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Abstract

Humans are highly adept at inferring emotional states from body movements in social interactions. Nonetheless, it is under debate
how this process is facilitated by neural activations across multiple brain regions. The specific contributions of various brain areas to
the perception of valence in biological motion remain poorly understood, particularly those within the action observation network
(AON) and those involved in processing emotional valence. This study explores which cortical regions involved in processing emotional
body language depicted by kinematic stimuli contain valence information, and whether this is reflected either in the magnitude of
activation or in distinct activation patterns. Results showed that neural patterns within the AON, notably the inferior parietal lobule
(IPL), exhibit a neural geometry that reflects the valence impressions of the observed stimuli. However, the representational geometry
of valence-sensitive areas mirrors these impressions to a lesser degree. Our findings also reveal that the activation magnitude in both
AON and valence-sensitive regions does not correlate with the perceived valence of emotional interactions. Results underscore the
critical role of the AON, particularly the IPL, in interpreting the valence of emotional interactions, indicating its essential function in

the perception of valence, especially when observing biological movements.
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Introduction

Imagine observing two people from a distance. One person is ges-
ticulating violently, while the other shifts their gaze to the ground.
Without even discerning their facial expressions, you quickly form
the impression that one person appears to be very angry, whereas
the other seems concerned. Simultaneously, you get an idea of the
positivity or negativity of the observed scene. This example show-
cases our astonishing ability to swiftly gather rich information
from people’s movements, enabling us not only to understand
their inner states but also to evaluate them subjectively.
Humans can express and recognize emotions through vari-
ous channels, including voice, face, and body (de Gelder 2006).
In recent years, the study of whole-body emotion expressions
referred to as “emotional body language” (EBL) has gained sig-
nificant prominence in the cognitive sciences (de Gelder 2006,
Atkinson et al. 2012, de Gelder et al. 2015, Bachmann et al. 2018).
EBL describes the expression of emotion by the body using not
only coordinated and distinctive movement patterns associated
with certain emotions containing different stereotypical body
postures and gestures but also interpersonal and interactional

cues (Johansson 1973, De Meijer 1989, Wallbott 1998, Pollick et al.
2001, Clarke et al. 2005, Keck et al. 2022, Atkinson and Vuong
2023).

Neurophysiological research has extensively explored the
brain regions involved in the perception and recognition of EBL.
These studies have demonstrated convincingly that perceiving
emotional bodily expressions involves a large neural network.
This network is organized around the action observation net-
work (AON) containing the premotor cortex (PMC), the inferior
frontal gyrus (IFG), and the inferior parietal lobule (IPL) and supe-
rior parietal lobule (SPL) (Grézes et al. 2007, Pichon et al. 2009,
Kret et al. 2011a, 2011b). Further regions belonging to the AON
are the dorsomedial prefrontal cortex, the supplementary motor
area (SMA), and regions attuned to bodies (e.g. extrastriate body
area and fusiform body area) and biological motion [superior
temporal sulcus (STS); see Caspers et al. (2010), Downing and Pee-
len (2011), Grossman and Blake (2001), and Schwarzlose et al.
(2005) for meta-analyses]. Structures involved in emotion and
valence processing such as the lateral orbitofrontal cortex (OFC)
and amygdala are also activated when perceiving EBL, especially
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when full light displays are observed (Gallagher and Frith 2003,
Saxe 2006, Carrington and Bailey 2009).

How emotional valence is represented in the human brain
has been investigated intensively across various stimulus cate-
gories [see Lindquist et al. (2016) for a meta-analysis]. Emotional
valence refers to the subjective impression of an object, experi-
ence, or scene in terms of its pleasantness or unpleasantness,
thereby reflecting its subjective value (Frijda 1986, Kuppens et al.
2013). Neurophysiological studies point to a central role of the OFC
(Ongtlr and Price 2000). Both the lateral and medial OFC regions
appear to contain affective representations of stimuli from vari-
ous modalities (Small et al. 2003, Chikazoe et al. 2014, Lindquist
etal. 2016). For instance, the medial OFC and the adjacent ventro-
medial prefrontal cortices have been linked to reward expectancy,
outcome values, and the experience of positive valence. Regarding
the preference for negative valence, particularly the left amyg-
dala shows consistent increased activation (Lindquist et al. 2016).
However, Lindquist et al. (2016) have suggested a lack of truly
valence-specific processing pathways. Instead, they claimed that
a flexible affective workspace correlates with positive and nega-
tive valence across several brain regions. In this context, Chika-
zoe et al. (2014) found that neural populations in various brain
regions, including the OFC, encode both positive and negative
affect.

