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1 | INTRODUCTION

| Margaret M. Bradley

| David R. Herring | Peter J. Lang

Abstract

Meta-analytic and experimental studies investigating the neural basis of emotion often
compare functional activation in different emotional induction contexts, assessing
evidence for a “core affect” or “salience” network. Meta-analyses necessarily aggre-
gate effects across diverse paradigms and different samples, which ignore potential
neural differences specific to the method of affect induction. Data from repeated
measures designs are few, reporting contradictory results with a small N. In the cur-
rent study, functional brain activity is assessed in a large (N = 61) group of healthy
participants during two common emotion inductions—scene perception and narra-
tive imagery—to evaluate cross-paradigm consistency. Results indicate that limbic
and paralimbic regions, together with visual and parietal cortex, are reliably engaged
during emotional scene perception. For emotional imagery, in contrast, enhanced
functional activity is found in several cerebellar regions, hippocampus, caudate,
and dorsomedial prefrontal cortex, consistent with the conception that imagery is an
action disposition. Taken together, the data suggest that a common emotion network
is not engaged across paradigms, but that the specific neural regions activated dur-
ing emotional processing can vary significantly with the context of the emotional

induction.
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sniffing odorant stimuli, Anderson et al., 2003; imagining emo-
tional events, Mantani, Okamoto, Shirao, Okada, & Yamawaki,

Investigating the neural basis of emotion has spawned hundreds
of separate studies exploring emotional processing in a variety
of different contexts, including perception, attention, learn-
ing, memory, and more. A number of meta-analyses (Kober et
al., 2008; Lindquist, Wager, Kober, Bliss-Moreau, & Barrett,
2012; Satpute et al., 2015) aggregate data across such studies
to identify a common emotional network. However, in these
investigations, functional activity is not only compared across
different participants, but also across quite disparate contexts
of emotional induction (e.g. viewing emotional expressions
or scenes, Wright, Wedig, Williams, Rauch, & Albert, 2006;

2005; anticipating panic attacks, Bystritsky et al., 2001; receiv-
ing reward or punishment, O’Doherty, Kringelbach, Rolls,
Hornak, & Andrews, 2001). In the current fMRI study, we
instead assess functional activation in two commonly studied
emotional contexts—scene perception and narrative imagery—
in a large (N = 61) group of individuals using a repeated mea-
sures design, which provides a compelling test of whether emo-
tional processing elicits similar patterns of functional activity,
regardless of induction context.

Prior neuroimaging studies comparing functional ac-
tivation across different emotion contexts for the same
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participants have reported divergent results and the sample
sizes were generally small. For instance, Shinkareva et al.
(2014) presented eight participants with either emotional pic-
tures or emotional sounds, reporting no overlap, although the
investigation was presumably underpowered. Moreover, this
conclusion differed from Peelen, Aktinson, & Vuilleumier
(2010), who presented movies of facial expressions or body
expressions and nonlinguistic utterances to 18 participants,
reporting overlap in medial prefrontal cortex (mPFC) and
left superior temporal sulcus (STS). Relatedly, Royet et al.
(2000) presented olfactory, visual or auditory stimuli to 18
participants and found a common set of regions (e.g. orbi-
tofrontal cortex, temporal pole and superior frontal gyrus)
activated cross-context. Using multivariate pattern analysis
(MVPA), Saarimiki et al. (2016) compared functional activa-
tion when watching movie clips or imagining different situ-
ations that cued unspecified autobiographical memories that
induced disgust, fear, happiness, sadness, or neutral emotion,
and reported the same classification pattern across induction
contexts.

In an early meta-analysis, emotional activation assessed
across 106 studies not surprisingly resulted in a functional
image that included activation in almost every brain region
(Murphy, Nimmo-Smith, & Lawrence, 2003). While the
specific modality-independent regions reported vary across
meta-analytic studies, limbic and paralimbic regions—some-
times referred to as core limbic or core affect regions, such
as the amygdala, anterior insular cortex, and thalamus—
have been reported as showing modality-independent ac-
tivation (e.g. Lindquist, Satpute, Wager, Weber, & Barrett,
2016; Lindquist et al., 2012). It has been proposed that the
recruitment of these regions in both animals and humans is
independent of sensory modality and provides evidence for
a network of regions mediating appetitive and aversive pro-
cessing (Hayes & Northoff, 2011; Kober et al., 2008).

On the other hand, Phan, Wager, Taylor, and Liberzon
(2002) compared functional activity during visual and mem-
ory recall studies, and found that activation of subcortical
regions—such as the amygdala—were reported less often
during memory. Moreover, the specific set of limbic and
paralimbic regions is not always consistent across different
induction contexts (e.g. Brown, Gao, Tisdelle, Eickhoff,
& Liotti, 2011; Chikazoe, Lee, Kriegeskorte, & Anderson,
2014). For example, Satpute et al. (2015) found that the
amygdala is activated in two out of five different sensory mo-
dalities (visual and auditory in the left amygdala, and visual
and olfactory in the right amygdala), suggesting that the ex-
istence of a general, supramodal, emotional system engaged
across induction contexts lacks strong empirical support.

One region more consistently engaged across different
induction contexts appears to be the anterior insula (and
the adjacent inferior frontal gyrus). Brown et al.’s (2011)
meta-analysis reported anterior insula involvement in

emotional contexts of vision, audition, gustation, and olfac-
tion. Moreover, Satpute et al. (2015) also found anterior insula
activation in four (visual, auditory, olfactory, and gustatory)
of five sensory modalities investigated. Importantly, the an-
terior insula is a major node in the salience network (defined
in intrinsic connectivity analyses: Menon, 2015; Seeley et al.,
2007; Shirer, Ryali, Rykhlevskaia, Menon, & Greicius, 2012),
that was originally described as being involved in creating a
salient representation of the visual environment. A number
of regions in the salience and core affect networks largely
overlap with regions consistently reported as activated during
emotional visual perception, in which functional activity
during emotional, compared to neutral, scenes is enhanced
in the amygdala, thalamus, bilateral inferior frontal gyrus
(including portions of the anterior insula), and cingulate cor-
tex, as well as in visual and parietal cortex (Adolphs, 2002;
Bradley et al., 2003; Britton et al., 2006; Chang, Gianaros,
Manuck, Krishnan, & Wager, 2015; Frank & Sabatinelli,
2014; Hariri, Tessitore, Mattay, Fera, & Weinberger, 2002;
Lang, Bradley, et al., 1998; Northoff et al., 2004; Padmala,
Sirbu, & Pessoa, 2017; Pessoa & Adolphs, 2010; Sabatinelli,
Bradley, Fitzsimmons, & Lang, 2005; Sabatinelli, Bradley,
Lang, Costa, & Versace, 2007; Sabatinelli, Lang, Bradley,
Costa, & Keil, 2009, 2011).

