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Abstract

Functional neuroimaging results need to replicate to inform sound models of human
social cognition and its neural correlates. Introspection, the capacity to reflect on
one's thoughts and feelings, is one process required for normative social cognition
and emotional functioning. Engaging in introspection draws on a network of brain
regions including medial prefrontal cortex (mPFC), posterior cingulate cortex (PCC),
middle temporal gyri (MTG), and temporoparietal junction (TPJ). Maturation of these
regions during adolescence mirrors the behavioral advances seen in adolescent social
cognition, but the neural correlates of introspection in adolescence need to replicate
to confirm their generalizability and role as a possible mechanism. The current study
investigated whether reflecting upon one's own feelings of sadness would activate
and replicate similar brain regions in two independent samples of adolescents. Partic-
ipants included 156 adolescents (50% female) from the California Families Project
and 119 adolescent girls from the Pittsburgh Girls Study of Emotion. All participants
completed the Emotion Regulation Questionnaire (ERQ) and underwent a functional
magnetic resonance imaging scan while completing the same facial emotion-
processing task at age 16-17 years. Both samples showed similar whole-brain activa-
tion patterns when engaged in sadness introspection and when judging a non-
emotional facial feature. Whole-brain activation was unrelated to ERQ scores in both
samples. Neural responsivity to task manipulations replicated in regions recruited for
socio-emotional (mPFC, PCC, MTG, TPJ) and attention (dorsolateral PFC, precentral
gyri, superior occipital gyrus, superior parietal lobule) processing. These findings dem-
onstrate robust replication of neural engagement during sadness introspection in two

independent adolescent samples.
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1 | INTRODUCTION

Replication is critical to developing solid conceptual models of human
behavior and its neural correlates. However, surprisingly few exam-
ples of direct replication of functional neuroimaging results have been
published (Poldrack et al., 2017). The scarcity of such replication
efforts is also evident in social cognitive neuroscience research using
child and adolescent samples. Although few direct replications exist,
examinations of resting state networks have shown generally stable
patterns of blood oxygen-level-dependent (BOLD) signal activation
and meta-analyses of task-based activation patterns have identified
reliable neural correlates for various psychological processes mea-
sured using cognitive tasks (Gilmore, Diaz, Wyble, & Yarkoni, 2017).
Nonetheless, as Gilmore et al. (2017) indicate, “it is one thing to estab-
lish that neuroimaging methods can consistently reveal broad map-
pings between cognitive processes and distributed brain networks,
and quite another to establish that the specific pattern of findings
generated by any single study can be reproduced with a high degree
of fidelity in another study” (p. 9). The current study sought to address
this need by identifying whole-brain neural activation during a social
cognition task involving emotion introspection in one sample of ado-
lescents and testing whether the pattern replicated in an independent
second sample of adolescents.

Facial expressions play a key role in conveying information about
our own and others' emotional states. The ability to recognize and
interpret others' emotional states from facial expressions and subse-
quently appraise one's own emotions and behaviors are thus crucial
skills for successful social interaction, which is a primary developmen-
tal task of adolescence. Accordingly, adolescence provides a pro-
longed period for learning complex social and emotion regulation skills
that are necessary for mature interpersonal communication (Crone &
Dahl, 2012; Nelson, Jarcho, & Guyer, 2016). This period also overlaps
with the protracted course of development of the prefrontal cortex
(PFC) (Giedd et al., 1999; Lenroot & Giedd, 2006), a critical brain
region that supports central cognitive control processes including the
regulation of emotion, decision making and mentalizing, and thus
undergirds many complex social and emotional skills.

Becoming skilled in interpersonal communication is also a dynamic
process. Another person's affective expressions may prompt our own
affective states to change, triggering a need for self-regulation and
influencing subsequent behavior. Directing attention to one's own
feelings and thoughts, also known as introspection, is hypothesized to
emerge through interactions with others (Rimé, 2009). This observa-
tion is corroborated by evidence of a close link between brain regions
involved in reflecting upon one's own thoughts and emotions and
those engaged by social cognition tasks (Schilbach et al., 2012). Intro-
spection emerges in late childhood and early adolescence when chil-
dren start to attribute emotions to an internal state rather than
external circumstances (Harris, Olthof, & Terwogt, 1981). During ado-
lescence, increased awareness of one's internal emotional states
becomes more integrated with knowledge of appropriate displays of

emotion in social situations but is also thought to contribute to

increased emotional instability and higher incidences of affective and
anxiety disorders during this period (Guyer, Silk, & Nelson, 2016).
Accordingly, insights into neural processes underlying introspection
may increase our understanding of how to foster emotional and inter-
personal competence in adolescents.

Neuroimaging research has identified some of the neural corre-
lates of emotion recognition and introspection. For example, studies
of adults show the amygdala, fusiform gyrus, orbitofrontal cortex
(OFC), superior temporal gyrus, and somatosensory-related cortices
are activated while processing emotional facial expressions (Adolphs,
2002). Face processing at the most basic level is a prototypical per-
ceptual function that occurs in the occipital face area, fusiform face
area, and several other regions across the superior temporal sulcus
and inferior temporal lobe (Nelson et al., 2016; Weiner & Grill-
Spector, 2015). Beyond simple perceptual processing, social cognition
tasks that require the correct interpretation of facial expressions also
activate the temporoparietal junction (TPJ) and insula cortices,
extended face processing regions implicated in person knowledge and
emotion (Blakemore, 2008; Gobbini & Haxby, 2007; Scherf,
Behrmann, & Dahl, 2012).

Furthermore, implicit and explicit processing of emotional stimuli,
such as faces, relies on overlapping yet distinct brain systems. For
example, implicit processing of emotional stimuli (e.g., identifying a
nonemotional feature of a face, such as gender) has been associated
with activating a network comprising occipital lobe regions including
lingual and fusiform gyri, postcentral gyri, and insula cortices (Fusar-
Poli et al., 2009). In contrast, explicit processing (e.g., identifying the
emotion on a face) commonly activates the amygdala and parts of the
PFC. Processes involving introspection, self-referential thought, and
social cognition are associated with neural activity in cortical midline
structures such as the medial PFC (mPFC) and posterior cingulate cor-
tex (PCC) as well as the TPJ (Denny, Kober, Wager, & Ochsner, 2012;
Feng, Yan, Huang, Han, & Ma, 2018; Hu et al., 2016; Lieberman,
Straccia, Meyer, Du, & Tan, 2019; Northoff et al., 2006). For example,
making judgments about the self has been found to activate ventral
portions of the medial and (left) lateral PFC and the left insula
whereas making judgments about others has been found to engage
dorsal parts of the mPFC, TPJ, and cuneus (Denny et al., 2012). Within
samples of adolescents and adults, the same regions are elicited dur-
ing introspective, self-referential processing, although direct compari-
sons between these age groups show overall greater neural activation
in both self and other networks in adolescents during self-appraisal
(Pfeifer et al., 2009; Pfeifer, Lieberman, & Dapretto, 2007). The mPFC
is found to be activated when adolescents perform tasks that explic-
itly engage awareness of their own emotions and that require
processing complex social interactions (Blakemore, 2008; Kilford,
Garrett, & Blakemore, 2016; Sebastian, Burnett, & Blakemore, 2008)
supporting observations in adults that indicate self-referential
processing in the emotional domain especially involves anterior corti-
cal midline structures (Northoff et al., 2006).

Given its anatomical connections to parts of the temporal lobe
and subcortical structures that control autonomic responses (Fusar-

Poli et al., 2009), the mPFC has direct involvement in monitoring
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ongoing emotional arousal (McKlveen, Myers, & Herman, 2015).
Together, the mPFC with the PCC/precuneus and bilateral inferior
parietal lobule (angular gyrus) form a brain network implicated in
social cognition and affective processing that converges largely with
the default-mode network (DMN). The DMN tends to be more active
in the absence of task demands than during tasks requiring attentional
focus (Raichle et al., 2001), but is also involved during mentalizing and
self-directed cognitive processes, such as autobiographical memory
retrieval (Raichle et al, 2001), emotion processing (e.g., Sreenivas,
Boehm, & Linden, 2012; Wiebking et al., 2011), and depression
(e.g., Sheline et al., 2009; Shi et al., 2015).

The present study leveraged a unique opportunity to conduct a
direct replication of neural responses during a facial emotion-
processing task in two independent samples of adolescents from
diverse ethnic backgrounds. The replication of specific activation pat-
terns in an independent adolescent sample would provide valuable
information on the reliability of functional magnetic resonance imag-
ing (fMRI) results in general, and of explicit (introspection) and implicit
(facial feature) emotion processing activation patterns, more specifi-
cally. We analyzed fMRI data collected from two independent samples
of adolescents recruited into neurobiological substudies on social-
emotional development and elevated risk for psychopathology: one of
Mexican-origin youth studied from ages 10 to 21 years and one of
racially diverse girls assessed from ages 9 to 20 years. Aiding in our
replication effort, at age 16-17 years, both samples underwent a
functional brain imaging scan while completing a facial emotion-
processing task designed to have participants reflect upon their own
state of sadness and judge a face's nose width when viewing different
facial expressions.

Using a region of interest (ROI) approach, we have shown that
dorsomedial (dmPFC) activity during sadness introspection when
viewing sad faces was related to depression severity 1 year later and
to self-reported emotion regulation (Vilgis et al., 2018). We have also
found that stronger activation of social-emotional processing regions
(i.e., the PCC, left TPJ, and left amygdala) during sadness introspec-
tion, regardless of facial expression, moderated the relation between
community crime exposure and disruptive behavior problems
(Weissman et al., 2018). In accordance with this previous research,
our first hypothesis of the present study was that engaging in sadness
introspection (explicit emotion processing) would induce specific pat-
terns of neural activity in social-emotional processing and DMN
regions, including mPFC, precuneus, and temporal regions, similar to
what other studies have shown. We also expected that rating a non-
emotional facial feature (implicit emotion processing) would elicit acti-
vation in occipital regions, including lingual and fusiform gyri,
postcentral gyri and insula cortices. Our second hypothesis of the pre-
sent study was that these neural activation patterns would be repli-
cated in another independent sample when comparing the activation
of significant clusters between the samples. In addition, we explored
whether self-reported emotion regulation strategies were associated
with task activation in the two samples.

Due to the scarcity of direct replication studies in the task-based

functional neuroimaging literature, there are few guidelines or best

practices for testing whether activation replicates across samples.
Therefore, we used several different approaches to assess replicabil-
ity, with the goal of showing convergence across the approaches.
First, we independently modeled activation in each sample, probed
for overlapping clusters, and visualized the contrast estimates per
cluster for each sample. As the same research group typically does not
perform replication studies, the logical first step was to model the two
samples separately. Second, we included them in the same model to
perform a direct statistical comparison between the two samples.
Third, because traditional neuroimaging studies are typically not
designed to estimate effect sizes (Reddan, Lindquist, & Wager, 2017),
we extracted percent signal change in a priori defined regions of inter-
est to focus on a more direct measure of effect magnitude. Although
each approach has its limitations for assessing reproducibility, we
aimed to inform future fMRI replication efforts by providing new evi-

dence based on multiple statistical approaches.