Despite our advanced understanding of how EBL is processed
and how we perceive emotional valence from various types
of stimuli, the neural underpinnings that enable humans, as
observers, to discern the emotional valence depicted through oth-
ers’ kinematics are still not fully understood. In particular, the
roles of specific areas within the AON and regions sensitive to
emotional valence require further exploration. This study focuses
on two primary objectives: first, we seek to identify which AON
and valence-sensitive regions convey valence information when
processing EBL depicted by kinematic stimuli. Second, we inves-
tigate whether the processing manifests through the magnitude
of activation or through distinct patterns within the identified
regions of interest by using representational similarity analysis
(RSA) and multi-voxel pattern analysis (MVPA). Given the need
to infer the emotional content of biological movements exclu-
sively from their kinematics, we hypothesize that certain areas
within the AON, which are pivotal for intention recognition from
kinematics, play a specialized role in interpreting the emotional
valence of the observed stimuli.

Materials and methods

Participants

Twenty adults (11 females; mean age: 26.8 years; SD =5.85years)
with normal or corrected-to-normal vision participated in our
study. None reported any history of psychiatric, neurological,
immunological or physical disorders, or a current use of psy-
choactive medication. Prior to participation, all participants gave
written informed consent in compliance with the Declaration of
Helsinki. The procedure was approved by the local ethics com-
mittee of the Department of Psychology and Sports Science of
Justus-Liebig-University Giessen.

Stimuli

Emotional interactions were depicted using point-light displays
(PLDs), drawn from a motion-capture dataset developed by Lorey
et al. [see Lorey et al. (2012) for full details]. The stimulus set
employed here includes 20 emotional PLD interactions that differ

in terms of their valence and difficulty. PLD interactions are short-
video sequences (4s, third-person view) showing white dots on a
black background with each dot representing specific anatomic
landmarks of the actors’ bodies covering both upper (shoulders,
elbow joints, wrists, and forehead) and lower body parts (hips,
knee joints, and ankles) and providing only kinematic informa-
tion. They depict the movements of two actors portraying one of
four emotions: anger, sadness, happiness, and affection. Interac-
tions containing anger and sadness were grouped in the category
“‘negative” emotion, and interactions with affection and happiness
were pooled in the category “positive” emotion. Easy stimuli were
those interactions on which 91%-100% of viewers agreed on the
emotion being portrayed. The difficult stimuli were those with
a consensus rate of 50%-70% [see Lorey et al. (2012) for further
details].

Additionally, for each stimulus, a scrambled version was cre-
ated to serve as a control by eliminating form and body informa-
tion while retaining the dynamic aspects of the motion. These
scrambled versions were generated using PLAVIMoP software
(Decatoire et al. 2019). All stimuli did not differ with respect to
their kinematics (see Supplementary Fig. S1).

Design and task

During fMRI scanning, participants performed six runs of 40 tri-
als employed in an event-related paradigm. Each run contained
10 positive trials (5 easy and 5 difficult) and 10 negative trials (5
easy and 5 difficult). We further added a control condition using a
scrambled version of each stimulus. This resulted in a total of 240
trials and a 50-min scanner session overall. Stimuli from all con-
ditions were presented in a pseudorandomized order within each
run and counterbalanced across participants. Each trial started
with a fixation for 1s followed by a jitter (0%-90% of Repetition
Time (TR) in 10% steps, average 1.5s) (Fig. 1a). Then PLD or scram-
bled sequences (4 s) were presented. After observing the sequence,
participants were asked to rate the perceived emotional valence
on an 11-point Likert scale ranging from -5 (“very negative”) to
+5 (“very positive”) (4s). After each valence rating, a second rat-
ing assessed rating confidence from 0% to 100% confidence (4s).
Figure 1a depicts the whole procedure, except for confidence rat-
ing since the analysis presented here was centered on valence
perception.

