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Abstract
Emotion regulation (ER) is an important skill for well-being. Cognitive reappraisal is a goal-oriented cognitive change strategy.
Acceptance involves decentering from immediate habits of reactivity, observing moment-to-moment shifts in thoughts, emo-
tions, and sensations. These two regulation strategies are thought to have different effects on emotion; however, no study has
examined the differential effects of reappraisal and acceptance on behavioral, autonomic, and brain responses in the context of
ideographic personally salient negative self-beliefs. Thirty-five right-handed, healthy adults were presented idiographic negative
self-beliefs embedded in autobiographical scripts. We measured negative emotion ratings, autonomic psychophysiology, and
functional magnetic resonance imaging blood oxygen-level dependent responses while participants read neutral statements,
reacted to their own negative self-beliefs, and implemented reappraisal and acceptance strategies. Compared with react, reap-
praisal resulted in significantly lesser negative emotion and respiration rate; no differences in heart rate and skin conductance
level; greater brain responses implicated in cognitive control, language, and social cognition; and lesser amygdala responses.
Compared with react, acceptance resulted in significantly lesser negative emotion, respiration rate, and heart rate; no difference in
skin conductance level; and greater brain responses in networks implicated in cognitive control and attention. Compared with
acceptance, reappraisal resulted in significantly lesser negative emotion; no difference in respiration rate and skin conductance
level; higher heart rate; greater brain responses in brain regions implicated in cognitive control; and lesser brain responses in
amygdala. Reappraisal is more effective than acceptance in down-regulating negative emotion, but may require greater recruit-
ment of autonomic, cognitive, and brain resources.

ClinicalTrials.gov identifier: NCT02036658
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The ability to regulate emotions is a key skill for maintaining
both mental and physical health (Gross, 2002, 2015). There
are many opportunities in everyday life to regulate both neg-
ative and positive emotions that arise in response to external
stimuli and situations. However, modulating long-held pat-
terns of emotional reactivity to internally generated personally
salient negative self-beliefs is arguably one of the most impor-
tant contexts for emotion regulation. Negative self-beliefs can
powerfully shape our relationship to others and to ourselves.
They are a fundamental target of all psychological interven-
tions that address mental disturbances.

There are many ways to regulate emotions, and these strat-
egies vary in how difficult they are to implement and how
effective they are at achieving emotion regulation goals.
Cognitive reappraisal and acceptance are two adaptive emotion
regulation strategies that both involve cognitive and attention
processes. Importantly, they are thought to vary in terms of
their effectiveness, implementation effort, and impact on mul-
tiple indicators of emotion reactivity, including experiential,
autonomic psychophysiological, and brain responses. A recent
meta-analysis of emotion regulation (Aldao,Nolen-Hoeksema,
& Schweizer, 2010) found across 114 studies that adaptive
strategies (i.e., acceptance, reappraisal, and problem solving)
were less likely to be used than maladaptive emotion regula-
tion strategies (i.e., avoidance, rumination, suppression).
Furthermore, in an adult community sample, adaptive strate-
gies (e.g., acceptance, reappraisal, problem solving) were im-
plemented more frequently than were maladaptive strategies
(e.g., avoidance, self-criticism, hiding expression, suppression
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of experience, worry, rumination) across eight different
emotion-eliciting situations (Aldao & Nolen-Hoeksema,
2012). These findings highlight the frequency of use and men-
tal health significance of reappraisal and acceptance.

However, contextual models of emotion regulation (Aldao
& Nolen-Hoeksema, 2012) highlight the importance of inves-
tigating how context influences the implementation of emo-
tion regulation. In particular, there is much research on emo-
tion regulation of experimenter-selected stimuli. In contrast,
however, use of person-specific autobiographical situations
with personally salient stimuli (e.g., negative self-beliefs)
may bemore salient for understanding how context influences
emotion regulation processes.

Cognitive reappraisal

Cognitive reappraisal is a type of emotion regulation strategy
that involves volitional reframing of the meaning of an
emotion-eliciting stimulus (Gross, 2013). Reappraisal is a
complex and sometimes effortful cognitive change strategy
that relies on the interaction of multiple component processes,
including cognitive control, working memory, monitoring, at-
tention regulation, perspective taking, and linguistic process-
ing. Reappraisal has been shown to reduce negative emotional
reactivity, reduce autonomic hyperactivity, modulate emotion
regulatory brain networks, and enhance physical and mental
well-being (Goldin, McRae, Ramel, & Gross, 2008; Gross,
2002, 2015).

Neuroimaging studies of reappraisal of emotion in healthy
adults (Buhle et al., 2013; Ochsner, Silvers, & Buhle, 2012)
show increased recruitment of brain networks implicated in
cognitive control (bilateral dorsolateral and ventrolateral pre-
frontal cortex [DLPFC, VLPFC], dorsomedial prefrontal cor-
tex [DMPFC] and supplemental motor area [SMA]), attention
(precuneus, superior parietal lobule, right DLPFC, and dorsal
anterior cingulate cortex; Fan, McCandliss, Fossella,
Flombaum, & Posner, 2005) and linguistic processing (left
VLPFC, left posterior middle temporal gyrus (MTG), and left
angular/supramarginal gyrus). These brain networks work to-
gether in an integrated fashion to support the implementation
of reappraisal.

To identify these reappraisal-related brain networks, most
studies have used experimenter-selected stimuli such as faces,
words, and pictures to elicit emotional reactivity in research
participants. More recently, there is growing interest in using
more ecologically valid stimuli. One method is to use
participant-selected (i.e., idiographic) negative self-beliefs em-
bedded in highly personally relevant contexts to examine the
effects of reappraisal on emotional responses (i.e., behavioral,
autonomic, and brain). Using this approach in a prior fMRI
study, we examined reappraisal used to down-regulate emotion-
al reactivity to negative self-beliefs embedded in personally

salient autobiographical situations in healthy adults. We found
brain network activations implicated in reappraisal, linguistic
and visual processing, as well as significant inverse functional
connectivity characterized by greater activity in reappraisal-
related PFC regions coupled with lesser amygdala activity
(Goldin, Manber-Ball, Werner, Heimberg, & Gross, 2009).
This study also examined the temporal dynamics of fMRI
BOLD responses in multiple PFC regions. Findings suggested
that early cognitive control activity in DMPFC, DLPFC, and
dorsal anterior cingulate cortex may diminish over time after
reappraisal has been implemented to down-regulate emotional
reactivity. Thus, there is preliminary evidence for the effective-
ness of reappraisal of ideographic negative self-beliefs in per-
sonally salient autobiographical contexts. However, no studies
have investigated the neural bases of reappraisal versus other
types of emotion regulation strategies in the context of idio-
graphic negative self-beliefs.

Acceptance

In the context of this study, acceptance refers to a specific
orientation or cognitive stance toward ongoing mental and
sensory experience. Acceptance is defined as a decentered
observer perspective characterized by an open, curious,
nonelaborative, and nonevaluative perspective. Acceptance
involves the capacity to discern thoughts, emotions and sen-
sations as transient events, which is thought to diminish auto-
matic habitual patterns of emotional reactivity. Similar to the
perspective that views negative feelings as mental events that
are psychologically distanced from the self (Ayduk & Kross,
2008; Kross & Ayduk, 2008), we characterize acceptance of
present-moment experience as one specific component of the
larger construct of Bdecentering^ that may be considered a
multifaceted cognitive process related to mindful attention.

In contrast to reappraisal, acceptance does not involve re-
interpretation, disputation, reasoning, language, inhibitory
control, and response inhibition. Furthermore, acceptance is
not a passive resignation (Garnefski, Kraaij, & Spinhoven,
2002; Hofmann, Heering, Sawyer, & Asnaani, 2009), but
rather an active willingness to experience thoughts, emotions,
and sensations while engaging in goal-directed behavior
(Hayes, Strosahl, & Wilson, 1999). Acceptance differs from
reappraisal in its focus on awareness of the patterns of emotion
reactivity rather than actively reframing the meaning of an
emotion-eliciting stimulus (Liverant, Brown, Barlow, &
Roemer, 2008;Wolgast, Lundh, & Viborg, 2011). Thus, while
acceptance and reappraisal may share some basic attentional
processes, they are distinct emotion-regulation strategies.