2 | METHOD

2.1 | Participants

The present study included two samples, one recruited in one mid-
sized and one small city in Northern California and the other in a large
metropolitan city in Western Pennsylvania. Table 1 shows basic
demographic characteristics for both samples. Although we have pre-

viously published results from analyses using this same fMRI task

TABLE 1 Demographic information for the CFP and the PGS-E
samples
CFP (n = 156) PGS-E (n = 119)
Age at scan, mean (SD) 16.1 (0.4) 16.9 (0.6)
Female (male), n 77 (79) 119 (0)
Caucasian, n (%) — 32 (26.9)
African American, n (%) — 79 (66.4)
Mexican, n (%) 80 (51.3) —
Mexican American, n (%) 75 (48.1) -
Other ethnicity, n (%) 1(0.6) 8(6.7)
Receipt of public 51 (32.7) 66 (55.5)
assistance, n (%)?
Single parent household, n (%)* 36 (23.1) 56 (47.1)
Maternal education 61(39.1) 75 (63.0)

>12 years, n (%)

Median income ($US)? $25,000-39,999 N/A

ERQ reappraisal score, 29.72 (6.35) 28.50 (7.51)
mean (SD)
ERQ suppression score, 15.59 (4.76) 13.68 (4.66)

mean (SD)

Abbreviations: CFP, California Families Project; PGS-E, Pittsburgh Girls
Study of Emotion.

#Measure was collected within 18 months of the scan; SD, standard
deviation; N/A, measure was not collected in this study; ERQ, Emotion
Regulation Questionnaire.
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completed within each sample independently, we have not conducted
the same analyses reported in this paper in any of our previous publi-
cations for either sample (Vilgis et al., 2018; Weissman, Gelardi, et al.,
2018; Weissman, Guyer, Ferrer, Robins, & Hastings, 2018).

2.1.1 | Sample one

The first sample was drawn from the California Families Project (CFP)
(Atherton, Ferrer, & Robins, 2018; Cruz, King, Mechammil, Bamaca-
Colbert, & Robins, 2018; Martin, Bacher, Conger, & Robins, 2018),
which included 674 participants of Mexican-origin. Initially, partici-
pants were recruited when they were in fifth grade, drawn at random
in two cohorts from school rosters during the 2006-2007 and
2007-2008 school years. About 6 years later, 229 participants
(119 males and 110 females) were recruited into a substudy designed
to examine neurobiological mechanisms in the etiology of depression
(Schriber et al., 2017; Schriber et al., 2018; Weissman, Gelardi, et al.,
2018; Weissman, Guyer, Ferrer, Robins, & Hastings, 2019). Youth
with elevated depressive symptoms were oversampled from the CFP
parent sample, using counts of adolescents' self-reported symptoms
in ninth grade (Age 14) on the Diagnostic Interview Schedule for
Children-IV (Shaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000)
and indicators of elevated severity from the Anhedonic Depression
and General Distress subscales of the Mood and Anxiety Symptom
Questionnaire (Watson & Clark, 1991). At Age 16, 192 participants
completed the facial emotion-processing task during an MRI scan
(eight refused to be scanned and 36 did not complete the face task
due to time constraints and/or scanner malfunction) (Weissman,
Gelardi, et al.,, 2018). Of those who completed the scan, exclusion
from analyses due to excessive head motion (n = 34) or poor under-
standing of the behavioral task (missed responses to >20% trials;
n = 2) resulted in a final sample of 156 CFP participants in the current
investigation. Excluded participants did not differ significantly from
included participants with regard to household composition, receipt of
public assistance, maternal education, and gender. All participants and
their parents provided written assent/consent to take part in this
study and received monetary compensation for participation. All study
procedures were approved by the study site's Institutional Review
Board.

2.1.2 | Sample two

The second sample came from the Pittsburgh Girls Study of Emotion
(PGS-E), part of the larger ongoing longitudinal Pittsburgh Girls Study
(PGS; Keenan et al., 2010) that has followed 2,450 girls since ages
5-8 years. A subsample of girls from the youngest PGS cohort
(n = 232) and their mothers were recruited into the PGS-E when they
were 9 years of age. As in the CFP, PGS-E participants were over-
sampled for high depression scores: half the girls had scores in the
upper quartile on self- and/or parent report of depression symptoms.
At Age 16, 147 of the girls completed the facial emotion-processing
task during an MRI scan (38 refused to participate or could not be

reached, 22 refused to be scanned or could not be scheduled, 25 were

ineligible for scanning at the time of the study due to pregnancy,
braces, or other scanning exclusions) (Casement et al., 2014; Romens
et al,, 2015; Vilgis et al., 2018). Of those who completed the scan,
exclusion from analyses due to excessive head motion (n = 19), poor
scan quality (n = 5), neural abnormalities (n = 2), or poor understanding
of the behavioral task (n = 2) resulted in 119 participants included in
the current investigation. Maternal education >12 years was more
common in those participants included versus excluded in the final
sample (59.5 vs. 40.5%); maternal education <12 years was more
common in excluded than included (44.6% vs. 55.4%) participants.
The difference in proportion was significant Xz (1, N = 218) = 4.78,
p =.029. There were no significant differences in race distribution and
receipt of public assistance between included and excluded partici-
pants. All participants and their mothers provided written assent/con-
sent to take part in this study and received monetary compensation
for participation. All study procedures were approved by the study
site's Human Research Protection Office.

2.2 | Measures
2.2.1 | Emotion regulation

Participants in both studies completed the Emotion Regulation Ques-
tionnaire (ERQ; Gross & John, 2003) on the same day they completed
the MRI scan. The ERQ measures the habitual use of two different
emotion regulation strategies: cognitive reappraisal and expressive
suppression. The ERQ consists of 10 items rated on a scale from
1 (strongly disagree) to 7 (strongly agree). An example item from the
cognitive reappraisal scale is: “When | want to feel less negative emo-
tion, | change the way I'm thinking about the situation.” and from the
suppression scale: “When | am feeling negative emotions, | make sure
not to express them.” Evidence has shown good predictive validity for
emotion regulation, such as the ability to downregulate anger (Mauss,
Cook, Cheng, & Gross, 2007). Cronbach's alpha for the 6-item
reappraisal scale was .80 and .69 for the 4-item suppression scale for

the CFP sample and .84 and .64 for the PGS-E sample, respectively.

2.2.2 | Facial emotion processing fMRI task

A facial emotion-processing task (Guyer et al., 2008; Guyer, Choate,
Grimm, Pine, & Keenan, 2011) was used to assess BOLD response to
facial expressions of emotion. In this rapid, event-related fMRI task,
participants viewed 12 sad, 12 angry, 12 happy, and 12 neutral faces
portrayed by 48 unique actors selected from several databases of
emotional faces (Schmidt, Davis, & Tone, 2012; Ebner, Riediger, & Lin-
denberger, 2010; Lundqvist, Flykt, & Ohman, 1998; Minear & Park,
2004; Nelson, 2004; Tottenham et al., 2009). Each actor's face was
presented only once to each participant, displaying one of the four
emotions at random, but across participants all actors were displayed
with all four expressions. While viewing each picture, participants
were asked to direct their attention to either judging “How sad does
this person make you feel?” (attention condition: sadness introspec-

tion) or “How wide is the nose?” (attention condition: nonemotional
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FIGURE 1

Schematic representation of the facial emotion processing functional magnetic resonance imaging (fMRI) task design. The 9 min

20 s task had three runs, which each contained four blocks. Each block began with an instruction screen (displayed for 4 s) asking participants to
rate “How sad does this face make you feel?” or “How wide is the nose?” (1 = Not at all to 5 = Very much so). After the instructions, 10 randomly
ordered trials (each displayed for 3 s) depicted eight emotional facial expressions (2 happy, 2 sad, 2 angry, 2 neutral) and two fixation crosses.
Intertrial intervals were 750-1,250 ms (not depicted), averaging 1 ms within a block

judgment of physical feature). In the current study, we focused specifi-
cally on BOLD response during sadness introspection versus non-
emotional judgment while participants viewed each of the facial
expressions. Behavioral responses were recorded via a button box with
five buttons, one for each finger, and ranged from 1 = Not at all to
5 = Very much so. Each of the two task conditions began with an
instruction screen presented for 4,000 ms. Following the instruction
screen, 10 randomly ordered stimulus event trials (eight faces, two fixa-
tion crosses) were each presented for 3,000 ms. The two fixation crosses
were included to avoid potential collinearity between stimuli. Following
each event, an intertrial interval displayed a blank screen that varied from
750 to 1,250 ms (averaging 1,000 ms within a 10-trial block) to reduce
the degree to which participants could predict onset of each face-
viewing event. Presentation order of attention conditions and of facial
expressions was randomized across participants. The total duration of
the task was 9 min and 20 s consisting of three runs of four 10-trial
blocks. Figure 1 shows a schematic representation of the task design.

2.3 | MRI acquisition

For both samples, MRI data were acquired on 3.0 T Siemens TIM Trio
MRI scanners (Erlangen, Germany), located on the medical campus of
each study site. The functional scan for the CFP sample consisted of
275 contiguous T2-weighted echo planar imaging whole-brain functional
volumes with the following parameters: repetition time (TR) = 2,000 ms;
echo time (TE) = 27 ms; flip angle = 80°, 35 slices, matrix = 64 x 64; field

of view (FOV) = 224 mm; acquisition voxel size = 3.5 x 3.5 x 3.5 mm°.
A T1-weighted high-resolution anatomical image was acquired for cor-
egistration and normalization of functional images with the following
parameters: TR = 2,500 ms; TE = 4.33 ms; flip angle = 7°; 160 slices;
FOV = 243 mm; acquisition voxel size = 0.9 x 0.9 x 0.9 mm?®. The func-
tional scan for the PGS-E sample differed minimally from that of the CFP
sample; images were T2-weighted and comprised 280 contiguous echo
planar imaging whole-brain functional volumes (TR 2,000 ms;
TE = 28 ms; flip angle = 90°, 39 slices, matrix = 64 x 64; FOV = 205 mm;
acquisition voxel size = 32x 3.2x3.1mm3. A Tl-weighted high-
resolution anatomical image was acquired with the following parameters:
TR = 2,300 ms; TE = 2.98 ms; flip angle = 9°; 160 slices; FOV = 256 mm;

acquisition voxel size = 1.0 x 1.0 x 1.2 mm°.

