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First impressions profoundly influence our attitudes and behavior toward others. However, little is known
about whether and to what degree the cognitive processes that underlie impression formation depend on
the domain of the available information about the target person. To investigate the neural bases of the influ-
ence of verbal as compared to nonverbal information on interpersonal judgments, we identified brain regions
where the BOLD signal parametrically increased with increasing strength of evaluation based on either short
text vignettes or mimic and gestural behavior. While for verbal stimuli the increasing strength of subjective

evaluation was correlated with increased neural activation of precuneus and posterior cingulate cortex (PC/PCC), 3
a similar effect was observed for nonverbal stimuli in the amygdala. These findings support the assumption that :
qualitatively different cognitive operations underlie person evaluation depending upon the stimulus domain: :

while the processing of nonverbal person information may be more strongly associated with affective processing

as indexed by recruitment of the amygdala, verbal person information engaged the PC/PCC that has been related :

to social inferential processing.

© 2012 Published by Elsevier Inc.

Introduction

In our everyday life we are ready to make fast and spontaneous
judgments about other persons (Uleman et al., 2008), which are de-
termined by our very subjective evaluation of the available informa-
tion about the target person (Schiller et al., 2009). Furthermore, first
impressions are mostly not restricted to inferences about enduring
dispositions, e.g., that someone is intelligent because he passed a
math test, but also encompass an evaluative component due to the
assignment of a rather positive or negative value to someone's indi-
vidual characteristics. Importantly, the outcome of such an evaluation
crucially determines our expectations and behavior toward social
others (Delgado et al., 2005; Uleman et al., 2008).

However, little is known about whether the cognitive processes
mediating the evaluation of another person differ depending upon
the domain of available information. While the traditional person
judgment research has relied on verbal stimuli such as action descrip-
tion or trait adjectives, short excerpts of nonverbal behavior have
been demonstrated to be equally effective in evoking differentiated
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assessments (Ambady et al., 2000; Kuzmanovic et al., 2011). But
although ratings of other persons may lead to similar outputs across
different domains of information, this does not allow for inferences
regarding the degree of similarity of underlying cognitive processes.
However, comparing the neural correlates of impression formation
that relies on verbal and nonverbal person information, respectively,
could be used as an index for such conclusions. Thus, the present
study explores putative differences in the neural signature of the
evaluative component of impression formation dependent upon
whether the underlying relevant social information was presented
verbally or nonverbally. Given the far-reaching consequences of im-
pression formation within social interactions, elucidating possible
domain-specific differences in the related neural processing would
extend the understanding of interpersonal behavior and might have
significant implications for social decisions.

Theoretical considerations suggest divergent processing streams
across domains by stating that language is digitally defined by an ex-
plicit semantic code with a complex logical syntax, while the inter-
pretation of analog nonverbal signals appears to be more uncertain
as multiple cues may occur simultaneously and extend over time,
and are known to have greater impact on the affective, relational
level of communication (Kraemer, 2008; Watzlawick et al., 1967).
Supporting these assumptions, a recent neuroimaging study indeed
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has demonstrated domain-specific neural systems involved when
drawing inferences about social targets' affective states: while verbal
information processing was associated with the mental state attribu-
tion system including the dorsomedial prefrontal cortex (dmPFC),
precuneus (PC), temporopolar and temporoparietal regions, the non-
verbal information processing related to the right inferior frontoparietal
network corresponding to the putative human mirror neuron system,
bilateral amygdala, right superior temporal sulcus (STS) and fusiform
gyrus (FFG) (Zaki et al.,, 2010). Direct comparisons between verbal
and nonverbal stimuli though cannot identify specific differences in
social cognition because of additionally present basic differences in
sensory and cognitive processing across domains.

In the specific context of interpersonal judgments, little is known
about the neural processing of dynamic nonverbal behavior. However,
studies using still neutral faces have provided consistent evidence for
the amygdala being crucially involved in their evaluation with respect
to judgments of trustworthiness and valence (Todorov, 2008; Todorov
and Engell, 2008; Winston et al., 2002). Although being generally asso-
ciated with salience detection, and with assigning an emotional value
to external cues, the response of the amygdala appears to be particu-
larly sensitive for faces that convey significant social cues (Hariri et
al., 2002; Sergerie et al., 2008). In contrast, the processing of verbal
person information in the context of interpersonal judgments has
been consistently associated with the dmPFC (Harris et al., 2005;
Mitchell et al., 2002, 2005; Ochsner et al., 2005; Sugiura et al., 2004;
Zysset et al.,, 2002). While this is in concordance with its central role
in mental state attribution and person perception (Amodio and Frith,
2006), it has recently been demonstrated that the dmPFC is not specif-
ically involved in evaluative processes of impression formation
(Schiller et al., 2009). Instead, evaluation of others has been shown
to differentially engage the amygdala and the posterior cingulate cor-
tex (PCC), which were activated stronger by stimuli that guided subse-
quent judgments (Schiller et al., 2009). Additionally, these regions also
exhibited increases in the BOLD signal with increasing strength of the
evaluative judgment (Schiller et al., 2009). The study by Schiller and
colleagues, however, failed to investigate putative stimulus domain-
specific differences as they used simultaneously both verbal and non-
verbal stimuli. Our study was conducted to directly address this as-
pect: Specifically, we were interested in exploring differences in
neural processing of verbal and nonverbal social information, which
evokes increasing strengths of evaluative person judgment.