The current study readdresses the issue of whether a core
affect or salience network is cross-paradigmatically involved
in emotional processing in a large repeated measures design.
Functional activity accompanying emotional processing
is assessed in different visual induction contexts—picture
viewing and script-driven imagery—providing an additional
critical investigation of common functional activation during
emotional processing. Neural activity is compared during
emotional scene perception and emotional narrative im-
agery in the same individuals in order to identify whether
regional activation is similar or different. During emotional
scene perception, pleasant, neutral, or unpleasant scenes are
presented in a free viewing context using rapid serial visual
presentation (RSVP), in which 18 pictures of the same he-
donic content (e.g. pleasant) are presented in 6 s. Previous
fMRI studies using RSVP have replicated the pattern of emo-
tional enhancement in visual cortex found at slower rates,
as well as significant emotional enhancement in limbic re-
gions (Junghofer et al., 2006; Sambuco, Bradley, Herring,
Hillbrandt, & Lang, 2020).

Emotional imagery is induced by visually presenting short
scripts that describe a series of standard pleasant, neutral, or un-
pleasant events. Emotional imagery is a key induction context
when investigating individual differences in emotionality, such
as posttraumatic stress disorder (PTSD; e.g. Clark & Mackay,
2015), since developing a script that describes a personally rel-
evant traumatic event can often target the trauma more precisely
than seeking to find an appropriate scene. Early PET studies
reported differences in functional activity based on whether
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narrative imagery involved personally relevant (autobiograph-
ical) or “standard” (fictitious) scenes, with personally relevant
scenes prompting a significant amygdala activation (Fink et al.,
1996; Markowitsch et al., 2000). To provide a test of differences
and similarities when imagining personally relevant, compared
to standard, scenes, “personal” scripts that described a highly
unpleasant or pleasant event were constructed based on a brief
interview with each participant.

We expected to replicate the pattern of enhanced functional
activity when viewing emotional, compared to neutral, scenes
previously found during scene perception in the amygdala, thal-
amus, anterior insula, and inferior frontal gyrus (IFG), as well
as in visual and parietal cortex. Of interest was the extent to
which the same regions were activated during emotional imag-
ery in the same participants. To the extent that a “salience” or
“core affect” network is activated when processing emotionally
engaging events, regardless of context, we expected to find sig-
nificant overlap between regional functional activation during
emotional perception and imagery, with the possibility that
imagining personally relevant scripts, compared to standard,
might show stronger limbic effects.

Considering that the salience network used (intrinsic) con-
nectivity to identify relevant regions (e.g. Menon, 2015; Seeley
et al., 2007), functional connectivity (generalized context-de-
pendent psychophysiological interaction, gPPI; McLaren, Ries,
Xu, & Johnson, 2012) analyses were conducted in addition to
classical functional analyses. Context-modulated functional
connectivity provided an additional test of the role of the ante-
rior insula and amygdala (seed regions) in emotional process-
ing as a function of the induction context. If anterior insula or
amygdala are cross-modally involved in emotional processing,
as suggested by theories proposing a core affect or salience
network, regardless of the induction context, we would expect
increased functional connectivity between the anterior insula
and limbic/paralimbic cortex during both emotional perception
and emotional imagery. In addition to assessing effects of emo-
tionality, we also directly compared appetitive and aversive pro-
cessing during perception and imagery to determine whether
similar patterns of functional differences are found when iden-
tical regions are assessed in the same individual.

2 | METHOD

2.1 | Participants

Participants were 61 adults (35 female; Age: M = 20, SD = 3),
including 30 students in Introductory Psychology courses at the
University of Florida who participated for course credit or fi-
nancial compensation, and 31 participants recruited from flyers
and ads in the community that received a financial compensa-
tion. All participants had normal or corrected to normal vision.
The University of Florida Institutional Review Board approved
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the study, and informed consent was obtained before entering
the scanner. Prior to entering the bore of the scanner, partici-
pants were fitted with earplugs, headphones, and given a pa-
tient-alarm squeeze ball. Cushions were placed inside the head
coil to limit head motion, and explicit verbal instructions were
provided to discourage movement. Each participant received a
structural scan, followed by the emotional imagery assessment
and then emotional scene perception.

2.2 | Procedures

2.2.1 | Emotional perception

Pictures were 108 grayscale pictures1 that included 36
pleasant, 36 neutral, and 36 unpleasant pictures that were
selected from the International Affective Picture System
(IAPS; Lang, Bradley, & Cuthbert, 2008), each divided
into two sets of 18 scenes. Pictures were presented using
rapid serial visual presentation (RSVP) in which 18 pic-
tures of the same hedonic content (e.g. pleasant) were pre-
sented in a 6-s interval at the rate of 3 per s (i.e. 333 ms
each). Each set of 18 scenes was presented three times,
with all exemplars presented before the next repetition. A
variable ITI (intertrial interval) of 9 s or 12 s was used be-
tween the streams of pictures, resulting in a total scan time
of approximately five minutes.

All of the participants saw the same set of 90 pictures, which
consisted of 30 pictures for each of the three hedonic contents.
In addition, 18 scenes (6 per hedonic content) were presented
to approximately half of the participants, and a different set of
18 presented to the other half. This procedure was designed to
counterbalance whether a scene was new or old in a later rec-
ognition test (not reported in the current analysis). Twelve dif-
ferent orders were constructed that varied the serial position in
which of the pictures were presented across the study, as well as
the order of specific scenes within each 6-s stream.

