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Abstract

Humans and other primate species are experts at recognizing body expressions. To understand the underlying perceptual
mechanisms, we computed postural and kinematic features from affective whole-body movement videos and related them
to brain processes. Using representational similarity and multivoxel pattern analyses, we showed systematic relations
between computation-based body features and brain activity. Our results revealed that postural rather than kinematic
features reflect the affective category of the body movements. The feature limb contraction showed a central contribution
in fearful body expression perception, differentially represented in action observation, motor preparation, and affect coding
regions, including the amygdala. The posterior superior temporal sulcus differentiated fearful from other affective
categories using limb contraction rather than kinematics. The extrastriate body area and fusiform body area also showed
greater tuning to postural features. The discovery of midlevel body feature encoding in the brain moves affective
neuroscience beyond research on high-level emotion representations and provides insights in the perceptual features that

possibly drive automatic emotion perception.
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Introduction

It is widely agreed that humans and other primate species are
experts at recognizing emotion and intention from face and
body expressions (de Gelder 2006; Giese and Rizzolatti 2015).
The central importance of nonverbal communication across
many social species suggests that the brain is equipped for
rapid and accurate face and body movement perception; yet, the
mechanisms underlying this ability are still largely unclear. Pre-
vious research on face and body expressions has predominantly
searched for brain correlates of symbolic emotion categories
(Lindquist et al. 2012; Kirby and Robinson 2017), disregarding the
visual features that drive movement and emotion perception
(e.g., kinematic and postural body features). This is in part due
to the fact that methods for fine-grained description of body

movements were not yet available. This study used compu-
tational descriptions of body expressions to investigate which
features drive emotion and body perception and how they are
encoded in the brain.

Previous behavioral and computational studies have pro-
vided some indications about relevant features of body posture
and movement, and their relation to emotional expressions
(De Meijer 1989; Wallbott 1998; Roether et al. 2009; Kleinsmith
and Bianchi-Berthouze 2012; Piana et al. 2014; Patwardhan 2017).
Some important postural features have been identified, includ-
ing elbow flexion, associated with the expression of anger, and
head inclination, typically observed for sadness (Wallbott 1998;
Coulson 2004; Vaessen et al. 2018). Other form-related features
that have been investigated are the vertical extension of the
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body (e.g., upper limbs remain low for sadness but high for
happiness), the directionality of the movement (e.g., angry bod-
ies are usually accompanied by a forward movement), symme-
try (e.g., the movement of the upper limbs tends to be sym-
metrical when experiencing joy), and the amount of lateral
opening of the body (e.g., hands are close to the body during
fear and sadness while extended in happiness) (Kleinsmith and
Bianchi-Berthouze 2012). The use of point-light displays, where
the only form information is derived from motion-mediated
structural cues (Johansson 1973), has been crucial in revealing
the strong impact that movement kinematics, such as velocity
and acceleration, have on the recognition of emotion from arm
(Paterson et al. 2001; Pollick et al. 2001; Sawada et al. 2003) and
whole-body movements (Roether et al. 2009).

A central, yet unanswered, question is the relation between
candidate features and brain processes. There is sparse evidence
in the literature on how particular features may be related
to brain processes. One classical proposal is the two-stream
model of visual processing with two separate brain pathways
for form and movement information (Vaina et al. 1990; Giese
and Poggio 2003; Milner and Goodale 2006, 2008). From the
primary visual cortex, the dorsal stream leads to the parietal
lobe and is specialized in localizing objects in space, processing
motion signals and in the visual-spatial guidance of actions. The
ventral stream leads to the temporal lobe and is responsible
for visual form processing and object recognition. Two areas in
this pathway have been identified that sustain a certain level of
specialization in the processing of whole bodies and body parts:
the extrastriate body area (EBA) in the medial occipital cortex,
and the fusiform body area (FBA) in the fusiform gyrus (Downing
et al. 2001; Peelen and Downing 2005; Schwarzlose et al. 2005).
However, their respective functions are not yet clear and it is
also not clear how they, alone or together, contribute to body
expression perception.

In addition, body shape and movement elicit a widespread
neural response beyond the visual analysis of body features in
body-category selective areas (de Gelder 2006; Van den Stock
etal.2011), triggering processes related to their affective content,
the conveyed action and for the preparation of an appropriate
behavioral response (de Gelder et al. 2004; Van den Stock et al.
2011). For example, ALE meta-analyses have shown that the
observation of emotional expressions involves the activity of
several areas including the dorsal and ventral medial prefrontal
cortices, orbitofrontal cortex, anterior cingulate cortex (ACC),
posterior cingulate, insula, presupplementary motor area (pre-
SMA) and temporal pole, and also of subcortical areas including
the ventral striatum, amygdala, thalamus, and hypothalamus
(Kober et al. 2008; Dricu and Frithholz 2016).

Besides body-category and emotional representation areas,
the observation of body postures and movements strongly acti-
vates the so-called “action observation network” (AON). This
network has been suggested to play an important role in the
understanding of other people’s actions and their underlying
intentions (Jellema et al. 2000; Rizzolatti et al. 2001; Fogassi
et al. 2005; Tacoboni et al. 2005). It comprises the ventral premo-
tor/caudal inferior frontal gyrus complex (PMv/cIFG), the sup-
plementary motor area (SMA), the posterior superior temporal
sulcus (pSTS), and the inferior parietal lobule (IPL) (Grafton
et al. 1996; Decety et al. 1997; Buccino et al. 2001; Caspers
et al. 2010). Recent work has also involved this network in
the processing of body expressions. Specifically, higher activity
has been reported in several nodes of the AON for emotional
body actions as opposed to neutral ones (Grézes et al. 2007;

Pichon et al. 2009; Kret et al. 2011a, 2011b). Recent transcranial
magnetic stimulation (TMS) studies have directly implicated
both the IPL (Engelen et al. 2015) and the pSTS (Candidi et al.
2011) in the recognition of fearful body expressions. Interest-
ingly, the pSTS also appears to be involved in processing body
motion cues (Grossman et al. 2010).

While studies of category representation, action, and
emotion have provided evidence that the brain is endowed
with social perception skills, none of them has yet raised
the issue of the actual visual characteristics that drive body
expression perception. The present study is the first effort to
discover which specific postural and kinematic features could
be computed from affective whole-body movement videos and
be related to brain responses. By means of representational sim-
ilarity multivoxel pattern analysis techniques, we investigated
whether the (dis)similarity of body posture and kinematics
between different emotional categories could explain neural
responses to body expressions in and beyond body-selective
regions.