Using functional magnetic resonance imaging (fMRI), we employed
an experimental paradigm containing verbal (V) and nonverbal (NV)
stimuli of different valences (positive, negative, and neutral). Partici-
pants were instructed to rate target persons along a global positive—
negative scale based on either a) a short video clip showing an animated
virtual character displaying dynamic expressive nonverbal behavior;
or b) short verbal action description. Additionally, the arousal of all
stimuli was assessed after scanning in order to control for this dimen-
sion of person perception. We aimed to identify brain regions whose
activity correlated with the ‘strength’ of subsequent evaluations of so-
cial others based either on verbal or nonverbal information (operatio-
nalized as a difference from 0 on the rating scale, i.e., including both
positive and negative judgments). Notably, we based this analysis on
individual responses in order to take into account that the same piece
of information can have different meanings or values for different per-
sons. We expected that brain regions, which are involved in the evalu-
ation of others, would increase their activation with increasingly
pronounced impressions. By focusing on the parametric modulation of
the neural activity by the ‘strength of evaluation’ (SoE), this paradigm
allows to compare different domains, in spite of basic sensory and cog-
nitive stimulus-specific processing differences. The SoE-effect was com-
puted separately for each domain, so that across all events the basic
stimulus characteristics were identical and differences related only to
the degree to which they, in fact, influenced the subsequent evaluation
of the target person.

Methods
Subjects

18 right-handed participants with no reported history of neuro-
logical or psychiatric illness were included in the study (9 males,
mean age =24.7, age range 21-29 years). All participants gave in-
formed consent and were naive with respect to the experimental
task and the purpose of the study. The study was approved by the
local ethics committee of the University Hospital Cologne.

Stimuli

Positive and negative verbal and nonverbal stimuli were created
as reported in detail in Kuzmanovic et al. (2011). Verbal stimuli (V)
consisted of sentences describing a social action suitable to induce
an impression of a female target person (e.g., “She told the secrets
of a colleague to the others.” vs. “She did not tell the secrets of a col-
league to the others.”; see Fig. 1B). Nonverbal stimuli (NV) consisted
of dynamic video clips of 3 s duration with an animated female virtual
character displaying impression-evoking nonverbal signals. While
using the same virtual character for all nonverbal stimuli, the follow-
ing expressive features were systematically varied: Gaze direction
(direct vs. averted gaze), facial expression (smile vs. angry face),
body movements (forward vs. backward lean), and head movements
(lateral vs. backward flexion) (see Fig. 1A). The purpose of the strict
control of the target person's physical appearance was to ensure
that both verbal and nonverbal stimuli conveyed individuated social
information related to idiosyncratic behavior, which is not reducible
to more superficial cues like face morphology or hair color. In addi-
tion, neutral verbal (non-social action descriptions: e.g., “She opened
the drawer of her desktop.”) and nonverbal stimuli (non-expressive
facial and body movements) were created in order to enable the com-
parison between impression-valent and impression-neutral stimuli.
In each domain (V, NV), the three valence categories, i.e., negative
(—), neutral (0) and positive (+ ), were matched for complexity. Ver-
bal stimuli did not differ with regard to syntactic complexity as all
sentences had a simple structure without any subordinate clauses
and the same mean number of words (ANOVA of mean number of
words per sentence for —, 0, +, F(2,33) =.04, p=.96). Furthermore,
semantic complexity was also comparable across the valence condi-
tions as there were no differences in the word frequency according
to the German vocabulary project of the University of Leipzig
(http://wortschatz.uni-leipzig.de/; ANOVA of mean word frequency
per sentence for —, 0, +, F(2,33) =.27, p=.76). Finally, neutral, pos-
itive and negative nonverbal stimuli had the same quantity of move-
ment as measured by the mean of frame-to-frame pixel change per
stimulus (ANOVA, F(2,33) = .40, p=.67).

The stimuli were pretested in an independent sample (n=14)
with regard to ratings of valence (—3 = very negative to 3 = very
positive) and arousal (—3 = not arousing to 3 = very arousing)
resulting in mean ratings shown in Table 1. Paired t-tests revealed
that positive verbal and nonverbal and negative verbal and nonverbal
stimuli did not significantly differ regarding valence or arousal ratings
(p>.05 for all comparisons). However, although neutral verbal and
nonverbal stimuli were comparable concerning the valence ratings
(p>.05), they differed with regard to arousal ratings (t(13) = —2.85,
p=.01) with neutral verbal stimuli being rated as less arousing than
neutral nonverbal stimuli.

Procedure

Stimulus presentation and response recording were performed by
the software package Presentation (version 13.1; Neurobehavioral
Systems, Inc). Stimuli were projected onto a screen (Optostim, 32-
inch, resolution 1280x800) at the end of the magnet bore that
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Fig. 1. Examples of verbal and nonverbal stimuli and the experimental procedure of the evaluative impression formation task. A) Example frames from positive, neutral and neg-
ative nonverbal video stimuli. B) Example sentences of positive, neutral and negative verbal stimuli. Originally, the sentences were on German, but are translated into English for
illustration purposes. C) An example of two subsequent experimental trials: verbal and nonverbal stimuli with differing valences were presented in a randomized order and rated

by participants on a 7-point global evaluation rating scale.

participants viewed via a mirror mounted to the head coil. Responses
were assessed using a MR-compatible response device (Current
Design).

