.g. targeted neurostimulation). In addition to 

allowing for better applications of distancing in clinical contexts, these efforts could also 

better integrate distancing research with related domains of inquiry, such as perspective 

taking. For example, distancing extends traditional social and visual perspective-taking 

research into self-generated, imagined perspectives that challenge a simple 

conceptualization of the assignment of self and other (for example, see D’Argembeau & 

Van der Linden, 2004). Investigating the distinctive applications of cognitive processes 

in distancing may reveal more nuance into how the brain accomplishes these complex 

processes.  

 To advance this goal, I first present a preliminary neurocognitive model of 

distancing describing key cognitive processes and their neural bases. This model 

emphasizes three components—self-projection, affective self-reflection, and cognitive 

control. In the following chapters, I then present three research projects that serve to test 

and refine this model. First, I describe a meta-analysis of the neuroimaging studies of 

distancing to test the general architecture presented in the model. Previous meta-

analyses have collapsed across reappraisal, but this analysis allows for a more focused 

investigation of the neural systems supporting distancing. Second, I present an fMRI 

study comparing the neural substrates of different forms of distancing. Some 

neuroimaging evidence supports the possibility of a common neural system for different 
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forms of psychological distance (Parkinson, Liu, & Wheatley, 2014; Tamir & Mitchell, 

2011), but other evidence suggests that fine-grained distinctions may exist within a more 

general system (Peer, Salomon, Goldberg, Blanke, & Arzy, 2015). This project tests 

whether form-specific functional subdivisions exist in the context of distancing, and 

supports a more nuanced model. Third, I investigate the function of the left 

temporoparietal junction (TPJ) in distancing. The TPJ and surrounding neural tissue are 

putatively related to both self-projection and cognitive control. Using transcranial 

magnetic stimulation (TMS), I attempt to causally test the contribution of this region to 

distancing. This line of research supports the development of a detailed neurocognitive 

model of distancing. This model will be valuable in establishing a more comprehensive 

understanding of the cognitive and neural processes relevant to distancing, guiding 

hypotheses for future work, and informing interventions. 

1.1 Preliminary Neurocognitive Model 

While the neurocognitive mechanisms of reappraisal have been discussed 

elsewhere (Ochsner & Gross, 2007; Ochsner et al., 2012), little attention has been given to 

the mechanisms that specifically support distancing. I propose that understanding these 

mechanisms may lead to greater insight into the cognitive processes involved in 

distancing and the development of brain-based techniques to enhance distancing 

performance. Here, I identify cognitive processes supporting this tactic and leverage 

relevant neuroscientific literature to establish an initial neurocognitive account of 
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distancing. I begin with a discussion of putative component processes and their neural 

bases, emphasizing processing most specific to distancing. I then integrate this evidence 

to propose a preliminary model of distancing.  

1.1.1 Cognitive Processes and Neural Substrates 

The core processes of distancing should be relatively consistent across instances, 

despite some contextual variation. For example, you might plan to distance yourself in 

response to an anticipated event, whereas other times, you might engage in distancing 

more reactively. One approach to defining these core processes is to consider how 

emotional responses involving distancing differ from natural, unregulated responses. 

This approach is mirrored in experimental studies that contrast a distancing condition 

with natural response to control for lower-level stimulus processing. I will reference a 

common experimental paradigm for distancing as a framework to discuss its constituent 

processes. This laboratory paradigm involves emotional elicitors such as affective 

pictures, film clips, or memory cues and an early cue preceding each stimulus to instruct 

the method of response (refer to Ochsner et al., 2012 for discussion of early vs. late cues).  

In this paradigm, I propose that the following cognitive processes would 

characterize a typical instance of distancing. In a given experimental trial, an individual 

is first presented with a cue that references instructions to distance or respond naturally 

to the upcoming stimulus, which initiates a corresponding goal state to either regulate 

the upcoming response or abstain from regulation. Next, an emotionally salient stimulus 
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is presented, such as an evocative picture. The stimulus is perceived and interpreted, 

triggering an initial emotional response, which is recognized by the individual through a 

process of affective self-reflection. This self-reflective processing would likely occur in 

real-world contexts as well, although it is particularly emphasized in experimental tasks 

that include affective self-report. In the natural response condition, the individual cycles 

through these processes of stimulus perception, interpretation, and affective self-

reflection. In the distancing condition, the individual constructs and adopts an 

alternative perspective of the stimulus through a process of self-projection. This change 

in perspective prompts a new cycle of stimulus perception, interpretation, and affective 

self-reflection based on the alternative perspective of the stimulus. Meanwhile, cognitive 

control processes are required to monitor pursuit of the regulatory goal and modify self-

projection processes as needed. Notably, distancing diverges from other reappraisal 

tactics and other types of emotion regulation in the self-projection process. Below I 

discuss this cognitive process and its basis in the brain in greater detail as well as 

affective self-reflection and cognitive control processes more briefly. 

1.1.1.1 Self-Projection 

Buckner and Carroll (2007) defined self-projection as the ability to shift 

perspective from the here and now to a simulated time, place, or person. The concept of 

self-projection effectively describes the mental transformations involved in distancing. 

Buckner and Carroll proposed that self-projection provided a unifying description of the 
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various abilities that have been linked to a common neural network. These abilities 

include remembering the past, prospection (imagining future scenarios), theory of mind, 

and navigation. They described a neural network largely overlapping with the default 

mode network (DMN) that includes the medial prefrontal cortex (PFC), medial temporal 

lobe (MTL), medial parietal cortex, and lateral parietal cortex.  A key component of their 

proposal is the idea that these various forms of self-projection all rely on memory. Past 

associations are referenced to construct simulated perspectives, regardless of their 

temporal orientation (i.e. simulating a past, present, or future scenario; Barrett & 

Satpute, 2013). Buckner, Andrews-Hanna, and Schacter (2008) went on to hypothesize 

that the primary function of the DMN is to facilitate an internal processing system 

focused on prospective simulation.  

Hassabis and Maguire (2007) also noted the striking overlap in the brain areas 

associated with these abilities, and offered an expanded functional account that includes 

the imagination of fictitious scenarios that are not tied to the self (e.g., imagining a 

squirrel digging in the ground). Although the perception of such imagined scenarios 

would still be tied to an egocentric perspective (e.g., I am seeing the squirrel in my 

imagination), they suggested that these simulations do not rely on self-concept in a 

comparable way to true instances of self-projection. Therefore, they proposed that scene 

construction was the more basic and probable function of this neural network. Later, 

Spreng, Mar, and Kim (2009) followed up on this discussion with a series of meta-
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analyses testing the degree of overlap in the networks for autobiographical memory, 

prospection, theory of mind, navigation, and the default mode. They concluded that a 

common core network does underlie these processing states, although some states were 

characterized by more overlap than others. The core network they found included the 

medial and lateral PFC, MTL, posterior cingulate cortex and surrounding parietal 

regions (PCC+), TPJ, and portions of the lateral temporal cortex (LTC) in the vicinity of 

the superior temporal sulcus and middle temporal gyrus.  

These studies and others have also discussed the more specific roles that some of 

these network components might play in relation to self-projection. The medial PFC has 

been consistently associated with self-referential processing (Buckner et al., 2008; 

Northoff et al., 2006; Spreng et al., 2009) and may manage attributions to self versus 

other during self-projection (Buckner & Carroll, 2007; Kurczek et al., 2015; Satpute, Shu, 

Weber, Roy, & Ochsner, 2013) or attributions of personal relevance (Ochsner & Gross, 

2007). The MTL’s more general role in associative memory could provide the building 

blocks for constructing simulated scenes (Buckner et al., 2008; Kurczek et al., 2015). Due 

to its widespread connectivity, the PCC+ has been hypothesized to serve as a processing 

hub integrating medial PFC- and MTL-driven systems in the network (Buckner et al., 

2008). As a result, it may integrate self-reflective processing and scene construction to 

support the egocentric experience of mental simulations (Cavanna & Trimble, 2006). The 

TPJ has been associated with a wide range of processes related to perspective taking 
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including mentalizing (Frith & Frith, 2006; Saxe & Kanwisher, 2003), representing 

alternative visual perspectives (Aichhorn, Perner, Kronbichler, Staffen, & Ladurner, 

2006; Schurz, Aichhorn, Martin, & Perner, 2013), egocentric spatial representation 

(Schindler & Bartels, 2013), and representing the position of the body in space (Blanke et 

al., 2005; Ionta, Perruchoud, Draganski, & Blanke, 2012). One hypothesis regarding the 

role of the TPJ in self-projection is that it manages the separation of true and simulated 

mental states (Mitchell, 2009). In other words, it functions to distinguish one’s personal 

mental state from a simulated alternative perspective. Finally, the LTC has been related 

to semantic processing (Ochsner et al., 2012; Spreng et al., 2009), which could explain 

why it has been consistently associated with the DMN, or self-projection network, but 

often as a less robust component (Buckner et al., 2008). It may be that LTC recruitment 

only becomes prominent when constructing perspectives more dissimilar (i.e. distant) to 

the self (Denny, Kober, Wager, & Ochsner, 2012), which may require greater semantic 

elaboration. Despite these hypothesized roles for specific regions, their interdependence 

in a functional network is strongly implicated in the literature. 

The neural representation of psychological distance may be closely related to the 

self-projection network described above. Parkinson et al. (2014) presented participants 

with stimuli that varied in spatial, temporal, or social distance while collecting fMRI 

data. Using a multivariate classification technique, they found the right TPJ to be 

involved in coding all three forms of distance. In contrast, Tamir and Mitchell (2011) 
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reported that activity in the medial PFC and PCC+ were linked to changes in perspective 

involving various forms of distance. Greater activity in these regions was associated 

with more proximal perspectives across distance dimensions. Finally, another study 

demonstrated robust activity in association with spatial, temporal, and social distance in 

the PCC+ and TPJ, with considerable extension into the LTC for temporal distance and 

the medial PFC for social distance (Peer et al., 2015). Considering the abilities that have 

been associated with self-projection, such as mentalizing and prospection, it is not 

surprising that the neural substrates of psychological distance seem to reside in the same 

network. Thus, the neural underpinnings of self-projection and psychological distance 

predict a distribution of activity roughly consistent with the DMN when individuals 

engage in distancing to regulate their emotions. 

1.1.1.2 Affective Self-Reflection 

Appraising one’s own affective state is a crucial process in cognitive emotion 

regulation tactics such as distancing. This information is critical for control processes 

assessing regulatory needs and the effectiveness of regulatory attempts. It is important 

to note that affective self-reflection is also likely to occur during natural emotional 

response, particularly in experimental settings that require affective self-report. 

Therefore, neural activity related to this process may not emerge from standard 

contrasts of distancing with natural response (Buhle et al., 2014). Nevertheless, given the 
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key role of affective self-reflection in distancing, I briefly discuss the proposed neural 

substrates of this process. 

Affective self-reflection has been most consistently linked with the dorsomedial 

PFC. Ochsner, Knierim, and colleagues (2004) compared conditions of judging one’s 

own emotional state, judging another’s emotional state, and non-emotional judgments 

about scenes. They identified regions in the medial PFC including the dorsomedial PFC 

to be specifically associated with emotional judgments of self, while activation in the 

PCC+, superior LTC, and medial PFC was related to emotional judgments in general. 

This study expanded on similar findings by Lane, Fink, Chau, and Dolan (1997) also 

linking the medial PFC with evaluating subjective emotional responses. Ochsner and 

Gross (2007) broadly implicated the dorsal PFC and adjacent cingulate regions in 

generating descriptions of one’s own emotional state. In a later review, Ochsner and 

colleagues (2012) more specifically highlighted the dorsomedial PFC and its putative 

function of attributing mental states, including attending to and interpreting one’s own 

emotional state. They also addressed the role of the ventromedial PFC, a region that has 

been implicated in various affective processes, but especially fear extinction (Milad & 

Quirk, 2012; Schiller & Delgado, 2010). This region seems to be involved in representing 

the subjective value of a stimulus in a context- and goal-dependent manner (Delgado et 

al., 2016; Ochsner & Gross, 2014; Ochsner et al., 2012). As such, this region may support 
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affective appraisals more generally rather than directly managing affective self-

reflection.  

More recently, Satpute et al. (2013) investigated the neural basis of affective self-

report, and found the dorsomedial PFC to be particularly tied to directing attention to 

one’s affective state, while generating verbal descriptions of these states was more 

specifically associated with the ventrolateral PFC. Similarly, Lieberman et al. (2007) have 

related the ventrolateral aspect of the PFC to selecting verbal labels of emotion for face 

stimuli. This evidence suggests that ventrolateral PFC may be more associated with the 

linguistic component of affect labeling. However, Ochsner, Knierim, et al. (2004) 

identified this region in a contrast of rating general valence for an emotional picture’s 

subject versus rating the viewer’s own valence, indicating it may be involved in 

evaluating the affective states of others more generally. It is worth noting that activation 

in this contrast was only significant in the left PFC, while Lieberman and colleagues 

have specifically identified right PFC in their work. Thus, it is possible that some 

laterality of function exists in this region with regard to evaluating affective states. 

Nevertheless, the ventrolateral PFC seems to be more related to evaluating affect in 

others than the self.  

In sum, the dorsomedial PFC likely supports affective self-reflection during 

distancing with various other regions contributing to affective appraisal and labeling 

processes more generally. This role for dorsomedial PFC converges with the accounts of 
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its function presented above in the discussion on self-projection. These sources point to a 

general function of evaluating internal states with regard to the self. 

1.1.1.3 Cognitive Control 

Distancing, like other active methods of emotion regulation, involves cognitive 

control processes to support goal-directed cognition. These processes include 

maintaining a regulatory goal, maintaining the distanced perspective of the stimulus, 

monitoring regulation (i.e. monitoring changes in output from affective self-reflection), 

and adjusting cognitive efforts to more effectively meet the regulatory goal. One study 

comparing the neural correlates of reappraisal and distraction found common activity in 

the dorsolateral PFC, pre-supplementary motor area (pre-SMA), PCC+, and inferior 

parietal lobe (Kanske, Heissler, Schonfelder, Bongers, & Wessa, 2011; see also McRae et 

al., 2010). The authors identified this activity as reflecting a cognitive control network 

supporting both regulation strategies, and they note its consistency with the activity 

elicited by executive control tasks such as Stroop or flanker paradigms. Ochsner et al. 

(2012) proposed a similar network subserving working memory in their model of 

cognitive regulation, which involved the dorsolateral PFC, pre-SMA, and inferior 

parietal regions. A recent neuroimaging meta-analysis provided further support for this 

cognitive control network in reappraisal (Buhle et al., 2014).  