fMRI: image acquisition

fMRI data were collected on a Siemens Prisma 3-T whole-body
scanner (Siemens Prisma, Erlangen, Germany) using a 20-channel
head coil. A structural image was acquired from each participant
consisting of 176 T1-weighted sagittal images (1-mm slice thick-
ness; MPRAGE) and a fieldmap (40 slices; TR = 1000 ms; Echo Time
(TE)=10ms). For functional imaging, six runs with 265 volumes
per run (i.e. a total of 1590 volumes) were registered using a T2*-
weighted gradient echo-planar imaging sequence covering the
whole brain with 40 slices (slice thickness =3 mm; 0.75mm gap;
descending interleaved; TR =2000ms; TE =30 ms; flip angle =75°;
field of view=210mmx210mm, 2mm in-plane isotropic reso-
lution). The orientation of the axial slices was parallel to the
Anterior Commisure - Posteriore Commisure line. Trial onsets
were jittered within 0%-90% of the TR Image.

Data analysis and statistics

Univariate analysis

Image preprocessing was carried out using SPM 12 (Wellcome
Department of Imaging Neuroscience, University College London,
UK). Origin coordinates were adjusted to the anterior commissure,
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Figure 1. Experimental timeline and RDM creation. (a) Temporal structure of one trial. (b) Example interaction of positive and negative scenes (center).
In the upper and lower triangle of RDMs, each entry describes the relation between two stimuli. In the main diagonal, the stimuli values are compared
with themselves, resulting in a diagonal defined as zeros. In the lower triangle on the left, behavioral RDMs are created by calculating the absolute
distance between valence ratings. In the upper triangle on the right neural RDMs are created by calculating the cross-validated Mahlanobis distance
between each pair of neural activities. All RDMs are arranged horizontally and vertically in the same order going from positive (10 stimuli) to negative

(10 stimuli).

and realignment (2nd Degree B-spline interpolation to the first
volume of each functional run) and unwarping were performed
using voxel displacement maps generated from the fieldmaps
(Hutton et al. 2002). Sinc interpolation was utilized to correct
for timing differences in slice acquisition within a single volume.
The anatomical data were corrected for B1-field inhomogeneities.
Furthermore, the functional images were coregistered with the
anatomical scan for each subject. Smoothing was executed with
an isotropic three-dimensional Gaussian filter with a full-width-
at-half-maximum (FWHM) kernel of 5mm. Furthermore, nor-
malization to the standard space of the Montreal Neurological
Institute brain was performed.

The first-level analysis was computed participant-wise using
the general linear model (GLM). A boxcar function was convo-
luted with the hemodynamic response function. The observation
phases for each condition were entered into the model. Box-
car function length covered the respective observation intervals.
Moreover, six movement parameters of the rigid-body transfor-
mation of the motion-correction procedure were introduced into
the GLM as covariates. The voxel-based time series were filtered
by a low-pass filter (FWHM=4s) and a high-pass filter (time
constant = 256s).

Parametric analysis

Prior to multivariate analysis, we examined brain regions show-
ing increased BOLD signal with increased ratings of emotional
valence via a parametric analysis. The parameter values were

included as a modulator of the observation regressors represent-
ing the main regressor of the GLM. We investigated the hypothesis
that valence-sensitive regions would reflect the perceived posi-
tivity or negativity of a stimulus. Regarding the modulation of
activation magnitude by valence, we tested the positive corre-
lation between the parameter and the brain activation for each
participant (the more positive the rated valence, the higher the
activation), and vice versa (the more negative the valence rat-
ing, the higher the activation). Then, the resulting parameter
estimates were entered into a second-level, one-sample t-test in
which the mean estimate across participants at each voxel was
tested against zero (random effects model). The statistical thresh-
old was set at P=.05, corrected for multiple comparisons using
the family-wise error (FWE) criterion.

Multivariate analysis
Regions of interest

The anatomical scan was used to reconstruct the cortical sur-
face of each hemisphere using FreeSurfer (http://surfernmr.mgh.
harvard.edu). Regions of interest (ROIs) were selected on the basis
of previous findings reported in the literature on EBL observa-
tion (Caspers et al. 2010, Bachmann et al. 2018) and valence
perception (Lindquist et al. 2016). These were defined anatom-
ically on an individual basis using the FreeSurfer parcellation
algorithm (Destrieux et al. 2010). We defined 10 ROIs bilateral
as follows: “IPL,” “SPL,” “IFG,” “SMAprop,” “preSMA,” “dorsal PMC
(dPMC),” “ventral PMC (vPMC),” and “STS” (AON regions), as well
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as “mOFC” and “amygdala” (valence-sensitive regions). Defining
ROIs on an individual basis allowed us to work with high anatomic
precision and avoided the need for spatial normalization. See
Supplementary Table S1 for details on ROI sizes.

