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Abstract

Distancing is an effective tactic for emotion regulation, which can take several forms depending on the type(s) of
psychological distance being manipulated to modify affect. We recently proposed a neurocognitive model of emotional

distancing, but it is unknown how its specific forms are instantiated in the brain. Here, we presented healthy young adults
(N =34) with aversive pictures during functional magnetic resonance imaging to directly compare behavioral performance
and brain activity across spatial, temporal, and objective forms of distancing. We found emotion regulation performance to
be largely comparable across these forms. A conjunction analysis of activity associated with these forms yielded a high
degree of overlap, encompassing regions of the default mode and frontoparietal networks as predicted by our model. A
multivariate pattern classification further revealed distributed patches of posterior cortical activation that discriminated
each form from one another. These findings not only confirm aspects of our overarching model but also elucidate a novel

role for cortical regions in and around the parietal lobe in selectively supporting spatial, temporal, and social cognitive
processes to distance oneself from an emotional encounter. These regions may provide new targets for brain-based

interventions for emotion dysregulation.

Key words: emotion regulation, functional magnetic resonance imaging, multivariate pattern classification, psychological

distance, reappraisal

Introduction

Reappraisal is a strategy for regulating emotion in which
changes in thinking lead to changes in emotional outcomes.
Reappraisal has been successfully used to regulate emotional
responses across a variety of research contexts (Winecoff
et al. 2011; Lang et al. 2012; Gaebler et al. 2014; Denny,
et al. 2015a; Silvers et al. 2017), and it is a core component of
cognitive and behavioral therapies (Beck et al. 1979; Wilson
2008). Mechanistic cognitive and neural accounts of reappraisal
have been proposed (McRae et al. 2010; Ochsner et al. 2012),
but important distinctions exist within this broad strategy of
emotion regulation.

Distancing and reinterpretation are commonly recognized as
different tactics within the strategy of reappraisal (Ochsner et
al. 2012). “Distancing” refers to simulating a new perspective
that alters the psychological distance of the stimulus to the

subject (e.g., imagining oneself as an outside observer rather
than the subject of an experience), whereas “reinterpretation”
is defined as mentally transforming the content or meaning of
the stimulus in some way (e.g., imagining how negative feedback
on a work in progress will improve the finished product). Less
is known about these specific tactics, particularly distancing
(Koenigsberg et al. 2010; Ochsner et al. 2012), but some evidence
suggests differentiation in their effects and mechanisms. One
study found that longitudinal training in distancing, but not
reinterpretation, was associated with decreased stress in daily
life as well as more neutral ratings of aversive pictures during a
non-regulation condition (Denny and Ochsner 2014). Training in
distancing may generalize more naturally to novel stimuli than
reinterpretation given that it is less related to the content of
a specific stimulus, which could explain these effects. In fact,
distancing permits content to be processed as it is, rather than
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requiring some manipulation of stimulus content, as is the case
in reinterpretation. As a result, distancing can promote more
adaptive processing of negative memories or future concerns
without transforming the stimuli in ways that might feel fac-
titious (White et al. 2018). Thus, distancing may feature some
practical advantages over reinterpretation, but the neural cor-
relates of the component processes that contribute to different
forms of distancing remain relatively unknown.

We recently proposed a neurocognitive model of distancing
as an emotion regulation tactic. This model describes a set of
cognitive processes and brain regions supporting distancing,
most prominently including self-projection and cognitive con-
trol processes in the default mode and frontoparietal networks,
respectively (see Powers and LaBar 2019 for a full description of
the model). However, instructions given to participants perform-
ing distancing tasks vary considerably across studies. Distanc-
ing techniques can be classified by the form(s) of psychologi-
cal distance being targeted and modified (Trope and Liberman
2010). Across studies, distancing techniques have targeted vari-
ous combinations of these forms of psychological distance (e.g.,
social distance in Denny et al. 2015a and social, hypothetical, and
spatial distance in Kim and Hamann 2007), but to our 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, we address this gap
by comparing the efficacy and brain activation associated with
spatial, temporal, and objective forms of distancing. By doing so,
we aim to validate the overarching neural architecture of our
model and expand it to include a more nuanced account of the
neurocognitive mechanisms of distancing. Note that “objective
distancing” is the term used for the form of emotion regula-
tion that involves manipulations of social distance (for further
discussion of this relationship, see Powers and LaBar 2019); so
in this article, “objective distancing” refers to a set of emotion
regulation processes and “social distance” refers to a related
form of psychological distance.

