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a b s t r a c t 

Research on face perception has revealed highly specialized visual mechanisms such as configural processing, 

and provided markers of interindividual differences –including disease risks and alterations– in visuo-perceptual 

abilities that traffic in social cognition. Is face perception unique in degree or kind of mechanisms, and in its 

relevance for social cognition? Combining functional MRI and behavioral methods, we address the processing 

of an uncharted class of socially relevant stimuli: minimal social scenes involving configurations of two bodies 

spatially close and face-to-face as if interacting (hereafter, facing dyads). We report category-specific activity for 

facing ( vs. non-facing) dyads in visual cortex. That activity shows face-like signatures of configural processing 

–i.e., stronger response to facing ( vs . non-facing) dyads, and greater susceptibility to stimulus inversion for facing 

( vs. non-facing) dyads–, and is predicted by performance-based measures of configural processing in visual per- 

ception of body dyads. Moreover, we observe that the individual performance in body-dyad perception is reliable, 

stable-over-time and correlated with the individual social sensitivity, coarsely captured by the Autism-Spectrum 

Quotient. Further analyses clarify the relationship between single-body and body-dyad perception. We propose 

that facing dyads are processed through highly specialized mechanisms –and brain areas–, analogously to other 

biologically and socially relevant stimuli such as faces. Like face perception, facing-dyad perception can reveal 

basic (visual) processes that lay the foundations for understanding others, their relationships and interactions. 
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. Introduction 

Few functions of the human brain have been explored as much and

eeply as the visual processing of faces. And few visual functions appear

s vital for social life as face processing. Face processing underlies de-

ection, recognition and identification of conspecifics, and encoding of

isual information that provides the basis for attributing states, traits,

oals and intentions to others, and regulating one’s own behavior in so-

ial contexts ( Baron-Cohen, 1997 ; Atkinson et al., 2011 ). It is therefore

ot surprising that highly efficient and specialized mechanisms exist for

ace perception, in the human visual system. 

One of the most robust markers of face specialization is the face

nversion effect (FIE), a disproportionate cost in processing a face in-

erted upside-down relative to a face in the canonical upright orien-

ation ( Yin, 1969 ). The FIE has revealed a visual mechanism, the so-

alled configural processing, that treats the face not as a set of parts

all present in both upright and inverted stimuli), but as a percep-

ual unit with a specific configuration ( i.e. , eyes above mouth) that,

hen disrupted by inversion, yields detrimental effects on recognition

 Tanaka and Farah, 1993 ; Maurer et al., 2002 ). The FIE is thus defined

s a disproportionate ( i.e. , statistically larger) cost of stimulus inversion
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or faces than for other familiar objects ( Robbins and Mckone, 2007 ).

hile the inversion effect is not the only marker of configural process-

ng, it is the most investigated, the largest and the most reliable among

ther behavioral markers such as the composite, part-whole and con-

rast negation effect ( Bruyer, 2011 ; see also Rezlescu et al., 2017 ), and

s also reliably detectable in neural activity, using functional MRI (fMRI)

 Yovel and Kanwisher, 2005 ) or electroencephalography ( Rossion et al.,

999 , 2000 ; Sadeh and Yovel, 2010 ). 

Besides revealing important aspects of visual functioning, the sen-

itivity to face inversion is reliable and stable over time at the in-

raindividual level, and can highlight interindividual differences that

apture the normal variability in the general population, as well

s disease risks and alterations in visual perception ( Duchaine and

akayama, 2006 ; Yovel et al., 2014 ), and in socially relevant cognitive

bilities ( Wyer et al., 2012 ; Neuhaus et al., 2016 ; Webb et al., 2017 ).

educed sensitivity to face inversion –and atypical face processing in

eneral– is seen in developmental disorders that affect social cognition

uch as the autism spectrum disorder (ASD) ( Farroni and Senju, 2011 ;

i Giorgio et al., 2016 ; Neuhaus et al., 2016 ; Hadad et al., 2019 ;

an der Donck et al., 2019 ; Vettori et al., 2019 ; Laycock et al., 2020 ),

lthough with high variability within the ASD population and no consen-
022 
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us on the neurofunctional basis of the alteration ( Brambilla et al., 2003 ;

ohnson, 2004 ; Dawson et al., 2005 ; Simmons et al., 2009 ; Cook et al.,

012 ). 