Materials and Methods
Participants

Thirteen healthy participants (mean age=25.8; age range=
21-30; three males) took part in the experiment. All participants
had normal or corrected-to-normal vision and a medical
history without any psychiatric or neurological disorders. All
participants provided informed written consent before the start
of the experiment and received vouchers or credit points after
their participation. The experiment was approved by the Ethical
Committee at Maastricht University and was performed in
accordance with the Declaration of Helsinki.

Stimuli

Sixteen video clips of 1 s duration at 25 frames/s (i.e., total of
25 frames) were used in this experiment. Each video depicted
a male actor performing an emotional body movement in an
angry, happy, fearful, or nonemotional (e.g., coughing, pulling the
nose, or walking) manner. Thus, each of the four movement cate-
gories consisted of four different videos. All actors were dressed
in black and their faces were blurred with a Gaussian filter to
avoid triggering facial perception processes. The movements
were filmed against a green background under controlled light-
ing conditions. The resulting clips were computer-edited using
Ulead and After Effects. The videos used in this experiment
were selected from a larger validated stimulus set to ensure
high recognition accuracy (>80%). Detailed information regard-
ing the recording and validation of these stimuli can be found
in Kret et al. (2011b).

Feature Definition

We estimated each actor’s joint positions using the state-of-the-
art 2D pose estimation library OpenPose (v1.0.1; Cao et al. 2017,
see Supplementary Materials for more information on pose
estimation) and subsequently derived several quantitative body
features, given their relevance in previous work (for a review, see
Kleinsmith and Bianchi-Berthouze 2012). These features were
computed in the same manner as in Poyo Solanas et al. (2020)
using custom code in MATLAB (vR2017a, The MathWorks Inc.).
Body features representing kinematic information comprised
velocity, acceleration, and vertical movement. Postural features

020Z 1290190 g| uo 1sanb Aq 281 2885/96 | BeYq/102192/£60 |0 | /I0P/2[21e-80UBAPE/I00182/W0o dno olwapede//:sdiy Woll papeojumod


https://academic.oup.com/cercor/article-lookup/doi/10.1093/cercor/bhaa196#supplementary-data

Computation-Based Feature Representation of Body Expressions in the Human Brain Poyo Solanasetal. | 3

Table 1 Feature definition

Kinematic Velocity
Acceleration
Vertical movement

Postural Limb angles

shoulders, and hips.
Symmetry

Euclidean distance in pixel space of each keypoint between contiguous frames.
Difference in velocity between adjacent frames for each keypoint.

Difference in y-axis pixel coordinates of each keypoint between adjacent frames.

Angle between two adjacent body segments, including the angles for the elbows, knees,

Euclidean distance in pixel space between each pair of joints (i.e., one on the left side, the other

on the right) with respect to the axis that divides the body vertically by the nose.

Shoulder ratio

Surface

Amount of extension of the body joints with respect to the shoulders (measured as Euclidean
distance in pixel space).
Surface area spanned by the total body extension in the x-axis and the extension in the y-axis

(measured as Euclidean distance in pixel space).

Limb contraction

Average of the Euclidean distances in pixel space between the wrists and ankles to the head.

Notes: (1) Each feature was initially calculated for each frame, although the time information was later averaged. (2) The features reflect spatial displacement of the

body movement rather than muscular activity.

included limb angles, symmetry, shoulder ratio, surface, and
limb contraction. For an overview of the feature definition proce-
dure, see Table 1. Initially, each feature was calculated for each
frame; however, all values were averaged over the duration of
the video clip (i.e., 25 frames) for their comparison with the
imaging data.

Experimental Design, Task, and Procedure

The (f)MRI data used in this paper were collected as part of
another study, with another study aim and analysis procedures.
The original experiment consisted of two experimental sessions,
one presenting face and voice stimuli and the other one body
and voice stimuli. In each session, six experimental runs and
an anatomical run were acquired. In addition, three different
functional localizer runs were collected in total per subject.
From this point onwards, only the stimuli, task and procedures
concerning the current research goals will be described (i.e.,
body stimuli/runs). For a full description of the original study,
see Vaessen et al. (2019).

The functional runs of the main experiment employed an
event-related paradigm. Each run started with the presentation
of the 16 video clips that comprised the body movement stim-
ulus set, followed by 16 voice clips. Each trial started with a
fixation cross, followed by the presentation of a 1-s clip, with
an interstimulus interval of 10743-11246 ms (blank screen). In
addition, each run presented four catch trials where partici-
pants had to indicate the change in the fixation cross color
(i.e., red or blue) following the video. This was performed to
ensure that participants were paying attention to the task while
not explicitly directing their focus of attention to the explicit
evaluation of the emotional expression. The total duration of
each functional run was 8 min. For more details on stimuli
presentation and functional localizer stimuli and design, see
Supplementary Materials.

()MRI Data Acquisition

Data were acquired with a 3 Tesla whole-body scanner (Siemens)
located at the Maastricht Brain Imaging Centre (MBIC) of
Maastricht University, the Netherlands. Functional images of the
whole brain were obtained using T2*-weighted 2D echo-planar
image (EPI) sequences (number of slices per volume =50, 2 mm
in-plane isotropic resolution, repetition time [TR]=3000 ms,
echo time [TE]=30 ms, flip angle [FA]=90°, field of view

[FoV] =800 x 800 mm?, matrix size =100 x 100, multiband accel-
eration factor=2, number of volumes per run=160, total scan
time per run =8 min). The functional localizer scan also used a
T2*-weighted 2D EPI sequence (number of slices per volume =64,
2 mm in-plane isotropic resolution, TR=2000 ms, TE=31 ms,
FA =77, FoV =800 x 800 mm?, matrix size =100 x 100, multiband
acceleration factor=2, number of volumes per run=491, total
scan time per run = 16 min approx.). Three-dimensional (3D) T1-
weighted (MPRAGE GRAPPA?2) imaging sequences were used to
acquire high-resolution structural images for each participant
(1-mm isotropic resolution, TR=2250 ms, TE=2.21 ms, FA=9°,
matrix size =256 x 256, total scan time =7 min approx.).

()MRI Data Preprocessing

BrainVoyager (v21.2 Brain Innovation B.V)) as well as custom
code in MATLAB (vR2017a, The MathWorks Inc.) were used for
the preprocessing and analysis of the acquired (f)MRI data.
Trilinear/sinc estimation and interpolation were applied to
correct for participant’s 3D head motion with respect to the
first volume of each functional run. Sinc interpolation was
used to correct for time differences in slice acquisition order
within one volume. High-pass temporal filtering was employed
to exclude low-frequency drifts in the data lower than two
cycles per run. The functional data of the main experiment
were not spatially smoothed to preserve spatial specific
information for the multivariate analyses. Spatial smoothing
was applied, however, to the functional localizer data with a
Gaussian kernel of a full-width half-maximum of 3 mm. The
anatomical data were corrected for Bl-field inhomogeneities.
After these steps, the native functional and anatomical data
were coregistered and template-based normalized to Talairach
space (Talairach and Tournoux 1988).