In particular, the lateral PFC has been reliably associated with the maintenance 

and manipulation of information: core functions of working memory and cognitive 
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control more broadly (Braver, 2012; D’Esposito, Postle, Ballard, & Lease, 1999). In a 

meta-analysis, Wager and Smith (2003) found that activity in dorsolateral PFC was 

especially recruited by tasks involving continuous updating of working memory 

contents. Distancing would presumably recruit these working memory functions for 

maintaining regulatory goals and tracking goal pursuit over time. In addition, in a 

qualitative comparison of neuroimaging associations with distancing and 

reinterpretation, distancing was more strongly associated with right dorsolateral PFC 

activity (Ochsner & Gross, 2008). Ochsner and Gross suggest that this result may reflect 

more attentional control processes in association with distancing relative to 

reinterpretation. Right inferior parietal cortex has also been implicated in selective 

attention as part of a frontoparietal network recruited during reorienting of visuospatial 

attention (Thiel, Zilles, & Fink, 2004; Yantis et al., 2002). Thus, dorsolateral PFC and 

inferior parietal cortex may support the maintenance of reappraisals and reorientation of 

attention to alternative perspectives during distancing (Buhle et al., 2014). The 

ventrolateral PFC has been implicated in working memory functions along with the 

dorsolateral aspect in some previous work (D’Esposito et al., 1999); however, the 

emotion regulation literature collectively relates the dorsolateral PFC more specifically 

to cognitive control functions in this context. 

Monitoring distancing outcomes would likely recruit the anterior cingulate 

cortex (ACC) or adjacent cortex in the pre-SMA. This reasoning is consistent with 
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Botvinick’s (2007) integrated account of cognitive control in the ACC, descriptions of 

ACC function within emotional processing (Etkin, Egner, & Kalisch, 2011), and the 

model of cognitive regulation offered by Ochsner et al. (2012; see also Ochsner & Gross, 

2007). Some have argued, though, that the conflict monitoring activity attributed to the 

ACC may be more accurately localized to nearby pre-SMA cortex (Nachev, Kennard, & 

Husain, 2008). Regardless of this anatomical debate, distancing likely involves 

monitoring processes attributed to this general area of cortex, along with other cognitive 

control processes supported by the dorsolateral PFC and inferior parietal regions. 

1.1.2 Model Description 

The previous sections provide a foundation for conceptualizing distancing in 

terms of its neurocognitive mechanisms. Here, I integrate this evidence to propose a 

preliminary model of how various cognitive processes and their underlying neural 

regions may interact dynamically to support distancing. The architecture of this model is 

illustrated in Figure 2. 
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Figure 2: Neurocognitive Model of Distancing. Regions of interest are 

highlighted on a single hemisphere for ease of illustration. No laterality claims are 

intended for medial regions. Distancing may recruit lateral regions bilaterally, but 

some evidence suggests an emphasis on the right DLPFC and left LTC. ACC = 

anterior cingulate cortex; DLPFC = dorsolateral prefrontal cortex; DMPFC = 

dorsomedial prefrontal cortex; LTC = lateral temporal cortex including middle 

temporal gyrus and superior temporal sulcus; MTL = medial temporal lobe; PCC+ = 

posterior cingulate cortex and surrounding parietal cortex; pre-SMA = pre-

supplementary motor area; TPJ = temporoparietal junction. 

Distancing begins with a regulatory goal, such as downregulating a negative 

emotional response. This goal and the planned distancing technique for achieving it are 

likely maintained through working memory processes recruiting the dorsolateral PFC. 

This region is part of a larger network supporting the cognitive control processes 

involved in distancing. The regulatory goal may be established before or after exposure 

to an emotionally salient stimulus, depending on whether the event was anticipated or 

not. Regardless, perception and interpretation of the salient event triggers an initial 

emotional response. An individual must then recognize this emotional response through 
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self-reflective processes (and deem it undesirable) to motivate explicit regulation 

through distancing. This affective self-reflection is dependent on activity in the 

dorsomedial PFC. The current mental state, involving both interpretations of the event 

and self-evaluations, is likely maintained through activity in control regions including 

the dorsolateral PFC, TPJ, and PCC+, and can be referenced for comparison during 

regulation. 

Next, the individual engages in constructive processes to simulate an alternative 

perspective of the event with a different psychological distance. A network of several 

regions supports this self-projection. The simulated perspective is constructed from 

mental building blocks that include stored associations and semantic knowledge. Similar 

to memory-related processing, the MTL likely supports the construction of a mental 

scene from these stored associations, and the LTC, particularly in the left hemisphere, 

likely contains semantic representations that are referenced in simulation. The PCC+ 

serves as a hub to integrate the constructed mental scene with self-referential processing 

in the dorsomedial PFC. This integration is critical for allowing the mental scene to be 

experienced as a perspective referenced to the self. Meanwhile, the TPJ may play an 

important role in maintaining the separation of this projection from other mental states, 

including the initial, reality-based perspective, and, along with the dorsolateral PFC 

(Kim, Cilles, Johnson, & Gold, 2012), the TPJ may also enable switching focus between 

these states, or perspectives. 
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The subjective experience of the alternative, distanced perspective may then 

prompt a new emotional response to the event, which would be detected through 

recapitulation of an affective self-reflection process. In an explicit effort to regulate 

emotion, changes in affect must be monitored to assess and manage this goal-directed 

pursuit. This monitoring likely involves activity in the area of the anterior cingulate 

cortex and pre-SMA. Signals from this area can then be used to update regulation goals 

and techniques being maintained in the dorsolateral PFC. These processes cycle to 

support adaptive changes in self-projection and regulation.  

Change in emotional response is likely a product of natural emotion generative 

processes responding to the alternative perspective of the stimulus in place of the 

original perspective. As such, the effects of distancing on neural mechanisms of emotion 

generation would likely be indirect. This mechanism of action stands in contrast to the 

more direct neural mechanism that has been proposed for emotion modulation in fear 

extinction, for example. In fear conditioning paradigms, activity in ventromedial PFC 

has been associated with successful retrieval of the safe, or non-fearful, association with 

the stimulus during extinction (Milad & Quirk, 2012). This activity in the ventromedial 

PFC is thought to directly attenuate activity in the amygdala, and as a result, attenuate 

the fear response to the stimulus (but see Fullana et al., 2018). Based on studies of this 

circuit, two general neural mechanisms for linking emotion regulatory and generative 

processes in reappraisal have been discussed (Buhle et al., 2014). The first candidate 
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mechanism is that control regions involved in reappraisal upregulate activity in the 

ventromedial PFC, which results in attenuation of amygdala activity via the circuit 

described in fear extinction (Schiller & Delgado, 2010; Silvers, Insel, et al., 2017). The 

second candidate mechanism is that regions involved in reappraisal alter semantic and 

perceptual representations in LTC in ways that alter the emotional significance of the 

stimulus, which manifests through natural emotion generative processes. Little work 

has been done to directly test potential mechanisms linking emotion regulatory and 

generative systems in the brain in reappraisal (Ochsner et al., 2012), but in their meta-

analysis of neuroimaging studies of reappraisal, Buhle et al. found consistent activity in 

left LTC but not ventromedial PFC, supporting the latter mechanism. This mechanism, 

based on altering semantic and perceptual representations in the brain, is consistent 

with the description of reappraisal as mentally transforming the content of the stimulus 

(reinterpretation) or the viewpoint from which it is observed (distancing). Therefore, 

distancing likely acts indirectly on emotion generative neural processes and not through 

one specific circuit.  

As for which regions support these emotion generative processes, the relevant 

regions likely vary based on the specific emotional response. Ochsner and colleagues 

have previously described a model of cognitive emotion regulation that highlights the 

ventral and subcortical regions that have been commonly associated with emotion 

generation in general (see Ochsner et al., 2012), although recent work has suggested that 
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more distributed patterns of activity that include cortical areas likely support various 

emotional responses (Kragel & LaBar, 2015). 

In summary, this model identifies a network of cognitive control regions that 

manages the alternative perspectives of the stimulus, maintains the goal of regulation, 

and adapts regulatory processes to achieve this goal. A partially overlapping network of 

regions supports the construction and experience of an alternative perspective of the 

relevant event. This new perspective, characterized by a shift in psychological distance, 

can lead to new emotional responses, which are recognized through self-reflective 

processing mediated by the dorsomedial PFC. 
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2. Meta-Analysis of fMRI Studies of Distancing 

Preface 

 Some material in this chapter has been adapted from the candidate’s published article:  

Powers, J. P. & LaBar, K. S. (2019). Regulating emotion through distancing: A taxonomy, 

neurocognitive model, and supporting meta-analysis. Neuroscience & Biobehavioral Reviews, 96, 

155-173. 

The structure and language of this content has been altered from the published version. The 

candidate served as the primary author of the published article and drafted all of the original text. 

In addition, he led the literature search, data extraction, and analysis. Dr. LaBar supervised this 

project and provided feedback on the content and language of the manuscript, which the candidate 

incorporated into the final version that was submitted and published. 

 

To quantitatively test whether the distancing literature supports the neural 

architecture of the model, I present a meta-analysis of fMRI studies of distancing. This 

analysis builds on previous meta-analyses of the neural mechanisms of the broader 

strategy of reappraisal (Buhle et al., 2014; Diekhof, Geier, Falkai, & Gruber, 2011; 

Messina, Bianco, Sambin, & Viviani, 2015) by focusing specifically on the tactic of 

distancing. These previous meta-analyses found activation supporting reappraisal most 

consistently in lateral and dorsomedial prefrontal regions, lateral parietal regions, and 

left lateral temporal cortex, but they all collapsed across reappraisal tactics. In addition 
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to a combined reappraisal meta-analysis, Messina and colleagues (2015) did attempt 

separate meta-analyses for subsets of their included studies approximating the 

distinction between reinterpretation and distancing; however, they identified only seven 

distancing and eight reinterpretation studies for these analyses. Therefore, it is unclear 

whether partially distinct results would emerge for individual reappraisal tactics. 

Synthesizing the neuroimaging results from the existing distancing literature offers an 

initial assessment of the accuracy of the brain regions included in the model of 

distancing proposed here.  

I hypothesized the present meta-analysis would reveal convergent activation 

related to distancing in the brain areas described in the preliminary model (refer to 

Figure 2 and the previous chapter), including the TPJ, PCC+, DLPFC, LTC, MTL, and 

pre-SMA, but possibly excepting the more anterior aspect of the dorsomedial PFC. As 

noted in the previous chapter, affective self-reflection has been consistently associated 

with the dorsomedial PFC (and cognitive control with the more posterior and superior 

pre-SMA region of dorsomedial PFC). While I believe this process is a critical 

component of intentional emotion regulation, it is likely also recruited in the control 

conditions of distancing experiments, for which participants are generally also required 

to report on their affective state. Thus, activation in this region may not differ 

significantly between distancing and control conditions.  
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To select studies for this investigation, I leverage the taxonomy of distancing and 

emotion regulation that I introduced in the first chapter of this document (Figure 1). This 

taxonomy provides a clear system for discriminating distancing studies from other types 

of reappraisal, which had been lacking in previous literature. Specifically, distancing 

studies can be identified by perspective-taking manipulations that attempt to modify 

one or more of the four forms of psychological distance—spatial, temporal, social, and 

hypothetical. Using this framework, I target and select a sample of analyses that 

constitute a pure representation of the tactic of distancing, and evaluate areas of 

convergence across their fMRI results. I discuss the implications of these meta-analytic 

findings for the model below. 

2.1 Methods 

Because researchers have used inconsistent terminology to refer to distancing 

techniques (refer to previous chapter), I employed multiple methods to identify relevant 

experimental studies. These included research database searches, examining reviews 

and meta-analytic reports related to reappraisal, and backward search. Figure 3 

illustrates the results of these search procedures.  
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Figure 3: A flow diagram of the literature search. 

I began by searching the PubMed (www.ncbi.nlm.nih.gov/pubmed/) and 

PsycINFO (http://www.apa.org/pubs/databases/psycinfo/) databases. Initial screening 

criteria were as follows. 
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1. The title or abstract must include the term “distancing,” “reappraisal,” or 

“detachment” in combination with “functional magnetic resonance imaging,” 

“functional MRI,” or “fMRI” (nine searches in total for each database). 

2. The year of publication must be 1992 or later (excluding studies predating fMRI). 

3. The report must contain an analysis of original fMRI data (excluding reports 

consisting solely of review or meta-analyses). 

4. The report must be a journal article (excluding non-peer-reviewed dissertations, 

etc.) 

5. The report must be in English. 

The fourth criterion was implemented using the “journal article” filter in the PubMed 

search engine and the “Peer Reviewed Journal” filter in the PsycINFO search engine. 

The remaining criteria were also implemented through search engine filters, with the 

exception of the third criterion, which was implemented by manually screening the 

search results after eliminating duplicate reports. Duplicate reports were first eliminated 

from search results from within databases and then between databases. Of note, one 

study was excluded after initial screening for failing to meet the third criterion 

(Koenigsberg et al., 2010). The relevant results from this study were already reported in 

a previous study that was also included (Koenigsberg et al., 2009), so it was excluded as 

a duplicate report. 
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The full texts of the remaining reports were then screened using the following 

eligibility criteria. 

1. Participants used an emotion regulation technique that exclusively employed 

one or more forms of distancing. 

2. Distancing was used for the purpose of downregulating negative emotional 

responses. 

3. Results were available for a group comprised solely of healthy participants (i.e. 

no known inclusion of participants with neurological or psychiatric conditions). 

4. Results were available from a whole-brain contrast of distancing > natural 

response. 

5. Coordinates were provided in standard Montreal Neurological Institute (MNI) 

or Talairach spaces. 

Of note, three studies did not meet the fourth criterion because their control conditions 

were deemed qualitatively different from a non-regulation, natural response control 

condition (Bruneau, Jacoby, & Saxe, 2015; Silvers, Insel, et al., 2017; Silvers, Shu, 

Hubbard, Weber, & Ochsner, 2015). In each of these studies, the downregulation 

condition of increasing distance was compared to a condition of decreasing distance as 

opposed to natural response. Also of note, several studies refer to hypothetical 

distancing techniques as reinterpretation. As a result, it is possible that some studies of 

hypothetical distancing were not found in my searches or were excluded based on the 
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first criterion if they did not include sufficient description to distinguish their regulation 

technique from reinterpretation as I have defined it here. This issue did not likely result 

in many erroneous exclusions since most studies did provide enough detail about their 

regulation techniques to support clear decisions. 

I then examined reviews and meta-analyses that contained lists of reports that 

distinguished distancing from other forms of reappraisal to identify additional reports 

not found in the database searches. The reviews and meta-analytic reports I examined 

included the following: Buhle et al., 2014; Diekhof, Geier, Falkai, & Gruber, 2011; Frank 

et al., 2014; Messina, Bianco, Sambin, & Viviani, 2015; Ochsner et al., 2012; Webb et al., 

2012; and Zilverstand, Parvaz, & Goldstein, 2016. 

Finally, I performed a backward search using all included studies. I identified 

reports for further screening based on citations within the introduction or methods 

sections as well as report titles in the reference section. Ultimately, backward search 

revealed no new, qualifying experimental studies. 

In total, 22 studies were included in the meta-analysis (refer to Table A1 for a 

description of these studies). I also explored the possibility of performing a meta-

analysis of the reverse contrast (natural response > distancing) using the selected studies, 

but the number of studies reporting this contrast did not meet the minimum 

recommendation for the present meta-analytic method (Eickhoff, Laird, P. M. Fox, 

Lancaster, & P. T. Fox, 2017). For the included studies, only results from whole-brain 
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analyses were included in the meta-analysis, while results from region-of-interest 

analyses and small-volume correction were excluded. This decision was made to 

promote maximal consistency in the data set, as the original researchers’ decisions 

regarding these additional analyses would have varied across studies. Similarly, 

reported cluster sub-peaks were excluded from analysis, as the original decisions 

regarding reporting these coordinates and the criteria used would also have added 

uncontrolled variance into the data set. An exception was made for one study (Hayes et 

al., 2010), which reported only local maxima with no indication of the clustering.  