2.4 | Image preprocessing and analysis

Preprocessing and analysis of imaging data were conducted using Sta-
tistical Parametric Mapping software (SPM8; http://www.fil.ion.ucl.ac.
uk/spm). Functional images were slice time corrected to the acquisi-
tion time of the middle slice of each volume, spatially realigned to the
first volume in the time series to correct for head motion, and spatially
normalized to Montreal Neurological Institute (MNI) stereotaxic space
using a 12-parameter affine model and smoothed using a Gaussian fil-
ter set at 6 mm full-width half maximum. Voxel-wise signal was ratio-
normalized to the whole brain global mean. Artifact Detection Tool-

box (ART; http://www.nitrc.org/projects/artifact_detect/) was used
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to detect functional movements greater than three SD from an indi-
vidual's mean, more than .5 mm translational and more than .01° of
rotation scan-to-scan movement. For data to be included in the final
analysis, no more than 20% of the volumes could show head move-
ment. Temporal censoring based on ART output was used to remove
motion artifacts (Siegel et al., 2014).

For first-level processing, stimulus onset times for each attention
condition and facial emotion were implicitty modeled against rest.
Motion estimates derived during preprocessing were included in the indi-
vidual subject general linear model as covariates of no interest. Whole-
brain analyses were conducted using a 2 (attention condition: introspec-
tion, nonemotional judgment) x 4 (facial emotion: sad, angry, happy, neu-
tral) repeated-measures analysis of variance (ANOVA) with a flexible
factorial design independently for each sample to examine main effects
of attention condition, facial emotion, and the attention x facial emotion

interaction. A family wise error (FWE) corrected threshold of p < .05 with

>10 voxels per cluster was applied to all analyses. MNI coordinates of
activations were provided by SPM, with anatomical labeling obtained

from Anatomy Toolbox via bspmview (Eickhoff et al., 2005).

2.5 | Replication analyses

We used three different approaches to directly compare results between
the two samples. For replication Approach 1, we conducted a flexible
factorial analysis at the whole-brain level within each sample separately.
We then conducted a conjunction analysis whereby we used each sam-
ple's whole brain statistical map to create a conjunction map to assess
whether any voxels were common to both samples (see Figure S1 and
Table S1 in Supplementary Material). For visualization purposes, we plot-
ted these results to depict the overall variance between the two groups.
For replication Approach 2, we conducted a whole-brain between group

analysis (i.e., both samples were included in the same model) using a

TABLE 2 Activation foci for the interaction effect of face emotion x attention condition and each main effect of attention condition in the

CFP sample (N = 156)

Brain region
Interaction effect: Face emotion x attention condition
Medial prefrontal cortex
Inferior frontal gyrus
Medial prefrontal cortex
Main effect: Sadness introspection > nonemotional judgment
Inferior frontal gyrus (pars triangularis)/temporal pole/medial temporal
MTG/inferior parietal lobule
MTG
Inferior frontal gyrus (pars orbitalis and pars triangularis)
Superior medial gyrus/superior frontal gyrus
Calcarine gyrus/cuneus/superior occipital gyrus
Middle cingulate cortex
Superior occipital gyrus/cuneus
PCC
Cerebellar cermis (6)
Inferior frontal gyrus (pars opercularis)//precentral gyrus
Main effect: Nonemotional judgment > sadness introspection
ITG/anterior intraparietal sulcus
ITG
Supramarginal gyrus/anterior intraparietal sulcus/angular gyrus
Inferior frontal gyrus (pars opercularis)
Middle frontal gyrus
Precentral gyrus/insula
Middle frontal gyrus
Inferior frontal gyrus (pars triangularis)
Middle frontal gyrus/precentral gyrus

Insula lobe

Side X y z Cluster size Statistic
L -6 24 40 30 28.36
R 54 26 24 15 26.02
L -6 16 50 25 25.96
R 56 24 6 1,159 11.68
L -48 —60 24 3,115 10.96
R 50 -34 -2 2,909 10.46
L -50 24 -8 1,313 10.19
R/L 6 60 26 5,254 9.63
R 14 -98 12 577 9.05
0 -16 40 497 8.45
L -12 -98 12 493 7.55
R/L -12 —46 34 579 6.93
2 -76 0 289 577
R 44 10 44 53 5.39
L -50 -64 -10 5462 16.15
R 50 -56 -12 549 13.5
R 50 -34 46 4,847 12.91
R 48 6 22 494 12.89
R 46 38 14 777 10.48
L -48 2 26 589 10.37
R 28 8 54 786 8.58
L -50 38 22 196 7.35
L -24 2 56 525 6.86
R 38 -4 12 35 6.39

Note. Height threshold for the interaction effect was 22.40, p < .0142 and for the main effects was 4.70, p < .0000; df = 1,085; FWE corrected, p < .05; L,

left; R, right.

Abbreviations: CFP, California Families Project; FWE, family wise error; ITG, inferior temporal gyrus; MTG, middle temporal gyri; PCC, posterior cingulate cortex.



VILGIS ET AL. Wl LEY 745

FIGURE 2 Replication Approach 1: Results from within-sample, whole-brain analyses of activation during each attention condition for the

(a) California Families Project (CFP) sample (N = 156) and (b) Pittsburgh Girls Study of Emotion (PGS-E) sample (N = 119). Regions activated during
sadness introspection are shown in red-yellow. Regions activated when judging a nonemotional facial feature (i.e., nose width) are shown in blue.
Height threshold t > 4.70, p < .0000, family wise error corrected at p < 0.05; CFP df = 1,085, PGS-E df = 826
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two-sample t test to compare the samples on the two attention condi-
tions (introspection vs. nonemotional judgment). For replication
Approach 3, we tested for between-group differences in signal change
within seven a priori defined functional ROIs based on previously
reported BOLD activation related to self-referential processing (intro-
spection was not available as a searchable term). To define the ROIs, we
used Neurosynth-automated meta-analysis (www.neurosynth.org;
Yarkoni, Poldrack, Nichols, Van Essen, & Wager, 2011), which employs a
lexical automated meta-analytic approach to produce maps consistent
with those in published meta-analyses for several terms and concepts
(Yarkoni et al,, 2011). ROIs were restricted to only those voxels in which
the reverse inference prediction exceeded a t-score of 4 or higher and
contained >100 voxels. This resulted in seven ROIs: mPFC (963 voxels,
center of mass MNI x, y, z coordinates [CM] = -6, 52, 5), PCC
(406 voxels, CM = -6, —56, 26), left medial temporal gyrus (MTG)
(264 voxels, CM = —58, =12, —20), left TPJ (172 voxels, CM = —48, —66,

32), dmPFC (142 voxels, CM = —10, 42, 40), left inferior temporal gyrus
(ITG; 133 voxels, CM = —44, -2, —38), and right TPJ (126 voxels,
CM = 44, —62, 24). Marsbar (Brett, Anton, Valabregue, & Poline, 2002)
was used to extract percent signal change within each ROI during the
introspection condition for each facial expression. Average percent signal
change was directly compared between the two samples using two-

sample t-tests.

2.6 | Statistical analyses of behavioral performance

Task performance (i.e., reaction times, ratings) was analyzed in SPSS
v24. For reaction times, we conducted a 2 (attention condition: intro-
spection, nonemotional judgment) x 4 (facial emotion: sad, angry,
happy, neutral) repeated-measures ANOVA. Ratings were analyzed
separately for each condition. Adjusted degrees of freedom based on

Greenhouse-Geisser correction for violation of sphericity are

TABLE 3 Activation foci for each main effect of attention condition in the PGS-E sample (N = 119)

Brain region
Main effect: Sadness introspection > Nonemotional judgment
Inferior frontal gyrus (pars orbitalis)/temporal pole
Superior medial gyrus/superior frontal gyrus
MTG
Inferior frontal gyrus (pars orbitalis, pars triangularis)
Superior medial gyrus
Insula/MTG
Calcarine gyrus/superior occipital gyrus
Posterior-medial frontal/superior frontal gyrus/superior medial gyrus
Middle frontal gyrus
PCC
Premotor cortex
Premotor cortex
Main effect: Nonemotional judgment > sadness introspection
Fusiform gyrus/superior parietal lobule/middle occipital Gyrus
Superior parietal lobule/angular gyrus/supramarginal gyrus
Inferior frontal gyrus (pars opercularis)
Inferior frontal gyrus (pars opercularis)
ITG
Middle frontal gyrus/premotor cortex
Middle frontal gyrus
Middle frontal gyrus/inferior frontal gyrus (pars triangularis)
Inferior frontal gyrus (pars triangularis)
Insula lobe
Cerebellum (VI)
Insula lobe
Premotor cortex

Middle cingulate cortex

Side X y z Cluster size Statistic
L —46 24 -6 514 9.41
R/L 6 60 22 2000 8.28
L -50 -42 0 1,231 8.18
R 48 26 -8 128 7.48
L -6 38 52 110 711
R 46 -32 -2 856 7.09
L -8 -92 18 338 6.39
R 8 18 62 80 6.21
L —-40 10 48 46 6.19
L -10 -50 34 16 5.32
L -10 20 60 11 532
0 -14 38 19 5.01
L -42 —68 -8 3,791 15.65
R 30 —68 36 3,560 13.82
R 48 6 26 547 12.32
L -48 4 30 517 11.75
R 44 -62 -8 295 11.69
R 26 4 52 738 8.64
L -24 2 52 429 8.26
R 48 38 16 280 7.96
L —46 36 18 121 6.31
R 38 -4 12 18 5.65
R 30 -50 -20 18 5.58
L -32 14 6 19 5.55
4 4 24 11 522
4 14 48 17 5.20

Note. Height threshold for the main effects was 4.70, p < .0000; df = 826; FWE corrected, p < .05; L, left; R, right.
Abbreviations: FWE, family wise error; ITG, inferior temporal gyrus; MTG, middle temporal gyri; PCC, posterior cingulate cortex; PGS-E, Pittsburgh Girls

Study of Emotion.
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reported where applicable. These results are presented in the Supple-
mentary Material (see Table S2 and Figure S2).

3 | RESULTS

Table 1 shows mean (SD) cognitive reappraisal and expressive sup-
pression scores from the ERQ for the CFP sample and the PGS-E sam-
ple. The two samples differed significantly in expressive suppression, t
(270) = 2.99, p = .003, but not reappraisal, t(270) = 1.45, p = .16; sig-
nificant differences in expressive suppression remained when compar-
ing only the CFP girls with the PGS-E girls. Thus, the replication
analyses presented below were also conducted with gender and

expressive suppression as covariates when applicable.

3.1 | Replication Approach 1: Within-sample whole-
brain functional activations and conjunction analysis

3.1.1 | CFPsample

As presented in Table 2, the flexible factorial whole-brain analysis

revealed a main effect of attention within multiple regions, a main

(a) Sadness introspection
dmPFC L IFG L MFG# L MTG
12 4
81 ¢ .
44 . |

|9 o e ok o

+1 8 .
-8 -
LG# MCC occ PCC
12 1
c
QS 8+ . .
.g 44 8 . 1 ° ) 1
©
< o4
s .
O 4 o . ; . ]
=
-8
RIFG R MFG# R MTG vmPFC
124
8 H

Z:qg-.;. :

%--1-%-# +

effect of facial emotion in the fusiform gyrus (not shown), and a sig-
nificant attention x facial emotion interaction in the PFC. A post hoc
t test between attention conditions showed that engaging in intro-
spection activated a social-emotional network comprising bilateral
insula, lateral temporal regions, and portions of the mPFC and
precuneus (Table 2; shown in red-yellow in Figure 2, Panel a). In con-
trast, the nonemotional judgment condition activated bilateral dorso-
lateral and ventrolateral PFC as well as occipitotemporal regions
(Table 2; shown in blue in Figure 2, Panel a). Neither cognitive
reappraisal nor expressive suppression scores were associated signif-
icantly with whole-brain activation.