Region of Interest Definition

The functional localizer data (see Supplementary Materials)
were used to identify several regions of interest (ROI) for body
perception. For this purpose, a fixed-effects whole-brain general
linear model was fitted to the 3-mm-smoothed localizer data of
each participant. The generated regression model consisted of
the %-signal-transformed predictors of each stimulus category
(i-e., body alone, face alone, voice alone 1, voice alone 2, body-
voice, face-voice) convolved with a two-gamma hemodynamic
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response function (HRF) and the z-transformed motion param-
eters as predictors of no interest.

The considered ROIs include: FBA, EBA, pSTS, V7/3a, superior
parieto-occipital cortex (SPOC), superior marginal gyrus (SMG),
posterior intraparietal sulcus (pIPS), medial intraparietal sul-
cus (mIPS), anterior intraparietal sulcus (alPS), ventral and dor-
sal premotor cortex (PMv, PMd), SMA, pre-SMA, inferior frontal
and frontal clusters. Body movement videos were contrasted
to baseline at uncorrected P=0.005 to define the ROIs with
the exception of FBA and EBA. For the latter, body movements
were contrasted against facial movement clips at uncorrected
P=0.005. The ROIs were defined bilaterally whenever possible
and subsequently merged into a single ROI for each participant
individually. For a detailed explanation of the definition and
location of the ROIs, see Supplementary Materials and Supple-
mentary Table M1.

Representational Similarity Analysis

Representational similarity analyses (RSA) (Kriegeskorte et al.
2008; Nili et al. 2014) were performed in MATLAB (VR2017a,
The MathWorks Inc.) to investigate the relations among the
computed features and brain activity. This type of analysis is
based on the determination of representational dissimilarities
between pairs of stimuli values. The representation is charac-
terized by symmetrical matrices called representational dissim-
ilarity matrices (RDMs). In these matrices, off-diagonal values
reflect the dissimilarity between the values of two different
stimuli while diagonal entries represent comparisons between
identical stimuli and are zero by definition.

Computed-Feature RDMs

RDMs were constructed based on the dissimilarity between all
stimulus pairs, in Euclidean distance, with respect to the com-
puted feature values. Dummy variables were used to compute
the emotional categories RDM, where the same emotion was
defined as having zero dissimilarity with itself while two differ-
ent emotions had a dissimilarity of /2. This analysis resulted in
16 x 16 distance matrices, one for each feature. To examine pos-
sible correlations among features, Spearman’s rank correlations
were performed.

Neural RDMs
In order to create neural RDMs for both the whole-brain
searchlight and the ROI analyses, the B-values of each of
the 16 body stimuli presented in the main experiment were
used. These g-values were obtained after the application of an
optimized HRF model to the data (see HRF estimation section
in Supplementary Materials) (Gardumi et al. 2016). For each
ROI, the g-values of each pair of stimuli were compared using
Pearson’s correlation r (r=1: perfect correlation; r=—1: perfect
anticorrelation). Each possible stimulus-pair distance (d) was
defined by d=1—r, where d ranges from 0 to 2. This generated
a 16 x 16 distance matrix for each ROI and participant. In
addition, every ROI dissimilarity matrix was correlated to each
feature RDM using Spearman’s rank correlation. The resulting
correlation values were then z-transformed for each participant
and a group-level one-sample t-test against O (two-tailed,;
Benjamini-Hochberg false discovery rate (BHFDR)-adjusted
P-values) was computed for each feature.

A whole-brain searchlight (radius=5 voxels) analysis was
performed using custom in-house MATLAB scripts. This
approach allowed us to identify areas involved in the perception

of emotional body movements that were not covered by the
defined ROIs. Similar to the ROI analyses, searchlight RDMs
were correlated with each feature RDM using Spearman’s
rank correlation. The resulting maps were z-transformed for
each participant. Subsequently, a group-level one-sample t-
test against 0 (two-tailed, cluster size corrected with Monte-
Carlo simulation, alpha level=0.05, initial P=0.005, numbers
of iterations =5000) was computed for each feature. Univariate
results are not reported in this paper, but see Vaessen et al.
(2019) and Supplementary Figure R3 in Supplementary Results.

Comparison Between Postural and Kinematic Feature
Processing

Paired-sample t-tests were conducted to investigate whether the
preselected ROIs processed kinematic and postural information
differently. For each subject, we averaged the correlation values
obtained for each feature-ROI comparison, separately for the
postural features (i.e., shoulder ratio, surface, limb distances,
symmetry, and limb angles), and kinematic ones (i.e., velocity,
acceleration, and vertical movement). Subsequently, a paired-
sample t-test was conducted per ROI comparing kinematic and
postural values.

Comparison Between Dorsal and Ventral Processing of
Body Features

We also investigated whether there was a difference in individ-
ual feature processing in dorsal and ventral clusters. For each
subject, the correlation values obtained for each feature-ROI
comparison were averaged within the dorsal (i.e., aIPS, mIPS,
pIPS, V7/3a, SPOC, SMG, and pSTS) and ventral (i.e., EBA and FBA)
ROIs. Next, a paired-sample t-test was conducted per feature.

Results
Kinematic and Postural Features

One of the aims of this study was the investigation of whether
critical features of body posture and kinematics would reflect
the emotional categorical structure of the body stimuli. These
features were quantitatively computed from whole-body move-
ment videos expressing an angry, fearful, happy, or an emotion-
ally neutral expression (see Fig. 1A). To calculate the features,
we estimated the location of the actors’ main joints using the
state-of-the-art 2D pose estimation library OpenPose (v1.0.1; Cao
et al. 2017). Body features representing kinematic information
comprised velocity, acceleration, and vertical movement. Pos-
tural features included limb angles, symmetry, shoulder ratio,
surface, and limb contraction (for more information on feature
definition, see Table 1). These features were selected for their
demonstrated importance in previous literature (for a review, see
Kleinsmith and Bianchi-Berthouze 2012).

Representational similarity analyses (Kriegeskorte et al. 2008;
Nili et al. 2014) were carried out to examine the relationship
between emotion categories and the computed body features.
This type of analysis is based on the estimation of the level of
(dis)similarity between pairs of stimuli, which are characterized
in the so-called RDMs (see Materials and Methods for more
information on RDM computation). A first inspection of the
RDMs revealed that kinematic body features (i.e., velocity,
acceleration and vertical movement) do not clearly represent
the categorical structure of emotion (see Fig. 1B). Generally, these
features showed relatively high similarity between categories.
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Figure 1. Representational dissimilarity matrices of the kinematic and postural features. (A) Examples of frames from the different affective movement videos with
the OpenPose skeleton. Note that participants were shown the videos without the OpenPose skeleton; (B) The RDMs represent pairwise comparisons between the 16
stimuli with regard to the kinematic (i.e., velocity, acceleration, and vertical movement) and postural features (i.e., limb angles, symmetry, shoulder ratio, surface, and
limb contraction) averaged over time. The dissimilarity measure reflects Euclidean distance, with blue indicating high similarity and yellow high dissimilarity. Color
lines in the upper left corner indicate the organization of the RDMs with respect to the emotional category (anger: red; happiness: yellow; neutral: green,; fear: purple)

of the video stimuli.