Some clues regarding differences across forms of distanc-
ing emerge from the cognitive theory and neural evidence on
representations of psychological distance. Construal-level the-
ory 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 and Liberman 2010). As a result, the forms of
psychological distance are closely related to each other, as sup-
ported by behavioral findings (Bar-Anan et al. 2007; Stephan
et al. 2010). Based on this theory, transformations of different
forms of psychological distance are likely to recruit largely over-
lapping neural resources. Indeed, previous work investigating
psychological distance independent of emotion regulation has
identified common neural resources across these transforma-
tions (Tamir and Mitchell 2011; Parkinson et al. 2014). Thus, we
hypothesize that in the context of emotion regulation, forms of
distancing will consistently recruit areas of the brain supporting
cognitive control and the processing of psychological distance
more generally, including the frontoparietal and default mode
networks, respectively (Powers and LaBar 2019).

In addition, another study of general representations of psy-
chological distance has suggested subtle intraregional differ-
ences in brain activation across forms (Peer et al. 2015). This
study noted consistent patterns discriminating spatial, tem-
poral, and social distance around the precuneus and poste-
rior cingulate cortex as well as the inferior parietal lobe. The
present work will build on this previous study, which focused
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primarily on individual-level univariate analyses, by examin-
ing 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,
we further hypothesize that the different forms of distancing
will be uniquely associated with brain activation around these
posterior cortical regions.

This study will advance our understanding of the neural
architecture of cognitive emotion regulation by revealing com-
mon and distinct neural contributions across forms of distanc-
ing, 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 cog-
nitive emotion regulation has focused more on frontotemporal
cortical interactions (Winecoff et al. 2011; Silvers et al. 2017),
this study will further explore the involvement of more posterior
cortical regions.

Materials and Methods
Participants

Young adults were recruited through a community and univer-
sity participant pool managed by the Brain Imaging and Analysis
Center at the Duke University Medical Center. The included age
range was 18-39 years inclusive, and recruitment was intention-
ally balanced for sex. The target number for enrollment was
determined based on estimates from NeuroPower, a web-based
tool for functional magnetic resonance imaging (fMRI) power
analysis (neuropowertools.org; preprinted in Durnez et al. 2016).
This tool offers a significant advantage over other approaches
for fMRI power analysis by allowing the user to define the effect
of interest as a distributed pattern of brain activation. This effect
is then provided to NeuroPower in the form of a statistical map
from a pilot data set. The effect of interest targeted here was the
brain activation associated with distancing, or the fMRI contrast
of “distancing > natural response”, which was expected to be
distributed across the brain (Powers and LaBar, 2019). To obtain
a statistical map from a comparable pilot data set, we con-
tacted the investigators of a previous fMRI study of distancing
(Winecoff et al. 2011), who provided a map of the appropriate
contrast from their study (“Reappraise-Negative > Experience-
Negative” using the terms of their article). At the time of this
analysis, the NeuroPower tool was not able to precisely account
for some differences in study design between the pilot and
current studies that would impact power estimates (e.g., num-
ber of trials and imaging volumes contributing to the relevant
conditions). In addition, estimation procedures based on false
discovery rate correction for multiple comparisons, which was
the planned method of correction for the current study’s mass
univariate contrast maps, were in the process of being updated
by the tool’s developers. Therefore, NeuroPower could not pro-
vide a precise determination of sample size, and our final enroll-
ment target (N=35) was interpolated from NeuroPower results
generated in consultation with the tool’s developers.

Exclusion criteria were contraindications for MRI, positive
history of psychiatric or neurological conditions, current use
of psychoactive medications, and left handedness, all assessed
through self-report. Additionally, participants completed the
Beck Depression Inventory-II (BDI; Beck et al. 2010), and partic-
ipants would have been excluded for a total score greater than
20 (indicating at least moderate depressive symptomology) or
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a suicide item score greater than 1 (indicating at least mod-
erate suicide risk). No participants met BDI criteria for exclu-
sion. To ensure accurate emotional self-report, data from highly
alexithymic participants would have been excluded based on
the Toronto Alexithymia Scale (TAS-20; Bagby et al. 1994), indi-
cated 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 task (1 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 His-
panic 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 con-
sent 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.