The attention x facial emotion interaction effect was concen-
trated to two small clusters (Table 2): one in the dorsal anterior cingu-
late cortex (dACC) and one in the right inferior frontal cortex (IFG). To
identify what drove the interaction, we extracted beta parameters
from these two clusters and plotted the interaction for visualization
purposes. Figure 3 (CFP in left panel) shows the interaction effect was
driven by opposing patterns of activation to sad and happy facial
expressions in the two attention conditions.

We separately tested whether any of the effects differed between

male and female participants, but did not find gender differences.

(b) Non-emotional judgment
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FIGURE 4 Replication Approach 1: Results from the conjunction map analysis of each cluster significantly activated in both samples for the
sadness introspection and nonemotional judgment contrasts for the California Families Project (CFP) sample (N = 156) shown in red and the
Pittsburgh Girls Study of Emotion (PGS-E) sample (N = 119) shown in green. Boxplots depict mean activation for overlapping clusters unless
otherwise indicated by #. dACC, dorsal anterior cingulate cortex; dIPFC, dorsolateral prefrontal cortex; dmPFC, dorsomedial prefrontal cortex;
IFG, inferior frontal gyrus; INS, insula; ITG, inferior temporal gyrus; L, left; LG, lingual gyrus; MCC, midcingulate cortex; MFG, middle frontal gyrus;
MTG, medial temporal gyrus; OCC, occipital pole; PCC, posterior cingulate cortex; PCG, paracingulate gyrus; R, right; SPL, superior parietal lobule;

vmPFC, ventromedial prefrontal cortex
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3.1.2 | PGS-E sample

As shown in Table 3, the flexible factorial analysis at the whole-brain
level showed a significant main effect of attention. Similar regions
were activated in the PGS-E sample as seen in the CFP sample during
sadness introspection (shown in red-yellow in Figure 2, Panel b) and
when making nonemotional judgments (shown in blue in Figure 2,
Panel b). A main effect of facial emotion and an interaction effect of
attention x facial emotion were not significant. Neither cognitive
reappraisal nor expressive suppression scores were associated signifi-
cantly with whole-brain activation.

Although we did not find a significant attention x facial emotion
interaction effect in the PGS-E sample, we examined whether the dACC
and right IFG clusters observed in the CFP sample would show a similar
pattern in the PGS-E sample. To do so, we extracted mean beta parame-

ters from the same clusters that were significant in the CFP sample in

the PGS-E sample. As shown in Figure 3 (PGS-E in right panel), the visu-
alization of the pattern of activation in the PGS-E sample parallels the
one observed in the CFP sample overall, including the differences in acti-

vation to happy and sad faces in the two attention conditions.

3.1.3 | Conjunction analysis

Based on a conjunction map of regions activated in both samples,
Figure 4 shows the distribution of mean activation within each sample
for each conjunct cluster (CFP in red; PGS-E in green). For both sam-
ples, as depicted in the boxplots, there was more variance in the intro-
spection than the nonemotional judgment attention condition.
Notably, there were three clusters with significant levels of activation
in only one of the samples while engaged in sadness introspection;
the left middle frontal gyrus (MFG) (=40, 10, 48; PGS-E only), medial
lingual gyrus (2, =76, 0; CFP only), and right MFG (44, 10, 44; CFP

Happy face - How sad?

Angry face - How sad?

IMTG ITPJ mPFC PCC* rTPJ

dmPFC || IITG IMTG || ITPJ** || mPFC || PCC || rTPJ*» dmPFC IITG
15 15 1
1.0 R | 10 . .
05 4 s . ; . 05 4 3 . [ . . ° ° R
0.5 . . 0.5 o
. 3
104 . . ; : . « ® ] : M 104 o : !
15+ . 154
O 204 2.0 4
)}
c 254 25
E w w w w w w w w w w w w w w
o L 5 & 4 T o & & o4 & & & g & 9 & o B o B 4 B 4 B 4 & &
~ o ‘EE 5] E o E o E o 8 o 8 o 8 o 8 o g o g o g o g o E o g
©
C
.(%’ Sad face - How sad? Neutral face - How sad?
L dmPFC || IITG IMTG ITPJ || mPFC || PCC rTPJ dmPFC IITG IMTG ITPJ mPFC PCC rTPJ~
15 15
1.0 4 1.0 4 .
054 ¢ : L] ° ° ° ° 2 . 051 [ . s b .
L L e
0544 o . 054 §
1.0 i A A [ : : 1.0 ‘ I N R *
1.5 1 s ® 1.5 1 °
2.0 -2.0 4
L]
251 25
w w w w w w w w w w w w w w
T e T o & o T oo & o T oo & o [ S S S S S S S S S S
o g o g o g o g o g o g o g o E o g o g 5] g o g o 8 o g
FIGURE 5 Replication Approach 3: The top panel shows seven a priori defined regions of interest (ROls) based on the term “self-referential”

from the Neurosynth database. ROls are the dorsomedial prefrontal cortex (dmPFC, dark blue), left inferior temporal gyrus (IITG, purple), left
middle temporal gyrus (IMTG, yellow), left temporoparietal junction (ITPJ, light blue), medial prefrontal cortex (mPFC, red), posterior cingulate
cortex (PCC, beige), and right temporoparietal junction (rTPJ, green). The bottom panel displays the percent signal change within each ROI for
each of the four facial emotions viewed during sadness introspection (“How sad does this face make you feel?”). CFP, California Families Project
sample (N = 156). PGS-E, Pittsburgh Girls Study of Emotion sample (N = 119). *Significant at p < .0018 (Bonferroni corrected); “‘remained
significant after covarying gender and expressive suppression; ~became significant at p < .0018 after covarying gender and expressive

suppression
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only). When making a nonemotional judgment, four clusters did not
overlap between samples including the dACC (4, 4, 24; PGS-E only),
left insula (—32, 14, 6; PGS-E only), paracingulate gyrus (4, 14, 48;
PGS-E only), and right ITG (50, =56, —12; CFP only).

3.2 | Replication Approach 2: Between sample
differences across the whole brain within the same
model

A two-sample t test revealed two small clusters of greater activation
in the CFP sample compared to the PGS-E sample during emotion
introspection (p < .05, FWE-corrected). These activation clusters were
in the right IFG (54, 20, O; k = 20) and the mPFC (-8, 54, 36; k = 14),
but were no longer significantly different between samples when gen-
der and expressive suppression scores were entered as covariates.
When examining the effects of gender at the whole-brain level across

the two samples, no significant activations were found.

3.3 | Replication Approach 3: Between sample
differences in signal change from a priori defined ROIs

To further probe replicability of task activations across the two sam-
ples, we used seven a priori defined ROIs from the Neurosynth data-
base based on the term “self-referential” to select regions commonly
activated by introspective task conditions (see Figure 5, top panel).
Mean percent signal change for each group, each ROI, and each facial
expression during sadness introspection are presented in the bottom
panel of Figure 5 and Table S3. Four of the ROIs including the mPFC,
dmPFC, left MTG, and left ITG showed no significant differences in
percent signal change between the groups. Accounting for multiple
comparisons, percent signal change was significantly different for
happy facial expressions only in the left and right TPJ and for happy
and angry expressions in the PCC. For the significant regions, the
PGS-E sample exhibited overall greater negative signal change com-
pared to the CFP sample. When both gender and expressive suppres-
sion scores were included as covariates, group differences remained
significant for happy facial expressions in bilateral TPJ and in the PCC.
Angry facial expressions in the PCC no longer showed group differ-
ences, instead response to neutral facial expressions in the left TPJ
was found to differ significantly (p = .0012) between the groups after
entering the covariates. However, no significant effects of expressive

suppression scores or gender were found in any of the models tested.

4 | DISCUSSION

In the present study, we characterized and directly replicated whole-
brain and ROI neural activation patterns of sadness introspection in
two independent samples of adolescents with a variant of a widely
used facial emotion processing fMRI task. We examined replication
using three different approaches. Across these approaches, activation
patterns were comparable between the samples during sadness intro-

spection. When adolescents focused their attention on the degree of

sadness they felt while looking at emotional faces, we found activa-
tion in the DMN and other regions typically implicated in social cogni-
tion, emotion processing, and self-referential processing. This
included bilateral middle temporal gyri, inferior and middle frontal gyri,
cortical midline regions including the PCC, mPFC, and midcingulate as
well as visual processing regions within the occipital cortex. When
adolescents made nonemotional judgments, that is, rated a face's nose
width, we found activation in regions corresponding to a dorsal atten-
tion network including the supplementary motor region, superior pari-
etal cortices, insula, and inferior and dorsolateral prefrontal regions in
both samples. Overall, the similar patterns of activation found
between the two independent samples suggest broad replicability of
results. They also support the reliability of this task for engaging the
same brain regions in response to specific social cognitive events in
different groups of adolescents.

In support of cross-sample replication of neural activation, our first
replication approach demonstrated extensive overlap in clusters that
were significant within each sample. When activation in certain clus-
ters was significant in only one sample, we extracted the BOLD signal
from the other sample using masks defined by those same clusters
including bilateral middle frontal gyri, the lingual gyrus, dACC, left
insula, and right IFG and found no significant mean activation differ-
ences between the samples. In addition, although the interaction
effect of what participants rated (i.e., attention condition) and the
type of facial emotion they rated was significant only in the CFP sam-
ple at the whole-brain level, the same general response pattern was
also observed in the PGS-E sample in these regions. Overall, the
results from this approach suggest the facial emotion processing fMRI
task reliably elicits activation patterns across research sites and across
two diverse samples of adolescents. Furthermore, the findings indi-
cate the instructions used in social-emotional cognitive tasks can
effectively manipulate neural response even when task stimuli are
identical across conditions. The way in which adolescents process
facial emotions—whether appraising them in relation to their own
subjective emotional experience or based on a nonemotional feature
of the face—influences the neural representation and engagement of
the perceived emotion.

We undertook two additional analytic approaches for assessing
replication of one sample's results in another sample. Our second rep-
lication approach, in which we directly compared the two samples in
one analytic model, showed no neural activation differences between
the samples including in those regions that were significantly acti-
vated in only one sample (as found in replication approach one). The
second replication approach did reveal significant between-sample
differences in a small cluster of activation in the right IFG and one in
the mPFC. However, when gender was included as a covariate, these
differences were no longer significant. Nonetheless, when we exam-
ined the effect of gender at the whole-brain level no significant asso-
ciations were found. Additionally, expressive suppression was not
associated with activation during introspection. Results from this sec-
ond replication approach lend further support to the findings obtained

from the first approach and revealed some neural activation
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differences that may have been related to the divergence in gender
composition of each sample.