Only velocity and acceleration showed a distinctive level of
within-category similarity for the neutral condition. High
within-category similarity was also found for neutral in the
majority of postural features. In the case of symmetry, this
finding was also accompanied by a high level of dissimilarity
between neutral and the rest of the affective movement
categories and a within- and between-category similarity for
anger and happiness. The neutral and fearful conditions were
different from the happy and angry categories for the features
limb angles, shoulder ratio, and surface. Limb contraction was
relevant for differentiating between fear and the rest of the
categories.

Pairwise comparisons between kinematic and postural RDMs
were performed to examine their interrelation and their relation
to emotional categories (Fig.2; see Supplementary Table R1
in Supplementary Results for correlation and P-values). This
analysis was also conducted to further understand the results
from the brain data (e.g., for understanding the nature of
possible overlapping clusters resulting from different features
or (dis)similarities in the pattern of feature representation
between different ROIs). While kinematic features did not
show significant correlations to emotion categories, postural
features revealed week to moderate significant correlations.
Specifically, limb angles (r(118) =0.408, pgonf < 0.001), symmetry

(r(118)=0.349, pponr=0.001) and shoulder ratio (r(118)=0.345,
PBonf=0.001) showed the strongest correlations to emotion.
The relationship between postural and kinematic features was
weak and often negative. Kinematic features correlated strongly
among themselves, and similar findings were observed among
postural features.

Kinematic and Postural Feature Representation in
Predefined Areas

We also aimed at investigating whether the (dis)similarity
of body posture and kinematics between different emotional
categories could explain the neural response of brain regions
involved in body processing. For this purpose, several areas
were defined as ROI and their neural RDMs were computed
and correlated to the emotional and feature RDMs. The ROIs
included occipito-temporal areas that have previously shown a
certain level of body specificity (three ROIs: FBA, EBA, and pSTS)
(Downing et al. 2001; Peelen and Downing 2005; Schwarzlose
et al. 2005; Kontaris et al. 2009; Vangeneugden et al. 2014),
parietal and temporal areas thought to be implicated in
attention and action observation (six ROIs: V7/3a, SPOC, SMG,
pIPS, mIPS, and alIPS) (Culham and Valyear 2006; Grafton and
Hamilton 2007; Corbetta et al. 2008; Caspers et al. 2010), and
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Emotional category
Velocity
Acceleration
Vertical movement
Limb angles
Symmetry
Shoulder ratio |

Surface |

Limb contraction

Velocity | <

Emotional category
Acceleration
Vertical movement | <
Limb angles
Symmetry
Shoulder ratio
Surface
Limb contraction

Figure 2. Correlation between RDMs of kinematic and postural features. The RDM
represents the level of (dis)similarity between each of the kinematic (i.e., velocity,
acceleration and vertical movement) and postural (i.e., limb angles, symmetry,
shoulder ratio, surface, and limb contraction) matrices (see Fig. 1). Distances
are indicated in 1-Spearman’s correlation values, with blue indicating high
similarity and yellow high dissimilarity. Asterisks and rhombi below the diagonal
indicate significant correlations after Bonferroni correction and correlations that
presented significant uncorrected P-values, respectively («ponf = 0.05/9, with nine
comparisons per feature; see Supplementary Table R1in Supplementary Results
for correlation and P-values).

frontal areas involved in action observation and other higher
cognitive functions (six ROIs: PMv, PMd, SMA, pre-SMA, inferior
frontal, and frontal regions) (Grafton and Hamilton 2007; Caspers
et al. 2010). For more information regarding ROI definition and
location, see Methods and Supplementary Materials. For an
inspection of the ROI matrices, see Supplementary Figure R1
in Supplementary Results.

The results showed that PMv (negatively, r(10)=-0.03,
Puncorrected = 0.047, peurpr = 0.349) and SMA (positively, (r(6) = 0.05,
Puncorr. = 0.004, ppurpr = 0.066) correlated significantly to emotion
categories, but only before correction for multiple comparisons
(see Fig.3). The features representing kinematic features of
body movement mainly displayed negative correlations to
the majority of the defined ROIs. However, only the negative
correlation between PMv and acceleration was significant before
correction for multiple comparisons (r(10) = —0.10, puncorr. = 0.031,
peurpr =0.397). With regard to postural features, a significant
positive correlation was found between pSTS and limb con-
traction (r(11)=0.10, ppurpr =0.038). At uncorrected P-value,
also between PMv and symmetry (r(10)=0.06, puncorr. =0.043,
peurpr =0.689), PMv and limb angles (r(10) =0.09, puncorr. = 0.044,
peurpr = 0.441), pre-SMA and surface (r(4)=0.10, puncorr. =0.017,
peurpr =0.276) and EVC and limb contraction (r(12)=0.11,
Puncorr. =0.011, peyrpr = 0.086).

Next, paired-sample t-tests were performed to examine
whether each individual ROIs processed kinematic and pos-
tural information differently. Only PMv showed a signifi-
cant difference in the processing of kinematic (M=-0.09,
SD=0.08) and postural (M=0.04, SD=0.05) features at uncor-
rected P-value: t(10)=-3.8, puncorr. =0.004, pponr=0.056 (see
Supplementary Table R2 in Supplementary Results for an
overview of all paired-sampled t-tests). In addition, we inves-
tigated whether there was a difference in the processing of
each individual feature with regard to dorsal (i.e., aIPS, mIPS,

pIPS, V7/3a, SPOC, SMG, and pSTS) and ventral (i.e., EBA and
FBA) ROIs. Only velocity was processed significantly different in
dorsal (M =0.03, SD=0.15) and ventral ROIs (M =—0.06, SD=0.15)
at uncorrected P-value: t(12) = —2.23, puncorr, =0.046, ppons =0.411
(see Supplementary Table R3 in Supplementary Results for an
overview of all paired-sampled t-tests).