Studies of acceptance have begun to elucidate the effects of
this ER strategy on emotion processes. In one study of emo-
tional pictures, acceptance produced greater positive emotions
and emotional expressivity and lesser respiration rate compared

Cogn Affect Behav Neurosci

Author's personal copy



with no active emotion regulation (Dan-Glauser & Gross,
2015). Neuroimaging studies have begun to investigate the
brain correlates of acceptance of emotional reactivity. One
fMRI study of healthy adults found that emotion acceptance
versus viewing sad images produced greater fMRI BOLD re-
sponses in dorsomedial, dorsolateral, and ventrolateral PFC,
and dorsal anterior midcingulate (Smoski et al., 2015). An
fMRI study in university students (Lebois et al., 2015) found
that, compared with immersion with stressful events, mindful
attention (i.e., decentering or disengaging the self from the
event) yielded greater brain responses in brain areas associated
with perspective shifting and effortful attention (lateral and me-
dial PFC, angular gyrus, and inferior and middle occipital gy-
rus). A recent fMRI study of adult females diagnosed with
generalized anxiety disorder found that in contrast to cued wor-
rying, emotion acceptance toward personally relevant worry
statements resulted in lower ratings of distress and produced
increased dorsal anterior cingulate cortex (dACC) and
DMPFC activation and increased ventrolateral prefrontal cortex
(VLPFC)–amygdala functional connectivity (Ellard, Barlow,
Whitfield-Gabrieli, Gabrieli, & Deckersbach, 2017).
Importantly, in contrast to acceptance, a contrasting ER strate-
gy, suppression of experiencing emotion, resulted in equivalent
distress ratings and amygdala activation, but significantly great-
er insula and VLPFC activation, and decreased VLPFC–
amygdala functional connectivity. This suggests that emotion
acceptance is distinguished from emotion suppression with re-
spect to visceral reactivity (insula) and cognitive modulation of
emotional reactivity (VLPFC–amygdala functional connectivi-
ty) in the context of adults with generalized anxiety disorder.

Acceptance has also been compared with other types of
emotion regulation strategies. A recent study of seven distinct
emotion regulation strategies across eight different situations
found that acceptance was the most frequently implemented
emotion regulation strategy and was the adaptive emotion
regulation strategy that most predicted lesser psychopathology
(Aldao & Nolen-Hoeksema, 2012). This aligns with a model
developed by Hayes et al. (1999) that proposes acceptance as
an important strategy for regulating emotions across many
situations when implemented flexibly and in a context-
sensitive manner.

Comparison of cognitive reappraisal
and acceptance

Few studies have directly compared the effects of acceptance
and reappraisal. In one study by Hofmann et al. (2009), ac-
ceptance and reappraisal produced equivalent decreases in
physiological arousal as indexed by heart rate during an im-
promptu speech. However, reappraisal resulted in greater re-
duction of self-reported anxiety. In a study that examined re-
activity to negative affect inducing film clips, acceptance and

reappraisal produced similar decreases in subjective distress,
behavioral avoidance, and physiological reactions (Wolgast
et al., 2011). In a study of reactivity to sad images, compared
with acceptance, reappraisal resulted in greater reduction of
negative emotion (Smoski et al., 2015). A study of clinical and
nonclinical participants concluded that acceptance and reap-
praisal are partly overlapping emotion regulation strategies
that share some subprocesses (e.g., attention regulation) but
consist of different psychological functions and properties
(Wolgast, Lundh, & Viborg, 2013).

Neurally, there is initial evidence of distinct neural recruit-
ment for reappraisal and acceptance ER strategies. An fMRI
study of healthy adults found that, compared with reappraisal
of emotional reactivity to sad images, acceptance produced
greater BOLD responses in left insular cortex and left precentral
gyrus, and lesser BOLD responses in frontal pole, ventromedi-
al, and ventrolateral PFC regions (Smoski et al., 2015).

The present study

Our goal was to examine the differential impact of two distinct
ER strategies—cognitive reappraisal and acceptance—on
multiple indicators of emotional reactivity, including self-
reported negative emotion ratings, autonomic psychophysiol-
ogy (respiration rate, heart rate, skin conductance), and fMRI
BOLD responses in 35 healthy adults. To do this, we induced
emotional reactivity with participant-generated personally sa-
lient negative self-beliefs embedded in anxiety-related auto-
biographical situations. We expected that, compared with
reacting to negative self-beliefs, both reappraisal and accep-
tance would result in decreases in self-reported negative emo-
tion, heart rate, respiration rate, skin conductance, and amyg-
dala responses. We also expected greater fMRI BOLD re-
sponses in cognitive control-related prefrontal cortex brain
responses in dACC, DMPFC, VLPFC, DLPFC during reap-
praisal, and greater attention regulation-related responses in
dACC, precuneus, and superior and inferior parietal lobule
during acceptance. For the direct comparison of reappraisal
versus acceptance, however, we expected greater decreases
in self-reported negative emotion, autonomic psychophysiol-
ogy and amygdala, but greater fMRI BOLD responses in cog-
nitive control-related PFC and left-lateralized language pro-
cessing brain regions for reappraisal versus acceptance.

Methods and materials

Participants

We phone-screened 134 potential participants, and then ad-
ministered 63 diagnostic interviews. We identified 53 eligible
healthy adults who had no history of meeting the criteria of the
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Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV; American Psychiatric Association,
1994) for Axis I psychiatric disorders. Eighteen individuals
did not complete all assessments required for entry to the
study and were not included in our final sample of 35 healthy
individuals. As shown in Table 1, participants were young-to-
middle age (range: 22.6–55.4 years of age), 57% female, col-
lege educated, primarily Caucasian and Asian, middle class,
and predominantly not living with a partner (66%). All partic-
ipants provided informed consent in accordance with the
Institutional Review Board at Stanford University. This study
was preregistered at NIMH (ClinicalTrials.gov identifier:
NCT02036658).

Inclusion/exclusion criteria

All participants passed an MRI safety screen, were 21–55
years of age, fluent in English, right-handed as assessed by
the Edinburgh Handedness Inventory (Oldfield, 1971), had no
history of pharmacotherapy or psychotherapy (except for cou-
ple’s therapy), and had no history of medical disorders, head
trauma, and neurological disorders. Participants were exclud-
ed if they reported previous participation in meditation re-
treats, mindfulness-based stress reduction (MBSR) or history
of regular meditation practice of 10min ormore, three or more
times per week.

Procedure

Participants were recruited through community flyers and
Web listings. After passing the initial telephone interview,
online screener, and clinical diagnostic interview based on
the Anxiety Disorders Interview Schedule for the DSM-IV-
Lifetime version (Di Nardo, Brown, & Barlow, 1994) to en-
sure no history of Axis I psychiatric disorders, participants
were invited to enroll. We did not assess eating or personality
disorders. After completing self-report inventories and demo-
graphics, each participant identified six distinct autobiograph-
ical situations characterized by social embarrassment, shame,
or humiliation and composed a single paragraph and 10 neg-
ative self-beliefs for each of the situations. This material was
used as stimuli for the autobiographical social situation task
conducted in the MRI experiment approximately 1 week later.