For the third replication approach, we created ROlIs involved in
introspection based on the literature. This approach measured the
percent signal change in a priori defined regions, including mPFC,
PCC, left MTG, left TPJ, dmPFC, left ITG, and right TPJ. Across the
majority of ROls, no significant differences in activation during intro-
spection were found between the samples. However, differences
were noted in bilateral TPJ for happy facial expressions and in the
PCC for happy and angry expressions; most of these associations
remained significant when controlling for between sample differences
in gender and expressive suppression. These results indicated that the
two samples generally processed task conditions similarly within a
network of regions identified in past work as relevant for engaging in
introspection and self-referential processes (e.g., the DMN).

We also explored whether self-reported emotion regulation skills
assessed in each sample using the same measure (i.e., ERQ) would be
associated with task-based neural activations. We found no evidence
for an effect of emotion regulation at the whole-brain level in either
sample (replication approach one). While this is not evidence of no
effect, it has been noted that brain-behavior correlations show low
replicability (albeit in structural studies, see Boekel et al., 2015) and
are often based on weak, false, or hidden correlations (Rousselet &
Pernet, 2012). In addition, the subscales of the ERQ, cognitive
reappraisal and expressive suppression, may be too broad as con-
structs to map onto activation of any specific brain region(s), espe-
cially given the current task design. In the context of Gross's model of
emotion regulation (Gross, 2008, 2015), the current task relates most
closely to attention deployment, which precedes both reappraisal and
suppression of one's emotions. Furthermore, sadness introspection as
operationalized with this task captures neural response when thinking
about how another person's emotional display makes you feel sad-
ness, rather than asking participants explicitly to change their current
emotion state by reframing it or suppressing it.

In addition to the results obtained from our replication efforts, the
current study revealed intriguing patterns about neural engagement
during sadness introspection. First, the conjunction analysis showed
there was more variance in neural activation during introspection as
compared to the nonemotional judgment condition in both samples. It
is possible that this pattern reflected greater individual differences in
neural activity during sadness introspection. The greater idiosyncratic
reaction to one's own emotional response is perhaps more influenced
by past experiences or current mood than when rating a non-
emotional feature. In contrast, we would expect activity when making
a nonemotional judgment to be more similar across individuals.

Second, the dACC and right IFG showed differential activation to
happy and sad faces depending on whether participants were engaged
in introspection or a nonemotional judgment. The dACC and IFG are
both prominent cognitive control regions engaged during error moni-
toring, implicit and explicit emotion regulation, response inhibition
and general attention monitoring (e.g.,, Chambers, Garavan, &
Bellgrove, 2009; Luna, Padmanabhan, & O'Hearn, 2010; Ochsner,
Silvers, & Buhle, 2012). The dACC also falls within the salience

network, which is involved in integrating internal events and environ-
mental stimuli (Menon & Uddin, 2010) theorized to mediate switching
between the DMN and a central executive network and be implicated
in psychopathology (Menon, 2015). In the context of this task and
given involvement of the dACC during error monitoring and conflict
detection (Botvinick, Cohen, & Carter, 2004), the interaction we found
is likely driven by a mismatch between viewing a happy face but con-
sidering one's sad feelings during introspection. In addition, the non-
emotional judgment condition, which inherently activates implicit
processing of emotions, may require participants to increase their
attention when viewing sad faces in order to stay on task. Such an
effect may be associated with a need to remind oneself of the current
condition and not interfere with thinking about one's feelings of
sadness.

Third, the significant differences in dmPFC and right IFG activa-
tion during introspection found between the two samples did not hold
when gender was included as a covariate the model, suggesting that
gender may have played a role in these differences. Both dmPFC and
right IFG engagement have been associated with cognitive and inhibi-
tory control. In the context of the present task, the dmPFC was likely
involved in emotion regulation and awareness (Amodio & Frith, 2006)
as well as changes in affective experience (Silvers, Wager, Weber, &
Ochsner, 2015). Gender differences in brain activity associated with
emotional reactivity and regulation have been observed in adults
(Domes et al., 2010). Adult women show greater amygdala, mPFC,
and dorsolateral PFC activity compared to men when viewing aversive
stimuli. In contrast, when instructed to downregulate an emotional
response to negative stimuli, men showed greater engagement in the
caudal ACC, lateral OFC, and inferior PFC compared to women
(Domes et al., 2010). Together, these observations suggest the neural
activation differences during sadness introspection observed in our
second replication approach may have been related to differences in
the gender composition of each sample. However, it is possible that
other variables that may have accounted for these differences
(e.g., research site, MRI acquisition parameters, cultural, social, and/or
socioeconomic influences) because when we tested for the effect of
gender, we did not find significant associations between gender and
neural activation at the whole-brain level.

Neuroimaging research has been criticized for solely relying on
statistical values in the absence of a direct physical measurement
(Chen, Taylor, & Cox, 2017). Because reporting effect sizes in fMRI is
challenging, we included a third replication approach that assessed
percent signal change, a metric proposed to be as close to an effect
size as is currently possible (Chen et al., 2017). Our results from this
analysis showed that when comparing percent signal change in a priori
defined ROIs, there were differences between the two samples in the
bilateral TPJ and PCC for happy facial expressions, including when
accounting for gender and expressive suppression effects. Engaging in
mentalizing processes, such as representing one's own thoughts and
emotions or the thoughts and emotions of another person implicates
the TPJ and PCC (Lombardo, et al., 2010; Blakemore, 2008). However,
the TPJ also supports attentional processes such as reorientation to

behaviorally important stimuli in the environment (Arrington, Carr,
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Mayer, & Rao, 2000; Corbetta, Patel, & Shulman, 2008). Together
with the PCC, the TPJ overlaps with lateral parietal regions within the
DMN, which deactivates during effortful tasks. Previous work indi-
cates that DMN deactivation is less pronounced for happy faces as
compared to sad faces (Sreenivas et al., 2012). Group differences seen
specifically for happy faces may thus indicate differences in attention
orientation or DMN suppression.

Activation in the TPJ and PCC has been associated with individual
differences in loneliness (e.g., Cacioppo & Hawkley, 2009) as well as
empathy and the ability to infer social intentions (e.g., Ciaramidaro
et al., 2007). In addition, reduced suppression of DMN activity during
affective processing has been reported in depressed adults (Grimm
et al., 2009) and adolescents (Ho et al., 2015) with PCC activation cor-
relating positively with feelings of depression and hopelessness
(Grimm et al., 2009) and PCC connectivity correlating with greater
depression severity and an earlier age of depression onset (Ho et al.,
2015). Although our two samples were recruited into studies that
assessed risk for depression, they were drawn from the community
and are not comparable to clinical samples. Nevertheless, it is possible
that individual differences between the samples or greater psychopa-
thology in one or the other sample may account for the observed dif-
ferences in signal change.

An alternative explanation for group differences in the processing
of happy facial expressions may also be due to the specific set of task
stimuli used. Facial expression stimuli were not explicitly selected to
match each sample's or each participant's race/ethnicity. In the pre-
sent study, we used these samples as a way to highlight a quantitative
difference in the brain regions activated during introspection and to
show that this task is appropriate to use in different communities. As
a post hoc examination of potential group differences between race/
ethnicity, we compared mean percent signal change in bilateral TPJ
and PCC response to happy facial expressions across Mexican-origin,
African-American, and non-Hispanic White participants. Consistent
with our site/sample differences, Mexican-origin (CFP) and African-
American (PGS-E) and Mexican-origin (CFP) and non-Hispanic White
(PGS-E) participants differed in TPJ and PCC activity to happy facial
expressions, but African-American (PGS-E) and non-Hispanic White
(PGS-E) participants did not differ (p-values = .10-.95). Thus, within
the PGS-E sample, there were no ethnic/racial differences in neural
activity. Nonetheless, our ability to test alternative explanations
related to group differences between race/ethnicity with these
datasets is limited because race/ethnicity is confounded with site/
sample. Future studies might address the question of how race or eth-
nicity relates to TPJ and PCC responses to varying facial emotions
during introspection by accounting for the cultural context in which
emotion socialization took place and systematically controlling for the
race/ethnicity of the facial stimuli.

Our study was not without some limitations. The replication of
activation patterns for each attention condition we found across sam-
ples is remarkable, although not perfect. First, significant clusters were
more extensive in the CFP sample suggesting that a slightly larger
sample size may influence the ability to detect significant effects.

Given that the interaction effect was nearly identical in both samples,

although only significant in one sample, judging replication solely
based on a significant cluster cutoff may have been too stringent.
Although there is close overlap in activations between the samples,
differences found in the order of cluster significance also supports this
possibility. Thus, only relying on clusters that pass a certain t-statistic
threshold may not be a good indicator of replication, since we found
no group differences in clusters that reached significance in only one
group. Second, we tested whether mean activation in ROI clusters dif-
fered across the samples; however, future work could apply multivari-
ate methods (e.g., multivoxel pattern analysis) to address new
questions about similarity of neural response patterns between sam-
ples. Third, our study should be considered exploratory given the
absence of guidelines and clear methodological approaches to test
replicability in neuroimaging research. As neuroimaging data are
increasingly made publicly available, neuroimaging researchers will
likely develop gold-standard approaches for assessing replication. In
addition, the ROIs we selected based on the Neurosynth results were
generated from a range of studies that included participants of all
ages. While Neurosynth provides no information on the age of each
sample used in their meta-analysis algorithm, it is highly likely that
more of the studies drew on adult than adolescent samples. Nonethe-
less, our whole-brain and ROI replication approaches showed engage-
ment of similar regions, supporting the validity of using Neurosynth-
based ROls for the age of our sample. Fourth, the design of our fMRI
task was low in ecological validity. Indeed, we designed the task to
experimentally manipulate attention and assess response to emotional
stimuli, but it does not represent the complex social-emotional pro-
cesses involved in adolescents' naturalistic interpersonal interactions.
Future studies should aim to use paradigms that more accurately
reflect the social and emotional experiences adolescents encounter in
daily life (Guyer et al., 2016). Finally, although leveraging datasets
from two separate studies provided an important opportunity to repli-
cate findings from an fMRI task collected from large samples of same-
aged adolescents, our study design was limited by the unique demo-
graphic breakdown of the samples, slight differences in functional and
structural imaging parameters (e.g., flip angle, FOV), and differing
behavioral/clinical measures. For example, the somewhat smaller FOV
of the functional T2-weighted echo planar images for the PGS-E scan
may have provided higher resolution and smaller voxel size, but lower
signal strength than the FOV for the CFP scan, which may have cre-
ated slight differences in activation patterns. In addition, each study
collected different measures of depressive severity and rumination at
different assessment times relative to the scan. This precluded our
ability to compare the two samples directly on these measures and
limits interpretation of any group differences in neural activation in
relation to these psychological processes.