2.2.2 | Emotional imagery

Materials included 12 “standard” scenes, including un-
pleasant (6), neutral (3), and pleasant (3) events that were
identical for each participant (see Appendix for scripts).
Two additional scripts were developed based on a brief

"Mean pleasure and arousal ratings for stimulus materials using the
self-assessment manikin (SAM; Bradley & Lang, 1994; Lang, 1980) in
which pleasure varies from 1 (unpleasant) to 9 (pleasant), and arousal
varies from 1 (calm) to 9 (excited). Pleasant pictures: pl = 7.2, aro = 5.6;
Neutral pictures: pl = 5.0; aro = 3.3; Unpleasant pictures: pl = 3.0;

aro = 5.8; Pleasant scripts: pl = 8.2, aro = 7.2; Neutral scripts: pl = 5.6;
aro = 4.1; Unpleasant scripts: pl = 2.5; aro = 6.8.
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interview that preceded the scanning session, describing
one highly unpleasant and one highly pleasant event that
the participant had previously experienced. Each script was
approximately 30 words long and displayed on three lines
of the computer screen. A comparison of sentences proper-
ties indicated that emotional (pleasant or unpleasant) and
neutral sentences did not differ in the number of words,
F(2,9) < 2, p = .51, or syllables, F(2,9) < 2, p = .23. To
familiarize participants with the scripts prior to scanning,
participants rated pleasure and arousal of each of the 14
scripts using the Self-Assessment Manikin (SAM; Bradley
& Lang, 1994; Lang, 1980).

On each trial, a script first appeared on the screen for 9 s
and the participant was instructed to read the script and to
begin to vividly imagine being an active participant in the
described situation. Following script offset, a visual cue (a
circle) signaled that the participant should continue to viv-
idly imagine themselves interacting in the described event.
Twelve seconds later, the onset of a fixation cross signaled
the intertrial interval (9—12 s) in which the participant could
relax until the next trial began.

Following three practice trials, two blocks of 16 trials
were presented in which each of the standard scripts was
presented once (n = 12) and each of the personal scenes
was presented twice (n = 4). Two orders were constructed
that varied the serial position of a specific script across
blocks and participants. The scan time was approximately
20 min.

2.3 | Image acquisition,
processing, and analysis

Data were collected in a 3T Philips scanner with a 32-chan-
nel head coil. The scanning sequence began with acqui-
sition of a 160-slice sagittal scout set using a standard
T1-weighted fast-field echo sequence. Functional volumes
for both emotional perception and imagery were fifty-one
3.5-mm coronal slices acquired using a T2*-weighted echo
planar imaging sequence with a 3-s TR, 30-ms TE, 90-de-
gree flip angle, 72 X 72 acquisition matrix, and 180-mm
FOV (2.5 x 2.5 in-plane voxel resolution). Offline, the
functional data were slice-time adjusted, motion corrected,
spatially smoothed (5.0-mm FWHM Gaussian kernel), and
converted to percent BOLD signal change for each voxel
(based on the mean across the entire time series) using the
Analysis of Functional Neuroimages software (AFNI, Cox,
1996).

For the analysis of emotional perception, the hemodynamic
time series for each individual was deconvolved using a cubic
spline response function (15 s) that coded pleasant, neutral, and
unpleasant scene presentations and motion parameters (6). The
resulting impulse response function for each hedonic valence

was spatially normalized to a Talairach template and resampled
to 2.5-mm isotropic voxel size. Based on the resulting wave-
forms, BOLD activity from 6 to 12 s after picture onset was
averaged to analyze effects during emotional perception.

A whole-brain ANOVA, using a false discovery rate (FDR)
of p < .05 (p < .008 uncorrected) with a minimum cluster size
of 19 voxels (300 uL), computed using 2.5 mm” voxels, as-
sessed the difference during emotional (pleasant and unpleas-
ant) and neutral scene perception. Additional criteria required
that ¢ tests comparing viewing neutral and either pleasant or
unpleasant scenes alone were significant (p < .05) to eliminate
the possibility that clusters were activated during only pleasant
or unpleasant scene perception. To determine the direction of
the effect for significant clusters, follow-up ¢ tests assessed
whether BOLD change during picture viewing was signifi-
cantly different from baseline (i.e. the mean functional activity
across the time series for each voxel) separately for emotional
and neutral scenes. Differences due to hedonic content (pleas-
ant vs. unpleasantz) were tested in a whole-brain ANOVA that
compared functional activity when viewing pleasant or un-
pleasant scenes, thresholded at FDR < 0.05 (p < .005 uncor-
rected) with a minimum cluster size of 19 voxels.

For the analysis of emotional imagery, the hemodynamic
time series for each individual was deconvolved using a cubic
spline response function (21 s; beginning with the 9 s script
presentation,3 followed by the 12 s imagery period) using five
contents (standard pleasant, unpleasant, and neutral; personal
pleasant and unpleasant) and motion parameters (6). The result-
ing impulse response function for each hedonic valence was
spatially normalized to a Talairach template and resampled to
2.5-mm isotropic voxel size. Based on the resulting waveforms,
BOLD activity during imagery was averaged from 12 to 21 s
after script onset and analyzed using a whole-brain ANOVA
conducted first on standard scenes that compared emotional
(pleasant and unpleasant) and neutral imagery. A false discov-
ery rate of p < .05 (p < .006 uncorrected) and a minimum clus-
ter extent of 19 voxels, were used to threshold the data. To
exclude the possibility that clusters were active only during ei-
ther pleasant or unpleasant imagery, additional criteria required
that ¢ tests comparing neutral imagery and either pleasant or
unpleasant imagery were both significant (p < .05). In signifi-
cant clusters, separate follow up analyses tested whether func-
tional activity during emotional or neutral imagery was
significantly greater than (or less than) baseline. Differences in

*The contrast of unpleasant > pleasant processing was performed for both
scene perception and imagery but no voxels survived the threshold (FDR <
0.05).