Preprocessing

For the multivariate analyses, we carried out a separate prepro-
cessing. First, realignment and unwarping were performed using
voxel displacement maps generated from the fieldmaps (Hutton
et al. 2002). The functional images were coregistered with the
anatomic scan for the respective subject. Smoothing was exe-
cuted using an isotropic three-dimensional Gaussian filter with
an FWHM kernel of 2mm.

General linear models

A first-level analysis was computed with SPM 12 using separate
GLMs for each subject and each of the six runs. We created 20
boxcar regressors corresponding to the 10 positive (5 easy and 5
difficult) and 10 negative (5 easy and 5 difficult) scenes. The box-
car functions of each regressor spanned the observation (4s) and
rating period (8s). Each regressor was convoluted with a canon-
ical hemodynamic response function. Moreover, six movement
parameters from the rigid-body transformation of the motion-
correction procedure were entered as covariates in the GLM. The
voxel-based time series were filtered with a high-pass filter (time
constant=128s).

Representational similarity analysis

We employed an RSA to characterize the geometry of neural rep-
resentations of perceived valence while observing different affec-
tive interactions. Representational dissimilarity matrices (RDMs)
characterize the pairwise dissimilarity of activation patterns
evoked by all observed emotional interactions and, therefore,
allow a direct comparison between representational spaces from
the behavioral measures and fMRI activation patterns by map-
ping the correspondence between their similarity structures. For
this analysis, we used the toolbox from Nili et al. (2014). For each
ROJ, all pairwise comparisons were assembled in an RDM. Our first
step was to estimate the true activity patterns by applying mul-
tivariate noise normalization to the beta coefficients obtained for
each stimulus (Walther et al. 2016). In the second step, we cal-
culated the cross-validated Mahalanobis distance to quantify the
dissimilarity between each stimulus pair, resulting in a 20 x 20
representational dissimilarity matrix (RDM) (10 positive scenes,
10 negative scenes; see Fig. 1b). Cross-validation was achieved by
using the six runs as inputs for a six-fold cross-validation proce-
dure. RDMs were calculated separately for each experimental run
and averaged for each subject. This yielded 20 brain RDMs (one
per subject) for each of the 10 ROIs that were used to calculate
the average similarity between activity patterns across partici-
pants. Then, we used multidimensional scaling (MDS) to project
the high dimensional RDM space onto two dimensions and gain a
graphical impression of representational distances. For this pur-
pose, the 20 subject RDMs were averaged to obtain a single RDM
per ROL

Association between valence rating and its neural repre-
sentation

We tested the association between the subjectively perceived
valences and the geometry of neural representations that might
cause them. For this purpose, we first created rating dissimilarity
matrices (rating DMs) representing the structure of the stimu-
lus ratings for each stimulus. For each subject, we compared the
mean stimulus valence ratings to each other by calculating the

absolute difference between them. This difference served as the
dissimilarity, again leading to a 20x 20 rating DM. To compare
brain and behavioral RDMs, we used Pearson’s product-moment
correlation coefficients and a one-sided signed-rank test across
the single-subject RDM correlations. To test differences between
fits across ROIs, we used two-sided signed-rank tests across sub-
jects for each pair of brain RDMs. To account for multiple testing,
we controlled the false-discovery rate at 0.05. The amount of vari-
ance in the behavioral response that a brain RDM can explain is
limited by the variability across subjects and indicated by a noise
ceiling (gray bar, Fig. 3d).