Taken together, the findings from the present multisite study sug-
gest it is possible to replicate reliable and robust BOLD signal in core
social-emotional and cognitive control processing regions during rele-
vant task conditions. The ability to reflect upon one's own emotional
state in the presence of another person's emotional expressions is a
skill necessary for successful social interaction. The brain regions sig-

nificantly activated when participants engaged in introspection and
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made nonemotional judgments are consistent with regions reported
in previous studies engaged during social cognition tasks as well as
emotional tasks (Schilbach et al., 2012). In the present study, we
showed that a variation of a commonly used facial emotion face-
processing fMRI task largely replicated activation patterns across two
independent adolescent samples. Furthermore, these results support
the use of a facial emotion-processing task in future neuroimaging
studies bearing in mind that task instructions are important in driving

region-specific activation and variability in the BOLD signal.

ACKNOWLEDGMENTS

The California Families Project study was supported by the National
Institutes of Health grants ROIMH098370 and RO1DA017902. The
Pittsburgh Girls Study of Emotion study was supported by the
National Institutes of Health grants ROIMH116519, ROIMH093605
and RO1MH66167. The authors thank all families who participated in
the California Families Project and the Pittsburgh Girls Study of

Emotion.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Veronika Vilgis
Shawn A. Rhoads
Amanda E. Guyer

https://orcid.org/0000-0003-4029-4675
https://orcid.org/0000-0003-1350-9458
https://orcid.org/0000-0003-1817-8766

REFERENCES

Adolphs, R. (2002). Recognizing emotion from facial expressions: Psycho-
logical and neurological mechanisms. Behavioral and Cognitive Neuro-
science Reviews, 1, 21-62. https://doi.org/10.1177/
1534582302001001003

Amodio, D. M,, & Frith, C. D. (2006). Meeting of minds: The medial frontal
cortex and social cognition. Nature Reviews Neuroscience, 7, 268-277.
https://doi.org/10.1038/nrn1884

Arrington, C. M., Carr, T. H., Mayer, A. R,, & Rao, S. M. (2000). Neural
mechanisms of visual attention: Object-based selection of a region in
space. Journal of Cognitive Neuroscience, 12(Suppl. 2), 106-117.
https://doi.org/10.1162/089892900563975

Atherton, O. E., Ferrer, E., & Robins, R. W. (2018). The development of
externalizing symptoms from late childhood through adolescence: A
longitudinal study of Mexican-origin youth. Developmental Psychology,
54, 1135-1147. https://doi.org/10.1037/dev0000489

Blakemore, S. J. (2008). The social brain in adolescence. Nature Reviews
Neuroscience, 9, 267-277. https://doi.org/10.1038/nrn2353

Boekel, W., Wagenmakers, E. J., Belay, L., Verhagen, J., Brown, S., &
Forstmann, B. U. (2015). A purely confirmatory replication study of

structural brain-behavior correlations. Cortex, 66, 115-133. https://
doi.org/10.1016/j.cortex.2014.11.019

Botvinick, M. M., Cohen, J. D., & Carter, C. S. (2004). Conflict monitoring
and anterior cingulate cortex: An update. Trends in Cognitive Sciences,
8, 539-546. https://doi.org/10.1016/j.tics.2004.10.003

Brett, M., Anton, J. L., Valabregue, R., & Poline, J. B. (2002). Region of
interest analysis using an SPM toolbox. Paper presented at the 8th
International Conference on Functional Mapping of the Human Brain,
Sendai, Japan.

Cacioppo, J. T., & Hawkley, L. C. (2009). Perceived social isolation and cog-
nition. Trends in Cognitive Sciences, 13, 447-454. https://doi.org/10.
1016/j.tics.2009.06.005

Casement, M. D., Guyer, A. E., Hipwell, A. E, McAloon, R. L,
Hoffmann, A. M., Keenan, K. E., & Forbes, E. E. (2014). Girls' challeng-
ing social experiences in early adolescence predict neural response to
rewards and depressive symptoms. Developmental Cognitive Neurosci-
ence, 8, 18-27. https://doi.org/10.1016/j.dcn.2013.12.003

Chambers, C. D., Garavan, H., & Bellgrove, M. A. (2009). Insights into the
neural basis of response inhibition from cognitive and clinical neurosci-
ence. Neuroscience & Biobehavioral Reviews, 33, 631-646. https://doi.
org/10.1016/j.neubiorev.2008.08.016

Chen, G., Taylor, P. A, & Cox, R. W. (2017). Is the statistic value all we
should care about in neuroimaging? Neurolmage, 147, 952-959.
https://doi.org/10.1016/j.neuroimage.2016.09.066

Ciaramidaro, A., Adenzato, M., Enrici, I., Erk, S., Pia, L., Bara, B. G., &
Walter, H. (2007). The intentional network: How the brain reads varie-
ties of intentions. Neuropsychologia, 45, 3105-3113. https://doi.org/
10.1016/j.neuropsychologia.2007.05.011

Corbetta, M., Patel, G., & Shulman, G. L. (2008). The reorienting system of
the human brain: From environment to theory of mind. Neuron, 58,
306-324. https://doi.org/10.1016/j.neuron.2008.04.017

Crone, E. A, & Dahl, R. E. (2012). Understanding adolescence as a period
of social-affective engagement and goal flexibility. Nature Reviews
Neuroscience, 13, 636-650. https://doi.org/10.1038/nrn3313

Cruz, R. A, King, K. M., Mechammil, M., Bamaca-Colbert, M., &
Robins, R. W. (2018). Mexican-origin youth substance use trajectories:
Associations with cultural and family factors. Developmental Psychol-
ogy, 54, 111-126. https://doi.org/10.1037/dev0000387

Denny, B. T., Kober, H., Wager, T. D., & Ochsner, K. N. (2012). A meta-
analysis of functional neuroimaging studies of self- and other judg-
ments reveals a spatial gradient for mentalizing in medial prefrontal
cortex. Journal of Cognitive Neuroscience, 24, 1742-1752. https://doi.
org/10.1162/jocn_a_00233

Domes, G., Schulze, L., Bottger, M., Grossmann, A., Hauenstein, K,
Wirtz, P. H,, ... Herpertz, S. C. (2010). The neural correlates of sex dif-
ferences in emotional reactivity and emotion regulation. Human Brain
Mapping, 31, 758-769. https://doi.org/10.1002/hbm.20903

Ebner, N. C., Riediger, M., & Lindenberger, U. (2010). FACES—A database
of facial expressions in young, middle-aged, and older women and
men: Development and validation. Behavior Research Methods, 42,
351-362. https://doi.org/10.3758/brm.42.1.351

Eickhoff, S. B., Stephan, K. E., Mohlberg, H., Grefkes, C., Fink, G. R,
Amunts, K., & Zilles, K. (2005). A new SPM toolbox for combining
probabilistic cytoarchitectonic maps and functional imaging data.
Neurolmage, 25, 1325-1335. https://doi.org/10.1016/j.neuroimage.
2004.12.034

Feng, C., Yan, X., Huang, W., Han, S., & Ma, Y. (2018). Neural representa-
tions of the multidimensional self in the cortical midline structures.
Neurolmage, 183, 291-299. https://doi.org/10.1016/j.neuroimage.
2018.08.018

Fusar-Poli, P., Placentino, A., Carletti, F., Landi, P., Allen, P., Surguladze, S.,
... Politi, P. (2009). Functional atlas of emotional faces processing: A
voxel-based meta-analysis of 105 functional magnetic resonance
imaging studies. Journal of Psychiatry Neuroscience, 34, 418-432.


https://orcid.org/0000-0003-4029-4675
https://orcid.org/0000-0003-4029-4675
https://orcid.org/0000-0003-1350-9458
https://orcid.org/0000-0003-1350-9458
https://orcid.org/0000-0003-1817-8766
https://orcid.org/0000-0003-1817-8766
https://doi.org/10.1177/1534582302001001003
https://doi.org/10.1177/1534582302001001003
https://doi.org/10.1038/nrn1884
https://doi.org/10.1162/089892900563975
https://doi.org/10.1037/dev0000489
https://doi.org/10.1038/nrn2353
https://doi.org/10.1016/j.cortex.2014.11.019
https://doi.org/10.1016/j.cortex.2014.11.019
https://doi.org/10.1016/j.tics.2004.10.003
https://doi.org/10.1016/j.tics.2009.06.005
https://doi.org/10.1016/j.tics.2009.06.005
https://doi.org/10.1016/j.dcn.2013.12.003
https://doi.org/10.1016/j.neubiorev.2008.08.016
https://doi.org/10.1016/j.neubiorev.2008.08.016
https://doi.org/10.1016/j.neuroimage.2016.09.066
https://doi.org/10.1016/j.neuropsychologia.2007.05.011
https://doi.org/10.1016/j.neuropsychologia.2007.05.011
https://doi.org/10.1016/j.neuron.2008.04.017
https://doi.org/10.1038/nrn3313
https://doi.org/10.1037/dev0000387
https://doi.org/10.1162/jocn_a_00233
https://doi.org/10.1162/jocn_a_00233
https://doi.org/10.1002/hbm.20903
https://doi.org/10.3758/brm.42.1.351
https://doi.org/10.1016/j.neuroimage.2004.12.034
https://doi.org/10.1016/j.neuroimage.2004.12.034
https://doi.org/10.1016/j.neuroimage.2018.08.018
https://doi.org/10.1016/j.neuroimage.2018.08.018

VILGIS €T AL

WILEY_L 7

Giedd, J., Blumenthal, J. D., Jeffries, N. O., Castellanos, F. X., Liu, H.,,
Zijdenbos, A, ... Rapoport, J. (1999). Brain development during child-
hood and adolescence: A longitudinal MRI study. Nature Neuroscience,
2,861-863.

Gilmore, R. O., Diaz, M. T., Wyble, B. A., & Yarkoni, T. (2017). Progress
toward openness, transparency, and reproducibility in cognitive neuro-
science. Annals of the New York Academy of Sciences, 1396, 5-18.
https://doi.org/10.1111/nyas.13325

Gobbini, M. 1., & Haxby, J. V. (2007). Neural systems for recognition of
familiar faces. Neuropsychologia, 45, 32-41. https://doi.org/10.1016/j.
neuropsychologia.2006.04.015

Grimm, S., Ernst, J., Boesiger, P., Schuepbach, D., Hell, D., Boeker, H., &
Northoff, G. (2009). Increased self-focus in major depressive disorder
is related to neural abnormalities in subcortical-cortical midline struc-
tures. Human Brain Mapping, 30, 2617-2627. https://doi.org/10.
1002/hbm.20693

Gross, J. J. (2008). Emotion regulation. In M. Lewis, J. M. Haviland-Jones, &
L. Feldman Barrett (Eds.), Handbook of emotions (3rd ed.). New York,
NY: Guilford Press.