Meta-analysis was performed using the Activation Likelihood Estimation 

approach (ALE; Eickhoff, Bzdok, Laird, Kurth, & Fox, 2012; Eickhoff et al., 2017) with the 

BrainMap GingerALE software (version 2.3.6; brainmap.org/ale/). This meta-analytic 

technique identifies areas where the included experimental results overlap greater than 

would be expected by chance. Using the software, all results reported in Talairach space 

were transformed into the MNI coordinate system, which served as the standard space 

for analysis. Based on guidelines recommended by the developers of this method in the 

software’s manual and peer-reviewed publication (Eickhoff et al., 2012), I ran the 

analysis using the following settings and parameters: larger mask, Non-Additive 

Modeled Activation algorithm, cluster-forming threshold of p < .001 uncorrected, and 

cluster-level inference threshold of .05 with 10,000 permutations. 
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2.2 Results and Discussion 

Analysis revealed convergent regions of activation related to distancing in the 

left and right TPJ, right dorsolateral PFC, left LTC, PCC+, and pre-SMA (Figure 4). 

Descriptions of significant clusters are provided in Table 2. These regions are consistent 

with the proposed neurocognitive model of distancing.  

 

Figure 4: Rendering of convergent activity associated with distancing. Panels A 

(left hemisphere) and B (right hemisphere) illustrate lateral cortical results. Panel C 

illustrates medial cortical results using a cutout from a right-anterior view of the 

brain. DLPFC = dorsolateral prefrontal cortex; LTC = lateral temporal cortex; PCC = 

posterior cingulate cortex; pre-SMA = pre-supplementary motor area; TPJ = 

temporoparietal junction. 
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Table 2: Cluster report of convergent activation related to distancing. ALE = 

activation likelihood estimation; L = left; MNI = Montreal Neurological Institute; R = 

right. The ALE statistic is a voxel-wise measure of the convergence of significant 

results across the experiments included in the meta-analysis. Computationally, it is 

defined as the estimated probability that a true peak of activation of at least one 

included experiment lies within the volume of a given voxel (Eickhoff et al., 2009). 

Anatomical locus  

(Brodmann area) 

Volume (mm3) Peak ALE 

statistic 

MNI 

coordinates 

X Y Z 

L middle temporal gyrus (22) 2072 0.028 -60 -36 -2 

R middle frontal gyrus (8) 1296 0.028 40 22 42 

R supramarginal gyrus (40) 2560 0.023 58 -48 32 

L superior frontal gyrus (6) 1840 0.021 -6 14 58 

Posterior cingulate gyrus (23) 864 0.021 0 -22 30 

L inferior parietal lobule (40) 1312 0.018 -54 -58 42 

 

In particular, the TPJ, LTC, and PCC+ are all part of the network defined by 

Spreng et al. (2009) through meta-analyses of abilities that Buckner and Carroll (2007) 

have related to self-projection. The MTL component of this network was notably absent 

in these meta-analytic results. Although null results are challenging to interpret, this 

omission may be due to difficulties in reliably imaging this region using whole-brain 

approaches and standard pre-processing methods. Offering support for this possibility, 

several of the studies incorporated in the current meta-analysis reported reduced 

activity in amygdala in association with distancing, but these results were only obtained 

through region-of-interest analysis or small volume correction rather than whole-brain 

contrasts (e.g. Denny, Inhoff, Zerubavel, Davachi, & Ochsner, 2015; Walter et al., 2009). 

Alternatively, it is possible that the simulation required for distancing does not rely on 
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scene construction in a way comparable to recalling events or prospective thinking, and 

is therefore not dependent on processing in the MTL. Also, these constructive processes 

may be particularly minimized in laboratory tasks in which the target stimuli of 

distancing may be freely perceived during the regulation period, while for real-world 

applications involving autobiographical experiences, they may play a larger role. Spreng 

et al. also identified left dorsolateral PFC as part of this core network, but I observed 

convergent activity only in right dorsolateral PFC, consistent with the characterization of 

distancing by Ochsner et al. (2012). These results were consistent with other predicted 

cognitive control regions, particularly the pre-SMA, but also the PCC+ and inferior 

parietal lobe.  

Finally, results in medial PFC might have been expected, in line with the 

networks involved in self-projection and affective self-reflection; however, engagement 

of this region is likely common across both distancing and natural response given the 

explicit instructions to reflect on one’s affective state in both conditions. Recent work 

also suggests that increasing social distance (as with many of the objective distancing 

techniques included here) can cause a shift in affective attributions from self to other, 

which results in less medial PFC activation (Moser et al., 2017; note, participants were 

not given the goal of downregulating emotion through this manipulation); although, 

this area is likely still engaged to some degree in the context of explicit emotion 

regulation so that the individual may track regulation success. Thus, the particular 
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contrasts included in this analysis may have precluded the observation of results in this 

region.  

The neuroimaging literature of distancing is dominated by the objective form of 

distancing (see Table A1). As such, the literature cannot currently support meta-analytic 

approaches to differentiating the various forms of distancing, and the present meta-

analysis collapsed across all forms of distancing. Additionally, most studies investigated 

downregulation of negative affect, which led to the exclusion of less prevalent 

applications, such as decreasing reward anticipation (Staudinger, Erk, Abler, & Walter, 

2009; Staudinger, Erk, & Walter, 2011). Characterizing distinctions in the mechanisms 

supporting different forms of distancing and different regulatory goals are important 

areas for future research; nevertheless, this meta-analysis fills a critical gap in the 

literature by synthesizing the neuroimaging findings specific to this tactic of reappraisal.  

While the inclusion criteria of the meta-analysis were indeed specific to 

distancing, it is important to note that the specificity of the results are limited by the 

neuroimaging contrast. The results suggest the observed regions are sensitive to 

distancing manipulations relative to natural response, but I would also expect other 

methods of emotion regulation that share component processes with distancing to have 

commensurate overlap in brain activation. Specifically, I would expect some degree of 

activation related to affective self-reflection in other explicit methods of emotion 

regulation as well as activation related to cognitive control with other cognitively 
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focused techniques. Despite this limitation, the results of this meta-analysis are largely 

consistent with the neural mechanisms of distancing proposed in the model and thus 

offer initial support for this account. 

Given these results and their agreement with the model, there are many ways in 

which future research could expand our understanding of how these areas dynamically 

interact to support distancing. One potential approach would be to search for time-

varying co-activation maps during distancing. I would predict such an analysis to reveal 

networks comparable to those described in the model corresponding to the various 

processes underlying distancing. Transitions between these brain states during 

distancing may be beyond the temporal resolution of standard fMRI protocols, but 

general trends may emerge such as an early bias toward a self-projection network and a 

late bias toward an affective self-reflection network. Another approach could be to 

describe the effective connectivity of these brain areas using dynamic causal modelling. 

Using careful manipulations to distancing procedures, this approach could evaluate 

neural communications described in the model, such as the PCC+ serving as a hub to 

integrate the self-projection network with self-referential processing in the dorsomedial 

PFC. These future directions would further clarify the brain dynamics of distancing and 

related processes as well as network interactions more generally. 
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3. Comparing Forms of Distancing in an fMRI Study 

Preface 

 Some material in this chapter has been adapted from the candidate’s manuscript, which 

has been submitted for publication:  

Powers, J. P., Graner, J. L., & LaBar, K. S. (under review). Multivariate patterns of parietal 

cortex activity differentiate forms of emotional distancing. 

The structure and language of this content has been altered from the submitted version. The 

candidate served as the primary author of the published article and drafted all of the original text. 

In addition, he led the study design, data collection, and analysis. The co-authors (Drs. Graner & 

LaBar) provided feedback on the content and language of the manuscript, which the candidate 

incorporated into the final submitted version. Dr. Graner served as a consultant for the 

multivariate analyses. Dr. LaBar served as the primary investigator of the study and supervised 

all aspects. 

 

The preliminary model of distancing describes a set of cognitive processes and 

brain regions supporting distancing, most prominently including self-projection and 

cognitive control processes in the default mode and frontoparietal networks, 

respectively. However, instructions given to participants performing distancing tasks 

vary considerably across studies. Distancing techniques can be classified by the form(s) 

of psychological distance being targeted and modified (Table 1; Trope and Liberman 
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2010). Across studies, distancing techniques have targeted various combinations of these 

forms of psychological distance (e.g., social distance in Denny, Fan et al., 2015 and social, 

hypothetical, and spatial distance in Kim and Hamann, 2007), but to my knowledge, no 

studies have directly compared different forms of distancing to evaluate how they may 

differ in terms of performance and neural substrates. In the present study, I address this 

gap by comparing the efficacy and brain activation associated with spatial, temporal, 

and objective forms of distancing. By doing so, I aim to validate the overarching neural 

architecture of the model and expand it to include a more nuanced account of the 

neurocognitive mechanisms of distancing. 

Some clues emerge from the cognitive theory and neural evidence on 

representations of psychological distance. Construal-level theory of psychological 

distance proposes that different forms of psychological distance (e.g., spatial, social, etc.) 

are linked by a common underlying dimension of abstraction, or construal level (Trope 

& Liberman, 2010). As a result, the forms of psychological distance are closely related to 

each other, as supported by behavioral findings (Bar-Anan, Liberman, Trope, & Algom, 

2007; Stephen, Liberman, & Trope, 2010). Based on this theory, transformations of 

different forms of psychological distance are likely to recruit largely overlapping neural 

resources. Indeed, previous work investigating psychological distance independent of 

emotion regulation has identified common neural resources across these transformations 

(Tamir and Mitchell, 2011; Parkinson et al., 2014). Thus, I hypothesize that in the context 
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of emotion regulation, forms of distancing will consistently recruit areas of the brain 

supporting cognitive control and the processing of psychological distance more 

generally.  

In addition, another study of general representations of psychological distance 

has suggested subtle intra-regional differences in brain activation across forms (Peer et 

al., 2015). This study noted consistent patterns discriminating spatial, temporal, and 

social distance around the precuneus and posterior cingulate cortex as well as the 

inferior parietal lobe. The present work will build on this previous study, which focused 

primarily on individual-level univariate analyses, by examining group-level effects 

using both univariate and multivariate techniques in an applied context of emotion 

regulation. Given the similarity between the domains of psychological distance and the 

emotional distancing techniques in the present study (for discussion of the relationship 

between social psychological distance and objective distancing, see Powers and LaBar, 

2019), I further hypothesize that the different forms of distancing will be uniquely 

associated with brain activation around these parietal regions.  

This study will advance our understanding of the neural architecture of cognitive 

emotion regulation by revealing common and distinct neural contributions across forms 

of distancing, and it will help to characterize the mechanisms of mental simulation in the 

spatial, temporal, and social domains more broadly. While previous work on the neural 

mechanisms of cognitive emotion regulation has focused more on frontotemporal 
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cortical interactions (Winecoff, LaBar, Madden, Cabeza, & Huettel, 2011; Silvers, Insel, et 

al., 2017), this study will further explore the involvement of more posterior cortical 

regions. 

3.1 Materials and Methods 

3.1.1 Participants 

Young adults were recruited through a community and university participant 

pool managed by the Brain Imaging and Analysis Center at the Duke University 

Medical Center. The included age range was 18 to 39 years inclusive, and recruitment 

was intentionally balanced for sex. Exclusion criteria were contraindications for MRI, 

positive history of psychiatric or neurological conditions, current use of psychoactive 

medications, and left handedness, all assessed though self-report. Additionally, 

participants completed the Beck Depression Inventory-II (BDI; Beck, Steer, Ball, & 

Ranieri, 2010), and participants would have been excluded for a total score greater than 

20 (indicating at least moderate depressive symptomology) or a suicide item score 

greater than one (indicating at least moderate suicide risk). No participants met BDI 

criteria for exclusion. To ensure accurate emotional self-report, data from highly 

alexithymic participants would have been excluded based on the Toronto Alexithymia 

Scale (TAS-20; Bagby, Parker, & Taylor, 1994), indicated by a total score greater than 60 

according to the test materials, but no participants met this criterion. Finally, data were 

excluded from participants missing more than 10% of responses on the experimental 
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task (one participant excluded). After exclusions, data from 34 participants (16 female, 

18 male; age 24.4 ± 3.6 years, education 16.6 ± 3.0 years; ethnicity: 2 Hispanic or Latino, 

27 not Hispanic or Latino, 5 did not report; race: 10 Asian, 8 Black or African-American, 

16 Caucasian) were included in the analyses presented here. This experiment was 

undertaken with the understanding and written informed consent of each participant, 

and participants received $20 per hour as monetary compensation. The study was 

approved by the Duke University Health System Institutional Review Board. 

3.1.2 Psychometrics 

At the first session, participants completed the BDI, TAS-20, Zimbardo Time 

Perspective Inventory (ZTPI; Zimbardo and Boyd, 1999), Perspective Taking and Spatial 

Orientation Test (PTSOT; Hegarty and Waller, 2004), Interpersonal Reactivity Index (IRI; 

Davis, 1983), and Subjective Units of Distress Scale (Wolpe, 1990). The ZTPI measures 

biases along five temporal perspectives. I chose the ZTPI as a potential predictor of 

temporal distancing performance. The PTSOT measures spatial perspective-taking 

ability, and was selected as a predictor of spatial distancing performance. The IRI 

measures four components of empathy, and was chosen as a predictor of objective 

distancing performance. The Subjective Units of Distress Scale, a single-item measure of 

distress, was additionally completed at the second session, which allowed me to identify 

whether any participants were highly distressed before beginning the experimental task. 
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3.1.3 Experimental Task and Training 

Participants viewed 84 negative, 28 neutral, and 28 positive pictures from the 

International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 2008). For 

negative pictures, participants were cued to one of four instructions for different trials: 

natural response (cue word “VIEW”), spatial distancing (“FAR”), temporal distancing 

(“TIME”), or objective distancing (“OBJECTIVE”). On natural response trials, 

participants were instructed to let themselves experience any emotions they had in 

response to the picture and to avoid regulating their emotions in any way. On spatial 

distancing trials, they were instructed to imagine that the scene in the picture was 

happening very far away from them. For temporal distancing, they were instructed to 

imagine that the scene in the picture happened a long time ago. For objective distancing, 

they were instructed to view the image as if they were a neutral, objective observer at 

the scene. For each distancing technique, participants were instructed that the goal of the 

technique was to decrease emotional responses, and that they should use the technique 

to best achieve that effect. For neutral and positive pictures, participants were always 

cued to respond naturally. Trials with neutral pictures were included so that 

participants could not predict with certainty that an upcoming picture would contain 

negative content. Therefore, participants would be less likely to engage in some form of 

regulatory preparation before an upcoming stimulus. Through pilot testing, I 

determined that the additional inclusion of occasional positive images increased 
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participant compliance with the task and decreased the risk of participants developing a 

negative mood state. Neutral and positive trials were not included in the data analysis. 

 

Figure 5: Schematic of the emotion regulation task. 