Autobiographical social situation task

For each of the six personally salient, emotionally evocative
autobiographical social situations, participants (a) wrote a sin-
gle paragraph of up to 16 sentences to describe what hap-
pened, and (b) identified several situation-related negative
self-beliefs that they held about themselves. Experimenters
edited and entered the participant’s content into an E-Prime
script that presented each autobiographical situation as a series
of eight 1-line sentences. The purpose of having participants
read their own social situations was to help them recall the
specific social context and prime more potent emotional reac-
tivity to their own self-relevant negative self-beliefs. After
reading the story sentences, nine negative self-beliefs were
presented.

Before scanning, participants were briefly trained on the
four conditions (neutral, react, reappraise, acceptance).
Using experimenter-chosen stimuli, participants practiced
reading neutral statements, reacting to negative self-beliefs
by considering how it reflected something true about them-
selves, reappraisal of negative beliefs by using reappraisal to
Bactively reframe the belief by thinking in a way that reinter-
prets the content of the belief and thereby make the belief less
negative and toxic for you,^ and acceptance of negative self-
beliefs by Bsimply observing and accepting without judgment
from moment to moment (and not attempting to modify or
change) any responses, including thoughts, emotions, memo-
ries, images, and physical sensations.^ Participants read writ-
ten descriptions of react, reappraisal, and acceptance; verbal-
ized their understanding to an experimenter; practiced
implementing reappraisal and acceptance while verbalizing
in real time what they were thinking and doing; and received
feedback from the experimenter on their application of reap-
praisal and acceptance until there was clear demonstration of
understanding of how to implement reappraisal and accep-
tance effectively (see Appendix). An example of acceptance

Table 1 Characteristics of participants

Variable HC
n = 35

Gender (males, n, %) 15 (42.9%)

Age (years, M ± SD) 32.2 ± 8.9

Education (years, M ± SD) 17.6 ± 2.8

Ethnicity (n, %)

Caucasian 17 (48.6%)

Asian 12 (34.3%)

Latino/a 3 (8.6%)

Multiple 3 (8.6%)

Yearly income ($1,000, n, %)

<10k 1 (2.9%)

10–25k 3 (8.6%)

25–50k 8 (22.9%)

50–75k 13 (37.1%)

75–100k 2 (5.7%)

>100k 8 (22.9%)

Marital status (n, %)

Single, never married 19 (54.3%)

Married, living with partner 12 (34.3%)

Divorced, separated, widowed 4 (11.4%)

HC= healthy control participant; n = number;% = percentage;M =mean;
SD = standard deviation; k = thousand

Cogn Affect Behav Neurosci

Author's personal copy

http://clinicaltrials.gov


might include observing the changing nature of thoughts, as-
sociations, memories, mental images, and physical sensations
when interacting with each negative self-belief. For reapprais-
al, participants might encounter a negative self-belief, such as
BNO ONE LIKES ME,^ and then be cued to reframe this
belief by telling themselves, BThat is not always true,^
BSome people like me,^ or BThis is only a thought, not a fact.^

During scanning, the experimental task consisted of three
functional runs, each lasting 8 minutes and 33 seconds (see
Fig. 1). Each run consisted of one neutral situation and two
negative social situations (one with a reappraisal cue and one
with a mindful attention cue). Each neutral situation consisted
of six sentences presented for 3 s each (total = 18 s), followed
immediately by six neutral statements in uppercase boldface
font presented for 12 s each. Each negative social situation
consisted of participant-specific, personally salient autobio-
graphical social situations as an unfolding story consisting of
eight sentences presented for 3 s each (total = 24 s). The story
was immediately followed by nine trials of the participant’s
own situation-related negative self-beliefs. Each set of nine
negative self-beliefs was independent and related to a specific
autobiographical social situation. Trials 1, 3, and 5 were fixed
as BREACT^ cue trials, and the remaining six trials were fixed
with one strategy only per social situation: either mindful at-
tention cued with BOBSERVE^ or reappraisal cued with
BREFRAME.^

After each trial, participants rated, using a button-response
pad in their right hand, BHow negative do you feel right
now?^ (1 = not at all to 5 = very much). Each 18-s trial
consisted of negative self-belief (0–3 s), react, observe or re-
frame cue above negative self-belief (3–15 s), and emotion

ratings (15–18 s). We examined only the 12 s of each trial
during which the negative self-belief and the cue (Bread,^
Breact,^ Breframe,^ or Bobserve^) were on the screen.
Additionally, after each functional run, participants rated
while inside the scanner perceived success when
implementing the reappraisal and mindful attention strategies.
They used the button-response pad and the scale of 1 (not at
all) to 5 (very much) to make responses.

Image acquisition

We used a GE 3-T Signa magnet with a T2*-weighted gradi-
ent echo spiral-in/out pulse sequence (Glover & Law, 2001) to
acquire 1,026 functional volumes across three functional runs
from 22 axial slices (interleaved bottom/up, frequency
encoding A/P, repetition time = 1,500 milliseconds, echo time
= 28.5 milliseconds, flip angle = 65°, field of view = 22 cm,
matrix = 64 × 64, resolution = 3.438 mm2 (in-plane) × 4.5 mm
(through-plane). Head movement was minimized using a bite
bar and foam padding. High-resolution anatomical scans were
acquired using fast spin-echo spoiled GRASS (.85942 × 1.5
mm; field of view = 22 cm, frequency encoding = 256).

FMRI data processing and analysis

Analysis of Functional NeuroImages (AFNI) software (Cox,
1996) was used to remove the first four time points; remove
outliers; register, motion correct, spatially smooth (4 mm3

isotropic kernel), high-pass filter (.011 Hz), linear detrend,
and convert into percentage signal change each functional
run. No volumes demonstrated motion in the x, y, or z

Fig. 1 Experimental task design
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directions in excess of ±0.7 mm. There was no evidence of
stimulus-correlated motion (all ps > .38).

We used 3dDeconvolve to conduct a multiple-
regression that included removal of mean, linear, and
quadratic trends, and motion-related variance in the
BOLD signal. Regressors for neutral, react negative
self-beliefs, reappraisal, and acceptance trials were con-
volved with the gamma variate model (Cohen, 1997) of
the hemodynamic response function. Individual brain
maps were resampled to 3.438-mm cubic voxel, convert-
ed into Talairach atlas space (Talairach & Tournoux,
1988), and second-level group statistical parametric maps
were produced according to a random-effects model. To
correct for multiple comparisons, we used 3dFWHMx to
compute the intrinsic FWHM in x, y, z directions and
then 3dClustSim to determine the final joint probability
threshold to protect against false-positive cluster detec-
tion (Forman et al., 1995). For 35 participants,
3dClustSim determined that the joint probability thresh-
old of voxel-wise p < .001 and cluster volume ≥244
mm3 (6 voxels × 3.438 mm3) resulted in false-positive
cluster-wise protection at p < .005. Finally we used the
FSL Randomize tool to implement threshold-free cluster
enhancement (TFCE), which is a newer method for find-
ing cluster-like structures that takes into account the spa-
tial extent and height of BOLD signal and addresses
problems with earlier versions of 3dClust (Smith &
Nichols, 2009). We confirmed the validity of the findings
by reanalyzing the fMRI data using FSL software to
implement preprocessing, statistical analysis, and TFCE.
The results were identical.

For the amygdala analysis, we applied separate a
priori left and right amygdala regions of interested
(ROIs) maximum probability masks from the Harvard-
Oxford subcortical brain atlas provided by the Harvard
Center for Morphometric Analysis (http://harvard.eagle-i.
net/sweet/provider?uri=http://harvard.eagle-i.net/i/
0000012e-9721-d0fd-55da-381e80000000) with a
probability threshold at 0.50. The regressor for each of
the four conditions was convolved with the double
gamma model of the hemodynamic response function.
We computed the mean BOLD response per condition
for the left and right amygdala ROI mask.