Gross, J. J. (2015). Emotion regulation: Current status and future pros-
pects. Psychological Inquiry, 26, 1-26. https://doi.org/10.1080/
1047840x.2014.940781

Gross, J. J., & John, O. P. (2003). Individual differences in two emotion reg-
ulation processes: Implications for affect, relationships, and well-being.
Journal of Personality and Social Psychology, 85, 348-362.

Guyer, A. E., Choate, V. R, Grimm, K. J., Pine, D. S., & Keenan, K. (2011).
Emerging depression is associated with face memory deficits in ado-
lescent girls. Journal of the American Academy of Child & Adolescent
Psychiatry, 50, 180-190. https://doi.org/10.1016/j.jaac.2010.11.008

Guyer, A. E., Monk, C. S., McClure-Tone, E. B., Nelson, E. E., Roberson-
Nay, R, Adler, A. D,, ... Ernst, M. (2008). A developmental examination
of amygdala response to facial expressions. Journal of Cognitive Neuro-
science, 20, 1565-1582. https://doi.org/10.1162/jocn.2008.20114

Guyer, A. E., Silk, J. S., & Nelson, E. E. (2016). The neurobiology of the
emotional adolescent: From the inside out. Neuroscience & Biobehav-
ioral Reviews, 70, 74-85. https://doi.org/10.1016/j.neubiorev.2016.
07.037

Harris, P. L., Olthof, T., & Terwogt, M. M. (1981). Children's knowledge of
emotion. Journal of Child Psychology and Psychiatry, 22, 247-261.
https://doi.org/10.1111/j.1469-7610.1981.tb00550.x

Ho, T. C.,, Connolly, C. G., Henje Blom, E., LeWinn, K. Z., Strigo, I. A,
Paulus, M. P., ... Yang, T. T. (2015). Emotion-dependent functional con-
nectivity of the default mode network in adolescent depression. Bio-
logical Psychiatry, 78, 635-646. https://doi.org/10.1016/j.biopsych.
2014.09.002

Hu, C., Di, X, Eickhoff, S. B., Zhang, M., Peng, K., Guo, H., & Sui, J. (2016).
Distinct and common aspects of physical and psychological self-
representation in the brain: A meta-analysis of self-bias in facial and
self-referential judgements. Neuroscience & Biobehavioral Reviews, 61,
197-207. https://doi.org/10.1016/j.neubiorev.2015.12.003

Keenan, K., Hipwell, A, Chung, T., Stepp, S., Stouthamer-Loeber, M.,
Loeber, R., & McTigue, K. (2010). The Pittsburgh girls study: Overview
and initial findings. Journal of Clinical Child and Adolescent Psychology,
39, 506-521. https://doi.org/10.1080/15374416.2010.486320

Kilford, E. J., Garrett, E., & Blakemore, S. J. (2016). The development of
social cognition in adolescence: An integrated perspective. Neurosci-
ence & Biobehavioral Reviews, 70, 106-120. https://doi.org/10.1016/j.
neubiorev.2016.08.016

Lenroot, R. K., & Giedd, J. N. (2006). Brain development in children and
adolescents: Insights from anatomical magnetic resonance imaging.
Neuroscience & Biobehavioral Reviews, 30, 718-729. https://doi.org/
10.1016/j.neubiorev.2006.06.001

Lieberman, M. D., Straccia, M. A., Meyer, M. L., Du, M., & Tan, K. M.
(2019). Social, self, (situational), and affective processes in medial pre-
frontal cortex (MPFC): Causal, multivariate, and reverse inference

evidence. Neuroscience & Biobehavioral Reviews, 99, 311-328. https://
doi.org/10.1016/j.neubiorev.2018.12.021

Lombardo, M. V., Chakrabarti, B., Bullmore, E. T., Wheelwright, S. J,,
Sadek, S. A, Suckling, J., ... Baron-Cohen, S., 2010. Shared neural cir-
cuits for mentalizing about the self and others. Journal of Cognitive
Neuroscience, 22, 1623-1635. https://doi.org/10.1162/jocn.2009.
21287

Luna, B., Padmanabhan, A., & O'Hearn, K. (2010). What has fMRI told us
about the development of cognitive control through adolescence?
Brain and Cognition, 72, 101-113. https://doi.org/10.1016/j.bandc.
2009.08.005

Lundgvist, D., Flykt, A., & Ohman, A. (1998). The Karolinska directed emo-
tional faces—KDEF CD ROM. Stockholm: Department of Clinical Neuro-
science, Psychology Section, Karolinska Institutet.

Martin, M. J.,, Bacher, K. B., Conger, R. D., & Robins, R. W. (2018). Prospec-
tive relationships between ethnic discrimination and substance use by
Mexican-American adolescents. Child Development. https://doi.org/10.
1111/cdev.13096

Mauss, I. B., Cook, C. L., Cheng, J. Y. J., & Gross, J. J. (2007). Individual
differences in cognitive reappraisal: Experiential and physiological
responses to an anger provocation. International Journal of Psycho-
physiology, 66, 116-124. https://doi.org/10.1016/j.ijpsycho.2007.
03.017

McKlveen, J. M., Myers, B., & Herman, J. P. (2015). The medial prefrontal
cortex: Coordinator of autonomic, neuroendocrine and behavioural
responses to stress. Journal of Neuroendocrinology, 27, 446-456.
https://doi.org/10.1111/jne.12272

Menon, V. (2015). Salience network. In A. W. Toga (Ed.), Brain mapping: An
encyclopedic reference (Vol. 2, pp. 597-611). Cambridge, Massachu-
setts: Academic Press: Elsevier.

Menon, V., & Uddin, L. Q. (2010). Saliency, switching, attention and con-
trol: A network model of insula function. Brain Structure and Function,
214, 655-667. https://doi.org/10.1007/s00429-010-0262-0

Minear, M., & Park, D. C. (2004). A lifespan database of adult facial stimuli.
Behavior Research Methods, Instruments, & Computers, 36, 630-633.
https://doi.org/10.3758/bf03206543

Nelson, E. E. (2004). Adolescent and adult facial expressions stimuli database.
Bethesda, MD: Section on Development and Affective Neuroscience,
National Institute of Mental Health.

Nelson, E. E., Jarcho, J. M., & Guyer, A. E. (2016). Social re-orientation and
brain development: An expanded and updated view. Developmental
Cognitive Neuroscience, 17, 118-127. https://doi.org/10.1016/j.dcn.
2015.12.008

Northoff, G., Heinzel, A., de Greck, M., Bermpohl, F., Dobrowolny, H., &
Panksepp, J. (2006). Self-referential processing in our brain—A meta-
analysis of imaging studies on the self. Neurolmage, 31, 440-457.
https://doi.org/10.1016/j.neuroimage.2005.12.002

Ochsner, K. N,, Silvers, J. A., & Buhle, J. T. (2012). Functional imaging stud-
ies of emotion regulation: A synthetic review and evolving model of
the cognitive control of emotion. Annals of the New York Academy of
Sciences, 1251, E1-E24. https://doi.org/10.1111/j.1749-6632.2012.
06751.x

Pfeifer, J. H., Lieberman, M. D., & Dapretto, M. (2007). “I| know you are but
what am I?!": Neural bases of self- and social knowledge retrieval in
children and adults. Journal of Cognitive Neuroscience, 19, 1323-1337.
https://doi.org/10.1162/jocn.2007.19.8.1323

Pfeifer, J. H., Masten, C. L., Borofsky, L. A., Dapretto, M., Fuligni, A. J., &
Lieberman, M. D. (2009). Neural correlates of direct and reflected self-
appraisals in adolescents and adults: When social perspective-taking
informs self-perception. Child Development, 80, 1016-1038. https://
doi.org/10.1111/j.1467-8624.2009.01314.x

Poldrack, R. A., Baker, C. I., Durnez, J., Gorgolewski, K. J., Matthews, P. M.,
Munafo, M. R, ... Yarkoni, T. (2017). Scanning the horizon: Towards
transparent and reproducible neuroimaging research. Nature Reviews
Neuroscience, 18, 115-126. https://doi.org/10.1038/nrn.2016.167


https://doi.org/10.1111/nyas.13325
https://doi.org/10.1016/j.neuropsychologia.2006.04.015
https://doi.org/10.1016/j.neuropsychologia.2006.04.015
https://doi.org/10.1002/hbm.20693
https://doi.org/10.1002/hbm.20693
https://doi.org/10.1080/1047840x.2014.940781
https://doi.org/10.1080/1047840x.2014.940781
https://doi.org/10.1016/j.jaac.2010.11.008
https://doi.org/10.1162/jocn.2008.20114
https://doi.org/10.1016/j.neubiorev.2016.07.037
https://doi.org/10.1016/j.neubiorev.2016.07.037
https://doi.org/10.1111/j.1469-7610.1981.tb00550.x
https://doi.org/10.1016/j.biopsych.2014.09.002
https://doi.org/10.1016/j.biopsych.2014.09.002
https://doi.org/10.1016/j.neubiorev.2015.12.003
https://doi.org/10.1080/15374416.2010.486320
https://doi.org/10.1016/j.neubiorev.2016.08.016
https://doi.org/10.1016/j.neubiorev.2016.08.016
https://doi.org/10.1016/j.neubiorev.2006.06.001
https://doi.org/10.1016/j.neubiorev.2006.06.001
https://doi.org/10.1016/j.neubiorev.2018.12.021
https://doi.org/10.1016/j.neubiorev.2018.12.021
https://doi.org/10.1162/jocn.2009.21287
https://doi.org/10.1162/jocn.2009.21287
https://doi.org/10.1016/j.bandc.2009.08.005
https://doi.org/10.1016/j.bandc.2009.08.005
https://doi.org/10.1111/cdev.13096
https://doi.org/10.1111/cdev.13096
https://doi.org/10.1016/j.ijpsycho.2007.03.017
https://doi.org/10.1016/j.ijpsycho.2007.03.017
https://doi.org/10.1111/jne.12272
https://doi.org/10.1007/s00429-010-0262-0
https://doi.org/10.3758/bf03206543
https://doi.org/10.1016/j.dcn.2015.12.008
https://doi.org/10.1016/j.dcn.2015.12.008
https://doi.org/10.1016/j.neuroimage.2005.12.002
https://doi.org/10.1111/j.1749%E2%88%926632.2012.06751.x
https://doi.org/10.1111/j.1749%E2%88%926632.2012.06751.x
https://doi.org/10.1162/jocn.2007.19.8.1323
https://doi.org/10.1111/j.1467-8624.2009.01314.x
https://doi.org/10.1111/j.1467-8624.2009.01314.x
https://doi.org/10.1038/nrn.2016.167

= | WILEY

VILGIS €T AL

Raichle, M. E., MacLeod, A. M. Snyder, A. Z, Powers, W. J,
Gusnard, D. A,, & Shulman, G. L. (2001). A default mode of brain func-
tion. Proceedings of the National Academy of Sciences of the United States
of America, 98, 676-682. https://doi.org/10.1073/pnas.98.2.676