Decoding stimulus valence

In a last step, we carried out a multi-voxel pattern analysis
(MVPA) in order to analyze whether the neural patterns during
observation were distinct enough to decode the observed experi-
mental condition. To assess the specific response patterns within
a specific ROI, we employed a support vector machine (SVM).
The analysis included leave-one-run-out cross-validation for each
subject and ROI. To reduce the number of features, we applied
a principal component analysis. In each iteration of the cross-
validation, we split the corresponding vectors into a set of tests
(one run out of six) and training data (all remaining runs), with
100 vectors (5 runs x 20stimuli). SVM was provided with labels
indicating each condition of the training samples, a decision
boundary was extracted based on these data, and this boundary
was applied to predict the condition of the test data. We com-
pared each of the assigned valence labels and counted correct
and incorrect assignments as 1 and 0. The whole procedure was
repeated until each run had served as test data. Then, we calcu-
lated the proportion of correct assignments across the six-folds of
the cross-validation process. This proportion was derived for each
subject and each ROL

To assess the significance of the decoding accuracies, we
conducted a permutation analysis involving random labeling of
the valence condition (positive vs. negative interaction). This
approach offers a more robust evaluation of statistical signifi-
cance compared to a one-sample t-test against chance (cf. Stelzer
et al. 2013). Across 2000 iterations per subject and ROI, the con-
dition labels for the 100 data samples (training data) underwent
random shuffling. The classification accuracy of this randomly
labeled dataset was then computed using the leave-one-run-
out cross-validation approach outlined earlier. Probability values
were determined by calculating the proportion of random shuf-
fles that resulted in an accuracy equal to or greater than the one
observed for the actual (unshuffled) labels. All P-values under-
went correction for multiple ROIs using the Holm-Bonferroni
method (Holm 1979).

Results

Parametric analysis

Prior to multivariate analyses, we conducted a parametric mod-
ulation analysis to determine which brain sites were modulated
by the perceived stimulus valence. Results revealed no valence-
dependent variation of neural activation with respect to the mag-
nitude. No brain areas were found to show either a positive or
negative correlation with the perceived valence (FWE-corrected).

Multivariate fMRI results

Representational similarity analysis

Visual inspection of MDS plots (Fig. 2) showed a spatial organi-
zation of positive and negative interactions within the IPL, IFG,
vPMC, and dPMC (Fig. 2b). In these regions, positive and negative
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Figure 2. MDS plots of brain RDMs. For each ROI, an MDS plot (minimizing metric stress) shows the similarities of the neural pattern elicited by
positive (blue) or negative (red) social interactions. The closer the dots are to each other, the more similar their neural patterns. The brain in the
middle shows the anatomic location of ROI labels. (a) valence-sensitive regions & (b) Action-Observation Network.

interactions were nearly separated into two clusters in which
especially the perceived negative scenes were located closer to
each other and thus showed a more similar pattern than per-
ceived positive scenes. This was especially true for the IPL. MDS
plots of the mOFC and the amygdala revealed that the scenes
were not as sharply separated as in the AON areas (Fig. 2a).

Subjective valence representations

Cross-subject results yielded a behavioral RDM with a high degree
of similarity within but not between the two valence categories
(Fig. 3b), showing that subjects were able to distinguish very reli-
ably between positive and negative interactions. The described
high similarity in the behavioral ratings can be seen in the near
upper (Pearson’s r=0.85) and lower (Pearson’s r = 0.83) bounds of
the noise ceiling.

Via RSA, we aimed to explore whether the perceived valence
(subject ratings) could be explained by the neural geometry of
the investigated ROIs. Results showed that the RDM of the left
IPL correlated significantly with the rating RDM. It should also be
noted that IPL RDM correlated significantly more strongly with
perceived valence than all other investigated brain RDMs (Fig. 3d;
Table 1). Other AON areas whose RDMs correlated significantly
with the behavioral RDM were the RDMs of the IFG, the dPMC, the
vPMC, and the STS of both hemispheres, as well as the RDM of
the left SPL. It should be noted that the brain RDM of the left and
right IFG and the left dPMC also correlated more strongly with
the behavioral RDM than all remaining brain RDMs (Fig. 3d). The
brain RDM of the amygdala and the mOFC of both hemispheres
also correlated significantly with the behavioral RDM, but to a sig-
nificantly lesser degree than the RDMs of nearly all AON regions.
All other investigated brain RDMs did not correlate significantly

with the behavioral RDM. All results are reported in Table 1, and
remaining RDMs can be found in Supplementary Fig. S2.

Decoding

To investigate whether the neural patterns in the investigated
ROIs were distinct enough to differentiate between the observed
positive and negative interactions, a decoding was carried out.
Regarding the stimulus valence, a significant classification was
possible only for the left IPL (Fig. 3c). Accuracies and SEM for
decoding results are reported in Table 1.