Is face perception unique in degree or kind of cognitive and neural

echanisms, and in its relevance for social cognition? Other visual stim-

li that also support social cognitive tasks, such as bodies and biologi-

al motion ( Atkinson et al., 2011 ), may recruit analogous mechanisms

 Reed et al., 2006 ; Troje and Westhoff, 2006 ). For example, the inver-

ion effect has been reported in single body perception (body inversion

ffect or BIE; Reed et al., 2003 , 2006 ), both in the behavioral perfor-

ance, and in the electroencephalography signal ( Stekelenburg and De

elder, 2004 ; Orlandi and Proverbio, 2020 ; Adibpour et al., 2021 ). How-

ver, other behavioral and fMRI studies have shown inconsistent results,

uestioning whether the inversion effect provides a reliable measure of

ody perception, and whether body perception recruits configural pro-

essing at all ( Brandman and Yovel, 2012 , 2016 ; but see Axelsson et al.,

022 ). Therefore, faces so far remain the best understood case of visual

pecialization mediated by configural processing. 

More recent research indicates an uncharted class of stimuli, whose

isual processing might be analogous to faces. Members of this class are

wo-body shapes, that is, configurations of two bodies spatially close

nd face-to-face, as is (proto)typical of a social interaction ( Papeo et al.,

017 ; Papeo, 2020 ). Much of what we learn about social life, and how

e regulate our social behavior here and now , depends on the observa-

ion of people interacting with people ( Quadflieg and Koldewyn, 2017 ;

owell and Spelke, 2018 ). Thus, the visual specialization for face-to-face

ody dyads (hereafter, facing dyads) might respond to the need for effi-

ient detection and recognition of social interaction in the cluttered and

rowded visual world. 

It has been suggested that visual processing of facing dyads shares

ith face processing a particular sensitivity to inversion: In fast visual

ategorization ( i.e. , discrimination of bodies from other objects), sub-

ects’ performance drops dramatically for inverted facing dyads, rela-

ive to the same dyads presented upright ( Papeo et al., 2017 ; Papeo and

bassi, 2019 ). The cost of inversion for facing dyads is significantly

arger than the cost of inversion for identical bodies in a non-facing con-

guration ( e.g. , back-to-back bodies), an effect known as the two-body

nversion effect (2BIE). 

What is the two-body inversion effect? The present study asked whether

he 2BIE could be a) an index of visual specialization mediated by con-

gural processing, and b) a reliable measure of the individual visuoper-

eptual functions that traffic in social perception and cognition. 

To address the first question, we tested whether activity in person-

erception (face- and body-specific) visual areas of the occipitotemporal

ortex showed two well established signatures of configural processing

uring perception of facing dyads. The first neural signature of config-

ral face processing is greater activity for faces relative to scrambled or

cattered faces ( Brandman and Yovel, 2016 ). Thus, if facing dyads re-

ruit configural processing, they should evoke greater activity in visual

reas, relative to their scattered counterparts, i.e. , stimuli featuring the

ame parts (bodies) in a non-facing configuration. The second signature

f configural processing targeted here is the inversion effect: We studied

hether the 2BIE captured in the subjects’ behavior predicts the activ-

ty of visual areas in response to upright vs. inverted dyads, just like

he FIE predicts the response to upright vs. inverted faces in the face-

pecific visual cortex ( Yovel and Kanwisher, 2005 ). To test these effects,

e recorded neural activity using fMRI, while healthy subjects viewed

pright or inverted facing and non-facing dyads. On a different day, the

ame subjects performed a visual categorization task to measure the be-

avioral 2BIE ( Papeo et al., 2017 ). We tested the visual specificity of

he whole-dyad configuration considering both the difference in neu-

al activity for upright facing vs. non-facing dyads, and the difference

n the effect of inversion for facing vs. non-facing dyads ( i.e. , whether

eural activity mirrored the behavioral 2BIE), in person-perception vi-

ual areas, and in the whole brain. We repeated the same analyses on

n independent set of data, collected during the presentation of upright
2 
r inverted single bodies (and non-body objects as a control). With this

econd study, we aimed to shed light on the relationship between body

nd body-dyad processing, testing whether the two types of stimuli give

ise to comparable effects. 