Reddan, M. C,, Lindquist, M. A., & Wager, T. D. (2017). Effect size estima-
tion in neuroimaging. JAMA Psychiatry, 74, 207-208. https://doi.org/
10.1001/jamapsychiatry.2016.3356

Rimé, B. (2009). Emotion elicits the social sharing of emotion: Theory and
empirical review. Emotion Review, 1, 60-85. https://doi.org/10.1177/
1754073908097189

Romens, S. E., Casement, M. D., McAloon, R., Keenan, K., Hipwell, A. E.,
Guyer, A. E., & Forbes, E. E. (2015). Adolescent girls' neural response
to reward mediates the relation between childhood financial disadvan-
tage and depression. Journal of Child Psychology and Psychiatry, 56,
1177-1184. https://doi.org/10.1111/jcpp.12410

Rousselet, G., & Pernet, C. (2012). Improving standards in brain-behavior
correlation analyses. Frontiers in Human Neuroscience, 6(119), 1-11.
https://doi.org/10.3389/fnhum.2012.00119

Scherf, K. S., Behrmann, M., & Dahl, R. E. (2012). Facing changes and
changing faces in adolescence: A new model for investigating
adolescent-specific interactions between pubertal, brain and behav-
ioral development. Developmental Cognitive Neuroscience, 2, 199-219.
https://doi.org/10.1016/j.dcn.2011.07.016

Schilbach, L., Bzdok, D., Timmermans, B., Fox, P. T, Laird, A. R,
Vogeley, K., & Eickhoff, S. B. (2012). Introspective minds: Using ALE
meta-analyses to study commonalities in the neural correlates of emo-
tional processing, social & unconstrained cognition. PLoS One, 7,
e€30920. https://doi.org/10.1371/journal.pone.0030920

Schriber, R. A., Anbari, Z., Robins, R. W., Conger, R. D., Hastings, P. D., &
Guyer, A. E. (2017). Hippocampal volume as an amplifier of the effect
of social context on adolescent depression. Clinical Psychological Sci-
ence, 5, 632-649. https://doi.org/10.1177/2167702617699277

Schriber, R. A., Rogers, C. R, Ferrer, E., Conger, R. D., Robins, R. W.,
Hastings, P. D., & Guyer, A. E. (2018). Do hostile school environments
promote social deviance by shaping neural responses to social exclu-
sion? Journal of Research on Adolescence, 28, 103-120. https://doi.
org/10.1111/jora.12340

Sebastian, C., Burnett, S., & Blakemore, S. J. (2008). Development of the
self-concept during adolescence. Trends in Cognitive Science, 12,
441-446. https://doi.org/10.1016/j.tics.2008.07.008

Shaffer, D., Fisher, P., Lucas, C. P., Dulcan, M. K., & Schwab-Stone, M. E.
(2000). NIMH diagnostic interview schedule for children version IV
(NIMH DISC-IV): Description, differences from previous versions, and
reliability of some common diagnoses. Journal of the American Acad-
emy of Child and Adolescent Psychiatry, 39, 28-38. https://doi.org/10.
1097/00004583-200001000-00014

Sheline, Y. 1., Barch, D. M., Price, J. L., Rundle, M. M., Vaishnavi, S. N.,
Snyder, A. Z., ... Raichle, M. E. (2009). The default mode network and
self-referential processes in depression. Proceedings of the National
Academy of Sciences of the United States of America, 106, 1942-1947.
https://doi.org/10.1073/pnas.0812686106

Shi, H., Wang, X,, Yi, J., Zhu, X,, Zhang, X., Yang, J., & Yao, S. (2015).
Default mode network alterations during implicit emotional faces
processing in first-episode, treatment-naive major depression patients.
Frontiers in Psychology, 6, 1198-1198. https://doi.org/10.3389/fpsysg.
2015.01198

Siegel, J. S., Power, J. D., Dubis, J. W., Vogel, A. C., Church, J. A,
Schlaggar, B. L., & Petersen, S. E. (2014). Statistical improvements in
functional magnetic resonance imaging analyses produced by censor-
ing high-motion data points. Human Brain Mapping, 35, 1981-1996.
https://doi.org/10.1002/hbm.22307

Silvers, J. A., Wager, T. D., Weber, J., & Ochsner, K. N. (2015). The neural
bases of uninstructed negative emotion modulation. Social Cognitive

and Affective Neuroscience, 10, 10-18. https://doi.org/10.1093/scan/
nsu016

Sreenivas, S., Boehm, S. G., & Linden, D. E. (2012). Emotional faces and the
default mode network. Neuroscience Letters, 506, 229-234. https://
doi.org/10.1016/j.neulet.2011.11.012

Schmidt, S. M., Davis, J. S., & Tone, E. B. (2012). Georgia State University
Diverse Faces Set of Facial Expressions. Oral presentation at the annual
meeting of the Southeastern Psychological Association (SEPA), New
Orleans, Louisiana.

Tottenham, N., Tanaka, J. W., Leon, A. C., McCarry, T., Nurse, M.,
Hare, T. A, ... Nelson, C. (2009). The NimStim set of facial expressions:
Judgments from untrained research participants. Psychiatry Research,
168, 242-249. https://doi.org/10.1016/j.psychres.2008.05.006

Vilgis, V., Gelardi, K. L, Helm, J. L, Forbes, E. E., Hipwell, A. E.,
Keenan, K., & Guyer, A. E. (2018). Dorsomedial prefrontal activity to
sadness predicts later emotion suppression and depression severity in
adolescent girls. Child Development, 89, 758-772. https://doi.org/10.
1111/cdev.13023

Watson, D., & Clark, L. A. (1991). The mood and anxiety symptom question-
naire. lowa: University of lowa, Department of Psychology
Unpublished manuscript.

Weiner, K. S., & Grill-Spector, K. (2015). The evolution of face processing
networks. Trends in Cognitive Science, 19, 240-241. https://doi.org/
10.1016/j.tics.2015.03.010

Weissman, D. G, Gelardi, K. L, Conger, R. D. Robins, R. W,
Hastings, P. D., & Guyer, A. E. (2018). Adolescent externalizing problems:
Contributions of community crime exposure and neural function during
emotion introspection in Mexican-origin youth. Joumal of Research on
Adolescence, 28, 551-563. https://doi.org/10.1111/jora.12358

Weissman, D. G., Guyer, A. E., Ferrer, E., Robins, R. W., & Hastings, P. D.
(2018). Adolescents' brain-autonomic coupling during emotion
processing. Neurolmage, 183, 818-827. https://doi.org/10.1016/j.
neuroimage.2018.08.069

Weissman, D. G., Guyer, A. E., Ferrer, E., Robins, R. W., & Hastings, P. D.
(2019). Tuning of brain-autonomic coupling by prior threat exposure:
Implications for internalizing problems in Mexican-origin adolescents.
Development and Psychopathology, 31, 1127-1141. https://doi.org/10.
1017/50954579419000646

Wiebking, C., de Greck, M., Duncan, N. W., Heinzel, A., Tempelmann, C., &
Northoff, G. (2011). Are emotions associated with activity during rest
or interoception? An exploratory fMRI study in healthy subjects. Neu-
roscience Letters, 491, 87-92. https://doi.org/10.1016/j.neulet.2011.
01.012

Yarkoni, T., Poldrack, R. A., Nichols, T. E., Van Essen, D. C., & Wager, T. D.
(2011). Large-scale automated synthesis of human functional neuroim-
aging data. Nature Methods, 8, 665-670. https://doi.org/10.1038/
nmeth.1635

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Vilgis V, Rhoads SA, Weissman DG,
et al. Direct replication of task-dependent neural activation
patterns during sadness introspection in two independent
adolescent samples. Hum Brain Mapp. 2020;41:739-754.
https://doi.org/10.1002/hbm.24836



https://doi.org/10.1073/pnas.98.2.676
https://doi.org/10.1001/jamapsychiatry.2016.3356
https://doi.org/10.1001/jamapsychiatry.2016.3356
https://doi.org/10.1177/1754073908097189
https://doi.org/10.1177/1754073908097189
https://doi.org/10.1111/jcpp.12410
https://doi.org/10.3389/fnhum.2012.00119
https://doi.org/10.1016/j.dcn.2011.07.016
https://doi.org/10.1371/journal.pone.0030920
https://doi.org/10.1177/2167702617699277
https://doi.org/10.1111/jora.12340
https://doi.org/10.1111/jora.12340
https://doi.org/10.1016/j.tics.2008.07.008
https://doi.org/10.1097/00004583-200001000-00014
https://doi.org/10.1097/00004583-200001000-00014
https://doi.org/10.1073/pnas.0812686106
https://doi.org/10.3389/fpsyg.2015.01198
https://doi.org/10.3389/fpsyg.2015.01198
https://doi.org/10.1002/hbm.22307
https://doi.org/10.1093/scan/nsu016
https://doi.org/10.1093/scan/nsu016
https://doi.org/10.1016/j.neulet.2011.11.012
https://doi.org/10.1016/j.neulet.2011.11.012
https://doi.org/10.1016/j.psychres.2008.05.006
https://doi.org/10.1111/cdev.13023
https://doi.org/10.1111/cdev.13023
https://doi.org/10.1016/j.tics.2015.03.010
https://doi.org/10.1016/j.tics.2015.03.010
https://doi.org/10.1111/jora.12358
https://doi.org/10.1016/j.neuroimage.2018.08.069
https://doi.org/10.1016/j.neuroimage.2018.08.069
https://doi.org/10.1017/S0954579419000646
https://doi.org/10.1017/S0954579419000646
https://doi.org/10.1016/j.neulet.2011.01.012
https://doi.org/10.1016/j.neulet.2011.01.012
https://doi.org/10.1038/nmeth.1635
https://doi.org/10.1038/nmeth.1635
https://doi.org/10.1002/hbm.24836

	Direct replication of task-dependent neural activation patterns during sadness introspection in two independent adolescent ...
	1  INTRODUCTION
	2  METHOD
	2.1  Participants
	2.1.1  Sample one
	2.1.2  Sample two

	2.2  Measures
	2.2.1  Emotion regulation
	2.2.2  Facial emotion processing fMRI task

	2.3  MRI acquisition
	2.4  Image preprocessing and analysis
	2.5  Replication analyses
	2.6  Statistical analyses of behavioral performance

	3  RESULTS
	3.1  Replication Approach 1: Within-sample whole-brain functional activations and conjunction analysis
	3.1.1  CFP sample
	3.1.2  PGS-E sample
	3.1.3  Conjunction analysis

	3.2  Replication Approach 2: Between sample differences across the whole brain within the same model
	3.3  Replication Approach 3: Between sample differences in signal change from a priori defined ROIs

	4  DISCUSSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  DATA AVAILABILITY STATEMENT

	REFERENCES