3 During script presentation (3-9 s), functional activity was heightened for
standard emotional (M = 0.27), compared to neutral (M = 0.13) scripts only
in the anterior portion of the mid temporal cortex (Left: cluster size = 349
voxels, peak 7 statistic, LPI coordinates: 49, —6, 11; Right: cluster size = 56
voxels, peak LPI = —46, -9, 14).
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hedonic content (pleasant vs. unpleasant) during emotional im-
agery were tested using a whole-brain ANOVA that compared
functional activity when imagining pleasant and unpleasant
standard scenes, thresholded at FDR < 0.05 (p < .007 uncor-
rected) and a minimum cluster extent of 19 voxels.

Differences due to whether scenes were personally rele-
vant or not were tested using a whole-brain ANOVA which
compared functional activity when imagining personal
(pleasant, unpleasant) and standard (pleasant, unpleasant)
emotional scenes, thresholded at FDR < 0.05 (p < .003 un-
corrected) and a minimum cluster extent of 19 voxels. For
significant clusters, follow-up analyses separately tested
whether BOLD changes during emotional or neutral imagery
were significantly different from baseline.

To further assess the role of a salience or core affect
network in emotional processing, functional connectivity
analyses (generalized psychophysiological interaction or
gPPI; Cisler, Bush, & Steele, 2013; McLaren et al., 2012)
were conducted using as seed regions either (a) the bilat-
eral amygdala (a hub in the core affect network) or (b) the
dorsal anterior insula (a hub in the salience network). The
average time series of the seed region was extracted, de-
trended, and deconvolved using a hemodynamic response
function based on sampling rate (e.g. 3-s TR). The interac-
tion regressors for emotional and neutral conditions were
created separately by multiplying condition codes with the
seed region deconvolved timeseries and included, together
with the seed region time series, as regressors in the orig-
inal deconvolution analysis. This procedure properly ac-
counts for all sources of variability in the data (McLaren
et al., 2012). The beta values corresponding to the interac-
tions involving emotional and neutral contents were then
contrasted at the group level using a paired ¢ test with a
FDR < 0.05 and a minimum cluster extent of 19 voxels.

3 | RESULTS

3.1 | Emotional perception

Figure 1 illustrates regions (red) showing significant emo-
tional modulation during scene perception (see also Table 1).
Increased functional activity is found when viewing emotional,
compared to neutral, scenes in ventral visual cortex (inferior
occipital cortex, fusiform gyrus, and inferior temporal cortex),
parietal cortex, thalamus, amygdala, and inferior frontal gyrus.
During emotional perception, two patterns of BOLD change
characterize emotional discrimination. Significant increases
in BOLD signal change (above baseline) were found in the
visual and parietal cortex, as well as in the posterior thalamus
(in the habenula region) and precentral gyrus, when viewing
any picture, whether emotional (#(60) = 17.1, 11.9, 9.7, 6.6; all
p’s <.001) or neutral (#(60) = 13.2,7.7,3.8,3.5; all p’s < .001),
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with additional enhancement when viewing emotional, com-
pared to neutral, scenes. In the amygdala, hippocampus, dor-
somedial thalamus, and anterior insula or inferior frontal gyrus
(IFG), on the other hand, viewing neutral scenes did not prompt
a BOLD change greater than baseline, whereas functional activ-
ity when viewing emotional scenes was significantly enhanced,
#(60) = 6.8,6.2,4.6,9.1, all p’s < .001.

3.2 | Emotional imagery

Figure 1 illustrates regions (aqua) showing a significant
BOLD enhancement when participants imagined emotional
(pleasant or unpleasant) or neutral standard events? (also
see Table 1). Enhanced functional activity when imagining
emotional, compared to neutral, events was found in the
hippocampus, lateral cerebellum,’ vermis, dorsal caudate,
and dorsomedial prefrontal cortex (dmPFC). Effects of
emotion in the hippocampus, lateral cerebellum (C1), ver-
mis, caudate, and frontal pole were driven by significant
BOLD signal changes (above baseline) during emotional
imagery (#(60) = 4.9, 5.5, 5.3, 3.2, 4.5, all p’s < .005)
whereas functional activity when imagining neutral scenes
did not prompt significant changes in functional activity in
any of these regions. Notably, the only region with a
slightly different pattern of functional activity was dmPFC,
in which functional activity when imagining emotional
scenes was greater than baseline, #(60) = 3.7, p < .001,
whereas imagining neutral scenes was significantly lower
than baseline, #(60) = -2.2, p < .05.

3.3 | Emotional imagery and perception:
Common regions

Regions that overlap during emotional perception and emo-
tional imagery are few. As Figure 2 illustrates, a small clus-
ter (n = 25 voxels) on the boundary between the amygdala

“Enhanced functional activity was found for both emotional and neutral
imagery in the dorsal-anterior insula, #(60) = 4.72 and 4.8, respectively; p's
< 0.001, but there was no significant difference in functional activation due
to emotionality. For the thalamus, ventral-anterior insula, and posterior
insula, there were no significant differences in BOLD signal change during
either emotional or neutral imagery, and neither prompted changes different
from baseline.

SFunctional activity in the lateral cerebellum replicates our previous finding
of enhanced BOLD signal change when imagining emotional, compared to
neutral, scenes (Sabatinelli et al., 2006). Following up on the significant
activation of SMA found during emotional imagery in that study,
significant enhancement of BOLD activation (greater than baseline) was
found during both emotional, M = 0.14, #(60) = 6.63, p < .001, and neutral
imagery, M = 0.15, #(60) = 5.88, p < .001, in the current study, with no
difference between them, F(1,120) < 1, p = .65.



SAMBUCO ET AL.