To address the second question concerning the relationship between

BIE and interindividual differences, subjects performed the visual cat-

gorization task a second time after weeks, so that we could estimate

he stability of the 2BIE over time. They also completed the Autism-

pectrum Quotient Test (AQ), a measure of the autism-spectrum traits,

ensitive to interindividual differences in the general population, with

espect to socially relevant cognitive abilities ( Baron-Cohen et al., 2001 ;

uzich et al., 2015 ). With caution due to a small sample size for corre-

ational analyses, we used this dataset to begin exploring the test-retest

eliability of the 2BIE, and the relationship between the 2BIE and the

Q. We aimed to provide first-pass indication that the way in which in-

ividuals process social scenes can capture individual differences in the

isuoperceptual foundations of social cognition. 

. Material and Methods 

.1. Participants 

Thirty subjects took part in the fMRI study (16 female; mean age

4.8 years ± 4.6 SD ). This number respected the sample size required to

btain a difference of activity for facing vs. non-facing dyads in body-

erception visual cortex, comparable to a previous study with similar

ask and design (required sample size = 30, for Cohen’s d = 0.692 with

ower = 0.95, alpha = 0.05; Abassi and Papeo, 2020 ). All subjects had

ormal or corrected-to-normal vision and reported no history of psy-

hiatric or neurological disorders, or use of psychoactive medications.

hey were screened for contraindications to fMRI and gave written in-

ormed consent before participation. Of the 30 subjects who enrolled

n the fMRI experiment, 23 agreed to come back twice, to take part in

wo sessions of the behavioral study (13 females; mean age 24.6 years

 4.5 SD ). This number respected the sample size required to obtain

 2BIE comparable to previous research with similar task and design

required sample size = 22, for Cohen’s d = 0.824 with power = 0.95,

lpha = 0.05; Abassi and Papeo, 2020 ). From behavioral and fMRI data

nalyses, we excluded one subject for whom average performance in

he behavioral task was > 3 SD above the group mean. Thus, the final

MRI analyses included 29 participants, and the final behavioral analy-

es included 22 participants. This study was approved by the local ethics

ommittee (CPP Sud Est V, CHU de Grenoble). 

.2. Stimuli 

.2.1. Behavioral study 

Sixteen grayscale renderings of single human bodies in profile view

nd various biomechanically possible poses, were created and edited

ith Daz3D (Daz Productions, Salt Lake City) and the Image Process-

ng Toolbox of MATLAB (The MathWorks Inc, Natick, Massachusetts).

s many bodies were obtained by flipping horizontally each unique

ody, which yielded to a total of 32 single bodies. Sixteen facing dyads

ere created from the 32 single bodies, and then they were horizontally

ipped to create 16 new dyads, for a total of 32 facing dyads. Non-facing

yads were created by swapping the position of the two bodies in each

acing dyad ( i.e. , the body on the left side was moved to the right side

nd vice versa ). The distance between bodies ( i.e. , the distance between

he two closest points of the two bodies in a dyad) was matched across

acing and non-facing stimuli (mean facing = 82.88 pixels ± 13.76 SD ;

ean non-facing = 83.06 ± 13.86 SD; t (15) = 1.00; p > 0.250). For single-

ody stimuli, the center of image corresponded to the center of the body,

efined as the mid-point between the most extreme point on the left and

n the right along the x -axis. For dyads, the center of the image was

etween, and at equal distance from, the centers of the two bounding
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oxes that contained each body. In summary, the final stimulus set in-