Refer to Figure 5 for a depiction of the trial structure of the task. Each trial began 

with the presentation of a cue word (VIEW, FAR, TIME, or OBJECTIVE). The cue word 

was followed by the stimulus, and participants were instructed to apply the cued 

technique for the full duration of stimulus presentation. Immediately following stimulus 

presentation, participants rated their emotional valence on a scale from “very negative” 

(1) to “very positive” (7). For trials in which a distancing technique had been instructed, 

participants additionally reported whether they applied the cued technique during the 

trial, and rated how much effort it required from “very little effort” (1) to “very high 

effort” (7). Trials for which participants reported they did not apply the cued technique 
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were excluded from all analyses. Finally, a jittered “RELAX” screen was presented 

between trials. Jitter time intervals were based on a random sampling procedure using a 

Poisson distribution designed to produce intervals varying by half-second increments 

with a mean interval of approximately five seconds and a minimum interval of two 

seconds. The resulting intervals ranged from two to nine seconds. The main 

experimental task consisted of seven runs of 20 trials each, and lasted approximately 55 

minutes. Trials were presented in one of four pseudorandomized schemes 

(counterbalanced across participants and sex), such that in every group of five 

consecutive trials, one trial presented a neutral picture and one presented a positive 

picture, and the four cue types were evenly distributed over the remaining negative 

pictures in each run in an intermixed order. 

At the first experimental session, participants were instructed in the task and 

then completed a set of practice trials for each instruction type, including natural 

response. During these individual practice sets, participants were instructed after each 

trial to verbalize how they used the cued technique. An experimenter provided feedback 

to guide participants toward correct use of the techniques. Each practice set continued 

until participants demonstrated three consecutive correct applications of the technique. 

Following the individual practice sets, participants were prompted to restate the 

instructions associated with each cue word. Additional review and practice was 

completed for any instructions not correctly restated. Finally, participants completed a 
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mixed practice set similar to the real task (cued technique varying by trial), and were 

given the option of additional practice until comfortable with the task. The task refresher 

at the second session consisted of repeating the above procedures for restating the 

instructions for each cue word and the mixed practice set. 

3.1.4 Analyses of Self-Report Data 

Repeated measures ANOVA was used to test for differences in valence across 

distancing techniques and natural response, and for differences in effort across 

distancing techniques (natural response trials did not include effort ratings). Post-hoc 

tests were used to assess pairwise differences for omnibus results significant at p < .05, 

and were themselves thresholded at p < .05 controlling for familywise error rate using 

Bonferroni correction. Distancing performance scores were calculated for each 

participant and distancing technique as the difference between mean valence for the 

distancing technique and mean valence of natural response, where higher scores 

indicate a greater positive effect of regulation. Planned Pearson correlation tests were 

then used to evaluate relationships between spatial distancing (performance and effort) 

and PTSOT (total score), temporal distancing (performance and effort) and the five 

scales of the ZTPI, and objective distancing (performance and effort) and the four scales 

of the IRI (20 correlations in total). Separate correlation tests were run for distancing 

performance and perceived effort of distancing since I predicted these cognitive traits 
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could relate to either feature of distancing. Additional exploratory Pearson correlation 

tests were run based on significant results from the planned correlation tests. 

3.1.5 Image Acquisition and Preprocessing 

Scanning was performed on a 3T General Electric MR 750 system with an eight-

channel head coil (General Electric Healthcare, Waukesha, WI, USA). High-resolution 

images were acquired for spatial normalization of the functional data using a 3D fast 

SPGR BRAVO pulse sequence with the following parameters: TR = 7.64 ms, TE = 2.936 

ms, matrix = 256 x 256, flip angle = 12°, voxel size = 1 x 1 x 1 mm, 206 contiguous slices. 

These structural images were aligned to the near-axial plane defined by the anterior and 

posterior commissures. Whole-brain blood-oxygen-level dependent (BOLD) images 

were acquired using a spiral-in pulse sequence with sensitivity encoding along the axial 

plane using the following parameters: TR = 2 s, TE = 27 ms, matrix = 64 x 64, flip angle = 

60°, voxel size = 4.0 x 4.0 x 3.8 mm, 34 contiguous slices. The first four images of each 

functional run were discarded to ensure a steady magnetic state had been reached. 

MRI data were initially preprocessed using fMRIPrep (version 1.0.15; 

https://github.com/poldracklab/fmriprep; Esteban et al., 2019). For the structural images, 

this processing included bias field correction (using ANTs v2.1.0; 

http://stnava.github.io/ANTs/; Tustison et al., 2010); brain extraction (ANTs); spatial 

normalization to the ICBM 152 nonlinear asymmetrical template version 2009c through 

nonlinear registration (ANTs; Avants, Epstein, Grossman, & Gee, 2008); and brain tissue 
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segmentation for cerebrospinal fluid, white matter, and gray matter (FSL v5.0.9; 

https://fsl.fmrib.ox.ac.uk/fsl; Zhang, Brady, & Smith, 2001). Visual inspection revealed a 

poor non-linear registration result for one participant; however, an adequate result was 

attained through small adjustments to the non-linear registration parameters. For the 

functional data, the pipeline included the following steps: motion estimation (FSL; 

Jenkinson, 2003), slice-timing correction (AFNI v16.2.07; https://afni.nimh.nih.gov; Cox, 

1996), and co-registration to the participant’s structural image using boundary-based 

registration with nine degrees of freedom (FSL; Greve & Fischl, 2009). Then, 

transformations for motion correction, functional-to-structural registration, and 

structural-to-template registration were applied in a single operation using ANTs with 

Lanczos interpolation. After this fMRIPrep pipeline, a 0.02 Hz high pass filter was 

applied to the functional data (FSL FEAT version 6.00) to correct for slow drifts in the 

MR signal, and single-volume confound regressors were created to effectively censor 

functional volumes with a framewise displacement estimate of 0.5 mm or higher. In 

addition, runs with at least 20% of volumes meeting this threshold (6 runs in total) were 

excluded in full from analyses. One additional run was excluded due to poor co-

registration caused by an extreme motion spike. Finally, functional data for the 

univariate analyses were smoothed at 8 mm full width at half maximum (FSL FEAT). 
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3.1.6 Mass Univariate Analyses 

Data were analyzed using a general linear model approach in FSL. For each run, 

the cue, regulation period by trial type (negative-FAR, negative-TIME, negative-

OBJECTIVE, negative-VIEW, neutral-VIEW, and positive-VIEW), rating period, and 

intertrial interval were modeled by boxcar functions convolved with a double-gamma 

hemodynamic response function. An additional regressor was generated for the 

regulation period of trials in which the participant reported he or she did not implement 

the instructed technique to effectively exclude these trials from analyses. Temporal 

derivatives of each regressor were also included to account for varied fit with the 

canonical hemodynamic response function across voxels. Activation contrasts were 

generated for each distancing technique against the natural response condition (e.g., 

FAR > VIEW) and each distancing technique against the other two (e.g., FAR > (TIME + 

OBJECTIVE)). Higher-level analyses were used to collapse these contrasts across runs 

and across subjects. Results were thresholded using a voxelwise, cluster-forming 

threshold of q < .01 using false discovery rate correction for multiple comparisons and a 

clusterwise inference level of α < .05 based on Monte Carlo simulations. Specifically, 

extent thresholds were determined with 3dClustSim using smoothness estimates of the 

data and 10,000 simulations (AFNI version 17.2.02). I then assessed regions of common 

activation across distancing techniques with a conjunction analysis of the individual 

DISTANCING > VIEW contrasts (Nichols, Brett, Andersson, Wager, & Poline, 2005).  
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Univariate contrasts were also generated with small-volume correction for the 

medial temporal lobe, as studies of distancing commonly employ similar region-of-

interest-based approaches for this area (Walter et al., 2009; Dörfel et al., 2014; Denny, 

Inhoff et al., 2015). The same activation contrasts were generated in these analyses as in 

the whole-brain univariate analyses, including each distancing technique against the 

natural response condition (e.g., FAR > VIEW), each distancing technique against the 

other two (e.g., FAR > (TIME + OBJECTIVE)), as well as the distancing techniques 

collapsed against natural response (DISTANCING > VIEW) and the reverse contrast 

(VIEW > DISTANCING). Data were analyzed exactly as in the whole-brain analyses 

described above except that all thresholding procedures were based on a bilateral region 

of interest composing the amygdala, hippocampus, and parahippocampal gyrus from 

the Automated Anatomical Labeling atlas (http://www.gin.cnrs.fr/en/tools/aal-aal2/; 

Tzourio-Mazoyer et al., 2002).  

In addition, regression analysis was used to test the relationship between 

distancing performance and amygdala activation, a common neural marker of emotion 

regulation performance (see Powers and LaBar, 2019 for a review of previous findings 

relating distancing performance and amygdala activation). Based on an a priori 

hypothesis of deactivation of the amygdala in relation to emotion regulation 

performance, the group-level contrast of VIEW > DISTANCING was regressed on 

distancing performance (the difference between each individual’s mean valence rating 
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on distancing trials versus the mean valence of natural response trials) with small-

volume correction for a bilateral amygdala region of interest. The region of interest was 

generated using the corresponding labels from the Automated Anatomical Labeling 

atlas. Thresholding procedures were the same as those described above. 

3.1.7 Multivariate Pattern Classification 

To more sensitively evaluate activation differences between distancing 

techniques (Reddan, Lindquist, & Wager, 2017), I employed partial least squares 

discriminant analysis (Wold, Sjostrom, & Eriksson, 2001), which has previously been 

used with fMRI data to discriminate emotional states in the brain (Kragel and LaBar, 

2015). This technique identifies linear combinations of features (here, voxels) that 

maximally discriminate between classes (distancing techniques). By reducing the 

dimensionality of input features, this algorithm is well suited for this analysis where the 

number of features exceed the number of observations (total trials).  

First, parameter estimates of activation were generated for the regulation period 

of each distancing trial using a general linear model approach in FSL without spatial 

smoothing applied. Modeling was performed identically to the lower-level modeling for 

the univariate analyses except that the regulation period of each distancing trial was 

modeled individually, and to reduce the total number of regressors, temporal 

derivatives were not included. This procedure produced parameter estimate maps for 

activation during the regulation period of each distancing trial. These maps were then 
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masked to the gray matter. The gray matter mask was computed by first averaging and 

thresholding the gray matter segmentation probability maps across all participants, and 

then excluding any voxels with a value of zero in the parameter estimate maps of any 

participants (voxels outside the field of view before spatial normalization). Input data 

were then collapsed into a 1,939 trial-by-16,659 voxel matrix and mean-centered for 

classification.  

Data pre-treatment (mean centering) and classification were performed using the 

libPLS toolbox (version 1.95; libpls.net) implemented in MATLAB (version 2016b; 

mathworks.com/products/matlab.html). Classification was performed using a winner-

takes-all approach, where each distancing technique was classified against the other 

two. Classes were weighted in the analysis based on number of instances to minimize 

bias from class imbalance. Classification performance was estimated using 8-fold subject 

independent cross-validation, where each participant’s data served as part of the test set 

exactly once. The primary classification analysis utilized 5-fold inner cross-validation on 

the training set to select the number of latent variables for each model (maximum of 

five) to protect against over-fitting. This full procedure was repeated 10 times in order to 

generate confidence intervals for signal detection metrics, which were averaged across 

classes. Wilson score centers and intervals were calculated to estimate confidence 

intervals for classification accuracy. To test the robustness of these results, the analysis 

was repeated while fixing the number of latent variables at one through five. Models 
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using five latent variables minimized generalization error, but all models yielded 

accuracy significantly greater than chance. Bootstrap resampling with five latent 

variables and 10,000 replicates was used to estimate PLS regression coefficients. These 

estimates were then remapped to standard space, and clusterwise correction was 

applied using a cluster-forming threshold of p < .01 and an extent threshold 

corresponding to α < .05 based on Monte Carlo simulations. 

3.2 Results 

3.2.1 Self-Report Analyses 

The omnibus test of valence revealed a significant effect of condition (F(2.13, 

70.24) = 45.83, p < .001, η2 = .21). Pairwise comparisons showed that valence ratings were 

significantly more negative for natural response (M = 2.66, 95% CI [2.43, 2.88]) relative to 

each distancing technique (spatial: M = 3.39, 95% CI [3.15, 3.64]; temporal: M = 3.50, 95% 

CI [3.27, 3.72]; objective: M = 3.41, 95% CI [3.19, 3.63]; all p < .001; Figure 6), but no 

differences were found between distancing techniques (all p > .1). These findings 

replicate results from two behavioral pilot studies of earlier versions of this experimental 

task (see Appendix B). The omnibus test of effort also revealed a significant effect of 

distancing technique (F(1.99, 65.72) = 4.35, p = .017, η2 = .01). Pairwise comparisons 

showed that this effect was driven by higher effort ratings for objective distancing (M = 

3.87, 95% CI [3.49, 4.25]) relative to temporal distancing (M = 3.61, 95% CI [3.24, 3.98]; p = 
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.019). However, the small effect size and small absolute difference between these 

techniques (.26 on a 7-point scale) suggest little practical significance. 

 

Figure 6: Results of self-reported valence. On the valence scale, a rating of 1 

corresponded to "very negative" and a rating of 4 corresponded to "neutral." Error bars 

represent the standard error of the mean, and the asterisk indicates significant 

pairwise differences at p < .05. 

The planned correlation tests between emotion regulation performance and 

component cognitive processes revealed a significant positive relationship between 

temporal distancing performance and the ZTPI present hedonistic scale (r(66) = .34, p = 

.049; Table 3). I also found significant positive relationships between objective distancing 

effort and the IRI perspective taking (r(66) = .61, p < .001), empathic concern (r(66) = .46, p 

= .006), and personal distress scales (r(66) = .40, p = .021). Correlations between spatial 

distancing and PTSOT were not significant (ps > .1). After false discovery rate correction 

for the number of planned tests, the only planned correlation that remained significant 



 

56 

was objective distancing effort and IRI perspective taking (corrected p = .008). 

Exploratory correlations (not corrected for multiple comparisons) also revealed positive 

relationships between the same three IRI subscales and temporal distancing effort, and 

all four IRI subscales and spatial distancing effort (Table 3). 

Table 3: Planned and exploratory correlations of self-report data. Uncorrected p 

values presented with corresponding Pearson correlation coefficients. Black outlines 

indicate planned correlation tests. 