To investigate whether the defined ROIs contained unique
affective body-movement representations, the group-averaged
neural matrix of each ROI was correlated to that of the
other ROIs. Overall, there was a relatively high similarity
between and within parietal and temporo-occipital regions
(see Fig. 4; see Supplementary Table R4 in Supplementary
Results for correlation and P-values). Specifically, SMG and
EBA (r(1538)=0.64, ppons < 0.001), SMG and pSTS (r(1538)=0.58,
PBon < 0.001), pIPS and EBA (r(1538)=0.57, ppon < 0.001), pSTS
and EBA (r(1538)=0.57, pponf<0.001) and pIPS and SMG
(r(1538)=0.47, pponf <0.001) showed the strongest significant
positive correlations. The inferior frontal cluster and PMv
also showed significant positive correlations with temporo-
parietal areas. Although no significant negative correlations
were found after Bonferroni correction, frontal and premotor
regions presented some degree of dissimilarity, as well as frontal
and ventral areas, and motor and parietal regions.

Whole-Brain Kinematic and Postural Feature
Representation with Multivariate Approaches

In addition to body-selective regions, we also investigated
whether (dis)similarities in body posture and kinematics
between different emotional categories could explain the
neural response at the whole-brain level. The computed feature
RDMs were compared with the multivoxel dissimilarity fMRI
patterns by means of searchlight RSA. The clusters resulting
from this analysis are shown in Supplementary Figure R2 and
Supplementary Table R5 in Supplementary Results. The velocity
RDM was positively correlated to inferior frontal sulcus and
precentral gyrus. Negative main effects for acceleration were
found in middle temporal, superior frontal, and postcentral
sulci while no positive main effects were observed for this
feature. Vertical movement correlated positively with cingulate
gyrus, whereas negatively to the frontomarginal and middle
temporal gyri.

With respect to postural features, limb angles showed
a positive main effect in anterior insula and pSTS. Several
areas negatively correlated to symmetry in the inferior and
middle occipital gyri, precuneus, isthmus, anterior calcarine,
intraparietal, and cingulate sulci. Shoulder ratio negatively
correlated to anterior insula, frontal operculum, putamen,
ACC, middle frontal gyrus, cingular insular sulcus, claustrum,
internal capsule, and parahippocampal gyrus. Surface showed
main negative effects in posterior orbital gyrus, thalamus,
anterior perforated substance, ACC, inferior and superior
frontal sulci, putamen, and internal capsule. Only positive
correlations to limb contraction were found in intraparietal
sulcus, anterior insula, caudate nucleus, amygdala, superior
frontal sulcus and gyrus, precuneus, posterior orbital gyrus,
ACC, superior temporal gyrus, inferior precentral sulcus, and
SMG (see Fig. 5).

Whole-Brain Representation of Emotion

Our last research question was to investigate the represen-
tation of emotion at the whole-brain level. For this purpose,
a searchlight RSA was computed with the emotion category
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Figure 3. Average Spearman’s rank correlation across participants between the kinematic/postural feature RDMs and each ROI matrix. Kinematic features include
velocity, acceleration, and vertical movement. Postural features comprise shoulder ratio, surface, limb contraction, symmetry, and limb angles. Positive r values indicate
that a high (dis)similarity between a stimulus pair in the feature RDM also has a high (dis)similarity in the neural representation. A negative correlation means that a
low (dis)similarity between two stimuli at the feature level would have a higher (dis)similarity in the neural representation. Asterisks and rhombi indicate significant
correlations after BHFDR correction and correlations that presented significant uncorrected P-values, respectively (one sample t-test against 0, two-tailed). The error
bars denote the standard error of the mean (SEM). Order or relationships across ROIs are not assumed here. Abbreviations: EBA, extrastriate body area; EVC, early
visual cortex; FBA, fusiform body area; IF, inferior frontal cortex; IPS, intraparietal sulcus; p, posterior; m, middle; a, anterior; PMd, dorsal premotor cortex; PMv, ventral
premotor cortex; pre-SMA, presupplementary motor area; pSTS, posterior superior temporal sulcus; SMA, supplementary motor area; SMG, supramarginal gyrus; SPOC,

superior parietal occipital cortex.

RDM. This analysis showed that no area presented a main
effect of emotion after correction for multiple comparisons.
Before correction, however, several regions correlated positively
to emotion, including inferior temporal cortex, anterior insula,
lingual sulcus, superior frontal gyrus, and lateral occipital sulcus

(see Supplementary Table R6 in Supplementary Results for an
overview of the clusters showing a main effect of emotion
at uncorrected P-value). Interestingly, negative main effects of
emotion were found in amygdala, inferior frontal, and middle
temporal gyri.
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Figure 4. Correlation between ROI RDMs. For each ROI, a group-averaged RDM
was obtained. Subsequently, pairwise comparisons between the resulting group
ROI matrices were performed. The dissimilarity measure reflects 1-Spearman’s
rank correlation values, with blue indicating strong similarity and yellow strong
dissimilarity. Rhombi and asterisks below the diagonal indicate significant
correlations before and after Bonferroni correction for multiple comparisons,
respectively (apons=0.05/16, with 16 comparisons per ROI, see Supplementary
Results, Supplementary Table R4). Abbreviations: EBA, extrastriate body area;
EVC, early visual cortex; FBA, fusiform body area; IPS, intraparietal sulcus; p,
posterior; m, middle; a, anterior; PMd, dorsal premotor cortex; PMv, ventral pre-
motor cortex; pre-SMA, presupplementary motor area; pSTS, posterior superior
temporal sulcus; SMA, supplementary motor area; SMG, supramarginal gyrus;
SPOC, superior parietal occipital cortex.

Discussion

The present study investigated the mechanisms underlying
body expression perception by measuring the brain repre-
sentation of critical features of body movement and posture.
Our results reveal six major findings. First, computationally
defined features are systematically related to distributed brain
areas. Second, postural rather than kinematic features reflect
the affective category structure of the body movements. Limb
angles and symmetry were important for differentiating neutral
from emotional body movements. Limb angles and especially
limb contraction were particularly relevant for distinguishing
fear from other body expressions. These two features were
represented in several regions including affective, action
observation and motor preparation networks. Third, the pSTS
differentiated fearful from other affective categories using limb
contraction rather than kinematics, despite this area being
known for its involvement in biological motion processing.
Fourth, EBA and FBA also showed greater tuning to postural
features. Although the pattern of feature representation in
these areas was similar, the stimuli representation in EBA was
very dissimilar to that of FBA, possibly reflecting their different
roles in body processing. Fifth, kinematic and postural feature
processing was not segregated into dorsal and ventral streams,
with the exception of one feature: velocity. Finally, the brain
representation of emotional categories showed a distributed
pattern. In the sections below, we elaborate on our findings
in more detail and propose the reasons why our quantitative
description of naturalistic whole-body movements moves the
field forward.