Discussion

We found that neural patterns within the AON—specifically,
within the IPL and IFG, as well as within the dPMC and vPMC—
display a neural geometry reflecting the valence impression of
observed PLD interactions. Notably, the IPL demonstrates a dis-
tinct valence-dependent gradient, transitioning from the highest
similarity between the negative scenes to the lowest similarity
between the negative and positive scenes. This neural signature
in the IPL is crucial for the successful decoding of the affective
content of the observed scenes. Interestingly, areas often associ-
ated with valence processing (i.e. the mOFC and the amygdala) do
not allow a decoding of stimulus valence, and their representa-
tional geometry reflects to a lesser extent the valence impression
of the observed scenes compared to AON areas. Our findings also
indicate that it is not the activation magnitude within AON and
valence-sensitive regions that reflects the perceived valence of
PLD interactions but the representational codes.

This study highlights the specific role of the IPL within the AON
in deciphering the emotional valence of observed interactions.
The representational geometry of the IPL most closely reflects the
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Figure 3. Representational dissimilarity matrices, decoding accuracies, and relationship between neural RDMs and valence rating RDMs. (A) Neural
RDMs for left and right amygdala, mOFC, vPMC, dPMC, IFG, and IPL (Mahlanaobis distance as similarity measure). (B). Valence rating RDM averaged
across participants (absolute distance as similarity measure). (C) Decoding accuracies for each investigated ROI and permutation analysis. Significant
correlations shown by asterisks (*p < .05). (D). Pearson linear correlations between valence rating RDMs and averaged neural RDMs. Significant
correlations shown by asterisks (*p < .05; *p < .01; **p < .001, controlling FDR at .05). Lower and upper bounds of the noise ceiling are depicted by a
gray bar. Pairwise comparisons indicate which neural RDMs perform significantly differently. Color corresponds to significance level (black = not
significant; orange = p < .05; red = p < .01; calculated via two-sided signed-ranks test across subjects, controlling false-discovery rate at .05).

perceived emotional valence of the scenes, indicating its crucial
role in perceiving valence in kinematic stimuli. Areas tradition-
ally associated with processing emotional valence and subjective
affect appear to have a secondary role in the present task.

The AON: valence coding when perceiving
kinematics of emotional interactions

It has been suggested that the AON plays an important role
in understanding other people’s actions and their underlying
intentions by integrating observed actions with the personal
motor repertoire (Caspers et al. 2010). The IPL plays a key role
in this. It is known to be relevant for the sensory-to-motor map-
ping of visual input (i.e. an observed action) onto the observer’s
body coordinates (Buccino et al. 2004). Neural activity within
the IPL can even use subtle kinematic features of observed acts
to discriminate between different intentions (Koul et al. 2018,
Patri et al. 2020). Regarding the processing of EBL, several neu-
rophysiological studies have demonstrated that the IPL plays a

prominent role in processing emotional content of human actions
(Sinke et al. 2010, Engelen et al. 2018). Whereas univariate studies
underline the notion that the IPL exhibits a sensitivity toward the
processing of negative emotions (Engelen et al. 2015, 2018, Meeren
et al. 2016, Poyo Solanas et al. 2018), multivariate studies further
indicate that it exhibits emotion-specific stimulus-independent
representations (Downing and Peelen 2011, Cao et al. 2018).

This study elucidates that the IPL exhibits distinct neu-
ral response patterns associated with negative and positive
scenes. The analysis further demonstrates that the neural geom-
etry of the left IPL is best aligned with the behavioral RDM.
Specifically, the IPL's neural codes for observed negative scenes
show a high degree of similarity, whereas codes for negative
and positive scenes show a notable dissimilarity, thus reflect-
ing the rating behavior of participants. These findings under-
score that the IPL's neural geometry represents both the affec-
tive content of scenes as well as the perceived affect. The
pronounced similarity in neural patterns for negative scenes



Table 1. Decoding accuracies and RDM correlations. Average
decoding accuracy and standard error of the mean regarding
the distinction between positive and negative valence of a scene.
Pearson linear correlation coefficients between brain regions and
perceptual RDMs and their respective standard error of the mean.