 PTSOT ZTPI-PN ZTPI-PH ZTPI-F ZTPI-PP ZTPI-PF IRI-PT IRI-F IRI-EC IRI-PD 

Spatial 

performance 

r .06 -.07 .27 -.03 .02 .10 .17 -.12 .12 .09 

p .749 .686 .123 .875 .934 .562 .325 .496 .504 .625 

Temporal 

performance 

r -.12 .08 .34 -.07 .04 .32 .12 .03 .12 .14 

p .504 .635 .049 .702 .831 .067 .493 .874 .500 .422 

Objective 

performance 

r .19 .01 .20 -.05 -.11 .14 -.08 -.03 .06 .20 

p .295 .959 .256 .787 .543 .418 .672 .856 .743 .248 

Spatial  

effort 

r .12 .31 .04 .24 -.02 .05 .44 .35 .41 .46 

p .501 .073 .809 .176 .917 .799 .009 .041 .016 .006 

Temporal 

effort 

r .15 .13 .04 .18 .05 -.04 .53 .27 .37 .37 

p .408 .482 .843 .298 .770 .814 .001 .124 .033 .032 

Objective 

effort 

r .07 .27 -.11 .24 .21 -.05 .61 .29 .46 .40 

p .710 .124 .520 .181 .231 .797 .001 .092 .006 .021 
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3.2.2 Imaging Analyses 

3.2.2.1 Mass Univariate Analyses 

The conjunction analysis of univariate contrasts yielded common activation 

across distancing techniques in posterior cingulate cortex, precuneus, pre-

supplementary motor area, bilateral inferior parietal lobe, left prefrontal cortex, and left 

superior temporal sulcus (Figure 7A; refer to Table 4 for cluster reports for contrasts and 

conjunction). Univariate contrasts between distancing techniques yielded no significant 

results. 
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Figure 7: Imaging analysis results. Panel A shows results from the conjunction 

analysis with significant results illustrated according to the color scheme in the 

legend. For example, significant conjunction between distributions of activation for 

spatial and objective distancing is indicated in violet, and significant conjunction 

between all three distancing distributions is indicated in white. Panel B shows 

regions contributing to positive classifications of each distancing technique against 

the other two based on the PLS regression coefficients. Colors follow from the legend 

in Panel A, where red indicates spatial distancing, etc. 
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Table 4: Cluster report of whole-brain univariate imaging results. The larger 

clusters encompass multiple brain regions, as shown in Figure 7A. The reported locus 

refers only to the peak coordinates of each cluster. The coordinates for the three-way 

conjunction results correspond to centers of gravity since conjunction is binary in 

quality. L = left, R = right, MNI = Montreal Neurological Institute. 

Locus (Brodmann area) Volume 

(mm3) 

Coordinates (MNI) 

X Y Z 

Univariate contrasts 

SPATIAL > VIEW 

L angular gyrus (39) 41,405 -56 -64 25 

L middle frontal gyrus (8) 27,968 -44 8 47 

L precuneus (31) 22,800 -12 -60 21 

R angular gyrus (39) 8,208 48 -68 32 

OBJECTIVE > VIEW 

L inferior temporal gyrus 

(20) 

98,557 -44 -4 -40 

R angular gyrus (39) 32,528 56 -64 25 

L posterior cingulate gyrus 

(31) 

23,226 -4 -40 36 

R superior frontal gyrus (6) 7,661 8 32 59 

R lateral middle lobe of 

cerebellum 

5,107 44 -68 -36 

L precentral gyrus (4) 4,986 -32 -24 63 

TEMPORAL > VIEW 

L middle temporal gyrus 

(21) 

77,216 -60 -12 -17 

L posterior cingulate gyrus 

(31) 

17,450 -8 -44 36 

R superior temporal gyrus 

(22) 

4,803 64 -44 9 

R angular gyrus (39) 3,526 48 -64 32 

R uvula 2,918 16 -76 -32 

L precentral gyrus (4) 2,614 -32 -24 59 

Three-way conjunction 

L superior temporal gyrus 35,541 -53 -47 16 



 

60 

(22) 

L middle frontal gyrus (9) 22,618 -41 21 33 

L precuneus (31) 9,424 -7 -55 30 

R angular gyrus (39) 3,222 48 -67 35 

R precuneus (31) 61 12 -44 36 

 

In the small-volume corrected analyses of the medial temporal lobe, the 

DISTANCING > VIEW contrast yielded significant clusters in the hippocampus and 

parahippocampal gyrus, as did the OBJECTIVE > VIEW contrast (Table 5). The 

remaining contrasts, including VIEW > DISTANCING yielded no suprathreshold 

clusters in the region of interest. Regression analysis of amygdala deactivation on 

distancing performance yielded a significant cluster in the right amygdala using a 

voxelwise threshold of q < .05 with false discovery rate correction (Table 5). Thus, larger 

effects of distancing on self-reported affect were associated with greater deactivation in 

right amygdala. 

Table 5: Cluster report of medial temporal lobe supplementary analyses. L = 

left, R = right, MNI = Montreal Neurological Institute. 

Locus Volume 

(mm3) 

Peak Coordinates (MNI) 

X Y Z 

DISTANCE > VIEW 

R hippocampus 790 24 -20 -21 

L hippocampus and 

entorhinal cortex 

608 -20 -20 -21 

L perirhinal cortex 365 -28 -36 -13 

OBJECTIVE > VIEW 

L entorhinal cortex 243 -24 0 -32 

L hippocampus 243 -20 -36 6 
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L hippocampus 182 -24 -36 -10 

REGRESSION OF DISTANCING DEACTIVATION ON DISTANCING 

PERFORMANCE 

R amygdala 304 24 -8 -10 

 

3.2.2.2 Multivariate Pattern Classification 

The multivariate pattern classification found information across voxels to classify 

distancing techniques with performance greater than chance: accuracy = 39.0% (95% CI 

[36.8%, 41.1%], p < .001) vs. chance of 33.3%, area under the receiver operator 

characteristic curve = .564 (95% CI [.555, .573], p < .001) vs. chance of .5, sensitivity = .541 

(95% CI [.534, .549], p < .001) vs. chance of .5, specificity = .547 (95% CI [.533, .561], p < 

.001) vs. chance of .5. The brain regions most strongly discriminating among the 

distancing techniques included left angular gyrus (greater activation corresponding to 

spatial distancing), retrosplenial cortex (temporal distancing), precuneus, and visual 

cortex (both objective distancing; refer to Figure 7B and Table 6). 

Table 6: Cluster report of multivariate pattern classification results. The 

coordinates correspond to peak voxels. L = left, R = right, MNI = Montreal 

Neurological Institute. 

Locus (Brodmann area) Volume 

(mm3) 

Coordinates (MNI) 

X Y Z 

Spatial distancing 

L angular gyrus (39) 1,581 -40 -80 40 

Objective distancing 

Precuneus (7) 2,371 0 -64 44 

Cuneus (18) 1,885 -4 -100 2 

Temporal distancing 
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Posterior cingulate gyrus 

(30) 

1,520 12 -60 9 

 

3.3 Discussion 

In this study, I sought to better understand the effects and mechanisms of 

distancing by directly comparing the efficacy and neural correlates of spatial, temporal, 

and objective distancing. While the results provided strong support for the general 

neural architecture of the model of distancing, multivariate analysis of the fMRI data 

also revealed novel distinctions in the brain mechanisms of different forms of emotional 

distancing in parietal cortex. By directly comparing distancing subtypes, I demonstrated 

that they are highly comparable in terms of behavioral effects, while activity around 

parietal cortex differentiates their mental transformations in the spatial, temporal, and 

social domains. These findings offer new insights into the neural bases of psychological 

distance in an applied context. They also extend previous literature on frontotemporal 

cortical interactions in cognitive emotion regulation by emphasizing functional roles for 

parietal lobe regions in this context. 

First, I found efficacy to be comparable across forms of distancing, as measured 

through online report of emotional valence, and distancing was highly efficacious, as 

indicated by a large effect size. I also found that participants reported greater effort 

when using objective distancing relative to temporal distancing, but this effect was small 

and did not reflect a notable change on the effort rating scale. Therefore, the distancing 
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forms were largely comparable in terms of performance. These findings are consistent 

with two pilot behavioral studies (see Appendix B). 

I also examined whether psychometric measures related to spatial perspective 

taking, temporal perspectives, and empathy would be predictive of spatial, temporal, 

and objective distancing performance, respectively. The purpose of these tests was both 

to further explore the cognitive processes involved in these distancing techniques, and to 

identify simple, existing measures for predicting distancing performance for a given 

individual. I found a strong positive relationship between the perspective-taking scale of 

the IRI and objective distancing effort. This scale measures the tendency to adopt others’ 

perspectives in daily life. At first glance, this trait would seem to support the perspective 

taking required to implement the objective distancing technique in this study, 

suggesting its relationship with effort would be negative; however, given the moderate 

positive relationships between objective distancing effort (as well as the other forms of 

distancing) and other scales of the IRI, this effect likely reflects that more empathic 

individuals have to expend more effort to overcome their emotional engagement to the 

characters and events in the stimuli. I also observed a moderate positive relationship 

between temporal distancing performance and the present-hedonistic scale of the ZTPI. 

This scale reflects an individual’s tendency to pursue pleasurable outcomes or 

experiences in the present moment with little regard for long-term consequences. Its 

relationship with temporal distancing performance suggests that individuals who are 
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higher in this trait may find events outside of the present moment to be less emotionally 

salient; therefore, imagining an event to be in the past more effectively neutralizes their 

emotional responses. In terms of practical application, the ZTPI shows some utility for 

predicting temporal distancing performance, but the IRI appears to predict effort 

associated with distancing more broadly as its scale scores were less selective to the 

hypothesized relationship with objective distancing. 

As shown in Figure 7A, distributions of activation associated with the three 

distancing techniques were largely overlapping. The full conjunction of these 

distributions (shown in white) replicates the regions found in the previous meta-analysis 

of fMRI studies of distancing while expanding into adjacent areas of cortex, particularly 

in the frontal and temporal lobes. This distribution also encompasses much of the 

default mode and frontoparietal networks, as predicted by the model of distancing. 

Thus, these results were consistent with the previous work on distancing. In the frontal 

and temporal lobes, distributions for the spatial and temporal contrasts as well as the 

conjunction appeared to be more extensive in the left hemisphere, as is visible in Figure 

7A. The current literature does not consistently support lateral biases in distributions of 

distancing activation (e.g., Erk, Mikschl, et al., 2010 vs. Denny, Inhoff et al., 2015; see also 

Ochsner et al., 2012), although the previous meta-analysis revealed more consistent 

evidence for activation in left lateral temporal cortex and right dorsolateral prefrontal 

cortex. It is possible that participants in this study may have relied more heavily on 
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language-related processes in the interpretation of the regulation cue and subsequent 

elaboration of simulated perspectives than in some previous studies (Ochsner et al., 

2012), perhaps due to the trial-wise intermixing of 4 different instructions in the current 

experimental design. Nonetheless, the lateralization of effects was not specifically 

predicted or tested in this study. 

Mass univariate contrasts did not reveal significant differences among the 

distancing techniques, but the more sensitive multivariate pattern classification did find 

information across voxels in the parietal cortex that reliably differentiated the 

techniques. This fact, alongside the conjunction analysis results, implies that these 

differences are subtle, with overall BOLD expression being highly preserved across 

forms of distancing. Regions of discriminant BOLD activation were consistent with my 

hypotheses based on the study of psychological distance representations by Peer and 

colleagues (Peer et al., 2015). In that study, the retrosplenial cortex differentiated spatial 

from temporal and social domains; the precuneus predominantly differentiated social 

from spatial and temporal domains; and the more dorsal posterior cingulate cortex and 

left angular gyrus differentiated temporal from spatial and social domains. In this study, 

which examined the use of transformations of psychological distance to reduce negative 

affect, I observed a region in precuneus for objective distancing matching the previous 

result for the social domain; however, I observed retrosplenial cortex for temporal 

distancing in contrast to the spatial domain, and left angular gyrus for spatial 
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distancing, where Peer and colleagues observed a stronger association with the temporal 

domain. There is not yet a clear understanding of how specific regions within parietal 

cortex may differentially support these types of processing. Therefore, it is possible that 

differences in the tasks and specific processes recruited by these studies (i.e., simulating 

distanced perspectives for emotion regulation vs. making judgments of psychological 

distance) might have contributed to these differences in localization. Nonetheless, the 

overlap of the regions involved across studies suggests an important overarching role 

for parietal cortex in distinguishing spatial, temporal, and social processing at the group 

level. 

This study highlights the importance of medial parietal cortex in cognitive 

emotion regulation. This brain area has not featured prominently in previous reviews, 

models, and meta-analyses of reappraisal (Ochsner et al., 2012; Buhle et al., 2014); 

however, it was reliably and differentially activated across the distancing techniques in 

this study. Furthermore, my more specific meta-analysis of fMRI studies of distancing 

did find consistent activation in this cortical area (Powers and LaBar, 2019). These 

findings suggest that medial parietal cortex may play a more substantial role in 

distancing than other types of reappraisal, and future work is warranted to better define 

the functional contributions of this area to cognitive emotion regulation. In addition, this 

work points to potential medial and lateral parietal targets for future therapeutic 

approaches to emotion regulation using neurostimulation and neurofeedback. Exploring 
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new brain targets for neuromodulation may be valuable given the mixed findings from 

previous work, which has focused on the dorsolateral prefrontal cortex (Slotema, Blom, 

Hoek, & Sommer, 2010). 

In addition to these hypothesized regions, activation in a portion of visual cortex 

differentiated objective distancing from spatial and temporal distancing. For the 

purposes of this study, I attempted to design the distancing technique instructions such 

that they focused on the given form as specifically as possible, even though construal-

level theory of psychological distance argues that distance representations and 

manipulations naturally tend to permeate across forms (Bar-Anan et al., 2007; Trope & 

Liberman, 2010). In order to isolate the objective distancing technique from spatial and 

temporal changes, I instructed participants to imagine they were a neutral observer 

present at the scene depicted in the stimulus. Thus, they were instructed to remain 

proximal in spatial and temporal distance while increasing social distance by simulating 

the perspective of an objective, uninvolved observer. Given this instruction to imagine 

being present at scenes depicted in visual stimuli, this heightened activation in visual 

cortex may reflect greater visual processing related to stimulus perception and 

perspective simulation in the objective distancing condition (Kosslyn & Thompson, 

2003). As such, this result may be more related to the specific way in which objective 

distancing was instructed in this study, rather than a more general difference between 

forms of distancing. 
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My attempt to maintain an exclusive association between each instructed 

technique and a single form of psychological distance points to a more general limitation 

of this study. Evidence supporting construal-level theory suggests that different forms of 

psychological distance tend to shift together (Bar-Anan et al., 2007; Stephan et al., 2010). 

Furthermore, a meta-analysis of various emotion regulation strategies and tactics 

revealed the largest average effects were achieved in studies that allowed participants to 

mix types of cognitive emotion regulation (Webb et al., 2012). Therefore, the techniques 

in this study might have been suboptimal in terms of efficacy and efficiency by 

artificially constraining how participants could apply distancing. While I observed a 

large effect size of distancing on self-reported affect, in contexts where the effectiveness 

of emotion regulation is of central importance, even larger effects may be achieved 

through instructions that allow participants more flexibility in how they implement 

regulation. The high specificity of distancing techniques was required for this study, 

though, to allow for valid contrasts between their cognitive processes and neural 

substrates.  

A related concern is whether the participants did, in fact, maintain the separation 

of the techniques during the task. The event-related, within-subjects design employed 

here required participants to switch between four viewing techniques (including natural 

response) on a trial-by-trial basis. Nevertheless, the task training procedures indicated 

that participants were able to meet these requirements. During the individual technique 
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practices and subsequent review of techniques, the experimenter explicitly instructed 

participants regarding keeping the techniques separate whenever any blending of 

techniques was detected. The experimenter then inquired whether participants had any 

difficulty switching between techniques after the mixed practice set, and additional 

practice was completed until participants were comfortable doing so. Additionally, in a 

pilot study using this task, participants completed debriefing at the end of the study in 

which they described how they implemented the techniques over the course of the task. 

These participants reported stable and correct implementation throughout the task. 

Therefore, I am confident that participants in the present study applied the techniques as 

instructed. 