Participants were instructed to judge female job applicants as posi-
tive or negative on a 7-point rating scale (—3 = very negative; —2 =
negative; —1 = rather negative; 0 = neutral; 1 = rather positive; 2 =
positive; 3 = very positive) based on either verbal or nonverbal infor-
mation. A 7-point scale was used in order to enable participants to
give neutral ratings as well. Verbal information was said to provide de-
scriptions of the applicant's behavior toward colleagues at the prior
workplace. Nonverbal information was said to be a “thin slice” of the
applicant's behavior toward colleagues at the prior workplace. Partici-
pants were further instructed to treat the social referent across trials
as different target persons. In other words, they were instructed to
form a new impression on every trial independently of previously ob-
served person information. It was explained that the nonverbal cues
were overlayed on the same virtual character in order to control for
effects of physical appearance on impression formation. An experimen-
tal trial consisted of a 3000 ms stimulus presentation (either V or NV)
followed by a rating scale lasting for 3000 ms. Participants received a
visual feedback about their button presses and could correct given re-
sponses if necessary until the end of the rating scale slide. Furthermore,
each trial entailed two randomly jittered intervals with a fixation cross:
one between each stimulus presentation and the following rating scale
in order to enable a separate analysis of the person evaluation and the
response (average duration 3000 ms, jittering between 1875 ms and
4125 ms) and the other between single trials to increase condition-
specific BOLD signal discriminability (Serences, 2004) (average dura-
tion 9000 ms, jittering between 7875 ms and 10,125 ms). Taken to-
gether, an average trial lasted for 15,000 ms (see Fig. 1C). In total, the
task consisted of 72 trials (36 stimuli for each of the two domains)

Table 1
Descriptive statistics of the stimuli: Means and standard deviations of valence and
arousal ratings from the pretest.

- 0 +

Valence v —1.88 (34) 08 (.16) 2,03 (27)
NV —2.08 (.63) —09 (.54) 1.76 (.32)

Arousal v 1.45 (.98) —1.66 (1.01) 04 (1.23)
NV .96 (.86) —61(92) 32 (.60)

that were presented in a randomized order within two sessions of 242

9 min duration each. In one session button presses were performed
with the right and in the other session with the left hand, this sequence
being randomized across participants. After scanning, participants
underwent an additional task, in which they rated all stimuli on a 7-
point rating scale measuring arousal.

fMRI acquisition

Functional and structural MRI images were acquired on a Siemens

Magnetom Trio 3T whole-body scanner with a Tx/Rx birdcage coil. :

For the fMRI scans we used a T2*-weighted gradient echo planar
imaging (EPI) sequence with the following imaging parameters:
TR=2200 ms, TE=30ms, FoV=210, 33 oblique (maximal 30°)
axial slices, and slice thickness = 3.0 mm. Two sessions of 301 images

were acquired, preceded by 3 additional images allowing for T1 mag- 25

netic saturation effects that were discarded prior to further image
processing. For the structural images we used high-resolution T1-
weighted modified driven equilibrium Fourier transform sequence
with the following parameters: TR =1930 ms, TE = 5.8 ms, FoV = 256,
128 sagittal slices, and slice thickness = 1.25 mm.

fMRI preprocessing and analysis

Images were preprocessed and analyzed using MATLAB 7.1 (The
MathWorks Inc) and SPM8 (The Wellcome Trust Center for Neuroim-
aging) as follows. After the EPI images were corrected for head move-
ments using realignment and unwarping, the mean EPI image of each
participant was computed and coregistered to the corresponding T1
image. The T1 image was then used to obtain normalization parame-
ters for each participant to the Montreal Neurological Institute (IMNI)
reference space using the unified segmentation function in SPM8. The
ensuing deformation was subsequently applied to the individual EPI
volumes, the T1 image and the segmented T1 images with a writing
resolution of 8 mm>3. The normalized EPI images were spatially
smoothed using an 8 mm FWHM Gaussian kernel to meet the statis-
tical requirements of further analysis and to compensate for macroa-
natomical variations across participants.

The data were analyzed using a General Linear Model as imple-
mented in SPM8. The following specifications apply to all conducted
analyses. Conditions were modeled using a boxcar reference vector
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convolved with the canonical hemodynamic response function and
its time derivative. The analyses were explicitly masked with a nor-
malized within-brain mask of each subject derived by the segmenta-
tion of individual T1-images. Stimulus events were defined by the
onsets and durations of corresponding stimulus presentations. Re-
sponse events were modeled as a separate regressor, with onsets
and durations according to the time the rating scale was present. If
present, events with missing responses were modeled separately.
Low-frequency signal drifts were filtered using a cutoff of 128 s. Fol-
lowing the first-level analyses, single subject contrasts were fed into
the group analysis using a flexible factorial ANOVA (factors: condition
and subject), employing a random-effects model. On the group level,
differences between conditions and significant deviations from zero
were assessed by linear contrasts on the second-level parameter esti-
mates thresholded at p<.05 at the voxel level, FWE-corrected for mul-
tiple comparisons (prwe-corr<.05) and with a minimal cluster size of
30 voxels. Exceptionally, when reporting results from the analysis
including both evaluation strength and arousal as parametric modula-
tors a more liberal threshold of p<.001 at the voxel level, uncorrected
for multiple comparisons (puncorr<.001) was applied as this analysis
specifically served to confirm the significant effect of evaluation strength.
Results were superimposed on the mean normalized T1-group image.

Three different statistical analyses were conducted. The first analysis
focused on the SoE-effect by including both categorical and paramet-
ric neural responses to the stimuli into the model: (i) the categorical,
general processing of verbal and nonverbal person information, irre-
spective of its impact on subsequent evaluation (V and NV); and (ii)
the parametric modulation of general processing by SoE (SoE-V and
SoE-NV, defined as a difference from 0 on a 7-point rating scale: 0, 1,
2 or 3). For illustration purposes only, i.e., in order to provide plots
for the better characterization of activation patterns across different
SoE levels for significant brain regions, we also employed a categorical
analysis, in which V and NV events with different absolute rating
values were modeled as separate regressors. Here, eight events of
interest were included in the analysis: VO, V1, V2, V3 and NVO, NV1,
NV2, NV3 (see plots in Fig. 2A).