Relationship Between Emotion Concepts and
Subsymbolic Body Features

Our findings revealed differential effects of posture and move-
ment features. Postural features allowed clearer distinctions
between different emotional categories (see Fig. 1), while kine-
matic features showed high similarity across emotions (see
Fig. 1) and weak correlations with emotional categories (see
Fig. 2). The importance of postural features was already postu-
lated as an ethologically important property by Darwin (Darwin
1872; Hinde and Rowell 1962), being indicative of socio-affective
displays of submission and dominance in conspecific individu-
als. This pattern is also consistent with previous research show-
ing the importance of postural information for affect recognition
(for a review, see Kleinsmith and Bianchi-Berthouze 2012). For
example, Atkinson et al. (2007) reported that while motion cues
may be sufficient for emotional recognition, the disruption of
form information disproportionately compromises the recog-
nition performance, especially in the case of fear. The present
results are also in agreement with those found in a behavioral
study with a larger stimulus set that included the current 16
video clips (Poyo Solanas et al. 2020), indicating that our stimulus
set is representative of a larger set.

The majority of postural features clearly distinguished emo-
tional from nonemotional body movements, such as limb angles,
shoulder ratio, and surface. This was clearest in the symmetry
RDM, possibly because emotional movements are less sym-
metrical than nonemotional ones (Poyo Solanas et al. 2020).
Limb angles, shoulder ratio, and surface also showed dissim-
ilarities in the representation of happy and anger from fear
and neutral expressions. This might be due to the degree of
openness of the body, bigger for angry and happy expressions,
and lower neutral and fearful ones (for a review, see Kleinsmith
and Bianchi-Berthouze 2012). In line with previous work, the
degree of limb contraction seems to be relevant for distinguish-
ing fear from other affective movements (Roether et al. 2009;
Poyo Solanas et al. 2020).

While we chose to average feature information over time,
the use of another calculation approach could have benefited
the representation of the kinematics of each video. We con-
sidered as an alternative using the maximum kinematic value
per video. However, this may not have been representative of
the entire video and therefore, may have resulted in a poor
or misleading correspondence to participants’ activity patterns.
Also, this approach may have not been comparable between
postural and kinematic features. A next step in understanding
body expression perception is the study of these features in
relation to brain activity.

Limb Contraction and Fear Perception

The stimuli representation of limb contraction showed a
clear distinction between fear and other affective movements
(Roether et al. 2009; Poyo Solanas et al. 2020). This feature
positively correlated to cortical and subcortical areas spanning
affective perception, action observation, and motor preparation
and execution networks. Interestingly, these areas are also
known for their involvement in body expression processing,
especially fearful ones (de Gelder 2006; Meeren et al. 2016).
At the subcortical level, there was a high amount of overlap
between areas correlating to limb contraction and to the
postural features of shoulder ratio and surface (see Fig. 5 and
Supplementary Table R5 in Supplementary Results). However,
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Figure 5. Clusters resulting from the searchlight RSA of the postural feature of limb contraction. The multivoxel fMRI dissimilarity matrices were correlated to the limb
contraction RDM (upper left corner). The limb contraction RDM represents pairwise comparisons between the 16 stimuli with regard to limb contraction information
averaged over time. The dissimilarity measure reflects Euclidean distance, with blue indicating high similarity and yellow high dissimilarity. Color lines indicate the
organization of the RDM with respect to the emotional category (anger: red; happiness: yellow; neutral: green; fear: purple) of the video stimuli. Spearman’s rank
correlation was used to correlate the limb contraction RDM to the multivoxel fMRI dissimilarity matrices. The resulting maps were z-transformed for each participant.
Subsequently, a group-level one-sample t-test against 0 was performed (two-tailed, cluster size corrected with Monte-Carlo simulation, alpha level =0.05, initial P=0.005,
numbers of iterations =5000). See Supplementary Table RS in Supplementary Results for more details on location and statistical values of the clusters. Abbreviations:
ACC, anterior cingulate cortex; AMYG, amygdala; IPL, inferior parietal lobule; MTG, middle temporal gyrus; pIPS, posterior intraparietal sulcus; PMv, ventral premotor

cortex; SFG, superior frontal gyrus.

limb contraction was the only feature positively correlated to
these areas. Also, the stimuli representation of this feature
was dissimilar to those of shoulder ratio and surface (see Fig. 2
and Supplementary Table R1 in Supplementary Results). Taken
together, these findings suggest that the stimuli representa-
tion in these overlapping clusters was more similar to the
representation reflected by limb contraction.

One of these areas is the caudate nucleus, a subcortical region
that has been implicated in the automatic and rapid percep-
tion of emotional bodies (de Gelder 2006) as well as in goal-
directed behaviors, by integrating information related to motor
behavior, actions and space (Grahn et al. 2008). In particular,
the caudate nucleus may influence motor planning due to its
connections with motor cortices (Utter and Basso 2008) and
structures that have been implicated in the affective evaluation
of the environment, such as the insula (Chikama et al. 1997; Craig
2009) and the amygdala (Emery and Amaral 2000). Interestingly,
these areas were also positively correlated to limb contraction.
Another subcortical area known for being involved in motor
planning and execution, the putamen (Grahn et al. 2008), also
correlated positively to limb contraction. Cortical areas also part
of the action observation network and thought to be involved

in motor preparation were observed, including pIPS, PMv, pre-
SMA, and IPL. In particular, pIPS has been implicated in atten-
tion and action observation (Culham and Valyear 2006; Grafton
and Hamilton 2007; Corbetta et al. 2008; Caspers et al. 2010)
while PMv and pre-SMA have been involved in space perception,
action, and intention understanding (Rizzolatti et al. 1996, 2002;
Lau et al. 2004; Urgesi, Calvo-Merino, et al. 20074a; Urgesi, Candidi,
et al. 2007b), as well as in action preparation and execution
(Luppino et al. 1991; Picard and Strick 2001; Isoda 2005; Hoshi
and Tanji 2007). Interestingly, a recent TMS study has directly
implicated the IPL in the recognition of fearful body expressions
(Engelen et al. 2015).

Limb contraction was also significantly related to areas
known to be implicated in emotional regulation and body
awareness. One of these areas is the insula, a cortical region
that has been suggested to integrate information about the
location and condition of our bodies, our subjective emotions
and the key features of our environment. Thus, this area may
be a key player in associating internal and external experiences
(Critchley 2005; Karnath et al. 2005; Craig 2009). Other areas
also thought to play a role in monitoring the internal emotional
state as well as in attention selection and planning, correlated
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positively to limb contraction, including the ACC (Devinsky
et al. 1995), the orbitofrontal cortex (Beer et al. 2006), and the
dorsolateral prefrontal cortex (Phillips et al. 2003). The amygdala
also showed a positive correlation to limb contraction. For
decades, this area has been suggested to have a central role in
the rapid perception and response to fear (LeDoux 2003), and its
relation to fearful body expressions has already been established
(Hadjikhani and de Gelder 2003). Through its connections
to sensory cortical regions, this area is thought to modulate
attentional and perceptual processes and tune the motor
system to initiate adaptive behaviors (Emery and Amaral 2000).
Interestingly, the amygdala has shown to present connections
to many of the brain regions correlating to limb contraction
(Emery and Amaral 2000).