MIPSYGHOPHYSIOI.OGY

Emotional Scene Perception Emotional Imagery
1.2 Ventral Visual Lat.
0.2
0.8-
0.4- %
Ventral
0.0 Visual Lat. Cereb. 0.0
7o
0.4 | Parietal y=57
0.1-
Parietal
0.2- o iy
N 0.0+
| Emotional Emotional -
00 s’ Neutral - - Vermis 0.1 Neutral - ‘
0.2 - Thalamus y=19 . Hippocampus
. el 2 0.1-
| -
9 3 :
o} | h
o » ) | ) 0_0 . L]
¥ i Q [ .
..--' “@‘g‘.wﬁ “" ‘
Amvedal lHlppocampus -0.1-
0.2 | Amygdala <) bt 0.17 Caudate
0.1- ‘Vg i
00 ( 0.0
Amygdala ‘
-0.1- - Caudate 4 "
-0.1- a
0.2 | Inferior Frontal G. 0.1° DOFSa hiRRC
y=-35
Dorsal
mPFC 0.0
‘Q
Inferior = +’ o
Frontal G. AT
.Emotional Perception 015
|:|Emotional Imagery 0 Time (s) 21

FIGURE 1

imagery (aqua), ordered from activation in more posterior (y = 75) to more anterior regions (y =

Middle Panel: Emotional perception and imagery. Regions uniquely involved in emotional visual perception (red) and emotional

—35). Enhanced functional activity was found

during emotional scene perception (left panel) in ventral visual cortex (inferior occipital cortex, fusiform gyrus, and inferior temporal cortex),

parietal cortex, thalamus, amygdala, and inferior frontal gyrus. During emotional imagery (right panel), enhanced functional activity was found in

the amygdalae-hippocampal region, lateral cerebellum, vermis, and dorsomedial prefrontal cortex (dmPFC)

and hippocampus (yellow) overlapped during emotional
imagery and perception. Since a whole brain atlas identi-
fies these overlapping voxels as in both the amygdala and
hippocampus, follow up ROI analysis were used to further
asses the involvement of these two regions in emotional
scene perception and imagery. A ROI analysis using the
anterior hippocampus indicated enhanced functional activ-
ity when imagining emotional, compared to neutral, scenes,
F(1,120) = 4.95, p = .028, as well as enhanced functional

activity during emotional perception, F(1,120) = 12.67,
p =.001. A ROI analysis on the amygdala, however, showed
no difference during emotional and neutral imagery, al-
though there was a small, but significant change above
baseline when imagining emotional events (M = 0.04;
1(60) = 2.92, p = .005), but not during neutral imagery,
M =0.02, 1(60) = 1.17, p =.25. In addition to these regions,
only a very small (n = 11 voxels) region in the frontal pole
showed an overlap.
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TABLE 1
compared to neutral, imagery

BOLD % change

IPSYCHUPHYSIOI.OGY K

Regions showing significantly enhanced BOLD activity during emotional, compared to neutral, perception and during emotional,

Region Pls Unp Neu

Emotional scene perception

Visual cortex 0.70%%** 0.60%** 0.42
Parietal cortex 0.35%%* 0.27%%* 0.17
Thalamus (posterior) 0.30%* 0.32%%#% 0.13
Temporal pole 0.16%** 0.16%%* 0.05
Precentral gyr 0.23 %% 0.18 0.11
Amygdala 0.127%%* 0.15%%* —-0.05
Hippocampus 0.10%** 0.10%*%* —-0.02
Thalamus (Dorsomedial) ~ 0.10%%%* 0.09%#%* —-0.02
Inferior frontal gyrus 0.14%%* 0.13%%* 0.001
Mid cingulate cortex 0.08%#%%* 0.05%* —0.06
Presupp motor cortex 0.10%%* 0.07* —0.02
Cerebellum C8 0.07%** 0.06%* —-0.03
Supramarginal gyrus 0.07* 0.07* —0.07
Frontal pole 0.16%* 0.08%** —0.14
Emotional imagery

Cerebellum C1 0.20%** s 0.05
Vermis 0.09#** 0.07%* —-0.02
Hippocampus 0.10%%%* 0.07*%* —0.02
Caudate 0.06%* 0.04* —-0.03
Frontal pole 0.30%** 0.17%* —0.04
Dorsal mPFC 0.10%** 0.06%* —0.06

N t +L +P +1

L 1407 11.2 46 66 -4
R 1539 11.1 —46 61 -1
L 417 6.7 29 54 —49
R 329 6.8 -26 56 —49
M 47 4.6 11 31 1
R 73 4.9 -24 1 29
R 28 4.0 34 6 —46
L 65 8.3 19 6

R 59 6.9 -19 1 6
L 56 6.2 21 9

R 17 5.0 -19 9 6
L 102 6.1 9 9 -9
R 58 5.2 —4 11 —11
L 1193 6.4 29 —-19 6
R 1112 6.9 =36 -29 -6
M 184 5.8 -1 -9 =26
M 67 4.2 -4 -9 -54
R 51 5.7 -9 66 39
L 73 7.5 54 29 =31
R 69 4.7 —64 34 -26
M 37 4.9 -1 -59 4
IL, 141 5.7 26 71 31
R 192 5.4 -26 71 31
M 403 6.3 =1 46 39
L 71 5.9 24 11 11
R 20 4.1 —21 16 9
L 55 52 14 =1 -24
R 51 5.0 —16 —1 —24
M 72 5.9 -9 -56 1
M 811 6.1 —6 —46 —26

Note: N = Number of voxels in cluster; t = Peak ¢-statistic; L = left; R = Right; M = Medial; mPFC = medial prefrontal cortex; +L + P +I: Coordinates in Talairach

space.

Significantly different from neutral at p < .001(*¥*%), p < .01(**), or p < .05(¥).

Functional connectivity analysis (gPPI) revealed no over-
lap between emotional scene perception and emotional im-
agery. When dorsal anterior insula or amygdala were used
as seed regions, enhanced functional connectivity was found
with the visual cortex (see Supplement Figure S1 and Table
S1) when viewing emotional compared to neutral scenes.
However, no significant voxels were detected during emo-
tional imagery.