The second analysis aimed to demonstrate that differences in
arousal ratings cannot explain the results of the parametric modulation.
Here, the first analysis was repeated but with two linear parametric
modulation factors: (i) first the arousal rating for each stimulus; and
(ii) second the absolute valence rating for each stimulus. At the group
level we again computed the SoE-V and SoE-NV contrasts, masked
with the results from the main analysis. Because the second parametric
modulation can only account for unique variance, which is not already
accounted for by the first parametric modulation, this allows for ruling
out the influence of the arousal of the stimuli on the impression
strength effect.

The third analysis finally aimed to demonstrate that the SoE-effect
was similar for positive and negative person information and included
six events of interest: V—, VO, V4 and NV—, NVO, NV+. At the group
level, valent, i.e. positively and negatively judged events (Val) were
compared against neutrally rated events, separately for the verbal
(Val-V) and nonverbal (Val-NV) domains (applied contrasts: 1 —2 1).

Results

The first analysis revealed distinct modulations of the general neural
response by SoE for verbal and nonverbal stimuli, respectively. When
judgments were based on nonverbal information, there was a linear
signal increase in the bilateral amygdala with increasing SoE (see
Fig. 2A and Table 2, SOE-NV). In contrast, when relying on verbal social
information, increasing SoE correlated positively with the signal change
in the left PC at the border to PCC (PC/PCC), the bilateral cuneus and
cerebellum (see Fig. 2A and Table 2, SoE-V). These effects could mainly
be replicated also in a direct comparison of SOE-V and SoE-NV, thereby
resembling the plots in Fig. 2A. The contrast SOE-NV > SoE-V revealed a

greater increase in the right hippocampus (x=32, y=—10, z= —16,

T=5.84, prwE-corr =002, cluster size =48 voxels) and the right amyg- :
dala (x=24, y=0, z=—20, T=5.39, prwe-corr =.009, cluster size = :
48 voxels, same cluster as the hippocampus). Conversely, the contrast :

SOoE-V>SoE-NV revealed a greater increase in the right PC/PCC
(x=14, y=—60, z=34, T=4.97, prwe-corr=-039, cluster size=4

voxels) and the right cerebellum (x=10, y=—50, z=—20, T=5.31, :
PrwE-corr = 012, cluster size =12 voxels). However, the left amygdala :
and the bilateral cuneus did not exhibit a significantly different increase :

with increasing SoE across the two domains. Furthermore, contrasts
targeting general responses to verbal and nonverbal stimuli irrespective

of SoE revealed more widely distributed patterns of activation (V>NV, 3z

NV>V and conjunction between V and NV, VNNV, see Fig. 3A and

Table 3). Categorical comparison of verbal versus nonverbal stimuli :
revealed a network including the left STS, bilateral inferior parietal :

lobule (IPL), bilateral temporal pole, left PC/PCC, left dmPFC, left inferior
frontal gyrus (IFG), left inferior temporal gyrus and left middle occipital
gyrus. The opposite comparison of nonverbal versus verbal stimuli
demonstrated involvement of the bilateral middle temporal gyrus,

bilateral FFG, the right posterior STS extending into the IPL, the right :
middle frontal gyrus extending into the IFG, bilateral superior occipital :

gyrus and cuneus and the right thalamus. Finally, regions commonly
activated by both verbal and nonverbal stimuli included the left FFG, bi-
lateral calcarine sulci and inferior occipital gyri, the SMA, the left IPL, the
bilateral anterior insula, the superior PC, the bilateral thalamus and the
left IFG.

The second analysis included both arousal ratings and absolute :

valence ratings as parametric modulators in order to control for the
effect of stimulus arousal. This analysis replicated the former SoE-
effects by showing increasing BOLD signal in the bilateral amygdala

with increasing SoE for the nonverbal domain (x=—22, y=—10, :
z=—8, T=4.95, Puncorr<.001, cluster size =284 voxels and x=32, :

y=—12, z=—16, T=4.50, puncorr<.001, cluster size =125 voxels).
Similarly, the equivalent contrast for verbal stimuli revealed the pre-
cuneus (x=-—10, y=—64, z=36, T=3.76, Puncorr<.-001, cluster

size =15 voxels), the cerebellum (x=6, y= —44, z= —24, T=4.99, :

Puncorr<-001, cluster size =549 voxels) and the cuneus (x=12,y=
—78, z=12, T=4.50, puncorr<.001, cluster size =445 voxels). Thus,

as the effects of the second parametric modulation in a model reveal :

only variance that had not been explained by the first parametric

modulation, we can rule out that the effect of the increasing SoE :

could be explained by differences in stimulus-related arousal ratings.

Finally, the third analysis confirmed that the effect of increasing SoE
does not reflect the influence of valence per se because the effect of
valent versus neutral ratings was similar for both positive and negative
social judgments. By comparing positive and negative against neutral
judgments, we fully replicated the results from the first analysis (see
Fig. 2B and Table 2, Val-V and Val-NV). In addition, direct comparisons
between negative and positive verbal judgments (V— vs. V+ and V+
vs. V—) revealed no significant results within the whole brain, or
when inclusively masked with SoE-V, even at a more liberal threshold
(Puncorr<.001). Similarly, comparing negative and positive nonverbal
judgments (NV— vs. NV+ and NV+ vs. NV—) revealed no differences
when inclusively masked with SOE-NV, even at a more liberal threshold
(Puncorr<.001). The comparison between negative and positive non-
verbal stimuli within the whole brain, i.e. without masking, however,
revealed a significantly stronger activation of the right superior tem-
poral gyrus (x =42,y = —30,z=12, T=15.77, prwe-corr = -001, cluster
size =143 voxels) while no significant whole brain effect was found
for the opposite contrast (NV+ vs. NV—), even at a more liberal
threshold (puncorr<.001).