Physiological data recording and analysis

We measured concurrently with fMRI respiratory and
cardiac data using the GE magnet built-in equipment
and skin conductance with a BIOPAC system. The car-
diac cycle was monitored using a photoplethysmogram
placed on the right index finger. Skin conductance level
was measured at 1,000 samples/second with two censors
attached to the proximal phalanges of the second and

fourth fingers on the left hand. Respiration was moni-
tored using a bellows strapped around the upper thorax.
A time stamp on the output permitted temporal registra-
tion to the BOLD functional images. After removing
outliers, we computed mean values for respiration rate,
heart rate, and skin conductance for each of the four
conditions in the experimental task. We used a lag of
1.5 s, equivalent to one TR in the fMRI time series, to
capture autonomic responses. We used paired t tests to
investigate between-condition differences in each of the
three autonomic variables.

Results

Preliminary analyses

As a manipulation check, we collected ratings inside the
scanner immediately after each of the three functional
runs. In Fig. 2 we show that participants reported no
difference in perceived success of implementation of mind-
ful attention between the three functional runs (all pairwise
contrasts ps > .32), and of reappraisal between the three
functional runs (all pairwise contrasts ps > .11). There was
no Run × Regulation strategy interaction of perceived suc-
cess when implementing regulation strategies, F(2, 33) =
0.90, p = .42.

Paired t tests showed that, compared with reading
neutral statements, reacting to negative self-beliefs re-
sulted in significantly greater self-reported negative
emotion (Mean ± SD; react vs. neutral: 3.19 ± .81 vs.
1.05 ± .13), t(34) = 15.09, p < .001, 95% CI [1.85,
2.43] (see Fig. 3). Reacting to negative self-beliefs (vs.
reading neutral statements) was also associated with
greater respiration rate (react vs. neutral; 18.63 ± 3.22
vs. 17.90 ± 3.05), t(34) = 3.86, p < .001, 95% CI [.34,
1.11], and heart rate (react vs. neutral; 68.49 ± 9.69 vs.
67.34 ± 9.11), t(34) = 4.18, p < .001, 95% CI [.57,
1.66]. There was no differential skin conductance re-
sponse (react vs. neutral; .133 ± .288 vs. .129 ± .289),
t(34) = .63, p = .53, 95% CI [−.007, .014] (see Fig. 4).

Neurally, compared with reading neutral statements,
reacting to negative self-beliefs resulted in significantly
greater BOLD responses in the frontopolar medial PFC,
bilateral PCC, left angular gyrus, left amygdala, bilateral
hippocampus, left caudate, and bilateral cerebellum, and
lesser BOLD responses in the left DLPFC, bilateral lin-
gual gyrus, right posterior middle temporal gyrus, and
right inferior parietal lobule (see Table 2 and Fig. 5).
The a priori amygdala ROI analysis showed greater
BOLD responses for react negative self-beliefs versus
neutral in left, t(34) = 3.33, p = .002, and right amyg-
dala, t(34) = 2.69, p = .011 (see Fig. 6).

Cogn Affect Behav Neurosci

Author's personal copy

http://harvard.eagle-i.net/sweet/provider?uri=http://harvard.eagle-i.net/i/0000012e-9721-d0fd-55da-381e80000000
http://harvard.eagle-i.net/sweet/provider?uri=http://harvard.eagle-i.net/i/0000012e-9721-d0fd-55da-381e80000000
http://harvard.eagle-i.net/sweet/provider?uri=http://harvard.eagle-i.net/i/0000012e-9721-d0fd-55da-381e80000000


Reappraisal

Behavioral responses Compared with react to negative self-
beliefs, reappraisal resulted in significant lesser negative
emotion (mean = 2.09 ± .60 vs. 3.19 ± .81), t(34) = 9.92, p
< .001, 95% CI [−1.33, −.88] (see Fig. 3).

Autonomic responsesCompared with react, reappraisal result-
ed in significantly lesser respiration rate (Lag 1 Δ = −.37, SD
= 1.04; reappraisal vs. react; 18.26 ± 3.19 vs. 18.63 ± 3.22),
t(34) = 2.10, p < .05, 95% CI [−.73, −.01], but no difference

for heart rate (Lag 1 Δ = −.32, SD = 1.10; reappraisal vs. react;
68.17 ±9.45 vs. 68.49 ± 9.69), t(34) = 1.71, p = .10, 95% CI
[−.70, .06], and skin conductance level (Lag 1 Δ = −.003, SD =
.015; reappraisal vs. react; .129 ± .289 vs. .133 ± .288), t(34) =
1.24, p = .22, 95% CI [−.008, .002] (see Fig. 4).

Whole-brain responses Compared with react, reappraisal
resulted in significantly greater BOLD responses in the
DMPFC, left DLPFC, VLPFC, anterior temporal pole,
posterior middle temporal gyrus, medial cuneus, and cau-
date, and right fusiform gyrus, caudate, anterior temporal

Error bars = standard error of the mean

Fig. 2 Self-reported successful implementation of mindful attention and reappraisal after each functional run. Error bars = standard error of the mean

Fig. 3 Negative emotion ratings. Note. Negative emotion ratings range
from 1 (not negative) to 3 (moderately negative) to 5 (very negative).
Neutral = reading neutral statements; react = reacting to idiographic
negative self-beliefs; reappraise = implementing cognitive reappraisal to

down-regulate reactivity to negative self-beliefs; acceptance =
implementing acceptance perspective toward reactivity to negative self-
beliefs. Error bars = standard error of the mean
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pole, precentral cortex, as well as lesser BOLD response
in the medial precuneus (see Fig. 7 and Table 3).

Amygdala ROI Compared with react, reappraisal resulted
in significant decreases in BOLD signal in the left
amygdala (mean difference = −.17, SD = .19, 95% CI
[−.24, −.11]), t(34) = 5.49, p < .001, and right amyg-
dala (mean difference = −.14, SD = .17, 95% CI [−.20,
−.08]), t(34) = 4.68, p < .001 (see Fig. 6) ROIs.

Acceptance

Behavioral responses Compared with react, acceptance result-
ed in significantly lesser negative emotion (mean = 2.25 ± .63
vs. 3.19 ± .81), t(34) = 8.34, p < .001, 95% CI [−1.17, −.72]
(see Fig. 3).

Autonomic responsesComparedwith react, acceptance result-
ed in significantly lesser respiration rate (Lag 1 Δ = −.45, SD
= 1.07; acceptance vs. react; 18.18 ± 3.33 vs. 18.63 ± 3.22),
t(34) = 2.50, p = .017, 95% CI [−.82, −.08], and heart rate
(Lag 1 Δ = −.66, SD = 1.05; acceptance vs. react; 67.84 ± 9.48
vs. 68.49 ± 9.69), t(34) = 3.68, p = .001, 95%CI [−1.02, −.29],
but no difference in skin conductance level (Lag 1 Δ = −.009,
SD = .030; acceptance vs. react; .124 ± .291 vs. .133 ± .288)
t(34) = 1.68, p = .10, 95% CI [−.019, .002] (see Fig. 4).

Whole-brain responses Compared to react, acceptance result-
ed in significantly greater BOLD responses in the medial PFC,
DLPFC, VLPFC, caudate, and bilateral inferior parietal lobule
and caudate, as well as lesser BOLD responses in the left
supramarginal gyrus and right cerebellar culmen (see Fig. 8
and Table 4).

Amygdala ROI Compared to react, acceptance did not result in
significant decreases in BOLD signal in the left amygdala
(mean difference = −.04, SD = .13, 95% CI [−.09, .00]),
t(34) = 1.81, p = .088, and right amygdala (mean difference
= −.035, SD = .13, 95% CI [−.08, .01]), t(34) = 1.64, p = .12
(see Fig. 6).

Acceptance versus reappraisal

Behavioral responses Compared with acceptance, reappraisal
resulted in significantly greater reduction of negative emotion
(mean acceptance = 2.25 ± .63 vs. reappraisal = 2.09 ± .60),
t(34) = 2.27, p = .03, 95% CI [−.31, −.02] (see Fig. 3).