luded 96 stimuli: 32 single bodies, 32 facing dyads and 32 non-facing

yads, differing only for the relative spatial positioning of the two bod-

es. Another set of stimuli included 96 images of single chairs (32) and

airs of chairs (32 facing and 32 non-facing). Chair-stimuli were created

rom 16 grayscale exemplars of chairs and their horizontally flipped ver-

ion, combined in 16 pairs of facing pairs and their flipped version, and

6 pairs of non-facing chairs and their flipped version. All body- and

hair-stimuli were inverted upside-down, yielding a total of 384 stimuli

resented against a light gray background. The same number of masking

timuli was created, consisting of high-contrast Mondrian arrays (11° x

0°) of grayscale circles of variable diameter (0.4°-1.8°). 

.2.2. fMRI study 

The fMRI study involved the 192 (upright and inverted) body-stimuli

sed in the behavioral study (64 single bodies, 64 facing dyads and 64

on-facing dyads), in addition to the same 32 single chairs and a new set

f 32 machines. Images in the last set depicted one of eight electronic

evices (four automated teller machine, and four game machines; i.e. ,

lot machines or arcade game machines) presented in lateral view up-

ight (N = 8) and inverted (N = 8), and their horizontally flipped version,

pright (N = 8) and inverted (N = 8). 

.3. Procedures 

.3.1. Behavioral study 

Visual categorization task. The behavioral task was a basic-level visual

ategorization requiring subjects to report, for each trial, whether they

ad seen bodies or chairs ( Fig. 1 a). This task was chosen because previ-

us studies had shown that, with this task, the inversion effect for facing

odies: a) is significantly larger than the inversion effect for non-facing

odies (and for pairs of chairs), mimicking the pattern reported for up-

ight and inverted faces, compared to upright and inverted objects; b)

alls within the range of the magnitude of the FIE and BIE ( Papeo et al.,

017 ; Papeo and Abassi, 2019 ; Abassi and Papeo, 2020 ). Moreover, us-

ng single bodies, the same task was shown to evoke the classic pattern

f the body-inversion with a larger drop in the response accuracy for in-

erted bodies, than for inverted non-body objects ( i.e. , chairs). In sum,

hese circumstances suggest that the current task is effective in captur-

ng the difference in the visual processing of facing vs. non-facing dyads.

oreover, relative to other tasks more commonly used to measure in-

ersion effects ( e.g. , face or body-posture discrimination), the current

ask shows the effect of body positioning (facing/non-facing), without

xplicit instruction to attend to the number of items (one/two), the po-

itioning (facing/non-facing) or orientation (upright/inverted) of the

timuli. 

The task included two identical runs, each containing 32 trials for

ach of the twelve conditions (upright and inverted single, facing and

on-facing, bodies and chairs), presented in random order. Each stim-

lus appeared once in a run. Subjects sat on a chair, 60 cm away from

 computer screen, with their eyes aligned to the center of the screen

17-in. CRT monitor; 1024 × 768 pixel resolution; 60-Hz refresh rate).

timuli on the screen did not exceed 7° of visual angle. Each trial in-

luded the following sequence of events: blank screen (200 ms), fixa-

ion cross (500 ms), blank screen (200 ms), target stimulus (30 ms),

ask (250 ms) and a final blank screen that remained until the subject

ave a response. The next trial began after a variable interval between

00 and 1000 ms. For each trial, subjects had to respond by pressing one

f two keys on a keyboard: “1 ″ with the index finger for “bodies ”, or “2 ″

ith the middle finger for “chair ” or vice versa (stimulus-response map-

ing was counterbalanced across participants). Every 32 trials, subjects

ould take a break. Two blocks of familiarization preceded the exper-

ment. In the first block, stimuli (four per condition) were shown for

50 ms, so that the subjects could easily see them. The second block

eight trials per condition) was identical to the actual experiment. In-

tructions for the familiarization blocks were identical to those of the
3 
ctual experiment. The experiment lasted ∼40 min. Stimulus presenta-

ion and response collection (accuracy and RTs) were controlled with

sychtoolbox ( Brainard, 1997 ) through MATLAB. Each participant took

art in two sessions of the same task. The second session took place with

 delay ranging from two weeks to one month after the first one (mean

nterval 19.8 days ± 6.1 SD ). 