Discussion

The results of the present study show that neural regions specifi-
cally associated with increasing SoE during impression formation
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Fig. 2. Brain regions responsive to the outcome of subjective evaluative impressions based on a verbal or a nonverbal person information: A) Areas correlating with the increasing
absolute valence ratings as a measure of the strength of evaluation (SoE), based on nonverbal (SoE-NV) and verbal (SoE-V) stimuli. Plots are derived by a supplementary analysis
modeling events with different absolute ratings (0, 1, 2 or 3) as separate regressors; and B) Areas activating stronger during valent than neutral evaluations (Val), separately for
nonverbal (Val-NV) and verbal (Val-V) stimuli, demonstrating a similar involvement for both positive and negative ratings.
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409  and negative evaluations and even after controlling for subjectively an involvement of qualitatively different cognitive processes during the 415
410  rated arousal of the stimuli. Although pretests showed that verbal evaluation of other persons dependent upon the stimulus domain. 416
411 and nonverbal stimuli evoked comparable person evaluations at the Known to be a centerpiece of the affective system of the brain, the 417
412 behavioral level, increasing evaluation strength was associated with the amygdala has been associated with diverse aspects of affective 418
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Table 2

MNI coordinates of brain regions revealed by the parametric effect of increasing abso-
lute evaluation ratings as a measure of the strength of evaluation (SoE) based on verbal
(SoE-V) and nonverbal (SoE-NV) stimuli, and by the comparison between valent and
neutral evaluation ratings based on verbal (Val-V) and nonverbal (Val-NV) stimuli.

Region Cluster size  BA Side x y z t
(vox)
SoE-V
Cerebellum 1018 - R 10 —54 —-20 954
L —6 —54 —22 722
PC/PCC 59 31 L —12  —56 32 6.10
Cuneus 57 17/18 R 12 -76 14 5.67
53 17 L -8 —88 10 5.74
SoE-NV
Amygdala 126 - R 30 -8 —16 7.36
110 - L —24 —8 —14 658
Val-v
PCC 468 23 L —-10 —-52 30 640
PC 31 L —4 —66 34 6.13
Cerebellum 246 - R 4 —46 —20 5.57
- L —6 —40 —22 545
Middle cingulate gyrus 74 23 L —4 =20 34  6.99
Lingual gyrus 55 17 R 12 -=70 0 537
Cuneus 46 18 R 12 -82 20 535
Val-NV
Amygdala 132 - L —30 -6 —18 6.12
40 - R 26 —6 —18 552

Reported are results that were significant at the voxel-level threshold p<.05, FWE-
corrected for multiple comparisons, with a cluster size greater than 30 voxels; X, y, z,
MNI coordinates of local maxima; BA, Brodmann area; PC, precuneus; PCC, posterior
cingulate cortex; one voxel =8 mm®.

processing and learning (Zald, 2003). Providing further empirical
support for its recruitment during the evaluation of other persons,
our results also imply two more specific aspects: i) the amygdala was
sensitive to changes in evaluation intensities, irrespective of valence;
and ii) this response pattern was specific for nonverbal social information.

In concordance with the first point, the idea that the amygdala
correlates with affective response intensities in a broad sense has
recently received considerable empirical support. Overcoming the
traditional conception that the amygdala is associated with negative
valence only, neuroimaging studies (Anders et al., 2008; Sander and
Scheich, 2001), as well as a quantitative meta-analysis (Sergerie et

A V>NV B

NV >V C

al., 2008) have demonstrated its recruitment for the processing of
positive stimuli as well. Specifically regarding face evaluation, recent
studies have shown that both highly trustworthy as well as highly
untrustworthy faces activated the amygdala yielding a nonlinear, U-

shaped response pattern (Said et al., 2009; Todorov et al., 2008). Simi- -

larly, the amygdala was engaged during judgments of absolute valences
of emotional faces (Gerber et al., 2008). Furthermore, neuroimaging
studies focusing specifically on interpersonal judgments have demon-
strated that both positive and negative judgments recruit the amygdala

when evaluating famous people (Cunningham et al., 2004, 2008) or -
when forming evaluative impressions of social others (Schiller et al.,

2009). In the same line, the present study revealed that the more the
nonverbal behavior displayed by the target person induced a pro-
nounced impression, indexed by a greater SoE, the higher was the
BOLD signal in the amygdala. Thus, our findings provide further support

for the concept that the amygdala is especially sensitive to varying in- -
tensities of salient social information, irrespective of valence (Sander -

et al., 2003).