Decoding RSA

Correlation to

ROI L/R  Accuracy (%) SEM  behavioral RDM SEM
Amygdala L 51.62 1.17 0.10 0.01
R 52.06 1.30 0.14 0.01
mOFC L 52.46 1.23 0.05 0.01
R 52.46 1.01 0.09 0.01
IPL L 55.01 1.00 0.28 0.02
R 51.71 1.03 0.08 0.01
SPL L 49.87 1.15 0.18 0.02
R 54.17 1.03 -0.02 0.02
STS L 51.45 1.26 0.16 0.02
R 52.15 1.31 0.13 0.01
vPMC L 52.63 1.37 0.16 0.01
R 54.34 1.12 0.20 0.02
dpMC L 53.73 1.28 0.22 0.01
R 53.55 1.11 0.18 0.01
preSMA L 52.24 1.22 0.16 0.01
R 50.35 1.30 0.16 0.02
SMAprop L 53.46 1.38 0.12 0.01
R 50.83 0.89 -0.03 0.02
IFG L 51.49 0.85 0.21 0.01
R 49.87 0.85 0.24 0.02

suggests that the IPL is particularly attuned to negative emo-
tional content within human actions. Affective actions artic-
ulate specific expressions of an individual’s needs and inten-
tions, thereby also enabling the prediction of future behaviors
(Flanagan and Johansson 2003, Wilson and Knoblich 2005). This
capability, especially in recognizing negative emotions, is vital
for ensuring one’s physical and psychological safety (Baumeis-
ter et al. 2001, Vaish et al. 2008). This suggests that the IPL
may have evolved a specialized adaptation for processing negative
affect.

The IPL is suggested to be a shared neural substrate between
action and perception and, thus, involved in the process of inter-
nal simulation (Rizzolatti et al. 2006). Recent findings underscore
its role in processing spatiotemporal contingencies of social inter-
actions and generating somatosensory representations of body
states with perceived emotions (Ross and Atkinson 2020, Atkin-
son and Vuong 2023). Our findings underlie the importance of the
IPL in the process of understanding kinematic information with
emotional content through simulation.

The RSA revealed additional AON sites exhibiting a represen-
tational geometry that, to some extent, maps the valence impres-
sions of the observed scenes. The neural pattern in the IFG as
well as vPMCs and dPMCs correlated strongly with the behav-
ioral RDMs. Yet, the patterns in these regions—specifically, in the
IFG and both the dorsal and ventral sections of the PMC—were
not sufficiently distinct to decode the content of the observed
stimulus.

The IFG is, like the IPL, involved in action understanding
(Iacoboni et al. 2005, Rizzolatti et al. 2006, Li et al. 2020), thereby
inferring intentions and action outcomes (Buccino et al. 2004,
Patri et al. 2020). It is particularly active when observing com-
plex and goal-directed actions (Caspers et al. 2010), whole-body
actions, and interactions, but less active when observing indepen-
dently acting individuals (cf. Caspers et al. 2010, Centelles et al.
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2011). Furthermore, the IFG has a specific sensitivity to emotions
transported via body language (Saygin et al. 2004, Gazzola et al.
2007, Keuken et al. 2011, Quadflieg and Koldewyn 2017).

It becomes apparent that neural responses of both regions—
the IFG and the IPL—are modulated by action intention as well
as by emotion in actions (Keuken et al. 2011, Ansuini et al. 2015,
Cao et al. 2018). A recent study by Patri et al. (2020) tried to
clarify the specific roles of the IFG and the IPL in action obser-
vation. It found that disruption of activity in the IPL, but not in
the IFG, impaired an observer’s ability to interpret the intentional
significance of changes in discriminative kinematic features. This
provides causal support for an architecture in which especially
the IPL represents goals or intentions during action observation.
This observation could account for our result that the IPL out-
performed the IFG and other AON regions in representing the
affective intention of the observed kinematic stimuli.