In summary, I found performance and neural activation to be largely similar 

across forms of distancing; however, multivariate patterns of BOLD activation did 

discriminate forms of distancing within parietal cortex. These findings support that the 

model is generally applicable across forms of distancing. They also extend previous 

findings on parietal cortex into an applied emotion regulation context by indicating that 

the processing of spatial, temporal, and social distance can be differentiated within areas 

identified in the current model of distancing. The exact ways in which these parietal 

regions contribute to these cognitive functions are not yet clear, but they suggest that 

parietal cortex may be an important target for understanding how component processes 
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are differentially recruited to support emotional distancing across spatial, temporal, and 

social domains. 
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4. Examining the Role of Lateral Parietal Cortex in 
Distancing Using TMS 

Cognitive reappraisal is one strategy employed across cognitive and behavioral 

therapies for managing emotions more adaptively (Beck, Rush, Shaw, & Emery, 1979; 

Wilson, 2008). To improve the efficacy and individual tailoring of these clinical 

treatments, it is important to understand the cognitive processes and brain mechanisms 

that contribute to reappraisal and how they can be modulated. Distancing is one of the 

main tactics of reappraisal, and it is a particularly promising skill for clinical 

applications given its effectiveness across a broad spectrum of populations, including 

older adults and individuals with depression, anxiety, and other disorders (Winecoff et 

al., 2011; Lang et al., 2012; Gaebler et al., 2014; Wang et al., 2014). In the present work, I 

will causally test the functional contribution of one of the cortical regions in the 

proposed model of distancing by modulating its activity using TMS. 

Previous neurostimulation manipulations aimed at modifying reappraisal 

(Feeser, Prehn, Kazzer, Mungee, & Bajbouj, 2014) or treating affective dysregulation 

(Perera et al., 2016) have focused on the dorsolateral PFC. These manipulations are 

thought to influence affective outcomes by altering cognitive control functions mediated 

by this region (Feeser et al., 2014). However, the proposed model of distancing offers a 

new cortical target and potentially a new cognitive mechanism for modulating emotion 

regulatory function. The cortex encompassed by the inferior parietal lobe is implicated 
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in both the self-projection and cognitive control processes of distancing (Figure 2), and 

this area is ideally located for interventions using noninvasive neurostimulation 

techniques. One explanation for this area’s dual cognitive association in the model is 

that it serves a cognitive control function that is necessary for the execution of self-

projection, such as flexibly shifting attention between mental states or perspectives 

(Mitchell, 2008). Alternatively, functional subdivisions may exist within this large area of 

cortex (Carter & Huettel, 2013), with some regions contributing more to either self-

projection or cognitive control processes in distancing. Regardless, the causal 

contribution of this brain area to distancing and emotion regulation more broadly 

remains to be tested.  

Comparisons between reappraisal and distraction suggest that self-projection 

may be dissociable from more general cognitive control processes within the inferior 

parietal lobe. Distraction involves directing attention away from a stimulus to alter its 

emotional impact, often by redirecting attention towards more neutral or positive 

content. Distraction is an attentional tactic rather than a reappraisal tactic (Figure 1; 

Gross, 1998), but both types of emotion regulation are explicit. Therefore, both tactics 

recruit cognitive control processes to manage regulatory goals and efforts. In contrast, 

self-projection, or the ability to mentally simulate new perspectives (Buckner & Carroll, 

2007), is specific to distancing. One study of distraction and reappraisal found the left 

TPJ to be preferentially activated by reappraisal while more superior parts of the left 



 

73 

inferior partial lobe were preferentially activated by distraction (McRae et al., 2010). 

Similar results were found in another study comparing the neural substrates of 

distancing, distraction, and two other regulation tactics (Dörfel et al., 2014). These results 

suggest that the left TPJ may be more related to self-projection while more superior 

portions of inferior parietal lobe may serve more general cognitive control functions. 

In this study, I aim to evaluate the contribution of the left TPJ to distancing by 

using TMS to disrupt the function of this region. TMS is an ideal technique for this 

purpose given its capacity to modulate activity locally, temporarily, and non-invasively 

(Polanía, Nitsche, & Ruff, 2018). I hypothesize that the function of the left TPJ is critical 

to distancing, and therefore, inhibitory TMS to this region will decrease distancing 

performance. Decreased distancing performance may be observed through reduced 

changes in valence in response to regulation, increased effort to implement regulation, 

or both. Using distraction as a control task, I further hypothesize that distraction will not 

be dependent on TPJ function and its performance will be unaffected by the TMS 

manipulation. If this dissociation between distancing and distraction is observed, it 

would suggest that the targeted region in the TPJ may specifically play a role in the self-

projection processes of distancing. This work will help to establish the contribution of 

lateral parietal cortex to distancing, while also exploring a novel cortical target for 

modifying affective processes with neurostimulation techniques.  
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4.1 Materials and Methods 

4.1.1 Participants 

Young adults (18 to 39 years old) were recruited through a community 

participant pool managed by the Brain Imaging and Analysis Center at the Duke 

University Medical Center as well as a classified advertisements website for Duke 

University affiliates. Exclusion criteria were contraindications for MRI, positive history 

of psychiatric or neurological conditions, previous adverse response to TMS, current use 

of recreational drugs, current use of medications that are either psychoactive or may 

lower seizure threshold, all assessed though self-report. Additionally, female 

participants completed a urine screening test for pregnancy, and all participants 

completed a urine screening test for drugs that may affect seizure threshold. Three 

participants were excluded based on these criteria. In addition, three participants were 

unable to complete the study due to technical issues, three participants did not complete 

the study due to scheduling conflicts, and one participant withdrew due to concerns 

about the effects of TMS (participant withdrew prior to any TMS administration). 

Finally, data would have been excluded from participants missing more than 10% of 

responses sporadically on the experimental task, but no participants met this criterion. A 

technical issue with the testing computer prevented one participant from responding to 

the final 20% of experimental trials, but the remaining data was included and analyzed 
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in this case since a large proportion of responses were available and the missing 

responses did not indicate a lack of compliance in attending to the task.  

The final sample consisted of 30 participants (20 female, 10 male; age 23.5 ± 2.8 

years, education 16.4 ± 2.2 years; ethnicity: 2 Hispanic or Latino, 19 not Hispanic or 

Latino, 9 did not report; race: 16 Asian, 1 Black or African-American, 13 Caucasian), 

whose data were included in the analyses presented here. This sample size was 

determined using a preliminary power analysis in G*Power (version 3.1; Faul, Erdfelder, 

Lang, & Buchner, 2009) based on an effect reported in a previous TMS study targeting 

the left TPJ with inhibitory stimulation, which disrupted performance on memory and 

episodic simulation tasks (Thakral, Madore, & Schacter, 2017). Given this effect, the 

power analysis prescribed a minimum sample size of 25 participants to achieve 80% 

power with α < .05 based on a two-tailed repeated-measures t test comparing the 

stimulated condition to a control condition. To account for some statistical noise in these 

procedures, a target of 30 participants was then chosen. This experiment was 

undertaken with the understanding and written informed consent of each participant, 

and participants received $20 per hour as monetary compensation. The study was 

approved by the Duke University Health System Institutional Review Board and 

registered on ClinicalTrials.gov (Identifier: NCT03698591). 
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4.1.2 Experimental Protocol 

Refer to Figure 8 for a diagram of the study protocol. Potential participants first 

completed an online questionnaire, which included safety prescreenings for both MRI 

and TMS. Those persons who successfully screened into the study were contacted to 

schedule two experimental sessions within a two-week period. At the first experimental 

session, participants completed informed consent, a full MRI safety screening, training 

for the experimental task, and a structural MRI scan. At the second experimental session, 

participants completed a full TMS safety screening, a refresher on the experimental task, 

a motor threshold procedure to determine individual level of TMS, two rounds of TMS 

(one round of active stimulation and one round of sham stimulation in a 

counterbalanced crossover design), two runs of the main experimental task, three 

shortened and simplified versions of the experimental task (“baselines”), and a debrief 

interview (see Figure 8 for the sequence of these procedures).  

The timing of TMS was carefully coordinated with the timing of task 

performance such that the main task run was performed during the window of the 

maximum expected effect of TMS (timing matched for the main task run following sham 

stimulation) and baseline task runs were performed outside of the window of expected 

TMS effects (Huang, Chen, Rothwell, & Wen, 2007; Huang, Edwards, Rounis, Bhatia, & 

Rothwell, 2005). Specifically, the main task runs were performed between 4-16 minutes 
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post stimulation, and the baseline task runs were performed before the first round of 

TMS and 30 minutes after each round of TMS (i.e., the washout period). 

Active and sham TMS were performed using a double-blind procedure. The 

main experimenter who directed the participants in performing the tasks and positioned 

the TMS coil was unaware of the stimulation condition order. An additional 

experimenter who did not interact with the participants regarding the experimental 

tasks was responsible for determining the counterbalanced condition order and 

configuring the TMS system for active or placebo mode before each round of stimulation 

(see “TMS Procedures” below for more details on sham TMS). The main experimenter 

exited the testing room during TMS system configuration and did not learn the true 

conditions until completion of the study. Participants were debriefed at the completion 

of the session to assess the efficacy of procedures to blind the participants to condition. 

The debrief included two questions for each round of stimulation regarding whether or 

not the participants expected the stimulation to have any effect on their task 

performance before performing the task, and then whether or not the participants 

believed that the stimulation had an effect on their task performance after completion of 

the task. 
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Figure 8: Diagram of experimental protocol. 

4.1.3 Experimental Task and Training 

Participants viewed 60 negative and 20 positive pictures from the International 

Affective Picture System (IAPS; Lang et al., 2008). For negative pictures, participants 

were cued to one of three instructions for different trials: natural response (cue word 

“VIEW”), objective distancing (“OBJECTIVE”), or distraction (“DISTRACT”). On natural 

response trials, participants were instructed to let themselves experience any emotions 

they had in response to the pictures and to avoid regulating their emotions in any way. 

On objective distancing trials, they were instructed to view the image as if they were a 

neutral, objective observer at the scene. For distraction, they were instructed to direct 

their attention to mentally rehearse the digits of a previously memorized nine-digit 

number while looking at the picture (Dörfel et al., 2014). Participants were also advised 
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that if the number ever became so well-rehearsed that it no longer seemed as distracting, 

they should manipulate the number (e.g., by reordering or replacing digits) so that the 

technique again distracted their focus from the pictures. For distancing and distraction, 

participants were instructed that the goal of the technique was to decrease emotional 

responses, and that they should try to use the technique to best achieve that effect. For 

positive pictures, participants were always cued to respond naturally. Trials with 

positive pictures were included so that participants could not predict with certainty that 

an upcoming picture would contain negative content, and to decrease the risk of 

participants developing a negative mood state. Positive trials were not included in the 

data analysis. 

 

Figure 9: Schematic of the emotion regulation task. 

Refer to Figure 9 for a depiction of the trial structure of the task. Each trial began 

with the presentation of a cue word (VIEW, OBJECTIVE, or DISTRACT). The cue word 

was followed by the stimulus, and participants were instructed to apply the cued 

technique for the full duration of stimulus presentation. Immediately following stimulus 

presentation, participants rated their emotional valence on a scale from “very negative” 

(1) to “very positive” (7). For trials in which a regulation technique had been instructed, 
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participants additionally rated how much effort it required from “very little effort” (1) to 

“very high effort” (7). Finally, a “RELAX” screen was presented between trials. 

Participants completed one run of the task after each of the two rounds of TMS. Each 

run consisted of 40 trials (10 VIEW-negative, 10 OBJECTIVE-negative, 10 DISTRACT-

negative, and 10 VIEW-positive) and lasted approximately 12 minutes. Trials were 

presented in one of four pseudorandomized schemes (counterbalanced across 

participants), such that in every group of four consecutive trials, one trial of each type 

was presented. 

At the first experimental session, participants were instructed in the task and 

then completed a set of practice trials for each instruction type: objective distancing, 

distraction, and natural response. During these individual practice sets, participants 

were instructed after each trial to verbalize how they used the cued technique. An 

experimenter provided feedback to guide participants toward correct use of the 

techniques. Each practice set continued until participants demonstrated three 

consecutive correct applications of the technique. Following the individual practice sets, 

participants were prompted to restate the instructions associated with each cue word. 

Additional review and practice was completed for any instructions not correctly 

restated. Finally, participants completed a mixed practice set similar to the real task 

(cued technique varying by trial), and were given the option of additional practice until 

comfortable with the task. The task refresher at the second session consisted of repeating 
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the above procedures for restating the instructions for each cue word and the mixed 

practice set. 

4.1.4 MRI Acquisition 

Scanning was performed on a 3T General Electric MR 750 system with an eight-

channel head coil (General Electric Healthcare, Waukesha, WI, USA). High-resolution 

images were acquired for neuronavigation of TMS using a 3D fast SPGR BRAVO pulse 

sequence with the following parameters: TR = 7.64 ms, TE = 2.936 ms, matrix = 256 x 256, 

flip angle = 12°, voxel size = 1 x 1 x 1 mm, 206 contiguous slices. These structural images 

were aligned to the near-axial plane defined by the anterior and posterior commissures.  

4.1.5 TMS Procedures 

TMS was performed with a figure-8 coil (A/P Cool-B65) and a MagPro X100 

stimulator with MagOption (MagVenture, Denmark). Coil position was continually 

monitored using a Brainsight stereotaxic neuronavigation system (Rogue Research, 

Canada). In the Brainsight software, an MNI-space template brain was registered to each 

participant’s structural MRI scan. This transformation was used to identify the TPJ 

target stimulation site on each participant’s brain based on MNI coordinates (-53 -53 23), 

and the corresponding projection onto the scalp. This target site was determined based 

on the peak group activation in TPJ related to objective distancing in the study 

presented in the previous chapter using the same objective distancing task (Figure 10). 

The TMS device was configured for biphasic pulses.  
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Figure 10: TMS target in the left TPJ. The graph represents data from the study 

presented in the previous chapter. It illustrates that most individual participants had 

an objective distancing activation subpeak within 15 mm of the group peak, and 

participants with stronger distancing performance effects tended to have subpeaks 

closer to the group peak. The image on the right illustrates the TMS target overlaid on 

the results of the OBJECTIVE > VIEW contrast from the previous study. 

To determine the motor threshold, electrodes were placed on the participant’s 

right hand to record activity in the first dorsal interosseous muscle. Motor evoked 

potentials were recorded in Brainsight. The motor hot spot was defined as the position 

over the left motor cortex that elicited the largest motor evoked potential. The active 

motor threshold was then defined as the TMS pulse intensity that evoked a motor 

evoked potential of at least 200 µV with 50% probability during weak voluntary 

contraction (20% of maximum voluntary contraction as measured with a pinch gauge). 

Active motor threshold was determined using a maximum likelihood estimator (TMS 

Motor Threshold Assessment Tool, MTAT 2.0, 

http://www.clinicalresearcher.org/software.htm). 

http://www.clinicalresearcher.org/software.htm
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At different times during the second experimental session (refer to Figure 8), 

each participant received one round of active continuous theta burst TMS and one round 

of sham TMS. Continuous theta burst stimulation was performed with standard 

parameters: bursts at a rate of 5 Hz, three pulses at 50 Hz per burst, 300 pulses in total 

over 20 seconds, 80% of active motor threshold (Huang et al., 2005). Sham stimulation 

was produced by the same coil in placebo mode and followed the same pattern and 

timing as active stimulation. For the sham condition, the opposite face of the coil was 

positioned over the participant’s scalp to avoid directing a significant magnetic field into 

the brain while reproducing the same experience of clicking sounds. Somatosensory 

features of the stimulation were mimicked using electrical stimulation via two electrodes 

that were connected to the coil (such that the same stimulation protocol directed both 

the electrical stimulation and the TMS) and placed at the target site on the scalp. These 

electrodes were placed immediately following determination of the motor threshold and 

remained in place during both stimulation conditions. 