The second aspect with regard to the involvement of the amygdala
in our study is that its increasing response with increasing SoE was
specific for nonverbal stimuli. This result extends the findings by
Schiller et al. (2009) by highlighting a closer association of the differ-

ential response in the amygdala with nonverbal social information in -

the context of increasingly extreme interpersonal evaluation. Taking

into account its extensive projections to the occipital cortex, the 4

amygdala is well positioned to modulate visual processing based on
affective significance of the perceived input (Phelps and LeDoux,

2005; Vuilleumier and Pourtois, 2007). Consistently, converging evi- 4

dence indicates its modulatory role in visual information processing,
but not in recall and auditory induction methods of emotional re-
sponses (Phan et al., 2002). Furthermore, support for the specific sen-
sitivity of the amygdala to nonverbal social cues has been provided by
impairments in evaluating trustworthiness based on nonverbal, but not

on verbal information in patients with amygdala lesions (Adolphs et al.,

1998). Moreover, the recruitment of the amygdala for processing non-
verbal stimuli has been shown to occur relatively independent of atten-

tional resources or awareness, i.e., implicitly and automatically (Engell 4

et al, 2007; Phelps and LeDoux, 2005; Phelps et al., 2000; Todorov
and Engell, 2008; Winston et al., 2002). Although the essential role of
the amygdala in the production of the social behavior has been ques-
tioned in prior studies on non-human primates, its role in detection of
and reaction to especially threatening and hence significant stimuli

VNNV

pFWE-(:orr<'05

Fig. 3. Neuroimaging results relating to the general processing of verbal (V) and nonverbal (NV) person information, irrespective of subsequent ratings. A) Brain regions involved
stronger in processing of verbal than nonverbal person information; B) Brain regions involved stronger in processing of nonverbal than verbal person information; C) Brain regions
involved in processing of both verbal and nonverbal person information revealed by a conjunction.

tion, Neurolmage (2012), doi:10.1016/j.neuroimage.2011.12.046
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Table 3
MNI coordinates of brain regions associated with the general processing of verbal (V)
and nonverbal (NV) person information.

Region Cluster size  BA Side x y z T
(vox)
V>NV
Anterior STS 2001 21 L —58 -6 —20 1241
Posterior STS 22 L —54 -36 0 11.66
Temporal pole 38 L —48 16 —28 9.96
Angular gyrus 815 39 L —44 —56 24 1154
Middle occipital gyrus 377 18 L —18 —90 —6 1142
PC/PCC 298 31 L -6 =52 36  7.00
dmPFC 235 9 L —10 48 40 939
Middle frontal gyrus 190 6 L —42 6 52 6.60
Middle temporal gyrus 148 21 R 58 4 28 743
Temporal pole 21 R 56 10 -30 7.01
Inferior frontal gyrus 121 47 L —50 30 —8 6.66
Inferior frontal gyrus 78 45 L —52 24 18 6.26
44 L —52 16 28 493
Inferior temporal gyrus 67 37 L —42 —62 -8 7.39
Angular gyrus 37 39 R 60 —58 26 7.10
NV>V
Middle temporal gyrus, 3897 37 R 50 —62 6 17.06
V5/MT+
Fusiform gyrus 37 R 42 —48 —18 1226
Posterior STS 42 R 50 —40 12 11.87
Supramarginal gyrus 48 R 58 —38 26 10.63
Middle frontal gyrus 1770 10 R 46 42 4 11.04
Inferior frontal gyrus 44 R 48 14 20 9.78
Inferior frontal gyrus 45 R 44 32 16 7.94
Superior occipital gyrus 1404 17 L -8 —98 12 1761
Cuneus 18 R 10 —-92 22 15.09
Middle temporal gyrus, 575 37 L —48 —70 8 1094
V5/MT+
Fusiform gyrus 148 37 L —40 —48 —18 7.42
Thalamus 76 - R 18 —30 2 6.75
NVNV
Fusiform gyrus 3387 19 L —40 —70 —16 12.80
Calcarine sulcus 17 R 16 —96 —6 1233
17 L -6 —98 —6 850
Inferior occipital gyrus 19 R 34 —90 —12 12.11
19 L —38 -8 —10 10.55
SMA 666 6 L —6 16 44 972
Inferior parietal lobule 382 7 L —38 —48 44 7.36
Superior parietal lobule 7 L —30 —60 46 5.45
Anterior insula 371 48 L —-30 20 —4 7.98
Precuneus 191 31 L —6 —68 50 6.39
Inferior frontal gyrus 174 45 L —50 30 28 7.63
Anterior insula 111 48 R 42 26 -8 6.05
Thalamus 68 - L —-10 —12 6 5.54
Middle frontal gyrus 51 9 R 46 36 32 6.77
Thalamus 50 - R 12 -8 4 6.11

Reported are results that were significant at the voxel-level threshold p<.05, FWE-
corrected for multiple comparisons, with a cluster size greater than 30 voxels; X, v, z,
MNI coordinates of local maxima; BA, Brodmann area; STS, superior temporal sulcus;
PC, precuneus; PCC, posterior cingulate cortex; dmPFC, dorsomedial prefrontal cortex;
SMA, supplementary motor area; one voxel =8 mm?>.

within a social context has not been disproven (Amaral, 2003; Amaral et
al,, 2003). Given that understanding information conveyed by conspe-
cifics' nonverbal signals occurs early in phylogenetic and ontogenetic
development and plays a special role in adaptive social behavior, our
findings may reflect an evolutionary shaped recruitment of the amyg-
dala in the rapid detection and decoding of biologically and socially rel-
evant information (Phelps and LeDoux, 2005; Sergerie et al., 2008).
Interestingly, the presentation of verbal and of neutral nonverbal
stimuli was accompanied by deactivations in the amygdala, especially
in the right hemisphere (see Fig. 2). Such right amygdala deactiva-
tions have been demonstrated already early on, by comparing active
and passive conditions of different experiments, i.e. conditions
where stimulus presentations were paired with demanding tasks versus
with no task (Schulman et al., 1997). Moreover, those experiments that

involved verbal processing tended to reveal larger deactivations in the 4
right amygdala (Schulman et al., 1997). General task-induced deactiva- -