In sum, the present results indicate that the processing of
limb contraction may be a crucial link in understanding how
body expressions automatically trigger fear perception. Previous
electromyography studies have associated muscle activity to
specific whole-body expressions (Huis In ‘t Veld et al. 2014a,
2014b). When experiencing fear, the associated muscle con-
tractions give raise to a contracted body posture by flexion of
the limbs (Huis In ‘t Veld et al. 2014a). Although the defined
features in this study reflect spatial displacement rather than
muscle activity, the feature limb contraction can be seen as a
clear representation of fear-related muscle contractions. Taken
together, these findings make the limb contraction feature a
logical candidate for triggering fear perception processes. Ulti-
mately, the distinctive fear contraction posture, the underlying
muscle activity and the literature on freezing behavior (Roelofs
2017) converge here to underscore the importance of these
results in the broader framework of affective neuroscience.

The Brain Representation of Limb Angles

Limb angles showed positive correlations to several areas that
have previously been implicated in the processing of emotions:
precentral gyrus, anterior insula, superior temporal sulcus, and
postcentral gyrus (Kober et al. 2008; Dricu and Frithholz 2016).
These regions have been suggested to play a role in action
observation and motor preparation (i.e., precentral and post-
central gyrus) (Grafton and Hamilton 2007; Caspers et al. 2010;
Valchev et al. 2016), interoception (i.e., anterior insula) (Critchley
2005; Karnath et al. 2005; Craig 2009) and biological motion
processing (i.e., superior temporal sulcus) (Allison et al. 2000;
Grossman et al. 2000; Grossman et al. 2010). Their similarity to
the stimuli representation of limb angles indicates that these
areas may be relevant in the distinction between neutral and
emotional categories, as well as between fearful and other body
expressions (see Fig. 1).

The Representation of Kinematic and Postural Features
in Body Category Areas

Previous studies on the brain basis of whole-body expressions
have reported systematic relations between emotion categories
and the activity of areas known for body category represen-
tation, albeit the emphasis has often been on a network of
areas larger than these body specific areas (de Gelder 2006).
Three areas in the occipito-temporal cortex have previously
shown body-category selectivity: FBA, EBA, and pSTS (Downing
et al. 2001; Peelen and Downing 2005; Schwarzlose et al. 2005;
Kontaris et al. 2009; Vangeneugden et al. 2014). EBA and FBA are
hypothesized to be involved in body form processing, while pSTS

is thought to be involved in body motion processing (Peelen et al.
2006; Grossman et al. 2010; Grosbras et al. 2012). However, the
role of these body-selective areas in expression perception is still
a matter of debate (Downing and Peelen 2011). Our findings on
body feature representation contribute to clarify the role of these
body-selective areas in body expression perception.

It appears from our results that EBA and FBA do not represent
kinematic aspects of affective movements but show greater sen-
sitivity to postural cues, although not consistently or reaching
significance (see Fig. 3). Previous proposals based on studies of
neutral still body images attributed body-part representation
to EBA while the processing of whole-bodies to FBA (Taylor
et al. 2007; Urgesi, Calvo-Merino, et al. 2007a; Hodzic et al. 2009).
This functional division does not clearly reflect a corresponding
specialization for parts versus whole processing for expres-
sion recognition in EBA and FBA. The majority of studies have
involved these two body-selective areas in expression process-
ing (Peelen and Downing 2007) with as yet no clear proposal for a
division of labor. Our results contribute important new informa-
tion by showing that body expression representation in EBA was
dissimilar to that of FBA (see Fig. 4 and Supplementary Table R4
in Supplementary Results), although the pattern of feature rep-
resentation was similar in these areas (see Fig. 3). Overall, these
findings suggest different roles in body processing for EBA and
FBA. This clear difference may at least be partially related to the
different anatomical connections of EBA and FBA (Zimmermann
et al. 2018) and also to their internal heterogeneity (Weiner and
Grill-Spector 2011). Consistent with the pattern of anatomical
connectivity of EBA and its specific internal complexity, we
found that SMG, pSTS, pIPS, and the inferior frontal cortex repre-
sent body movements in a similar manner to EBA but dissimilar
from FBA (see Fig.4 and Supplementary Table R4 in Supple-
mentary Results). The observed neural similarity between these
areas and EBA in affective body processing fits with the fact
that these areas are known areas for playing a role in action
perception and preparation (de Gelder 2006; Goldberg et al. 2014)
and that EBA is strongly connected to parietal cortex regions
(Zimmermann et al. 2018).

A third area involved in body processing and more specif-
ically in expression perception is pSTS (Wegrzyn et al. 2015;
Zhang et al. 2016; Basil et al. 2017). A surprising result is that we
did not find a representation of kinematic body features in pSTS
despite previous studies involving this area in the processing
of biological motion (Allison et al. 2000; Grossman et al. 2000;
Grossman et al. 2010). For example, the multivariate analysis
showed that pSTS processed differently movements that had
similar vertical displacement of the body joints, and regardless
of the emotion conveyed (see Fig. 5 and Supplementary Table R5
in Supplementary Results). Against this negative finding in view
of the literature, we do find a novel contribution of pSTS as our
ROI analyses specifically revealed that fearful body movements
might be represented differently from other affective categories
in this area. Furthermore, our analyses showed that pSTS may
use the information conveyed by the contraction of the limbs
to perform this discrimination (see Figs 1 and 3). Specifically,
body movements with similar limb contraction characteristics
were processed similarly in pSTS (see Fig. 3). This result is in line
with previous studies showing the involvement of this area in
the recognition of emotions (Wegrzyn et al. 2015; Zhang et al.
2016; Basil et al. 2017), especially when the expression conveyed
depicts fear (Grézes et al. 2007; Candidi et al. 2011). Further
research will be needed to clarify how pSTS codes for emotion
and to understand how and which features this area uses and
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in combination with which other areas for the discrimination
between affective body movements.

The Representation of Kinematic and Postural Features
Outside Body-Category Areas

Besides the well-known body-category areas, other body-
selective regions were defined that are also involved in action
observation and other higher cognitive functions (see Results
and Materials and Methods). One of these areas is pre-SMA.
This area showed a positive correlation to the feature of surface
(see Fig. 3), which discriminated neutral and fearful expressions
from happy and angry ones (see Fig. 1). Pre-SMA may use this
body feature to understand the intention behind the observed
movement (Lau et al. 2004) and prepare for an appropriate motor
response (Luppino et al. 1991; Isoda 2005).