Deviations from the planned stimulation protocol occurred for two participants 

who expressed discomfort at the onset of stimulation. In these cases, the levels of 

stimulation were lowered to approximately 91% of the original intensities. Both 

participants indicated that stimulation procedures were tolerable after these 

modifications, and the experiment proceeded normally after that point. 
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4.1.6 Analyses 

4.1.6.1 Efficacy of Participant Blinding Procedures 

Data from the post-experiment debrief was coded into yes/no categorical 

responses for the pre-task expectations and post-task beliefs of stimulation effects, and 

responses were labeled (after completion of the full study) according to the true 

stimulation condition order for each participant. Based on correspondence with the true 

stimulation conditions, each participant response was coded as either matching or non-

matching with the true condition. For example, if a participant responded no to a pre-

task expected stimulation effect after a round of active TMS, then the response would be 

coded as a non-match. Alternatively, if a participant responded no to the pre-task 

expectation after a round of sham TMS, then the response would be coded as a match. 

The total number of matching and non-matching responses were then counted for pre-

task expectations and post-task beliefs. Chi-square tests of goodness of fit were 

performed to compare the distribution of matching and non-matching responses to 

chance (50% each). 

4.1.6.2 Task Performance 

First, general analyses of the valence and perceived effort ratings were 

performed to characterize the emotion regulation tactics on these outcome measures. For 

these analyses, valence ratings were averaged across both testing periods for distancing, 

distraction, and VIEW-negative trials for each participant, and effort ratings were 
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averaged across the testing periods for distancing and distraction (no effort ratings on 

natural response trials). A one-way repeated-measures ANOVA was performed to test 

for an effect of task condition on valence ratings, and dependent samples t-tests were 

performed to test for an effect of tactic on valence and effort ratings. 

The primary data analysis was performed in accordance with standard 

procedures for crossover study designs (Jones & Kenward, 2003; Wellek & Blettner, 

2012). In this design, two tactics were applied during each of two testing periods, and 

two outcomes measures were analyzed—performance and effort. Performance was 

computed for each tactic and testing period for each participant as the mean valence 

rating for regulation trials minus the mean valence rating for VIEW-negative trials. More 

positive performance values indicate a more positive shift in valence ratings for 

regulation vs. natural response. The following analyses were performed for each 

combination of tactic and measures (distancing-valence, distancing-effort, distraction-

valence, distraction-effort). The first stage of analysis tested for carryover effects from 

the first treatment (stimulation) condition to the second treatment condition. This 

analysis tests the null hypothesis that carryover effects from sham to active TMS and 

active to sham TMS do not differ, and therefore, are negligible. It is performed by 

comparing the within-subject score sums (summing the average scores from both testing 

periods) between subjects assigned to the sham-active and active-sham orders. If the 

result of this test is negative, then the effect of treatment may be tested as follows. 



 

86 

Within-subject differences in scores between testing period 1 and testing period 2 are 

computed and compared between subjects assigned to the sham-active and active-sham 

orders. Similarly, the effect of period (i.e., time) may be tested. The null hypothesis of the 

period effect test is that scores do not differ between testing periods, that is, the first and 

second testing periods, regardless of stimulation condition. This test is performed by 

computing the within-subject differences in scores between the sham and active TMS 

treatment conditions and comparing these differences in scores between subjects 

assigned to the sham-active and active-sham orders. Independent samples t-tests were 

used to evaluate each of these comparisons. In addition to testing for main effects of 

treatment and period, treatment-by-tactic and period-by-tactic interactions were also 

tested within this framework by computing within-subject difference scores between 

tactics for each test. 

4.2 Results 

4.2.1 Efficacy of Participant Blinding Procedures 

Results of the chi-square tests indicated that neither pre-task expectations (match 

n = 33; non-match n = 27; Χ2(1, N = 60) = .60, p = .439) nor post-task beliefs (match n = 36; 

non-match n = 24; Χ2(1, N = 60) = 2.40, p = .121) differed from chance in matching the true 

stimulation condition. Thus, participants did not discern the nature of the active and 

sham TMS and were effectively blinded to stimulation condition. 
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4.2.2 Task Performance 

Repeated-measures ANOVA indicated a significant effect of task condition on 

valence ratings across the experiment, F(1.41, 41.00) = 43.52, p < .001 with Greenhouse-

Geisser correction, η2 = .25 (Figure 11A; Table 7). Dependent-samples t-tests indicated no 

effect of tactic on valence (t(29) = .04, p = .971) or effort ratings (Figure 11B; t(29) = -.23, p 

= .824). These results demonstrate that both emotion regulation tactics were effective at 

shifting valence in the positive direction, but the tactics did not differ from each other in 

terms of valence or effort. 

 

Figure 11: Dot plots of valence and effort by task condition. Each participant’s 

mean rating per condition and measure is represented by a dot. Black dots represent 

means across all participants. 

 

Table 7: Descriptive summary of task performance. Means with standard 

deviations in parentheses. 

 Distancing Distraction View-Negative 

Overall Valence 3.26 (.50) 3.26 (.52) 2.60 (.64) 

Overall Performance .66 (.47) .66 (.55) NA 
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Overall Effort 3.58 (.75) 3.60 (.98) NA 

Valence 

Active TMS 3.31 (.46) 3.27 (.60) 2.65 (.68) 

Sham TMS 3.22 (.60) 3.26 (.59) 2.55 (.68) 

Period 1 3.20 (.57) 3.36 (.48) 2.62 (.68) 

Period 2 3.33 (.50) 3.17 (.68) 2.58 (.68) 

Performance 

Active TMS .66 (.56) .62 (.61) NA 

Sham TMS .67 (.56) .71 (.66) NA 

Period 1 .58 (.58) .74 (.58) NA 

Period 2 .75 (.53) .59 (.68) NA 

Effort 

Active TMS 3.61 (.84) 3.62 (1.08) NA 

Sham TMS 3.55 (.96) 3.59 (1.15) NA 

Period 1 3.80 (.93) 3.68 (1.17) NA 

Period 2 3.36 (.81) 3.53 (1.06) NA 

 

The crossover design analyses showed no evidence of differential carryover effects 

between the two experimental orders (all ps > .1). This result then permitted standard 

analyses of treatment and period effects. The main effect of TMS treatment was not 

significant for distancing or distraction with either outcome measure (Figure 12; all ps > 

.1). In addition, there were no significant treatment-by-tactic interactions; however, there 

was a significant period-by-tactic interaction for performance (Figure 13A; t(28) = 2.48, p 

= .019, d = .91). This interaction reflects an increase in distancing performance from 

period 1 to period 2 relative to a decrease in distraction performance. One test of the 

main effect of period was also significant, indicating a decrease in distancing effort from 

period 1 to period 2 (Figure 13B; t(28) = -2.65, p = .013, d = .97). Distraction effort did not 

differ across time periods (t(28) = -.81, p = .423). 
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Figure 12: Mean outcome measures by period for each treatment order group. 

Mean performance and effort by regulation tactic are illustrated in panels A and B 

respectively. The comparable slopes of the group lines within each graph signify the 

absence of treatment effects. 
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Figure 13: Box plots of regulation performance and effort by task period. Black 

dots represent means across all participants. 

4.3 Discussion 

The primary aim of this investigation was to test the causal contribution of left 

TPJ function to distancing. TMS to the left TPJ did not yield any significant effects on the 

distancing or distraction performance measures in this study. Therefore, no conclusions 

can be drawn about the causal contribution of this region to these emotion regulation 

tactics. However, the present results indicated that repeated use of distancing and 

distraction produced distinct temporal performance profiles. These novel findings 

provide insights into the dynamic performance of these tactics, and offer guidance on 

optimizing the application of these skills in real-world contexts. 

Regarding my a priori hypotheses, no effects on regulation performance were 

detected in relation to stimulation. One possible explanation is that the TMS did disrupt 

the function of the underlying left TPJ as expected, but this functioning was not 
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necessary to implement distancing (or distraction). Notably, distancing was 

characterized by both left and right TPJ activation in both the distancing fMRI results 

and meta-analytic results presented in the previous two chapters (Figures 4 & 7A). 

While some previous work has suggested unique functional contributions from these 

two regions (Perner, Aichhorn, Kronbichler, Staffen, & Ladurner, 2007; Saxe & Wexler, 

2005), it not yet clear whether their functions are separable in the context of distancing. 

Thus, intact function in the right TPJ may have spared distancing performance from any 

decline. Similarly, distancing-related activation around the left TPJ was widespread in 

the preceding study (Figure 7A), so the effects of TMS may have been too focal to 

sufficiently affect the activity of the functionally relevant cortex.  

Another possible explanation is that the TMS did not disrupt cortical function, or 

the degree of disruption was not sufficient to produce a detectable change in distancing 

performance. The amount of data collected in this study was dictated by a power 

analysis based on a previous study using disruptive TMS to the left TPJ, in which 

significant changes in task performance were reported (Thakral et al., 2017). However, 

the current study used a different TMS technique, namely, continuous theta burst as 

opposed to 1 Hz repetitive TMS. This decision was made because it reduced burden on 

participants by cutting stimulation times from 20-30 minutes to 20 seconds per round, 

and there is not yet consensus on whether one of these TMS techniques is more likely to 

produce an inhibitory effect (Chung, Hoy, & Fitzgerald, 2015; Zafar, Paulus, & Sommer, 
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2008). The current study also differed by experimental task. I was not aware of any 

previous studies on distancing using TMS, but the selected study tested episodic 

simulation performance, which shares some mental simulation features with distancing. 

Nevertheless, these tasks also differed in important respects; the episodic simulation 

task specifically involved simulating events from a first-person perspective, whereas the 

distancing task used an observer’s perspective. In addition, the episodic simulation task 

did not involve any explicit emotion regulation component. Thus, it is possible that the 

differences between these tasks precluded the accurate prediction of effect size from one 

to the other. Since the TMS did not affect either tactic in the present study, no 

conclusions can be made about the functional role of the TPJ in these contexts. 

Nonetheless, the changes observed in task performance over time suggest that repeated 

use may have unique effects on the processes underlying these tactics. 

Over the full experiment, both distancing and distraction were successful in 

reducing negative valence, and these effects were comparable across tactics. These 

findings are consistent with previous research demonstrating the reliability and 

effectiveness of these tactics for regulating emotion (Kanske et al., 2011; Sheppes & 

Meiran, 2007; Webb et al., 2012). Similarly, participants reported that both tactics 

required moderate and comparable levels of effort to implement. However, closer 

evaluation of these effects over the course of the experiment revealed unique trajectories 

for distancing and distraction. Specifically, the regulatory performance of distancing 
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improved moving into the latter portion of the experiment relative to a decline in 

distraction performance. Furthermore, while the effort required to use the distraction 

technique remained stable over the experiment, distancing required less effort over time. 

Together, these findings suggest that repeated use of distraction leads to a loss of 

efficiency and efficacy, whereas repeated use can enhance these features for distancing.  

To explain these different trajectories, it is important to consider how the specific 

distancing and distraction techniques in this experiment differed. Regarding general 

cognitive processes, both the distancing and distraction techniques placed demands on 

cognitive control processes (McRae et al., 2010). In the case of distancing, cognitive 

control was required to maintain the regulatory goal and technique in working memory, 

monitor the progress of the regulatory goal, and potentially adapt the implementation of 

the technique to better achieve it. The active distraction technique shared these cognitive 

control demands and specifically required the rehearsal and potential manipulation of a 

number in working memory. However, distancing also required participants to apply 

self-projection to simulate a neutral observer’s perspective of the stimuli, whereas 

distraction did not engage this type of processing. Thus, distancing differed from 

distraction by engaging an additional process, and as a result, participants actively 

processed a unique stimulus while implementing regulation for each distancing trial. In 

contrast, the distraction technique was meant to circumvent appraisal of the picture 

stimuli, so participants were presumably engaging primarily with only one stimulus 
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(the number) that was highly consistent across these trials (with the exception of any 

manipulations introduced by the participants). Therefore, the distancing technique was 

distinguished by both the addition of self-projection and the processing of a unique 

stimulus with each trial.  

In light of these differences in cognitive processes, the observed decline in 

distraction performance over repeated use may have resulted from diminishing 

cognitive control resources, habituation to the distracting content, or a combination of 

these factors. On the other hand, the improvements in distancing performance were 

more likely due to a positive practice effect on self-projection efficacy. It is also possible 

that positive practice effects on cognitive control contributed to the improvements in 

distancing, and in the case of distraction, were masked by a stronger habituation effect. 

However, previous literature on the repeated use of self-control suggests that these 

capacities are more likely to wane than strengthen over short-term repeated use 

(Baumeister, Bratslavsky, Muraven, & Tice, 1998; Vohs & Faber, 2007). Therefore, it is 

more likely that changes in distraction were driven by habituation and possibly 

attenuation of cognitive control, changes in distancing were driven by improvements in 

self-projection, and any potential negative effects on distancing performance due to 

declining cognitive control were outweighed by practice effects on self-projection. While 

the effects of habituation and changes in cognitive control cannot be dissociated in the 

distraction results in this study, considering the effects on both tactics together suggests 
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that the trajectory of distancing performance was most likely driven by self-projection 

processes. This finding suggests self-projection, unlike some other cognitive functions, 

may be prone to enhancement rather than depletion in response to short-term repeated 

use, making distancing and other cognitively related tasks amenable to practice and 

training.  

In addition to the study design and TMS limitations discussed above, other 

potential limitations of this study include that it was not designed to evaluate period 

effects. More than two periods would have been ideal to better characterize the 

trajectories of emotion regulation performance. Even so, the large effect sizes of the 

effects related to period (both > .9) are encouraging with regard to the reliability of the 

directions of these effects. Also, the fact that the distraction technique did not 

incorporate novel distracting content for each trial, and therefore conflated the effects of 

habituation and changes in cognitive control over time, might be considered a limitation 

of this experimental design. However, the primary focus of this study was distancing, 

and the shared cognitive control demands of the two tactics support the interpretation of 

the distancing effects as relating to self-projection. Future work could attempt to 

dissociate the effect of habituation on distraction by changing the distracting content 

with each instance of regulation. While these tactics likely share considerable overlap in 

cognitive control demands, some elements of cognitive control may be uniquely 

recruited by the individual tactics. Thus, future research on self-projection in distancing 
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may also benefit from more precise controls for component cognitive control processes. 

The current design could alternatively be interpreted as highlighting the natural 

distinctions in the features of these regulation techniques. Distancing always involves 

generating a new perspective of the relevant stimulus content, but naturalistic 

implementations of distraction can vary in how much the user chooses to vary 

distracting content. As such, directly processing the relevant stimulus is an inherent 

feature of distancing that can be advantageous in some contexts, as in the current 

design. 