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 5 temporal perspectives, the
PTSOT measures spatial perspective-taking ability, and the IRI
measures 4 components of empathy. The ZTPI, PTSOT, and IRI
were selected as potential predictors of temporal, spatial, and
objective distancing performance, respectively. These relation-
ships were assessed with correlation analyses. Given the insuffi-
cient sample size of this study for proper evaluation of individual
differences, only results surviving correction for multiple com-
parisons are reported in the Supplementary Materials for com-
pleteness and transparency (Supplementary Materials, Table S1).

Experimental Task and Training

Participants viewed 84 negative, 28 neutral, and 28 positive
pictures from the International Affective Picture System (IAPS;
Lang et al. 2008). For negative pictures, participants were cued to
1 of 4 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, we determined that

the additional inclusion of occasional positive images increased
participant compliance with the task and decreased the risk
of participants developing a negative mood state. Positive trials
were not included in the data analysis.

Refer to Figure 1 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. Imme-
diately 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 tried
to apply 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 try to
apply the cued technique were excluded from all analyses. This
check was implemented in response to pilot testing primarily to
account for lapses in attention during cue presentation. 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
5 s and a minimum interval of 2 s. The resulting intervals
ranged from 2 to 9 s. The main experimental task consisted
of 7 runs of 20 trials each and lasted approximately 55 mins.
Trials were presented in 1 of 4 pseudorandomized schemes
(counterbalanced across participants and sex), such that in every
group of 5 consecutive trials, 1 trial presented a neutral picture
and 1 presented a positive picture, and the 4 cue types were
evenly distributed over the remaining negative pictures in each
run in an intermixed order.

Atthe 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 3 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
the above procedures for restating the instructions for each cue
word and the mixed practice set.

Analyses of Self-Report Data

Repeated-measures analysis of variance 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 <0.05 and were themselves
thresholded at P <0.05 controlling for family wise 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
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Figure 1. Schematic of the emotion regulation task. Note that participants were trained to respond to the “Success?” screen (i.e., manipulation check) based on whether
they attempted to use the cued technique, not based on whether they thought the technique effectively regulated their emotion. Also note, the picture stimulus
displayed in the figure is for illustration purposes only (https://commons.wikimedia.org/wiki/File:Disgusting bug.jpg). It is not part of the IAPS but was selected by the

authors for its similarity to the IAPS pictures.

technique and mean valence of natural response, where higher
scores indicate a greater positive effect of regulation. In addition,
negative emotion induction was evaluated with a paired-
samples t-test of valence ratings for the negative-VIEW and
neutral-VIEW conditions (see Supplementary Materials).

Image Acquisition and Preprocessing

Scanning was performed on a 3 T General Electric MR 750
system with an 8-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 spoiled gradient (SPGR) BRAVO pulse sequence with
the following parameters: repetition time (TR)=7.64 ms,
echo time (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 (no slice gap) with interleaved acquisition.
The first 4 images of each functional run were discarded to
ensure that 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 Advanced Normalization Tools (ANTs)
v2.1.0; http://stnava.github.io/ANTSs/; Tustison et al. 2010); brain
extraction (ANTs); spatial normalization to the International
Consortium for Brain Mapping (ICBM) 152 nonlinear asymmet-
rical template version 2009c through nonlinear registration

(ANTs; Avants et al. 2008); and brain tissue segmentation
for cerebrospinal fluid, white matter, and gray matter (FSL
v5.0.9; https:/fsl.fmrib.ox.ac.uk/fsl; Zhang et al. 2001). Visual
inspection revealed a poor nonlinear registration result for 1
participant; however, an adequate result was attained through
small adjustments to the nonlinear 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 9 degrees of freedom (FSL;
Greve and 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,
we applied a 0.02 Hz high-pass filter 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).