Autonomic responses Compared with acceptance, reappraisal
resulted in no significant difference in respiration rate (Lag 1
Δ = .08, SD = .78; reappraisal vs. acceptance; 18.26 ± 3.19 vs.
18.18 ± 3.33), t(34) = .63, p = .54, 95% CI [−.18, .35], but led
to a higher heart rate (Lag 1 Δ = −.34, SD = .78; reappraisal
vs. acceptance; 68.17 ± 9.45 vs. 67.84 ± 9.49), t(34) = 2.57, p
= .015, 95% CI [-.07, -.61], and marginally higher skin con-
ductance level (Lag 1 Δ = −.005, SD = .016; reappraisal vs.

a  Respiration Rate

b  Heart Rate

c  Skin Conductance Level

Error bars = standard error of the mean.

Fig. 4 a Respiration rate, b heart rate, and c skin conductance level. Error
bars = standard error of the mean
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acceptance; .129 ± .289 vs. .124 ± .291), t(34) = 1.98, p =
.056, 95% CI [.000, .011] (see Fig. 4).

Whole-brain responses Compared with reappraisal, accep-
tance resulted in no significantly greater BOLD responses
(see Table 5). However, compared with acceptance, reapprais-
al produced greater BOLD responses in the DMPFC, left pos-
terior middle temporal gyrus, bilateral fusiform gyrus, left
inferior parietal lobule, right inferior and middle occipital gy-
rus, and cerebellum.

Amygdala ROI Compared with acceptance, reappraisal sig-
nificantly reduced BOLD responses in the left amygdala
(mean difference = −.14, SD = .19, 95% CI [−.08, −.21]),
t(34) = 4.15, p < .001, and right amygdala (mean difference

= −.10, SD = .19, 95% CI [−.04, −.18]), t(34) = 3.15, p =
.003 (see Fig. 6).

Discussion

The focus of this study was to examine the differential impact
of two distinct emotion regulation strategies—cognitive reap-
praisal and acceptance—in the context of reacting to idio-
graphic negative self-beliefs embedded in autobiographical
narratives. We used three different types of indicators of emo-
tion reactivity, including self-reported negative emotion rat-
ings, autonomic psychophysiology (respiration rate, heart
rate, skin conductance level), and fMRI BOLD responses in
35 healthy adults. We found converging evidence of

Table 2 FMRI BOLD responses for react negative self-beliefs versus neutral statements

Brain region BA Peak x, y, z (TT) Peak voxel Z Cluster vol (mm3) Cluster Z mean Cluster Z SD

React > Neutral

Frontal lobe

R precentral gyrus, dorsal anterior cingulate cortex 6, 32 34, −11, 28 5.28 14,886 3.51 0.52

L anterior cingulate cortex 32 −20, 24, 31 5.65 23,443 3.57 0.59

Temporal lobe

L superior temporal gyrus, caudate Tail 22 −31, −51, 14 7.30 21,397 3.90 0.85

L middle temporal gyrus 39 −44, −73, 25 4.07 1,029 3.31 0.34

Parietal lobe

R posterior cingulate cortex, caudate tail 29 17, −41, 14 5.69 13,273 3.75 0.68

Occipital lobe

L fusiform gyrus / inferior occipital gyrus 18 −25, −90, −14 4.07 880 3.20 0.31

R lingual gyrus 18 25, −99, −7 3.88 496 3.18 0.27

Subcortical

R cerebellum tonsil, inferior semi-lunar lobule 51, −62, −41 5.06 5,973 3.25 0.33

L cerebellum inferior semilunar lobule −20, −72, −38 4.30 1,294 3.18 0.30

R cerebellum uvula 14, −89, −24 3.30 633 2.93 0.10

Neutral > React

Frontal lobe

R middle frontal gyrus, precentral gyrus 8, 9 42, 7, 41 3.80 2,161 3.10 0.22

R middle frontal gyrus, superior frontal gyrus 9, 10 48, 44, 21 3.78 1,710 3.09 0.23

L precentral gyrus 6 −28, −7, 48 4.01 755 3.15 0.24

L inferior frontal gyrus, precentral gyrus 6, 9 −42, 3, 28 4.53 2,981 3.31 0.38

Parietal lobe

L inferior parietal lobule 40 45, −38, 38 3.65 2,386 3.00 0.17

R precuneus, inferior parietal lobule 31, 40 31, −69, 21 4.54 6,257 3.14 0.27

Occipital lobe

L precuneus, middle occipital gyrus 19, 31 −27, 68, 24 3.74 1,125 3.06 0.19

Subcortical

R cerebellum culmen, lingual gyrus 18 10, −69, −10 4.90 5,975 3.30 0.43

L cerebellum declive −24, −69, −14 6.18 2,058 3.58 0.64

# = cluster number; BA = Brodmann area; x, y, z = Talairach coordinates at peak blood oxygen level-dependent signal intensity voxel; Vol = volume in
mm3 ; t value ≥3.59; voxel p < .001; minimum cluster volume threshold ≥488 mm3 (6 voxels × 3.438 mm3 ); cluster p < .005; L = left; R = right; PFC =
prefrontal cortex
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heightened emotional reactivity to negative self-beliefs
reflected in all three indicators. Reappraisal and acceptance
both produced down-regulation of negative emotion and au-
tonomic measures and up-regulated activation of fMRI BOLD
responses in regulatory brain networks. However, compared
with acceptance, reappraisal resulted in greater reduction of
negative emotion, less reduction in heart rate, greater overall
cortical brain responses, and greater reduction in amygdala
responses.

Reactivity to negative self-beliefs

As expected, compared with reading neutral statements,
reacting to negative self-beliefs resulted in significantly greater
emotion reactivity across self-report (negative emotion experi-
ence), autonomic psychophysiology (respiration rate and heart
rate), and fMRI BOLD responses. Extensive research shows
that in response to negative stimuli and emotions, a common
pattern is increases in respiration rate via hyperventilation
(Zvolensky & Eifert, 2001) and heart rate (Brosschot &
Thayer, 2003). The observed brain regions associated with
reacting to negative self-beliefs are implicated in emotion
generation—for example, amygdala (LeDoux, 2007), emo-
t iona l memory and episodic memory (PCC and
hippocampus; Touroutoglou, Andreano, Barrett, &
Dickerson, 2015), and an anterior pole PFC region related to
explicit processing and introspective evaluation of one’s own
thoughts and feelings (Christoff & Gabrieli, 2000). The a priori
amygdala ROI analysis confirmed greater left and right amyg-
dala BOLD responses when reacting to negative self-beliefs
versus reading neutral statements. These results confirm that

the negative self-beliefs were indeed inducing heightened neg-
ative emotion reactivity that would serve as a target for down-
regulation via the emotion regulation strategies.

Cognitive reappraisal

When compared with reacting, reappraisal of negative self-
beliefs resulted in significant decreases in self-reported negative
emotion, respiration rate, a priori left and right amygdala ROIs,
and increases in reappraisal-related prefrontal cortical cognitive
control brain regions (Buhle et al., 2013). These findings dem-
onstrate that reappraisal effectively down-regulated experien-
tial, autonomic, and neural indicators of emotional reactivity.