Autistic-Spectrum Quotient measure. After the second behavioral ses-

ion, subjects completed the 50-items Autism-Spectrum Quotient scale

AQ; Baron-Cohen et al., 2001 ), which measures the degree to which an

dult with normal intelligence shows traits associated with the autism

pectrum, in the domain of social skills, attention-switching, attention

o details, communication, and imagination. Subjects responded to each

tem using a 4-point rating scale, ranging from “definitely agree ” to “def-

nitely disagree ”. 

.3.2. fMRI study 

fMRI data acquisition. Imaging was conducted on a MAGNETOM

risma 3T scanner (Siemens Healthcare). T2 ∗ -weighted functional vol-

mes were acquired using a gradient-echo-planar imaging sequence

GRE-EPI; TR/TE = 2000/30 ms, flip angle = 80°, acquisition ma-

rix = 96 × 92, FOV = 210 × 201, 56 transverse slices, slice thick-

ess = 2.2 mm, no gap, multiband acceleration factor = 2 and phase

ncoding set to anterior/posterior direction). For the main experi-

ent and the functional localizer task, we acquired eight runs for a

otal of 1546 frames per participant. Acquisition of high-resolution

1-weighted anatomical images was performed after the third func-

ional run of the main experiment and lasted 8 min (MPRAGE;

R/TE/TI = 3000/3.7/1100 ms, flip angle = 8°, acquisition ma-

rix = 320 × 280, FOV = 256 × 224 mm, slice thickness = 0.8 mm,

24 sagittal slices, GRAPPA accelerator factor = 2). Acquisition of two

eld maps was performed at the beginning of the fMRI session. 

Main fMRI experiment. The fMRI data acquisition consisted of two

arts: the main fMRI experiment, and a functional localizer task, which

e describe below. In the main experiment, facing and non-facing dyads

n upright or inverted orientation were presented over three runs, each

asting 6.83 min. Each run consisted of two sequences of 16 blocks (four

locks by condition), for a total of 32 blocks of eight second each. Blocks

n the first sequence were presented in a random order, and blocks in

he second sequence were presented in the counterbalanced ( i.e. , re-

ersed) order relative to the first sequence. Each block featured eight

mages of the same condition, presented in a random order. A stimulus

ppeared once in a block, and twice in a run (once in each sequence).

hus, each of the three runs included eight blocks per condition (24

cross the whole experiment). Three additional runs of 6.83 min each

eatured images of single bodies and single objects presented upright or

nverted. Each run included 16 blocks (eight seconds each), eight with

odies and eight with objects (four with chairs and four with machines).

ach block included eight different stimuli of the same condition. Each

timulus appeared twice in a run (once in each sequence). Runs with

yads and runs with single items (bodies or objects) were presented in

seudorandom order to avoid the occurrence of more than two consec-

tive runs of the same stimulus group. Each run began with a warm-up

lock (10 s) and ended with a cool-down block (16 s), during which

 central fixation cross was presented. Within a run, the onset time of

ach block was jittered (range of inter-block interval duration: 2–6 s;

otal inter-block time by runs: 128 s), using the optseq tool of Freesurfer

 Fischl, 2012 ) for optimal jittering. During each block, a black cross was

lways present in the center of the screen, while stimuli appeared for

50 ms, separated by an interval of 450 ms. In the 37% of all the stimu-

ation and fixation periods, the cross changed color (from black to red).

articipants were instructed to fixate the cross throughout the experi-

ent, detect and report the color change by pressing a button with their

ight index finger. This task was used to minimize eye movements and

aintain vigilance in the scanner. The main experiment lasted 41 min.