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
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with a double-gamma hemodynamic response function.
The regressor for rating period encompassed the responses
for valence, the manipulation check, and effort, such that all
response periods for a given trial were modeled as a single event.
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., “SPATIAL > negative-
VIEW”) and each distancing technique against the other
two (e.g., “SPATIAL > (TEMPORAL + OBJECTIVE)”). Contrasts of
“negative-VIEW > neutral-VIEW” were also run to evaluate the
effects of emotion induction in this task (see Supplementary
Materials, Table S2). 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<0.01 using false discovery rate correction for multiple
comparisons and a clusterwise inference level of « < 0.05 based
on Monte Carlo simulations. Specifically, extent thresholds
were determined with 3dClustSim using smoothness estimates
of the data and 10000 simulations (AFNI version 17.2.02). We
then assessed regions of common activation across distancing
techniques with a conjunction analysis of the “INDIVIDUAL
DISTANCING > negative-VIEW” contrasts (Nichols et al. 2005).

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; Dorfel et
al. 2014; Denny, et al. 2015b). The same activation contrasts
were generated in these analyses as in the whole-brain uni-
variate analyses, including each distancing technique against
the natural response condition (e.g., “SPATIAL > negative-
VIEW”) and each distancing technique against the other
two (e.g, “SPATIAL > (TEMPORAL -+ OBJECTIVE)”). Additional
contrasts included the following: 1) all distancing techniques
collapsed against natural response (DISTANCING > negative-
VIEW) to increase power, 2) the reverse contrast (negative-
VIEW > DISTANCING) to test for effects related to emotional
reactivity, and 3) reverse contrasts broken down by distancing
technique (e.g., “negative-VIEW > TEMPORAL”). Data were
analyzed exactly as 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 follow-up analyses at
the reviewers’ request, these small-volume analyses were also
performed in a more specific region of interest comprised only
of the bilateral amygdala labels.

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 pre-
vious 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 “negative-VIEW > DISTANCING” was
regressed on distancing performance (the difference between
each individual’s mean valence rating on distancing trials vs
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.

Multivariate Pattern Classification

To more sensitively evaluate activation differences between dis-
tancing techniques (Reddan et al. 2017), we employed partial
least squares (PLS) discriminant analysis (Wold et al. 2001),
which has previously been used with fMRI data to discrim-
inate 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 masked to the gray matter. The gray
matter mask was computed by first averaging and thresholding
the gray matter segmentation probability maps across all par-
ticipants and then excluding any voxels with a value of 0 in the
parameter estimate maps of any participants (voxels outside the
field of view before spatial normalization). Input data were then
collapsed into a 1939 trial-by-16 659 voxel matrix (644 spatial,
651 objective, and 644 temporal distancing trials after exclusions
from preprocessing and manipulation check failures described
above) and mean-centered for classification.

Data pretreatment (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 5) to protect against over-
fitting. This full procedure was repeated 10 times in order to
generate confidence intervals (Cls) for signal detection metrics,
which were averaged across classes. Wilson score centers and
intervals were calculated to estimate CIs for classification
accuracy. To test the robustness of these results, the analysis was
repeated while fixing the number of latent variables at 1 through
5. Models using 5 latent variables minimized generalization
error, but all models yielded accuracy significantly greater
than chance (1 latent variable: accuracy=36.6%, 95% CI
[34.5-38.8%|; 2 latent variables: accuracy=37.2%, 95% CI
[35.0-39.3%]; 3 latent variables: accuracy =38.1%, 95% CI [35.9%,
40.2%]; 4 latent variables: accuracy = 38.6%, 95% CI [36.4-40.8%); 5
latent variables: accuracy = 39.7%, 95% CI [37.5-41.9%)]). Bootstrap
resampling with 5 latent variables and 10 000 replicates was
used to estimate PLS regression coefficients. These estimates

020z 1shBny 90 uo Jasn Aieiqi Jejua) [eoIpal aNa Aq G066995/99/2/S/0EA0BNSqR-8[011B/100480/W00 dno olwapede//:sdiy Woll papeojumo(]


https://academic.oup.com/cercor/article-lookup/doi/10.1093/cercor/bhz273#supplementary-data
http://www.gin.cnrs.fr/en/tools/aal-aal2/
http://www.gin.cnrs.fr/en/tools/aal-aal2/
libpls.net
mathworks.com/products/matlab.html
mathworks.com/products/matlab.html

Mean Valence by Condition
E3

Mean Valence

Spatial Temporal Objective View

Figure 2. 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 <0.05.

were then remapped to standard space, and clusterwise
correction was applied using a cluster-forming threshold of
P <0.01 and an extent threshold corresponding to « < 0.05 based
on Monte Carlo simulations.