These findings align with prior meta-analyses and reviews
of fMRI of cognitive reappraisal to down-regulate negative
emotional reactivity (Buhle et al., 2013; Ochsner et al.,
2012). Specifically, the fMRI BOLD reappraisal activation
of cognitive control (DMPFC, DLPFC, VLPFC) and linguis-
tic processing (left VLPFC, left posterior middle temporal
gyrus) brain regions directly replicate prior fMRI findings in
a different sample of adults implementing reappraisal of idio-
graphic negative self-beliefs embedded autobiographical nar-
ratives (P. R. Goldin et al., 2009). Furthermore, that reapprais-
al reduced elevated amygdala responses to negative self-
beliefs converges with our prior finding in healthy adults
using a similar experimental design (P. R. Goldin et al.,
2009). What is distinctive here is the coactivation of bilateral
anterior temporal pole brain regions that are implicated in
social cognition processing, specifically, representing and re-
trieving social knowledge (Olson, McCoy, Klobusicky, &
Ross, 2013). Thus, there is strong evidence of convergence

Fig. 5 FMRI BOLD responses for reacting to negative self-beliefs versus
reading neutral statements. Note.mPFC = medial prefrontal cortex; PCC
= posterior cingulate cortex; caud = cuaduate; rMTG = right middle
temporal gyrus; Hip = hippocampus; cereb = cerebellum; IPL = inferior
parietal lobule; L = left; Amyg = amygdala; Lingual = lingual gyrus;

dlPFC = dorsolateral prefrontal cortex; Ang = angular gyrus. Orange =
greater BOLD signal for reacting to negative self-beliefs (vs neutral state-
ments) Blue = greater BOLD signal for reading neutral statements (vs
reacting to negative self-beliefs). (Color figure online)
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with reappraisal brain networks and reappraisal down-
regulation of negative emotions in the specific context of
reacting to negative self-beliefs embedded in autobiographical
narratives.

With regard to modulation of autonomic psychophysiolog-
ical measures, reappraisal-related respiration rate has been re-
ported in the context of using reappraisal to up-regulate and
down-regulate responses to amusement (Giuliani, McRae, &
Gross, 2008). Our findings of decreases in respiration rate
during reappraisal versus reacting to negative self-beliefs
may reflect decreased emotional reactivity and/or increased
focused attention during reappraisal (Stange, Hamilton,
Fresco, & Alloy, 2017). Interestingly, there were no differ-
ences between reappraisal and reacting to negative self-
beliefs in heart rate and skin conductance. This suggests that
reacting and reappraising both involve sympathetic nervous
system arousal when engaged in effortful processing of one’s
own negative self-beliefs. The reappraisal related modulation
of heart rate is supported by a recent meta-analysis that found
a modest but significant relationship between greater heart-

rate variability and better top-down self-regulation, including
emotion regulation (Holzman & Bridgett, 2017).

Acceptance

Compared with reacting, acceptance of emotional reactivity to
negative self-beliefs resulted in significant decreases in self-
reported negative emotion, respiration rate, and heart rate; no
changes in the left and right amygdala ROIs; and increases in a
distributed network of prefrontal cortex brain regions impli-
cated in cognitive control (medial PFC, DLPFC, VLPFC) and
dorsal attention regulation (bilateral inferior parietal lobule
regions that included the angular and supramarginal gyrus).
The recruitment of multiple PFC regions during acceptance
converges with a prior study of acceptance of emotional reac-
tivity to sad films in healthy adults (Smoski et al., 2015), and
acceptance toward personally salient worry statements in fe-
males with generalized anxiety disorder (Ellard et al., 2017).
Reductions in respiration and heart rate have been reported in
recent analyses of different meditation techniques (Gerritsen

Error bars = standard error of the mean.

Fig. 6 A priori anatomical amygdala region of interest fMRI BOLD signal responses. Error bars = standard error of the mean
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& Band, 2018; Pascoe, Thompson, Jenkins, & Ski, 2017) and
with increases in cognitive and attentional engagement
(Goosheh et al., 2017). The respiratory vagal nerve stimula-
tion model identifies direct and indirect pathways by which
cognition, affect, respiration, and heart rate interact (Gerritsen
& Band, 2018). Thus, this pattern of results suggests that
acceptance down-regulated experiential and autonomic indi-
cators of emotional reactivity while recruiting cognitive and
attention regulatory brain networks.

Reappraisal versus acceptance

The direct contrast of reappraisal versus acceptance demon-
strated that, compared with acceptance, reappraisal resulted in
significantly lesser self-reported negative emotion and bilater-
al amygdala responses, as well as greater heart rate and
frontal-temporal-parietal-occipital brain activation. The co-
occurrence of increased medial PFC recruitment, especially
the dorsal anterior cingulate and dorsomedial prefrontal cor-
tex, with decreased amygdala responses, converges with prior
evidence of an inverse functional connectivity during reap-
praisal of negative emotion in general (Banks, Eddy,
Angstadt, Nathan, & Luan Phan, 2007; Ochsner et al.,
2012), and specifically when reappraising negative self-
beliefs (P. R. Goldin et al., 2009). The absence of any brain
regions that were more activated during acceptance than dur-
ing reappraisal suggests that the acceptance strategy may en-
tail lesser cognitive processing, specifically in the context of
reacting to negative self-beliefs. The interpretation that
acceptance-based coping with negative emotions is more

efficient than other emotion-regulation strategies has been re-
ported previously when acceptance was compared with ex-
pressive suppression (Alberts, Schneider, & Martijn, 2012).
In summary, this pattern of results suggests that reappraisal
was more successful than acceptance at reducing emotional
reactivity with more effortful processing as indicated by sig-
nificantly greater autonomic activation (i.e., heart rate) and
mental engagement (i.e., overall greater brain activation).

Neurally, acceptance and reappraisal produced similar ac-
tivation of dorsomedial PFC, bilateral VLPFC, and DLPFC
regions implicated in functional components of cognitive re-
appraisal of emotion, including selecting a specific strategy,
implementing that strategy, and monitoring its application
(Buhle et al., 2013). Effective connectivity analyses have
shown that these dorsal and inferior PFC regions are strongly
interconnected and likely reflect the interaction of working
memory and goal-appropriate emotion regulation strategy se-
lection to shape cognition and achieve a desired behavior (in
this case, reduction of emotional reactivity; Morawetz, Bode,
Baudewig, Kirilina, & Heekeren, 2016). The right VLPFC is
thought to be critical to various control processes that are
essential for goal-oriented cognition. Relevant to both accep-
tance and reappraisal, specific subcomponents of the right
VLPFC are involved in overriding a prepotent response ten-
dency, reflexive reorienting, and updating of action plans
(Levy & Wagner, 2011). Specifically, the ability to stop auto-
matic habits of mind and redirect attention and behavior to
respond in a more skillful manner is a fundamental component
of both acceptance and reappraisal emotion-regulation strate-
gies. The right VLPFC has been identified as an important

Fig. 7 FMRI BOLD responses for reappraisal versus reacting to negative
self-beliefs. Note. dlPFC = dorsolateral prefrontal cortex; vlPFC =
ventrolateral prefrontal cortex; pMTG = posterior middle temporal
gyrus; aTP = anterior temporal pole; dmPFC = dorsomedial prefrontal

cortex; Prec = precuneus; Lingual = lingual gyrus; L = left; stem = brain
stem; caud = cuaduate. orange = greater BOLD signal for reappraisal vs.
reacting to negative self-beliefs blue = greater BOLD signal for reacting
vs. reappraisal of negative self-beliefs. (Color figure online)
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Table 3 FMRI BOLD responses for cognitive reappraisal versus react negative self-beliefs

Brain region BA Peak x, y, z (TT) Peak voxel Z Cluster vol (mm3) Cluster Z mean Cluster Z SD