Among all the predefined ROIs, PMv stands out for processing
kinematic and postural features differently, being more tuned to
postural information (see Results and Supplementary Table R2
in Supplementary Results). This area processed body move-
ments with comparable symmetry and limb-angle values in
a similar manner, irrespective of acceleration (see Fig.3 and
Supplementary Table R2 in Supplementary Results). This find-
ing contrasts with previous TMS studies involving this area in
the processing of actions regardless of body posture (Urgesi,
Candidi, et al. 2007b; Candidi et al. 2011). Here, the stimuli
representation of these features suggests that PMv processed
neutral and fearful body movements differently from the rest of
the emotion categories (see Fig. 1), in agreement with previous
neuroimaging (Pichon et al. 2008; Kret et al. 2011b; Calbi et al.
2017) and TMS studies (Balconi and Bortolotti 2013; Engelen
et al. 2018). Interestingly, PMv has also been involved in action
preparation and execution (Picard and Strick 2001; Hoshi and
Tanji 2007) as well as in space perception and action under-
standing (Rizzolatti et al. 1996, 2002; Urgesi, Calvo-Merino, et al.
2007a; Urgesi, Candidi, et al. 2007b). Taken together, these results
suggest PMv as the convergence point between perception and
motor processes, possibly contributing to the elaboration of an
appropriate response when encountering a threatening body,
based on coding this feature.

Differences in Kinematic and Postural Feature
Processing in Dorsal and Ventral Streams

According to the classical view of visual processing (Vaina et al.
1990; Giese and Poggio 2003; Milner and Goodale, 2006, 2008),
form and movement information are processed in two sep-
arate pathways in the brain. However, in the current study,
the only kinematic feature that was represented differently in
dorsal (i.e., aIPS, mIPS, pIPS, V7/3a, SPOC, SMG, and pSTS) and
ventral (i.e., EBA and FBA) areas was velocity (see Results and
Supplementary Table R3 in Supplementary Results). Particularly,
dorsal regions processed body movements with comparable
velocity characteristics in a similar manner and regardless of the
conveyed affect, whereas ventral areas represented body move-
ments differently despite presenting similar velocity values.
This is in line with the view that the dorsal stream is specialized
in processing motion signals irrespective of visual forms while
ventral areas use structural information rather than kinematic
cues to differentiate between stimuli (Vaina et al. 1990; Giese and
Poggio 2003; Milner and Goodale, 2006, 2008). However, no clear
dorsal versus ventral stream segregation was observed for the

rest of the features, challenging the classical two-stream model
of visual processing.

Distributed Representation of Emotional Expressions in
the Brain

We performed RSA in predefined regions (i.e., ROI RSA) and
at the whole-brain level (i.e., whole-brain searchlight RSA) to
investigate the symbolic representation of emotion. Overall, our
results clearly show that a number of different areas are involved
in whole-body expression perception by processing visual body
features. In the predefined ROIs, the only significant positive
correlation with emotion was found in SMA (see Fig.3), an
area that has been related to action representation and motor
preparation (Nachev et al. 2008), and thought to be strongly
impacted by emotion expression (Oliveri et al. 2003; Rodigari
and Oliveri 2014; Engelen et al. 2018). Based on its connections
to the amygdala (Grezes et al. 2014), it has been proposed that
SMA may play a role in transforming affective experience into
motor actions (Oliveri et al. 2003). Our multivariate analyses
showed that SMA may discriminate between emotional body
movements using limb contraction information and thus, this
area may be important in the discrimination of fearful body
expressions (see Fig. 1).

Whole-brain RSA revealed that the emotional content con-
veyed by body movements (i.e., emotion RDM) is coded in mid-
dle temporal and occipital areas (see Fig. 5 and Supplementary
Table RS in Supplementary Results). The location of these areas
differed from the ones of the predefined clusters. The region
located in the middle temporal gyrus has been suggested to play
a role in movement observation (Rizzolatti et al. 1996) as well as
in the attribution of intentions to others (Brunet et al. 2000).

Limitations, Perspectives, and Future Work

Comparable methodological approaches to the one employed
here have been previously used to investigate body pro-
cessing in the brain. For instance, RSA has been used to
elucidate the organizational principles of body part repre-
sentations (Bracci et al. 2015). Multivariate methods have
also been employed to investigate subcategorical process-
ing of bodies. For example, Orlov and colleagues (2014)
showed that the kinematic profiles of the upper limbs
can be decoded from upper-limb-selective OTC regions and
the hMT+ (Orlov et al. 2014). Wurn and Lingnau (2015)
recently revealed the underlying brain mechanisms of action
understanding at different levels of abstraction (Wurm and
Lingnau 2015). However, the focus of these approaches in
affective neuroscience has mostly been on body parts and
affective whole-body expressions rather than on midlevel body
features. Our study was motivated by the need to develop a more
detailed theory of whole-body expression representation in the
brain, aiming at understanding the underlying mechanisms
better than has so far been achieved by high-level symbolic
theories of visual perception and emotion.

Furthermore, research on subsymbolic feature representa-
tion in affective signal processing may build a bridge between
animal and human research, as we try to understand how
relatively simple stimulus features (e.g., postural features) rather
than high-level information (i.e., fully processed whole-body
images) can already trigger perception and prepare for adaptive
action, two basic skills we expect a biological system to be
equipped with. While complex emotions (e.g., fear) in daily life
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are often associated with rich stimuli (i.e., a fully recognized
intimidating whole-body expression), a fraction of that informa-
tion may be sufficient for the brain to reach an interpretation
about ongoing events and prepare for adaptive action. Studies
on face and body perception with EEG and MEG have found
evidence for the processing of the emotional significance of a
stimulus in a time window around 80-100 ms (Pizzagalli et al.
2002; Van Heijnsbergen et al. 2007; Meeren et al. 2016). Our
findings suggest that this early activity may be related to the
presence of features rather than to the high-level processing
of whole faces or bodies, and that this information may be
sufficient for the brain to conclude the presence of a threat and
initiate action preparation processes.

By investigating midlevel feature processes, this study moves
the field of affective neuroscience forward, providing insights
into the perceptual features that possibly drive automatic emo-
tion perception. Features at this visual computational level may
only partly overlap with feature descriptions used in everyday
descriptions of body expressions (Poyo Solanas et al. 2020). Nev-
ertheless, it is important to be aware of the limitations of our
findings. For instance, the features defined here were selected
due to their relevance in the literature because no feature-based
and biologically plausible computational model of naturalistic
body expressions is available (Giese and Poggio 2003; Serre 2014).
We expect that future studies will also use larger and more
diverse stimulus sets with a wider range of affective states and
a larger participant sample.

Supplementary Material

Supplementary material can be found at Cerebral Cortex online.
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