3.4 | Appetitive and aversive processing

Figure 3 illustrates regions that were significantly enhanced
when processing pleasant, compared to unpleasant, contents
in either perception (red) or imagery (aqua). Pleasant im-
agery activated a large region of mPFC (1137 voxels; peak
t-statistic, LPI coordinates: +6, —51, —1), whereas functional
activity during pleasant perception was smaller (257 voxels;
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FIGURE 2 A small overlap (yellow) between emotional scene
perception (red) and emotional imagery (aqua) was found between
the posterior portion of the amygdala and the anterior hippocampus.
The functional cluster involved in emotional perception appears more
anterior than the one involved in emotional imagery
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FIGURE 3 Regions showing functional enhancement during
pleasant, compared to unpleasant, processing in scene perception (red)
and imagery (aqua), and their overlap (yellow) in the ventral medial
prefrontal cortex (top) and striatum (bottom)

peak r-statistic, LPI coordinates: +1, —56, —4), more ventral,
and in a region closer to the orbitofrontal cortex. In vmPFC
in which overlapping activation was found (197 voxels), both

0.4

Precuneus — pCC
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o
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o
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FIGURE 4 Differences in functional activity when imagining
personal (bold lines in the waveforms) compared to standard scenes
(dotted lines in the waveforms), included regions in the posterior
(top) and lateral (bottom) parietal cortex, such as precuneus, posterior
cingulate cortex (pCC), and angular gyrus

pleasant imagery (M: Pleasant = 0.21, Unpleasant: —0.07) and
perception (M: Pleasant = 0.07, Unpleasant: —0.14) prompted
a significant increase above baseline (imagery: #(60) = 3.3, p
=.002, perception: #(60) = 2.2, p = .03), with changes during
aversive processing below baseline in both imagery, #(60) =
—5.8, p <.001, and perception, #(60) = —5.1, p < .001.

In the striatum, a small overlap (six voxels) between pleasant
imagery (peak z-statistic, LPI coordinates: +1, —11, —1) and per-
ception (peak #-statistic, LPI coordinates: +1, —6, 6) was found in
which imagery (M: Pleasant = 0.06, Unpleasant: —0.07; #(60) =
2.6, p =.01), but not perception (M: Pleasant = 0.04, Unpleasant:
—0.15; #60) = 1.2, p = .24), prompted a significant increase
above baseline. Moreover, functional activity during aversive
processing was significantly lower than baseline in both imagery,
#(60) = —3.7, p <.001, and perception, #(60) = —3.7, p <.001.

3.5 | Personal versus standard imagery

Regions in which functional activity was enhanced when imag-
ining personal, compared to standard, emotional scenes, in-
cludes a large cluster in posterior parietal cortex comprising
parts of the precuneus, cuneus, and posterior cingulate cortex
(Figure 4), and in lateral parietal cortex in the region of the an-
gular gyrus (see also Table 2), whereas there were no differ-
ences in amygdala activation.® The pattern of discrimination

6Followup ROI analyses indicated that imagining personally relevant emotional
scenes prompted a significant BOLD increase (above baseline) in the amgydala,
#(60) = 4.0, p < .001, that did not differ from standard emotional scenes.
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TABLE 2 Regions showing enhanced BOLD activity when imagining personal, compared to standard, emotional scenes

BOLD % change—Emotional contents

Region Personal Standard
Precuneus—pCC 0.22 0.005 M
Angular gyrus 0.12 —0.05 IL
R
Cerebellum C2 0.07 -0.03 L
R
Anterior mid-cingulate 0.04 —0.04 M
Mid frontal gyrus 0.09 —0.04 L
R
Superior frontal gyrus 0.29 0.05 M
Lateral frontal cortex 0.05 -0.12 L
R

N t +L +P +1
2368 8.5 4 69 =26
540 5.7 36 66 -34
708 6.4 —44 64 —41
112 4.2 34 64 39
23 39 -34 69 41
60 4.2 =9 —29 =29
68 4.2 29 —14 —46
165 5.1 =31 -6 -49
267 53 4 =31 —54
218 4.9 26 —61 —14
279 5.8 -36 -49 -9

Note: N = Number of voxels in cluster; r = Peak f-statistic; L = left; R = Right; M = Medial; pCC = posterior cingulate cortex; +L + P +I: Coordinates in Talairach

space.

between personal and standard imagery in the precuneus and
posterior cingulate, as well as in the superior frontal gyrus, mid-
dle frontal gyrus, and cerebellum (C2) is characterized by a sig-
nificant BOLD increase above baseline when imagining
personal contents (#(60) = 6.3, 6.3, 3.9, 3.0, respectively; all
p’s < .005), whereas standard scenes did not prompt significant
changes in functional activity. In the angular gyrus, lateral fron-
tal cortex, and anterior mid-cingulate cortex, on the other hand,
the pattern was slightly different, with only standard scenes
showing significantly less functional activity, compared to base-
line, #(60) = —2.7, —4.3, —2.43, respectively, all p’s < .05.

When compared to imagining neutral scenes, imagining
emotional scenes that were personally relevant enhanced
functional activity in all of the regions that were active during
standard emotional imagery, including the cerebellum (M =
0.25, F(120) = 15.0, p < .001), vermis (M = 0.09, F(120) =
20.1, p < .001), hippocampus (M = 0.11, F(120) = 15.7,p <
.001), caudate (M = 0.05, F(120) = 9.4, p = .003), dmPFC
(M = 0.14, F(120) = 27.7, p < .001), and frontal pole (M =
0.29, F(120) = 22.5, p < .001).

4 | DISCUSSION

Regions of enhanced functional activity during emotional,
compared to neutral, processing were assessed in a repeated
measures design with a large group (N = 61) of participants
during emotional scene perception and emotional imagery. The
research aim was to determine if a common network of regions
is activated in different emotional contexts. Consistent with
prior research (Brown et al., 2011; Phan et al., 2002; Satpute
et al., 2015), the data suggest little overlap in regions activated
during emotional scene perception and emotional imagery.

Whereas viewing emotionally engaging scenes prompted sig-
nificant functional enhancement in the amygdala, thalamus,
anterior insula/IFG and in visual and parietal cortex, as found
previously (e.g. Sabatinelli et al., 2011), BOLD activity in these
regions was not significantly enhanced during emotional im-
agery. Instead, emotional imagery showed a pattern of func-
tional enhancement in the hippocampus, lateral cerebellum,
dmPFC, and caudate nucleus. Taken together, these data do not
support the view that a common ‘“core limbic” or “salience”
network is activated independently of the context of emotional
instigation.