Besides the IPL and IFG, the PMC displays the affective valua-
tion of the observed scenes. The PMC exhibits a particular sensi-
tivity for emotional body movements (Grézes et al. 2007, Pichon
et al. 2009, Sinke et al. 2010), as well as for social scenes, thereby
underscoring the notion thatit contains a tuning to more complex
action representations than meaningless movements (Centelles
etal. 2011). Hoshi and Tanji (2006) have further demonstrated that
important functions of the PMC are to match motor acts with sen-
sory inputs (vPMC) and to plan and prepare for potential actions
the observer might need to perform in response (dPMC). Whereas
the IFG and the PMC areas are both central nodes of the AON
and active during the observation of (emotional) actions, their
roles might differ to a certain degree. The IFG is more involved
in the cognitive and interpretative aspects of action observation,
focusing on understanding the meaning and intentions behind
actions (lacoboni et al. 2005). In contrast, the PMC is involved more
directly in the motor aspects, including the simulation, prediction,
and preparation to imitate the observed action or to respond to it
appropriately (Fogassi et al. 2005, Molenberghs et al. 2012). There-
fore, the better representation of the affective content within the
IPL and the IFG compared to the PMCin the present task of observ-
ing affective PLD interactions might be explained by the fact that
subjects did not have to react to the observed scene. The present
task is more about understanding the content of the PLD scenes
than preparing an action. This might be especially facilitated by
the stimuli used here. The observation of kinematic PLD stimuli,
which have a certain degree of abstraction, can further reduce the
urge to (re)act.

Valence-sensitive areas when observing
biological motion in social interactions

Limbic areas such as the amygdala and several cortical areas
such as the OFC often reveal increased activity when affective
valence is being represented during emotion experience and per-
ception, pain, aversion, and orgasm [see Lindquist et al. (2012)
for a review]. Studies examining the neural processing of EBL
also showed an involvement of the OFC (Pichon et al. 2009, Sinke
et al. 2010) and the amygdala (Pichon et al. 2009, Mattek et al.
2020). For example, Pichon et al. (2009) showed an increased BOLD
response in the OFC when observing angry compared to fearful
stimuli in a person presented from a frontal viewpoint. Similarly,
several studies revealed an increased amygdala activation, espe-
cially when participants observed full-light displays of fearful or
angry bodies (Hadjikhani and De Gelder 2003, Hortensius et al.
2017), thereby underlining the notion that the amygdala is a cen-
tral node for the neural processing of negative affect (especially
fear- and anger-related stimuli) (LeDoux 2003). However, our data



8 | Kecketal.

revealed that neural activation within neither the amygdala nor
the OFC is modulated when perceiving an interaction thatis more
negative. Furthermore, it was not possible to decode the positive
or negative valence of a scene, and the neural geometry of AON
areas more accurately reflects the perceived valence rather than
the neural geometry of valence-sensitive areas.

The present experiment’s findings suggest that valence per-
ception is less apparent in valence-sensitive areas and more
pronounced in AON regions. This distinction may arise from the
different types of stimuli used compared to those in other studies.
For instance, previous experiments often employed stimuli that
either evoked emotional responses directly in observers or used
images and videos of people displaying emotions—typically neg-
ative ones—from a frontal view (Pichon et al. 2009, Chikazoe et al.
2014). In contrast, our experiment utilized kinematic depictions
of human movements observed from a third-person perspective,
because we aimed to explore how movement information from
others can contribute to perceiving emotional valence. It seems
possible that these depictions of interactions from a third-person
perspective may not evoke strong feelings of pleasure or dis-
comfort in observers due to their abstract nature and that they
therefore might not engage the amygdala in assessing signal rele-
vance (de Gelder 2006). This observation aligns with findings from
studies employing PLDs, which also did not report amygdala acti-
vation in response to affective actions (Heberlein and Saxe 2005,
Centelles et al. 2011, Atkinson et al. 2012).

Conclusion

The present study investigated whether AON and valence-
sensitive regions convey valence information when processing
EBL depicted by kinematic stimuli. Our findings show that a
decoding of stimulus valence is possible within the IPL, thereby
suggesting a distinctiveness of the neural codes underlying the
observation of positive and negative scenes. Furthermore, we
observed that the neuronal geometry of AON and valence-
sensitive areas, albeit to a lesser degree, reflects the geometry of
subjective valence ratings as indicated by RSA. We found the clos-
est match of neural activation patterns and behavioral responses
within the IPL. Because this cortical site is considered as repre-
senting action intention from observed kinematics, the accentu-
ated role of the IPL in the present study can also be explained by
the notion that the decoding of affect via kinematic stimuli is a
form of intention recognition.
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