uring fMRI, stimuli were back-projected onto a screen by a liquid crys-

al projector (frame rate: 60 Hz; screen resolution: 1024 × 768 pixels,
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Fig. 1. Behavioral 2BIE and within-subject correlation between the two measures of the 2BIE. a. Illustration of the visual categorization task used to measure the 

behavioral 2BIE. b-c. Proportion of correct responses (proportion correct) and inversion effect (proportion of correct responses for upright minus inverted trials) for 

facing dyads, non-facing dyads and single bodies in session 1 (b), and session 2 (c). The y -axis on the left refers to proportion correct bars (lighter gray bars in the 

back); The y -axis on the right refers to inversion effect (darker gray bar in the front). Asterix in the upper part of the plots denote significant pairwise comparisons 

between proportion correct for facing vs. non-facing stimuli. Asterix in the bottom part of the plots denote significant pairwise comparisons of inversion effects 

across stimulus conditions (facing, non-facing, single). Error bars denote the within-subjects normalized standard error of the mean. Solid dots denote individual 

performances. d. Pearson correlation between the size of the 2BIE for the same subjects, measured in the first and second session of the visual categorization task. ∗ p 

≤ 0.05; ∗ ∗ p ≤ 0.01; ∗ ∗ ∗ p ≤ 0.001. 

s  

o  

s  

m  

s  

t

 

j  

f  

j  

1  

p  

i  

5  

e  

c  

b  

a  

f  

e  
creen size: 40 × 30 cm). For all the stimuli, the center of the image

verlapped with the center of the screen. Subjects, lying down inside the

canner, viewed the stimuli binocularly ( ∼7° of visual angle) through a

irror above their head. Stimulus presentation, response collection and

ynchronization with the scanner were controlled with the Psychtoolbox

hrough MATLAB. 

Functional localizer task. In addition to the six experimental runs, sub-

ects completed a functional localizer task, with stimuli and task adapted

rom the fLoc package ( Stigliani et al., 2015 ). During this task, sub-

ects saw 180 grayscale photographs of the following five object classes:
4 
) body-stimuli (headless bodies in various views and poses, and body

arts); 2) faces (adults and children); 3) places (houses and corridors); 4)

nanimate objects (various exemplars of cars and musical instruments);

) scrambled objects. Stimuli were presented over two runs (5.27 min

ach). Each run began with a warm-up block (12 s) and ended with a

ool-down block (16 s), and included 72 blocks of four seconds each: 12

locks for each object class with eight images per block (500 ms per im-

ge without interruption), randomly interleaved with 12 baseline blocks

eaturing an empty screen. To minimize low-level differences across cat-

gories, the view, size, and retinal position of the images varied across
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rials, and each item was overlaid on a 10.5° phase-scrambled back-

round generated from another image of the set, randomly selected.

uring blocks containing images, some images were repeated twice, in-

erleaved by a different image (2-back task). Participants had to press a

utton when they detected the repetition. 

Preprocessing of fMRI data. Functional images were preprocessed and

nalyzed using MATLAB, in combination with SPM12 ( Friston et al.,

007 ), the CoSMoMVPA toolbox ( Oosterhof et al., 2016 ), the Mars-

aR toolbox ( Brett et al., 2002 ) and the MatlabTFCE toolbox

 Thornton, 2016 ). The first four volumes of each run were discarded,

aking into account initial scanner gradient stabilization ( Soares et al.,

016 ). Preprocessing of the remaining volumes involved despiking,

lice time correction, geometric distortions correction using field maps,

patial realignment and motion correction using the first volume of

ach run as reference. The maximum displacement after despiking was

.74 mm on the x -axis (mean max = 0.30, SD = 0.18), 2.31 mm on

he y -axis (mean max = 0.65, SD = 0.52) and 3.29 mm on the z -axis

mean max = 1.06, SD = 0.64), which did not exceed the Gaussian kernel

f 5 mm FWHM used for the spatial smoothing before estimating the re-

lignment parameters ( Friston et al., 1996 ). Anatomical volumes were

o-registered to the mean functional image, segmented into gray mat-

er, white matter and cerebrospinal fluid in native space, and aligned to

he probability maps in the Montreal Neurological Institute (MNI). The

ARTEL method ( Ashburner, 2007 ) was used to create a flow field for

ach subject and an inter-subject template, which was registered in the

NI space and used for normalization of functional images. Final steps

ncluded spatial smoothing with a Gaussian kernel of 6 mm FWHM and

emoving low-frequency drifts with a temporal high-pass filter (cutoff

28 s). 