Few differences were found during emotional imagery in
the majority of “core limbic” regions identified in earlier me-
ta-analyses of functional activity across dozens of different
paradigms (e.g. Kober et al., 2008), whereas these regions—
amygdala, thalamus, insula—were reliably activated during
emotional scene perception. This may reflect the larger number
of studies on emotional visual perception usually contributing
to large meta-analyses. This interpretation is further supported
by the current finding of enhanced activation during emo-
tional scene perception in large regions of the extrastriate cor-
tex, which also appear in a number of meta-analytic reports of
cross-modal emotional activation (Kober et al., 2008; Lindquist
etal., 2012).

The data are consistent with previous studies reporting dif-
ferential functional activity during emotional processing as a
function of sensory modality (e.g. auditory, gustatory), which
have reported that amygdala activation is more reliable during
emotional picture viewing (Brown et al., 2011; Phan et al.,
2002; Satpute et al., 2015). Although the data do not support
a hypothesis of common activation in key regions in the core
affect or salience networks across induction contexts, multivar-
iate analyses such as representational similarity or multivariate
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pattern recognition might show that subregions in either or
both regions are able to predict (or classify) functional activ-
ity from one context to another (e.g. Haynes, 2015; Miskovic
& Anderson, 2018). These analyses would benefit from many
more training trials than included in the current paradigm, and
the predicted null effect (e.g. no common regions) is best sup-
ported by a much larger N (e.g. Chang et al., 2015).

The “salience” network (Menon, 2015) was initially deter-
mined based on intrinsic connectivity analyses of resting state
brain data and described as activated when creating a salient
representation of the visual environment—perceiving stimuli
that are deviant from the dominant context, or when processing
rewarding or emotionally engaging stimuli. The current data
are consistent with reliable activation of the salience network
during visual perception (Brown et al., 2011; Sabatinelli et al.,
2011; Satpute et al., 2015). Thus, emotional scene viewing
prompted significant activation of its key regions of anterior
insula, cingulate cortex, and thalamus. In addition, whereas
context-dependent connectivity analyses (gPPI) indicated that
one of the major nodes of the salience network—the anterior
insula—showed enhanced connectivity with the visual cortex,
this was found during emotional (compared to neutral) scene
viewing, but not during emotional imagery.

Emotional imagery did not prompt activation in key re-
gions of the salience network, either in whole brain analyses,
functional connectivity analysis, or in followup ROI analyses.
Rather, unique and significant enhancement in functional ac-
tivity during emotional, compared to neutral, imagery was
found bilaterally in the hippocampus, cerebellum, vermis,
caudate, and dorsal medial prefrontal cortex (mPFC). Whereas
studies of visual perception and visual imagery often report
overlapping activation in visual cortex (e.g. Fulford et al.,
2018; Pearson, Naselaris, Holmes, & Kosslyn, 2015), narra-
tive imagery is, according to Lang’s bioinformational theory
(1977, 1979; see also Lang, Cuthbert, & Bradley, 1998), pri-
marily an action context in which the physiological and bio-
logical activities prompted by the stimulus context and its
accompanying reactions (e.g. fleeing, freezing, fighting) are
central elements of the activated mental image, prompting re-
sponse profiles similar to those occurring in the actual context.
The extensive activation of multiple cerebellar regions during
emotional imagery supports an action account of emotional
imagery. Moreover, both animal and human data suggest that
the dorsal region of mPFC, also activated during emotional
imagery in the current study, is critical in determining and di-
recting motor output through strong connectivity with motor
and premotor regions (Euston, Gruber, & McNaughton, 2012).

The current repeated measures investigation allows a direct
comparison of two adjacent regions—amygdala and hippo-
campus—that were significantly activated during either emo-
tional scene perception or emotional imagery, respectively. ROI
analysis of the anterior hippocampus resulted in a significant
BOLD enhancement during emotional, compared to neutral,

processing in both scene perception and narrative imagery; on
the other hand, ROI analyses of the amygdala did not result in
significant enhancement during emotional, compared to neu-
tral, imagery. Taken together, these data suggest that whereas
emotional perception reliably activates a small region of ante-
rior hippocampus, amygdala activation is not as reliable during
emotional imagery. These data are consistent with an earlier
study that reported significant amygdala activation when imag-
ining emotional, compared to neutral, scenes (Costa, Lang,
Sabatinelli, Versace, & Bradley, 2010), as the location of func-
tional activation was in the region of the posterior amgydala/
anterior hippocampus found here, with the current study raising
additional questions that can be pursued in future investigations.

Despite the minimal overlap in regions co-activated
during emotional perception and imagery, pleasant, com-
pared to aversive, processing, was associated with significant
co-activation in ventral mPFC and the striatum across para-
digms. These regions have been previously reported to show
enhancement during appetitive, compared to aversive, imag-
ery (e.g. Costaet al., 2010), scene perception (e.g. Sabatinelli
et al., 2007), anticipation (e.g. Sege, Bradley, Weymar, &
Lang, 2017), and in a variety of reward contexts. In the cur-
rent study, whereas pleasant imagery activated a large dorsal
region of vmPFC, pleasant perception activated a smaller
region that was more ventral and closer to orbitofrontal
cortex. Nonetheless, functional activity in a relatively large
overlapping cluster in vmPFC was significantly enhanced
during appetitive processing, regardless of context, a region
similar to that reported in a recent meta-analyses assessing
appetitive processing in multiple contexts, including viewing
erotic scenes as well as receiving food or monetary reward
(Sescousse, Caldd, Segura, & Dreher, 2013).