tions are in accord with research demonstrating cognitive regulation
of affective processing (Ochsner et al., 2002, 2004). Here, it has been
shown that active cognitive computations were able to down-regulate
affective processing and thereby decrease amygdala activity. Referring

to neutral nonverbal stimuli in our study, the activity in the amygdala 4

associated with detection of salient stimuli was possibly decreased sim-
ply because of the non-affective quality. Verbal stimuli, in contrast, may
have induced a greater amount of high-level cognitive processing lead-
ing to a decreased activity of the amygdala as previously supposed by
Freeman et al. (2010) for interpersonal judgments based on informative
verbal stimuli. Additionally, paralleling patterns of activations have been
demonstrated with other-race facial stimuli that increased the activa-
tion of the amygdala, while the perception of more neutral own-race
facial stimuli resulted in slight deactivations (Lieberman et al,, 2005).
Furthermore, matching the race of the target face verbally and not via
facial, i.e. nonverbal stimuli resulted in amygdala deactivations for
both races (Lieberman et al., 2005).

On the other hand, our study highlights that when basing social
judgments on verbal information, the BOLD signal increased in the
PC/PCC, bilateral cuneus and cerebellum with increasing SoE. Thus,
we replicated the findings by Schiller et al. (2009), who showed a
specific involvement of the PCC in the evaluative component of im-
pression formation and its parametric scaling with the SoE. Beyond
this general functional characterization, we were able to demonstrate
that the PC/PCC and its parametric activity changes are specifically
associated with the processing of verbal stimuli. Consequently, our find-
ings provide evidence for functional dissociations of ‘social brain’
regions based on the stimulus domain.

A similar dissociation has been demonstrated by a stronger in-
volvement of the PCC in the processing of interpersonal judgments
based on informative verbal material, while the amygdala was
recruited when verbal stimuli were not informative and the judgment
was reduced to an additionally presented face of the target person

(Freeman et al., 2010). Our study extends these findings because it :

focuses specifically on the evaluative component of impression for-
mation by making use of event-related subjective ratings instead of
comparing two categories of person judgment irrespective of the sub-
sequent outcome. Furthermore, due to the manipulation of both verbal
and nonverbal stimuli in one experimental design, more valid conclu-
sions about the influence and processing of the two domains can be
derived from our study. Finally, in the present study both verbal and
nonverbal information was individuated, i.e. related to idiosyncratic
attributes and qualities of the target person indicated by social action
descriptions and dynamic nonverbal communicative signals, respec-
tively. Because nonverbal cues were displayed by the same virtual char-
acter, the content of social category knowledge extractable from the
physical appearance such as gender, age, and race was identical across
all nonverbal stimuli and could not serve as a basis for “superficial”
decisions. This procedure implicates that not simply the degree of indi-

viduation but also the domain of social information determines the :

involvement of differential brain regions in evaluation of social others.

In general, the neurofunctional characterization of PCC has been
more diverse than that of the amygdala. Social cognitive neuroscience
research has assigned an important role to the PC/PCC in social infer-
ence including mentalizing, intention inference and impression for-
mation (Lieberman, 2010) and in the interaction between episodic
memory and the processing of emotionally salient words (Maddock,

1999; Maddock et al., 2003). Also, associations with the strength of :

evaluative judgments have been demonstrated by using verbal but
not nonverbal stimuli (Maddock et al., 2003; Posner et al., 2009). At
the same time, this region is characterized by its involvement in con-
trolled, i.e.,

deliberate processing. Thus, on a more speculative level, by revealing

tion, Neurolmage (2012), doi:10.1016/j.neuroimage.2011.12.046
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the association of PC/PCC with the verbal and of the amygdala with
the nonverbal domain, we provide indirect evidence for hypotheses
made by dual-process theories of social judgments (Evans, 2008;
Lieberman et al., 2002). Here, it has been suggested that the two do-
mains evoke automatic and controlled cognitive operations to different
degrees that are associated with closely interacting but distinguishable
neural substrates.

The cuneus comprising primary and secondary visual areas and
the cerebellum were also differentially recruited by increasing evalu-
ation strength based on verbal stimuli. The involvement of the visual
cortex may be explained by the increased mental imagery of behaviors
described in the more influential verbal stimuli (Lambert et al., 2002),
possibly due to a higher selective attention toward a more diagnostic
information (Kastner and Ungerleider, 2000). Similarly, the activation
of the cerebellum was frequently reported for language- and emotion-
related tasks (Stoodley and Schmahmann, 2009) and thus may repre-
sent a general increase of semantic and emotional processing of verbal
stimuli with their increasing impact.

With regard to categorical comparisons of verbal and nonverbal
stimuli, irrespective of the subsequent judgment, we could precisely
replicate recent findings by Zaki et al. (2010) demonstrating domain-
specific neural systems recruited when drawing inferences about emo-
tional states of others based on either verbal or nonverbal social cues.
A network related to mind state attribution including the dmPFC, the
left PC/PCC and the bilateral temporal pole, as well as a left-lateralized
network including inferior frontal, temporal and angular cortices asso-
ciated with semantic processing (Price, 2000), were more strongly acti-
vated by verbal than by nonverbal stimuli. In contrast, nonverbal as
compared to verbal stimuli more strongly engaged the right fronto-
parietal cortex corresponding to the putative human mirror neuron
system (Rizzolatti and Craighero, 2004), as well as the right posterior
STS, the bilateral FFG and the bilateral middle temporal gyrus includ-
ing the area V5/MT+ involved in face and movement perception
(Kanwisher and Yovel, 2006; Pelphrey et al., 2005; Wilms et al.,
2005). Thus, our data support the notion that both the mentalizing
and the mirror neuron system are involved in the general processing
of social information about others, but obviously with different prior-
ities for different domains (Zaki et al., 2010).