Results
Self-Report Analyses

The omnibus test of valence revealed a significant effect of con-
dition (F[2.13, 70.24]=45.83, P <0.001, »?=0.21). Pairwise com-
parisons showed that valence ratings were significantly more
negative for natural response (M=2.66, 95% CI [2.43-2.88]) rela-
tive 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 <0.001; Fig. 2), but no differences were
found between distancing techniques (all P> 0.1). These find-
ings replicate our results from 2 behavioral pilot studies of
earlier versions of this experimental task (see Supplementary
Materials). The omnibus test of effort also revealed a signifi-
cant effect of distancing technique (F[1.99, 65.72] =4.35,P=0.017,
n?=0.010). 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 =0.019). However, the small effect size and small
absolute difference between these techniques (0.26 on a 7-point
scale) suggest little practical significance.

Imaging Analyses

Mass Univariate Analyses

The conjunction analysis of univariate contrasts yielded com-
mon activation across distancing techniques in posterior cingu-
late cortex, precuneus, presupplementary motor area, bilateral
inferior parietal lobe, left prefrontal cortex, and left superior
temporal sulcus (Fig. 3A; refer to Table 1 for cluster reports for
contrasts and conjunction). Univariate contrasts between dis-
tancing techniques yielded no significant results.

In the small volume-corrected analyses of the medial
temporal lobe, the “DISTANCING > negative-VIEW” contrast
yielded significant clusters in the hippocampus and parahip-
pocampal gyrus, as did the “OBJECTIVE > negative-VIEW”
contrast (Table 2). The remaining contrasts, including “negative-
VIEW > DISTANCING”, yielded no suprathreshold clusters in the
medial temporal lobe region of interest. No contrasts using the
more specific amygdala region of interest yielded significant
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Figure 3. Imaging analysis results. (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 con-
junction between all 3 distancing distributions is indicated in white. (B) Shows
regions contributing to positive classifications of each distancing technique
against the other 2 based on the PLS regression coefficients. Colors follow from
the legend in (A), where red indicates spatial distancing, etc.

results. However, regression analysis of amygdala deactivation
on distancing performance yielded a significant cluster in the
right amygdala using a voxelwise threshold of q<0.05 with
false discovery rate correction (Table 2). Thus, larger effects of
distancing on self-reported affect were associated with greater
deactivation in right amygdala.

Multivariate Pattern Classification

The multivariate pattern classification found information
across voxels to classify distancing techniques with per-
formance greater than chance: accuracy=39.0% (95% CI
[36.8-41.1%], P <0.001) versus chance of 33.3%, area under the
receiver operator characteristic curve=0.564 (95% CI [0.555-
0.573], P <0.001) versus chance of 0.5, sensitivity =0.541 (95% CI
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Table 1 Cluster report of whole-brain univariate imaging results

Locus (Brodmann area) Volume (mm?3) Coordinates (MNI)