Reappraisal > React

Frontal lobe

L middle / inferior frontal gyrus 8, 45 −38, 21, 41 5.53 14,716 3.36 0.45

R inferior frontal gyrus 47 48, 31, −10 3.81 719 3.05 0.19

L superior frontal gyrus 9 −14, 55, 41 3.96 1,127 3.10 0.24

L precentral gyrus 6 −45, −3, 58 6.13 11,667 3.69 0.70

R medial frontal / precentral gyrus 6 18, −10, 55 3.88 2,213 3.09 0.21

Temporal lobe

L anterior temporal pole 21 −44, 0, −31 4.40 2,205 3.18 0.28

R anterior temporal pole 38 55, 10, −17 4.79 757 3.37 0.42

L middle temporal gyrus 22 −51, −38, 0 5.18 4,258 3.55 0.52

Parietal lobe

R postcentral / precentral gyrus 3,4 62, −17, 35 4.05 1,461 3.14 0.26

Occipital lobe

L cuneus, lingual 17, 18 −7, −93, 7 5.64 33,097 3.37 0.45

Subcortical

L caudate −17, 0, 18 6.69 15,766 3.81 0.83

R caudate 17, 3, 20 6.35 7,577 3.66 0.64

L midbrain −10, −17, −13 5.27 899 3.36 0.48

React > Reappraisal

Occipital lobe

Medial precuneus 7 0, −41, 41 4.37 1,474 3.28 0.36

# = cluster number; BA = Brodmann area; x, y, z =Talairach coordinates at peak blood oxygen level-dependent signal intensity voxel; Vol = volume in
mm3 ; t value ≥3.59; voxel p < .001; minimum cluster volume threshold ≥244 mm3 (6 voxels × 3.438 mm3 ); cluster p < .005; L = left; R = right; PFC =
prefrontal cortex

Fig. 8 FMRI BOLD responses for mindful attention versus reacting to
negative self-beliefs. Note. dlPFC = dorsolateral prefrontal cortex; IPL =
inferior parietal lobule; vlPFC = ventrolateral prefrontal cortex; L = left;
caud = cuaduate; mPFC = medial prefrontal cortex. orange = greater

BOLD signal for reappraisal vs. reacting to negative self-beliefs blue =
greater BOLD signal for reacting vs. reappraisal of negative self-beliefs
(Color figure online)
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node in a right-hemisphere-dominant ventral frontoparietal
network that supports reorienting (Corbetta, Patel, &
Shulman, 2008). Reorienting involves interrupting automatic
response (e.g., distorted beliefs and interpretations), resetting
ongoing cognitive processes (e.g., avoidance tendencies), and
considering more adaptive ways of responding to threatening
stimuli (e.g., negative self-beliefs) via recruitment of comple-
mentary brain networks such as the dorsal frontoparietal net-
work specialized for selecting and linking stimuli and re-
sponses. Clearly, acceptance and reappraisal both rely on the
specific use of reorienting to switch between multiple brain
networks related to inhibitory control, attention allocation, and
cognitive control. Thus, overlapping PFC recruitment sug-
gests shared cognitive functions when implementing reap-
praisal and acceptance ER strategies.

However, acceptance also produced recruitment of the
bilateral dorsal parietal (angular gyrus, IPL, intraparietal
sulcus, supramarginal gyrus) regions that were not detected
during reappraisal. Different regions within the parietal cor-
tex are associated with ventral (Bbottom-up^) and dorsal

(Btop-down) attention networks (Corbetta & Shulman,
2002). During acceptance, attention is volitionally orientat-
ed to moment-to-moment experience with no explicit in-
tention to change one’s response to emotional stimuli.
Reappraisal, which is a cognitive change strategy, also in-
volves volitional orienting of attention. The presence of
bilateral dorsal parietal cortical activation during acceptance
suggests top-down guided voluntary allocation of attention
to features of emotion experience, which has generally
been associated with the dorsal frontoparietal system. The
dorsal parietal cortex regions recruited during acceptance in
this study overlap with parietal brain activations detected
during mindful attention regulation of reactivity to negative
self-beliefs in adults with social anxiety disorder following
2 months of MBSR training (P. Goldin, Ziv, Jazaieri,
Hahn, & Gross, 2013). The mindful attention regulation
strategy used in the mindfulness training study was de-
scribed as cultivating a present moment, metacognitive at-
tentional perspective that just notices any thought, memory,
emotion or sensation.

Table 4 FMRI BOLD responses for acceptance versus reacting to negative Self-beliefs

Brain region BA Peak x, y, z (TT) Peak voxel Z Cluster vol (mm3) Cluster Z mean Cluster Z SD

Acceptance > React

Frontal lobe

L superior frontal gyrus 8 −10, 41, 48 3.95 2,513 3.16 0.24

R superior frontal gyrus 8 17, 41, 41 3.76 613 3.05 0.19

L inferior frontal gyrus 10 −41, 5, 1 0 3.21 542 2.94 0.09

L superior/middle frontal gyrus 8 −38, 21, 44 4.37 5,101 3.21 0.35

L inferior/middle frontal gyrus 47 −45, 38, −4 4.65 3,090 3.23 0.34

R inferior/middle frontal gyrus 47 41, 37, −7 3.86 624 3.07 0.21

Temporal lobe

L middle temporal gyrus 21 −69, −28, −17 3.80 526 3.01 0.18

Parietal lobe

L angular gyrus, precuneus, inferior parietal lobule 19, 39 −45, −76, 38 5.36 6,641 3.40 0.50

R angular/supramarginal gyrus, inferior parietal
lobule

39, 40 52, −62, 34 3.93 2,863 3.24 0.29

Subcortical

R caudate 11, 10, 11 4.35 3,681 3.42 0.39

L caudate −17, 7, 0 4.52 3,484 3.32 0.37

React > acceptance

Frontal lobe

L anterior cingulate 32 −18, 24, 24 5.09 1,491 3.53 0.52

Parietal lobe

L IPL, supramarginal gyrus 40 −59, −34, 26 5.76 5,112 3.38 0.56

Subcortical

R cerebellum tonsil 31, −44, −31 4.61 2,238 3.32 0.40

R poster cingulate / caudate tail 31 21, −38, 21 4.40 1,476 3.28 0.37

# = cluster number; BA = Brodmann area; x, y, z =Talairach coordinates at peak blood oxygen level-dependent signal intensity voxel; Vol = volume in
mm3 , t value ≥3.59; voxel p < .001; minimum cluster volume threshold ≥244 mm3 (6 voxels × 3.438 mm3 ); cluster p < .005; L = left; R = right; PFC =
prefrontal cortex
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Currently, there is only one fMRI study that directly com-
pared reappraisal with acceptance (Smoski et al., 2015).
Behaviorally, this study found greater decreases in self-
reported negative emotion for reappraisal versus acceptance
in both remitted depressed and healthy controls in the context
of emotional reactivity to viewing sad images. Our study if 35
healthy adults produced the same result when reacting to neg-
ative self-beliefs. Neurally, the Smoski and colleagues study
reported greater differential brain activation in left insula and
right PFC during acceptance (vs. reappraisal), and greater ac-
tivation in multiple PFC areas during reappraisal (vs. accep-
tance). The authors interpreted the neural findings as evidence
that acceptance was more related to somatic and emotion
awareness. However, the right PFC activation may reflect in-
hibitory control or other cognitive regulatory functions. In our
study, no brain regions were more highly activated during
acceptance compared with reappraisal. One interpretation of
the disparity in results across these two studies is that reducing
emotional reactivity to ecologically valid and personally sa-
lient stimuli (i.e., self-generated negative self-beliefs) required
a higher level of effort for reappraisal of reactivity to sad
images that were not idiographic. This suggests that the per-
sonal salience and emotional intensity of stimuli may interact
with the degree of effort required to implement different emo-
tion regulation strategies.

Another factor that might influence the ability to imple-
ment different emotion regulation strategies in the fMRI task
context is the effect of timing of the cued regulation strategy
and negative stimulus. In our study, the negative self-belief
was presented for 3 s before the cue presentation. Thereafter,
the belief and cue remained on the screen together for 12 s.

Given the possibility of spontaneous emotion regulation, the
precue 3-s window may have been associated with more au-
tomatic, less effortful emotion regulation compared with the
subsequently cued emotion regulation 12-s period.
Furthermore, the time required to generate and implement
reappraisal and mindful attention may vary. The timing may
be influenced by individual differences in both the innate and
trained ability to apply mindful attention and reappraisal.
Given that reappraisal requires linguistic processing, apprais-
al, selection, and application of a specific reinterpretation, it
may take more time to implement compared with mindful
attention. Furthermore, prior regular use, self-efficacy, and
learning history most likely affect patterns of emotional reac-
tivity as well as the implementation of reappraisal and mindful
attention in the fMRI task context.