Critically, Zaki et al. (2010) also showed that when drawing infer-
ences based on conflicting pairs of verbal and nonverbal information,
activity in the right frontoparietal cortex and pSTS correlated with the
relative reliance on nonverbal cues, whereas the activity in the left
angular gyrus and mPFC correlated with the relative reliance on ver-
bal cues. These results, however, must not be regarded as inconsistent
with the domain-specific parametric modulation findings reported
here because the two studies explored two different types of cogni-
tive processes, namely person evaluation as opposed to inferences
about emotional states of others. Moreover, the correlation of the
activity in the amygdala with nonverbal and in the PC/PCC with ver-
bal stimuli reported here was based on the strength of impression
resulting from differentially salient unimodally presented informa-
tion and not on the relative reliance on cues presented in a multimodal
fashion.

Noteworthy, the activity in the dmPFC was not modulated by the
increasing intensity of judgments for any domain, but was categori-
cally stronger for processing verbal as compared to nonverbal person
information. Thus, this finding provides additional evidence for the
proposal that the dmPFC is not essential for the evaluative component
of impression formation (Schiller et al., 2009). Rather, the dmPFC
appears to be related to the general inferential processing of social in-
formation. Within the verbal domain, this inferential processing seems
to occur regardless of information's diagnostic value as long as the
instruction to form an impression is explicitly given evoking the con-
tinuous need to monitor social meanings (Mitchell et al., 2006). Simi-
larly, in situations that specifically require an identification of non-
observable mental states such as assessing deceptive intentions

(Grezes et al., 2004a), false beliefs (Grezes et al., 2004b), reasons for ac-
tions (Spunt et al., 2011), moment-to-moment emotional states (Zaki
et al., 2009) or social relations (Iacoboni et al., 2004) the dmPFC has
been recruited by nonverbal social cues as well. However, without
such an explicit need for sophisticated inferential computation, non-
verbal stimuli may convey observable and expressive cues therefore
engaging the dmPFC to a lesser extent (Spunt et al., 2011; Zaki et al.,
2010).

With respect to limitations of the study, it is important to note that
both the source of information and the semantic content differed
between the two domains: While nonverbal stimuli implied a “self-
report” with the target person presenting herself actively by the dis-
play of communicative expression and gesture, verbal stimuli were
reputation-based and referred to descriptions of social actions. This
approach was chosen because of its ecological validity as in everyday
life we are frequently confronted with reputation-based verbal infor-
mation about other persons' actions and nonverbal cues that are di-
rectly observed. Furthermore, verbal self-reports could induce the
impression of target's self-projection that could influence the credit-
ability of the given information. Although it is not indisputable that
the differential SoE-effects for the two domains of information were
neither influenced by the source of information nor by the semantic
content, the comparison of the SoE-effect between the two domains
as such is still valid because the SoE was computed separately within
each domain. Furthermore, the differential recruitment of distant
brain regions for the two domains is consistent with previous re-
search in the related field as described above. However, in future
studies the source of social information should be taken into account,

for example, by using statements about controversial topics instead of 646

action descriptions as verbal stimuli. Such statements would indicate

a self-report comparable to the nonverbal domain thereby avoiding 6

problems with creditability. The difference between the semantic
contents referring to actions or opinions on the one hand and to ex-
pressive nonverbal signals on the other is more difficult to overcome,
as these differences are inextricably constitutive of the verbal and
nonverbal domain.

Another limitation is given by the use of female virtual characters
only. This procedure was chosen in order to constrain the experimen-
tal design to the focus on the SoE effect by disregarding possible
effects of the gender of the target person. However, it seems unlikely
that similar effects would not occur also for male targets, because
exactly such evaluation-related effects, but without a strict differenti-
ation of the information domain, have been demonstrated in a study
by Schiller et al. (2009), which used male target persons only and a
gender-mixed sample of participants.

Furthermore, we only report the peaks of activation of isolated
neural regions that do not provide any insights into the underlying
neural networks. Further neuroimaging research should focus on
methods targeting functional and anatomical connectivity in order
to enrich our understanding of the neural mechanisms also on a net-
work level of description. These methods could for example help to
identify possible influences of increased attention to more informa-
tive and diagnostic social information resulting in more extreme
judgments, which are not directly evident from the reported SoE
effects.

Conclusions

The present study provides evidence for neurofunctional dissocia-
tion between the processing of verbal and nonverbal social informa-
tion during interpersonal impression formation. Our results show
that behaviorally similar social cognitive operations were driven by
distinct neural networks when taking into account the kind of avail-
able information. While the influence of verbal stimuli on interpersonal
judgments appears to rely on the PC/PCC, previously associated with
mental state inferences, nonverbal social information shapes

tion, Neurolmage (2012), doi:10.1016/j.neuroimage.2011.12.046
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subsequent impression formation by the specific involvement of the
amygdala, known to play a central role in automatic, affective proces-
sing. Instead of delineating these neurofunctional dissociations, how-
ever, in terms of independent dichotomies, it rather seems useful to
characterize them as complementary parts of a complex interaction re-
lated to additional cognitive functions such as attention and memory.
To explore these aspects further will be an important objective of fu-
ture research. The question to what extent rapid, affective processes
determine our social judgments and how this may relate to the pres-
ence of visual images has far reaching implications given the influence
of impression formation on future expectations, decisions and behavior
toward other persons. Due to the wide presence and increasing avail-
ability of visually transmitted information in today's media, this ques-
tion is likely to take on even greater significance in the future.
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