Although some regions showed selective activation for
pleasant, compared to unpleasant, processing, there were no
regions in the brain that were uniquely activated in the con-
text of aversive processing. Rather, all of the regions acti-
vated during aversive processing shared common activation
during appetitive processing. These findings parallel recent
meta-analytic (Lindquist et al., 2016) and experimental find-
ings (Chikazoe et al., 2014) that report extensive overlap in
functional activation whether emotional processing is aver-
sive or appetitive. Assuming a basic biological chassis for
both aversive and appetitive motivation, the documented sim-
ilarity in neural (as well as physiological) activity in the con-
text of either aversive or appetitive stimulation (Bradley &
Lang, 2007; Lang & Bradley, 2010) could reflect the fact that
both contexts benefit from similar processes of selective at-
tention, orienting, and preparation for action (Bradley, 2009).

Similar to imagining standard emotional scenes, imag-
ining personally relevant emotional events did not strongly
activate the amygdala. Rather, imagining personal, compared
to standard, scenes activated large clusters in the posterior pa-
rietal cortex, including regions of the precuneus/cuneus and
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bilateral angular gyrus that are frequently reported in studies
of autobiographical memory retrieval (Donaldson, Petersen,
& Buckner, 2001; Guerin & Miller, 2009; Kompus, Eichele,
Hugdahl, & Nyberg, 2010; Svoboda, McKinnon, & Levine,
2006; Wagner, Shannon, Kahn, & Buckner, 2005; Yassa &
Stark, 2008). Moreover, similar posterior parietal activation
has been implicated in explicit or spontaneous retrieval in
laboratory tasks in which words, sentences, or scenes are pre-
sented in the context of an episodic memory task (e.g. Kim,
2017; Weymar, Bradley, Sege, & Lang, 2018), suggesting that
posterior parietal activation is a feature of episodic retrieval.
In a recent study (Bradley et al., 2015), we found similar pos-
terior parietal activation simply when repetitions of scenes
were spaced across an incidental encoding phase, consistent
with theories suggesting that distributed, but not massed rep-
etitions, automatically retrieve earlier episodic representa-
tions, facilitating later episodic memory performance.

Taken together, the data suggest that the precuneus and
other regions of posterior parietal cortex are associated with
retrieving mental representations of a specific, previously ex-
perienced event. Of course, even a “standard” scene could
contact a related episodic representation if the cue is similar
enough to retrieve a personally experienced event. Although
one might argue that standard neutral scenes (e.g. climbing
stairs, shopping at a store) describe events that participants
have personally experienced, it is likely that, because these
cues are contextually overloaded, a specific episodic occur-
rence is not routinely retrieved. A second possibility is that
posterior parietal activation in the current study results in-
stead from the fact that participants generated the personal
scenes prior to the scanning session. This could be tested
by asking participants to generate familiar neutral activities.
On the other hand, because all of the scenes were read and
rated prior to scanning, the posterior parietal activation found
during personal, compared to standard, imagery cannot be
due to sheer familiarity with the script content.

In summary, functional brain activity was assessed in
the same individuals during emotional scene perception
and narrative imagery. Analyses found little overlap in the
regions showing enhanced activity during emotional, com-
pared to neutral, processing consistent with a context-de-
pendent view of emotion (e.g. Bradley, 2000; Bradley &
Lang, 2018). Functional activity was enhanced in some of
the regions held to be part of the “core limbic” or “salience”
network, including the amygdala, anterior insula, thalamus,
and cingulate cortex, but were only activated in the context
of emotional perception. In contrast, emotional imagery en-
hanced functional activity in the hippocampus, lateral cere-
bellum, cerebellar vermis, and dorsal mPFC, supporting the
view that imagery of emotional arousing events is an action
context (Lang, 1979). These data support previous stud-
ies finding different patterns of functional activation across
emotional contexts (Brown et al., 2011; Phan et al., 2002;

IPSYGHOPHYSIOI.OGY g | | wone

Satpute et al., 2015), and are not consistent with the view
that emotional processing activates a common network that
is the same in all emotional contexts (i.e. Lindquist et al.,
2012, 2016; Touroutoglou, Lindquist, Dickerson, & Barrett,
2015). Rather, the data indicate that brain regions active in
emotional processing can vary significantly with different
methods of emotion induction.
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APPENDIX

1. Ijust won fifty million dollars! I can’t believe this is happen-
ing, but it’s true! I bought the winning ticket in the lottery.
It’s amazing. I cry, scream, and jump around! (Pleasant)

. They yell “surprise!” when I open the door. All of my

friends are at my house cheering. My heart races, and I
smile and laugh out loud, realizing they’ve thrown me a
party. (Pleasant)

. A long kiss. My body responds slowly at first and then

with an urgent rthythm. I’m breathless and my skin tin-
gles. I feel gentle hands touching me and my back arches.
(Pleasant)

. I wake up gasping as smoke fills my lungs. I stumble

blindly from the bed, crashing into a chair. The fire
quickly spreads everywhere, burning my skin when I try
to escape. (Unpleasant)

. I'hear the screech of brakes and look up to see a speeding

car slam into my friend as she crosses the street. Her leg
is crushed, the artery torn, and blood pumps on the road.
(Unpleasant)

. It’s my turn to speak in front of the group. They all look

at me. My mouth is dry. The words won’t come out. My
heart pounds in the silent room. Someone starts laugh-
ing. (Unpleasant)

. I’'m alone in a corner, tense and sweaty. Everyone else is

enjoying the party — talking, laughing. I don’t know any-
one. People look at me and turn away. My face flushes.
(Unpleasant)

. I'm trapped! In the checkout line, endlessly waiting.

People crowd against me. Suddenly, I can’t breathe, my
chest is tight, and I'm choking. Am I having a heart at-
tack? (Unpleasant)

. Panic comes out of the blue with no warning. My heart

is racing and my stomach is churning. I feel like I'm
going to suffocate. Am I going crazy? Am I going to die?
(Unpleasant)

. I get the groceries out of the car. Sliding my hands around

the heavy brown bag, I pick it up. I hold it tightly against
my chest and lean over to close the trunk. (Neutral)

. I grab the last sock from the dryer and toss it into the full

basket. I smell the fresh scent of the clean clothes, warm
from the dryer, and bend to lift the basket. (Neutral)

. I'run the comb through my damp hair, straighten my shirt,

and smooth out the wrinkles in my pants. The water is
running in the sink so I turn it off before I leave. (Neutral)
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