Limitations and future directions

The current study investigated only two distinct theoret-
ically defined emotion regulation strategies. It is impor-
tant to note that, unlike reappraisal, the instructions for
acceptance did not explicitly ask participants to inten-
tionally and actively attempt to reduce reactivity to their
own negative self-beliefs. This may have induced a de-
mand effect in our study that favored reappraisal versus
acceptance. However, by inhibiting automatic patterns of
interpreting, elucidating, and reacting, mindful attention
short-circuits overlearned mental habits, including emo-
tion reactivity to perceived aversive stimuli such as neg-
ative self-beliefs. Future studies would benefit from
comparing reappraisal and acceptance with other

Table 5 FMRI BOLD responses for acceptance versus cognitive reappraisal of negative self-beliefs

Brain region BA Peak x, y, z (TT) Peak voxel Z Cluster vol (mm3) Cluster Z mean Cluster Z SD

Acceptance > Reappraisal none

Reappraisal > Acceptance

Frontal lobe

L dorsal anterior cingulate / middle frontal gyrus 32, 9 −17 24 28 4.84 7,474 3.26 0.39

L precentral gyrus 6 −55, −4, 38 3.82 1,996 3.09 0.21

Temporal lobe

L middle temporal gyrus 21,22 −48, −31, 0 4.61 5,118 3.37 0.40

R middle temporal gyrus 21 38, −31, 0 4.40 576 3.18 0.32

Parietal lobe

L inferior parietal lobule 40 −38, −38, 28 4.21 885 3.21 0.30

Occipital lobe

L and r cerebellar tonsil, lingual, fusiform gyrus,
mid occipital gyrus

18,19 34, −52, −31 5.15 48,844 3.20 0.32

Subcortical

R caudate 20, 4, 21 4.29 1,863 3.09 0.28

BA = Brodmann area; x, y, z (TT) = Talairach coordinates at peak blood oxygen level-dependent signal intensity voxel; Vol = volume in mm3 ; voxel Z
score ≥2.81; voxel p < .005; minimum cluster volume threshold ≥488 mm3 (12 voxels × 3.438 mm3 ); cluster p < .005; L = left; R = right
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adaptive (e.g., problem-solving) and maladaptive (e.g.,
rumination, suppression) emotion-regulation strategies.
Furthermore, these strategies were implemented in only
one context: regulating reactivity to participant-
generated negative self-beliefs related to participant-
specific autobiographical adverse social situations.
Thus, although both strategies were effective in down-
regulating self-reported negative emotion reactivity, it is
not clear how well these two strategies would function
in other types of challenging contexts. Our study used a
fixed sequence of a story followed by nine negative
self-belief trials. To enhance reactivity, future studies
may consider randomly inserting regulation of negative
self-belief trials into the unfolding autobiographical nar-
rative to decrease expectation effects and increase the
uncertainty of stimulus presentation. Given the fMRI
context and the recruitment of very healthy adults with
no lifetime history of psychopathology, it is not clear
how far the results of this one study can be generalized
to others that include participants such as children/ado-
lescents, older adults, and adults with psychopathologies
such as mood and anxiety disorders. To examine the
development of reappraisal and acceptance as ER strat-
egies, it will be important for future studies to examine
how mental training programs and clinical interventions
modulate the brain and behavioral bases of reappraisal
and acceptance.
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Appendix

Autobiographical social situation task instructions

General instructions

You will be doing a task where you will be asked to read
sentences that make up your own personal, autobiographical
stories. You will be asked to react to these sentences how you
naturally would, and you will also be asked to regulate your
reaction. This study has very important implications for men-
tal health and well-being. But it really requires your attention.
Please stay focused, pay attention, and really engage with
listening to the sentences.

Read

When you are given this prompt to READ, please read each
statement that is presented on the screen.

Now, let’s practice with some statements: BThe ball is on
the box.^

Please explain back to me how you understand the READ
instruction.

How confident do you feel, from 1 to10, that you can do
this READ instruction to the sentences while you are in the
scanner?

React

When you are given the prompt to REACT, as you read each
statement, focus on how the statement is true for you. Allow
yourself to REACTwith the thoughts that you would actually
have. So, this pine cone represents one of the critical
sentences. Allow your body and mind to react as they natu-
rally would to the statements.

Now, let’s practice following the REACT instruction with
some statements. BOthers think you are awkward.^ Now, fo-
cus on when this is true for you—when people are uncomfort-
able being around you. Let one thought follow to the next.
Stay immersed in your experience of knowing you are awk-
ward. Stay in the first person and really think this is happening
to you. Now, let’s practice with another couple of sentences:
BOthers think you are uptight.^ Just let yourself

REACT as you normally would. Now, what was your ex-
perience of that?

Please explain back to me how you understand the REACT
instruction.

How confident do you feel, from 1 to 10, that you can do
this REACT instruction to the sentences while you are in the
scanner?

Reappraisal

For this part of the task, when you are given the prompt to
REFRAME, we would like you to reinterpret the statement so
it is less negative and toxic for you. We would like you to
work with your thoughts so they change your sensations and
feelings.

In contrast to our prickly reactivity, REFRAME is knowing
that our thoughts, sensations, and experiences can be molded
and shaped. It does not have to be rigid.

You will think of a short positive coping statement that
directly REFRAMEs the thought to something more realistic.
Often, what will work is to think of specific evidence against
the thought. So, this is not to just Bthink positive^ or tell
yourself BIt doesn’t matter,^ as these are unrealistic and dis-
missive. But rather what is helpful is to come up with some
evidence against your thought or think of another point of
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view—ones that you can buy into and believe. You really
work with the thought and say it is not true.

So, if you read the sentence, BNo one likes you,^ some
REFRAMES to these sentence are:

BThat is not true, some people like me,^ or BMy sibling
likes me.^

Now, practice with these sentences:
BYou are not very smart,^ or BPeople don’t enjoy being

around you.^
Some REFRAMEs you can use with this are: BThat is not

always true^; BSome people like me^; BThis is only a thought,
not a fact.^

Please explain back to me your understanding of the
REFRAME instruction.

How confident do you feel, from 1 to 10, that you can do
this REFRAME instruction to the sentences while you are in
the scanner?

Acceptance

When you are given the prompt OBSERVE, as you read
each statement with this OBSERVE instruction, we’d
like you to use the part of your mind that can notice
your thoughts and sensations. As you read each state-
ment, simply observe the sensations and thoughts that
play out in your mind in reaction to this statement.
Notice whether your thoughts arise as images, words,
or both. Notice how different thoughts arise and fall
and change over time naturally. Just notice, and watch
what happens with a sense of curiosity about your ex-
perience as it unfolds. Just observe your thoughts, from
moment to moment, without getting sucked into them.

So, let’s practice now. Here are some sentences, and I’d like
you to observe what thoughts you have in reaction to what I
say.

Here is the first one:
BOthers sometimes look down on you. You can be pitied by

others.^
Wait 10 seconds. What are some thoughts you had in reac-

tion to those statements? Were you able to notice your
thoughts?

Now, let’s practice again.
BPeople seem to like you. You are a likeable person.^
BOthers look down on you. You are embarrassing.^
BDo you have enough friends? You really don’t have many

friends.^
BPeople are embarrassed to be seen with you. You are not

liked.^
Please explain back to me your understanding of the

OBSERVE instruction.
How confident do you feel, from 1 to 10, that you can do

this OBSERVE instruction to the sentences while you are in
the scanner?

Remember, with OBSERVE, you are curious, open, notic-
ing, and fully experiencing without judgments, reactivity, or
elaborating.

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.
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