In summary, this study found that with repeated use, distancing performance 

improved while requiring less effort, whereas distraction performance declined while 

effort remained stable. Together, these findings suggest that self-projection processes 

may be facilitated by repeated use. As a result, distancing may have more utility for 

more frequent or long-term application. Distraction, on the other hand, may be most 

effective when applied more selectively for short-term use. These findings complement 

previous work that has suggested that reappraisal may have more adaptive long-term 

consequences on emotion relative to distraction (Kross & Ayduk, 2008; Thiruchselvam, 

Blechert, Sheppes, Rydstrom, & Gross, 2011). Nevertheless, distraction may still be 

preferable in certain contexts, such as brief situations of high emotional intensity 

(Sheppes, Scheibe, & Suri, 2011). TMS to the left TPJ did not modulate distancing or 

distraction performance in the current study. Therefore, specific conclusions about the 
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functional role of the TPJ in distancing cannot be made. Future efforts to affect 

distancing performance using neurostimulation may consider targeting other brain 

regions included in the current model. Further exploration of the functional role of the 

TPJ in distancing with neurostimulation may also benefit from other stimulation 

protocols (e.g., 1 Hz repetitive TMS as in Thakral et al., 2017) or stimulation modalities 

with more spatially diffuse effects (Feeser et al., 2014).  



 

98 

5. Conclusions: Applications and Future Directions 

In this dissertation, I have proposed a preliminary neurocognitive model of 

distancing, and evaluated and further developed this model through a series of studies. I 

first examined whether the current literature on distancing supported the architecture of 

this model through a meta-analysis of fMRI studies of distancing. I then tested the 

model for differences based on forms of distancing with an fMRI investigation. The 

results of these studies provide strong support for the general architecture of the 

proposed model, through both the findings of the meta-analysis and the conjunction of 

activation across the forms of distancing in my fMRI study. Both of these analyses found 

activation associated with distancing in distributed networks corresponding with self-

projection and cognitive control in the model. In addition, the multivariate pattern 

classification results from my fMRI study also revealed differential neural activation 

across forms of distancing within parietal areas including posterior cingulate and 

retrosplenial cortices, precuneus, and left inferior parietal lobule. These findings suggest 

subtle differences in the processing of spatial, temporal, and social transformations in 

parietal regions at the resolution of fMRI. Notably, these parietal areas were already 

present in the proposed model and conjunction results, suggesting that distinctions 

across forms of distancing may be reflected in the degree to which these regions are 

recruited rather than the unique recruitment of different regions.  
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Finally, I used TMS and a distraction condition to try to better define the 

functional contribution of the left TPJ to distancing. Although I was unable to find 

evidence regarding the role of the left TPJ in distancing, I did find improvements in 

distancing performance over repeated use within the experimental session relative to 

distraction. Distraction performance likely deteriorated due to some combination of 

habituation to the distracting content and the attenuation of some cognitive control 

processes. This idea is supported by previous work demonstrating decreases in 

performance over consecutive tasks requiring self-regulation (Baumeister et al., 1998). In 

contrast, distancing improved despite some shared cognitive control demands, which 

suggests that self-projection was potentiated through repeated use over the session. This 

finding adds to previous training studies demonstrating improvements in distancing 

performance over the course of several days (Denny & Ochsner, 2014; Koenigsberg et al., 

2018). Thus, self-projection may be particularly prone to both short-term and long-term 

facilitation with practice.  

While similar models had been described for reappraisal, this is the first model I 

am aware of that has been specifically developed for distancing. Given the differences 

between distancing and other reappraisal tactics, this model is an important step toward 

better understanding the specific cognitive and neural mechanisms that support 

distancing techniques. Not only could this advance lead to more insight into the 

mechanisms of this emotion regulation tactic, but also related functions such as 
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mindfulness, depersonalization, mentalizing, empathy, self-regulation, denial, and 

behavioral distancing and avoidance (i.e., changing actual distance rather than 

psychological distance between the self and an emotion elicitor). In particular, it 

provides a framework for developing new hypotheses related to these functions and the 

component processes of distancing. 

Regarding distancing itself, this work provides a foundation for a variety of 

research questions. For example, graph theoretical and network science approaches 

could be used to further test the proposed network structure of the regions in the model. 

In particular, I have proposed distributed cognitive control and self-projection networks 

that support distancing, and specific coordinating roles for the PCC+ and TPJ. These 

network approaches would be helpful in evaluating the validity of these network 

distinctions as well as the parts the individual regions play in communication within or 

between these networks. In addition, given the now well-defined architecture of 

distancing, it would be helpful to better understand the temporal dynamics of these 

cognitive and neural processes. Using tightly controlled cognitive manipulations along 

with recording techniques such as electroencephalography could better determine the 

order with which the relevant cortical regions are recruited. Such investigations would 

improve our understanding of how the component processes described in the model 

interact to accomplish distancing. 
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More broadly, this framework could be used to examine how emotion regulation 

success is tracked in the brain. While not a primary focus in the studies presented here, I 

identified the dorsomedial PFC as an important brain region in evaluating one’s own 

affective state. According to the model, this area may then communicate with cognitive 

control regions involved in maintaining and monitoring the goal of either upregulating 

or downregulating emotion. This description is consistent with current evidence as 

discussed in the first chapter of this dissertation but has not been directly tested. 

Furthermore, the anterior dorsomedial PFC is particularly lacking in the findings from 

the studies presented here. I have discussed how this absence could be predicted and 

explained by the fact that laboratory tasks of distancing require affective self-reflection 

for both natural response and distancing conditions, potentially masking this process 

and region in contrasts of these conditions. Therefore, it would be especially valuable to 

further evaluate this component of the model, perhaps using specially designed 

neuroimaging contrasts to select for this process, or again, network analyses to elucidate 

the functional dynamics of this region with cognitive control areas. 

One of the most interesting findings of the work presented here was the different 

patterns of parietal activation across forms of distancing. This investigation was one of 

the first to assess differences in the neural processing and representation of spatial, 

temporal, and social distance. The regions preferentially activated for different forms of 

distancing identified here are generally consistent with another study on these 



 

102 

processing domains (Peer et al., 2015), but the specific associations between region and 

processing domain were not fully consistent. Little is known about how the functions of 

these regions may specifically contribute to these different processing domains, but 

these findings provide specific cortical targets for follow-up investigations. 

Neuromodulatory techniques could provide a valuable approach for better 

understanding the functions of these regions. Currently, neurofeedback constitutes the 

primary approach for modulating deeper regions in the brain, but neurostimulation 

approaches that can reach deeper structures are being actively explored now. Inhibitory 

paradigms could further evaluate the specificity of these regions across these domains, 

while other experimental designs could be used to more precisely interrogate the aspects 

of cognitive processing supported by these regions. 

In terms of processes related to distancing, the framework presented here could 

yield further insight into such topics such as depersonalization and mindfulness. 

Objective distancing entails substituting one’s own perspective of an emotionally salient 

event with a more objective, third-party perspective. This involves voluntarily and 

temporarily distancing the experience of self to improve emotional experience. When 

disruptions to an individual’s experience of self become more extreme and involuntary, 

they constitute a maladaptive, disordered state known as depersonalization. 

Depersonalization can manifest as experiences of detachment from one’s thoughts, 

feelings, or behaviors; sensations of disconnection between one’s sense of self and body; 
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or emotional numbing (American Psychiatric Association, 2013). Some preliminary 

neuroimaging work on depersonalization has related symptoms to hypoactivation in the 

anterior insula (Medford et al., 2016). If depersonalization can be characterized as an 

extreme form of self-projection, then further investigation may reveal additional 

dysfunction in the self-projection network identified in the present model. Likewise, 

anterior insula may be an additional target of interest in moderating the intensity of 

certain forms of distancing. 

Mindfulness also has an interesting relationship with distancing. In its standard 

forms, distancing modifies the sense of separation between the self and an affective 

stimulus. Concepts related to mindfulness, such as decentering, involve creating 

separation between the self and that individual’s thoughts and feelings, so that they may 

be perceived in a more objective way (Hayes-Skelton & Graham, 2013). For example, one 

could use distancing to try to achieve a more objective perspective about a bad 

performance, or mindfulness to promote a more neutral experience of one’s natural 

thoughts and feelings about that bad performance. As such, mindfulness operates on a 

more general level than distancing. Reinterpretation may then fall on the other end of 

this spectrum, where thoughts about the bad performance would be intentionally 

modified. Thus, reinterpretation involves changing thoughts about the stimulus, 

distancing involves changing the perspective from which the stimulus is considered, 

and mindfulness involves changing the way in which one relates to their thoughts even 
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more generally. Even so, it is unclear how subtle these distinctions may present in terms 

of neural processes. There is already evidence to suggest that reinterpretation and 

distancing may recruit highly overlapping sets of neural resources (Ochsner, Ray, et al., 

2004; Ochsner et al., 2012). Distinctions between objective distancing and mindfulness 

may be even more subtle, but this remains to be directly tested. 

In addition to theoretical contributions, this work could also lead to more 

effective interventions for emotion dysregulation. Understanding the neural processes 

underlying distancing creates the potential for brain-targeted interventions using 

approaches such as neurostimulation. Currently, these methods are especially suited for 

modulating activity in superficial cortical areas, which makes several regions in the 

model potential targets. More work is needed to fully optimize the stimulation 

parameters of these techniques, but some research has demonstrated that sustained 

benefits to cognitive function are possible (Luber & Lisanby, 2014). Furthermore, TMS is 

already an FDA-approved treatment for major depressive disorder and obsessive 

compulsive disorder (Voelker, 2018), and many related interventions are currently being 

explored (Slotema et al., 2010). Improvements in distancing performance may be 

possible using such techniques, and the present model could provide a guide for the 

development of these interventions. Preliminary efforts to enhance distancing with brain 

stimulation are already underway (Feeser et al., 2014), and the success of these 
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interventions will likely improve as understanding of the relevant brain mechanisms 

increases. 

The findings on distancing and distraction presented in the previous chapter also 

suggest how these tactics may be instructed and applied more effectively. Given the 

evidence that distraction may be preferred for more intense emotional responses 

(Sheppes et al., 2011), its effects are short-lived (Kross & Ayduk, 2008; Thiruchselvam et 

al., 2011), and its effectiveness decreases with repeated use, distraction may be most 

adaptive when applied sparingly for situations of high emotional intensity. On the 

contrary, the effects of distancing can extend beyond its initial implementation (Erk, 

Mikschl, et al., 2010; Kross & Ayduk, 2008), and the work presented here and elsewhere 

has demonstrated short- and long-term increases in its performance with repeated use. 

Together, these findings suggest that distancing may be most effective with regular use 

and more adaptive for stimuli that may be encountered repeatedly. Thus, this work may 

support more evidence-based instruction in interventions involving training in emotion 

regulation skills. 

The model of distancing presented in this dissertation advances our 

understanding of the processes underlying this cognitively complex tactic of emotion 

regulation and how it may be used more effectively. Its focus on one specific tactic of 

reappraisal provides a novel contribution to the scientific literature on emotion 

regulation, which has tended towards a broader scope, conflating different tactics and 
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techniques. Given the component processes of distancing, this work also carries 

implications for other functions sharing these processes, which may further research on 

those topics as well. This model was specifically designed as a framework that can be 

revised and expanded as new findings on distancing emerge. Hopefully, future efforts 

will continue this systematic approach to discerning the neurocognitive mechanisms 

governing emotion regulation and how these findings can be translated into more 

successful interventions for affective dysregulation.  
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Appendix A 

Table 8: Description of studies included in meta-analysis. F = female; hyp = 

hypothetical; M = male; N/A = not reported; obj = objective; spat = spatial; temp = 

temporal. *reported prior to exclusions 

Study N (F/M) Mean age (SD) Distancing form(s) 
 
Denny, Fan, et al., 2015 

 
11/10 

 
29.0 (6.7) 
 

 
obj 

Denny, Inhoff, et al., 2015 12/5 24.1 
 

obj, spat, temp 

Domes et al., 2010 17/16 male: 25.2 (1.9); 
female: 24.6 (1.6) 
 

obj 

Dörfel et al., 2014 17/0 within 18-39 
 

obj 

Eippert et al., 2007 24/0 23.3 
 

obj 

Erk, Mikschl, et al., 2010 8/9 43.9 (10.1) 
 

obj 

Goldin et al., 2008 17/0 22.7 (3.5) 
 

obj 

Goldin et al., 2009 9/8 32.1 (9.3) 
 

obj 

Hayes et al., 2010 11/14 21.6 (2.5) 
 

obj 

Kim & Hamann, 2007 10/0 20.7 
 

hyp, obj, spat 

Koenigsberg et al., 2009 9/7 31.8 (7.7) 
 

obj 

Lang et al., 2012 15/0 24.7 (5.6) 
 

obj 

Leiberg et al., 2012 24/0 24.1 
 

hyp, obj 

Morris et al., 2012 9/6 35 (12) 
 

hyp, obj 

Mulej Bratec et al., 2015 20/0 24.8 (2.3)* 
 

hyp, obj 

Paret et al., 2011 0/21 28 (4) 
 

obj, spat 

Paschke et al., 2016 55/53 26.1 (3.7) obj 
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Pitskel et al., 2011 6/9 13.0 (2.2) 

 
hyp 

Walter et al., 2009 18/0 24 (3)* 
 

obj 

Winecoff et al., 2011 42 (N/A); 20 
older adults, 22 
young adults 

older adults: 69.0 
(3.9); young adults: 
23.1 (4.0) 
 

obj 

Winecoff et al., 2013 21/10 25 
 

obj 

Xie et al., 2016 19/0 25.0 (2.3)* hyp, obj, spat 
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Appendix B 

Pilot Studies 

 The main findings of self-reported valence in the present study replicate the 

pattern of results observed in two pilot studies (see Figure S1). These pilot studies did 

not involve fMRI scanning. They used very similar task designs with the following 

exceptions. Both pilot studies used rating scales ranging from one to nine, while the 

present study was restricted to a range of one to seven due to the button response boxes 

in the MRI scanner. They also used a constant intertrial interval of four seconds (jittered 

in present study) and a stimulus presentation/regulation period of ten seconds (eight 

seconds in present study). In addition, the manipulation check response was instead a 

one-to-nine rating of regulation success in Pilot Study 1. In Pilot Study 1, startle eyeblink 

response was measured during the task, which involved delivery of a 50 ms, 100 dB 

burst of white noise during the regulation period of some trials and electrode recordings 

from the participant’s face. In Pilot Study 2, electrodermal response was recorded during 

the task using electrodes placed on the participant’s non-dominant palm. 

 Pilot Study 1 included data from 21 participants (age 21.6 ± 5.3 years, education 

13.4 ± 1.7 years), who were recruited primarily through an undergraduate psychology 

participant pool at Duke University. Pilot Study 2 included data from 30 participants 

(age 23.6 ± 3.7 years, education 16.2 ± 2.3 years), who were recruited primarily through a 

community participant pool based at Duke University. 
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Figure 14: Distancing performance in pilot studies. In the present study, 

“neutral” corresponded to a valence rating of four, whereas in the pilot studies, it 

corresponded to a rating of five. For pilot study 1, N = 21, and for pilot study 2, N = 30. 

Error bars represent the standard error of the mean, and asterisks indicate significant 

pairwise differences at p < .05. 
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