X Y Z

Univariate contrasts
SPATIAL > negative-VIEW

L angular gyrus (39) 41405 -56 —64 25
*L superior parietal lobule (7) —40 -76 44
*L middle temporal gyrus (21) —64 —48 -2
*L superior temporal sulcus (21) -56 -8 -13
*L superior temporal gyrus (38) —48 20 -29
L middle frontal gyrus (8) 27968 —44 8 47
*L inferior frontal gyrus (45) -56 24 21
*L superior frontal gyrus (6) -8 16 59
*L inferior frontal gyrus (47) —52 28 -13
*L superior frontal gyrus (10) -28 64 6
L precuneus (31) 22800 -12 —60 21
*L cingulate gyrus (31) -16 —44 36
*L precuneus (7) -8 -72 51
*R cingulate gyrus (31) 12 —40 36
*R precuneus (31) 12 —60 25
R angular gyrus (39) 8208 48 —68 32
OBJECTIVE > negative-VIEW
L inferior temporal gyrus (20) 98557 —44 -4 —40
*L superior temporal gyrus (39) —44 —56 21
*L middle temporal gyrus (21) —64 —44 -2
*L superior parietal lobule (7) —40 -76 47
*L middle frontal gyrus (46) -52 28 25
R angular gyrus (39) 32528 56 —64 25
*R middle temporal gyrus (21) 44 8 -32
*R middle temporal gyrus (21) 64 -8 -13
*R inferior frontal gyrus (47) 48 32 -13
*R superior temporal gyrus (22) 60 —44 6
L posterior cingulate gyrus (31) 23226 -4 —40 36
*L precuneus (7) —4 —64 36
R superior frontal gyrus (6) 7661 8 32 59
*R superior frontal gyrus (9) 20 56 32
R lateral middle lobe of cerebellum 5107 44 —68 -36
*R uvula 20 -72 -32
*R fusiform gyrus (19) 44 -76 -17
L precentral gyrus (4) 4986 -32 —24 63
TEMPORAL > negative-VIEW
L middle temporal gyrus (21) 77216 —60 -12 -17
*L middle frontal gyrus (6) —40 8 55
*L superior temporal gyrus (22) —68 -36 6
*L supramarginal gyrus (40) -52 -56 25
*L inferior parietal lobule (39) —44 -72 40
L posterior cingulate gyrus (31) 17450 -8 —44 36
*L precuneus (31) -12 —60 21
*R posterior cingulate (30) 8 -56 17
*R cingulate gyrus (31) 12 —40 36
R superior temporal gyrus (22) 4803 64 —44 9
*R middle temporal gyrus (21) 64 -8 -6
R angular gyrus (39) 3526 48 —64 32
R uvula 2918 16 -76 -32
L precentral gyrus (4) 2614 -32 —24 59
3-way conjunction
L superior temporal gyrus (22) 35541 -53 —47 16
L middle frontal gyrus (9) 22618 —41 21 33
L precuneus (31) 9424 -7 -55 30
R angular gyrus (39) 3222 48 —67 35
R precuneus (31) 61 12 —44 36

Note. The larger clusters encompass multiple brain regions, as shown in Figure 3A. The reported locus refers only to the peak coordinates of each cluster. The
coordinates for the 3-way conjunction results correspond to centers of gravity since conjunction is binary in quality. L=Ileft, R=right, MNI=Montreal Neurological
Institute, *denotes subpeaks within a cluster.
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Table 2 Cluster report of medial temporal lobe supplementary analyses
Locus Volume (mm?) Peak coordinates (MNI)
X Y VA
DISTANCING > negative-VIEW
R hippocampus 790 24 -20 -21
L hippocampus and entorhinal cortex 608 -20 -20 -21
L perirhinal cortex 365 -28 -36 -13
OBJECTIVE > negative-VIEW
L entorhinal cortex 243 -24 0 -32
L hippocampus 243 -20 -36 6
L hippocampus 182 —24 -36 -10
Regression of distancing deactivation on distancing performance
R amygdala 304 24 -8 -10
Note. L=left, R=right, MNI = Montreal Neurological Institute.
Table 3 Cluster report of multivariate pattern classification results
Locus (Brodmann area) Volume (mm?) Peak coordinates (MNI)
X Y Z
SPATIAL
L angular gyrus (39) 1581 —40 —-80 40
OBJECTIVE
Precuneus (7) 2371 0 —64 44
Cuneus (18) 1885 —4 —~100 2
TEMPORAL
Posterior cingulate gyrus (30) 1520 12 —60 9

Note. The coordinates correspond to peak voxels. L=left, R =right, MNI=Montreal Neurological Institute.

[0.534-0.549], P <0.001) versus chance of 0.5, specificity =0.547
(95% CI [0.533-0.561], P < 0.001) versus chance of 0.5. 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 3B and Table 3).

Discussion

In this study, we sought to better understand the effects and
mechanisms of distancing by directly comparing the efficacy
and neural correlates of spatial, temporal, and objective distanc-
ing. While our results provided strong support for the general
neural architecture of our model of distancing, multivariate
analysis of the fMRI data also revealed novel distinctions in the
brain mechanisms of different forms of emotional distancing
in posterior cortical regions. By directly comparing distancing
subtypes, we demonstrated that they are highly comparable in
terms of behavioral effects, while activity around parietal cortex
differentiates their mental transformations in the spatial, tem-
poral, 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 more posterior regions in this context.

First, we 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. We also found that participants reported
greater effort when using objective distancing relative to tem-
poral distancing, but this effect was small and did not reflect
a notable change on the effort rating scale. Therefore, the dis-
tancing forms were largely comparable in terms of performance.
These findings are consistent with 2 pilot behavioral studies (see
Supplementary Materials).

As shown in Figure 3A, distributions of activation associated
with the 3 distancing techniques were largely overlapping. The
full conjunction of these distributions (shown in white) repli-
cates the regions found in our previous meta-analysis of fMRI
studies of distancing (Powers and LaBar 2019) 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
our model of distancing (Powers and LaBar 2019). These results
confirm the consistency of our findings with 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 3A. The current literature does not consistently
support lateral biases in distributions of distancing activation
(e.g., Erk et al. 2010 vs. Denny, et al. 2015b; see also Ochsner
et al. 2012), although our previous meta-analysis revealed more
consistent evidence for activation in left lateral temporal cortex
and right dorsolateral prefrontal cortex. It is possible that partic-
ipants in our study may have relied more heavily on 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-
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wise intermixing of 4 different instructions in our experimental
design. Nonetheless, the lateralization of effects was not specif-
ically predicted or tested in this study.

Mass univariate contrasts did not reveal significant differ-
ences among the distancing techniques, but the more sensitive
multivariate pattern classification did find information across
voxels in and around the parietal lobe 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 distanc-
ing. Given the relatively low accuracy of the classification in this
within-subjects design, future work using a larger sample and
potentially a between-subjects design would useful for validat-
ing the patterns observed here.

Regions of discriminant BOLD activation were consistent
with our hypotheses based on the study of psychological dis-
tance 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 our
study, which examined the use of transformations of psycho-
logical distance to reduce negative affect, we observed a region
in precuneus for objective distancing matching the previous
result for the social domain; however, we observed retrosplenial
cortex for temporal distancing in contrast to the spatial domain
and left angular gyrus for spatial distancing, where Peer and
colleagues observed a stronger association with the temporal
domain. There is not yet a clear understanding of how spe-
cific cortical regions around the parietal lobe 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 reg-
ulation vs. making judgments of psychological distance) might
have contributed to these differences in localization. Nonethe-
less, the overlap of the regions involved across studies suggests
an important overarching role for posterior cortex in distin-
guishing 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, a recent and
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 new brain targets for neuromodulation may be
valuable given the mixed findings from previous work, which
has focused on the dorsolateral prefrontal cortex (Slotema et al.
2010). The efficacy of reappraisal processes including distancing
has been modified using transcranial direct current stimulation
to the dorsolateral prefrontal cortex (Feeser et al. 2014), and
these effects were attributed to the modulation of cognitive

control. The lateral parietal regions highlighted in this work
may provide new targets for similar noninvasive neurostimu-
lation techniques, which could affect distancing through other
component processes, such as general self-projection processes
or aspects of self-projection particularly related to spatial dis-
tancing. Noninvasive neurostimulation techniques are not yet
well developed for modulating the deeper posterior cortical
regions associated with distancing here, and the objective and
temporal forms in particular, but fMRI-based neurofeedback
techniques may provide 1 option for affecting distancing per-
formance through activity in these areas. Further investiga-
tion of the functions and dynamic interactions of the networks
involved in distancing will help to better inform these inter-
vention developments. While the present conjunction analy-
sis results support the general architecture of our proposed
neurocognitive model of distancing, these network properties
remain to be tested in the context of distancing.

In addition to the regions included in our hypotheses,
activation in a portion of visual cortex differentiated objective
distancing from spatial and temporal distancing. For the
purposes of this study, we 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 and Liberman 2010). In order to
isolate the objective distancing technique from spatial and
temporal changes, we 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 and 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.

Our 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. Evi-
dence 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 that
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
we 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 distanc-
ing 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
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participants to switch between 4 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
practices and subsequent review of techniques, the experi-
menter 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, we are confident that participants in the present
study applied the techniques as instructed.

In summary, we found performance and neural activation to
be largely similar across forms of distancing; however, multivari-
ate patterns of BOLD activation did discriminate forms of dis-
tancing in posterior cortical regions. These findings support that
our model is generally applicable across forms of distancing.
They also extend previous findings on psychological distance
into an applied emotion regulation context by indicating that
the processing of spatial, temporal, and social distance can be
differentiated within areas identified in our current model of
distancing. The exact ways in which these posterior regions
contribute to these cognitive functions are not yet clear, but they
suggest that these regions may be an important target for under-
standing how component processes are differentially recruited
to support emotional distancing across spatial, temporal, and
social domains.

Supplementary Material

Supplementary material is available at Cerebral Cortex online.
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