.4. Analyses 

.4.1. Behavioral study 

Visual categorization task. Separately for the two sessions of the task,

e computed the mean proportion of correct responses (accuracy) and

he median RTs for each condition, for each subject. Median RTs were

omputed over trials with accurate response and RTs within 3 SD from

he individual median value (discarded RTs in session 1: 11.64% ± 7.40

D ; in session 2: 8.59% ± 6.03 SD ). All responses were included in the

ccuracy analysis. Accuracy and RTs data were analyzed with 2 Cate-

ory (body, chair) x 3 Stimulus (facing dyads, non-facing dyads, single

odies) x 2 Orientation (upright, inverted) repeated-measures ANOVAs.

ritical comparisons were tested using pairwise t tests. Analyses were

epeated values from each session separately. 

Test-retest reliability. For each subject, we computed the 2BIE on ac-

uracy values [(Upright-inverted) facing -(Upright-inverted) non-facing ] for

ach of the two sessions. Across-session comparisons were first per-

ormed using a t test, ( 𝛼 = 0.05, two-tail), and then with within-subjects

earson correlation ( 𝛼 = 0.05) to assess the intra-individual consistency

f the 2BIE. For the latter analysis, we used a permutation test (10,000

terations) to verify that the within-subjects correlation was higher than

he correlation between any two randomly selected values (between-

ubjects correlations). In each iteration, the 2BIE from the first session

f a subject was randomly assigned to the 2BIE of another subject in the

econd session and a Pearson correlation coefficient was computed. We

anked the single within-subjects correlation value on the distribution of

he 10,000 between-subjects correlations values, and divided the rank

y number of permutations to obtain a p value. We assessed whether a

ignificant within-subject correlation was statistically higher than ran-

om between-subject correlations. 

Correlation between 2BIE and AQ. We computed Spearman correla-

ion ( 𝛼 = 0.05) between the behavioral 2BIE and the AQ score of the

2 subjects who participated in both behavioral sessions. This analy-

is was repeated using data from session 1 and session 2 of the visual

ategorization task. 
5 
.4.2. fMRI study of body-dyad processing 

Whole-brain analysis. For each subject, the blood-oxygen-level-

ependent (BOLD) signal of each voxel was estimated with a random-

ffects general linear model (RFX GLM), including four regressors for

he four experimental conditions (upright and inverted facing and non-

acing dyads), one regressor for fixation blocks, and six regressors for

ovement correction parameters as nuisance covariates. In the first

nalysis, the effect of the visuo-spatial configuration of bodies within a

yad was assessed, separately for the upright and inverted orientations,

ith a RFX GLM contrasting facing vs. non-facing dyads. In the second

nalysis, the effect of stimulus orientation was assessed, separately for

acing and non-facing dyadic configurations, with a RFX GLM contrast-

ng upright > inverted orientation. For all univariate analyses, the statis-

ical significance of second-level (group) effects was determined using

 voxelwise threshold of p ≤ 0.001, family-wise error corrected at the

luster level. 

Definition of regions of interest (ROIs). With data from the functional

ocalizer task, we identified, for each subject, two areas of the visual

ccipototemporal cortex showing the highest response to body stim-

li, the EBA and the fusiform body area (FBA). In addition, we local-

zed the individual face-specific fusiform face area (FFA). The FFA was

ocalized not only because faces were part of our stimuli, but also be-

ause this area has consistently been implicated in configural processing

f faces as well as bodies ( Yovel and Kanwisher, 2005 ; Brandman and

ovel, 2016 ). Finally, to control for the specificity of effects in the above

OIs, we considered two additional ROIs, the place-specific parahip-

ocampal place area (PPA), and the early visual cortex (EVC). To de-

ne these ROIs ( Fig. 3 a), individual data were entered into a General

inear Model with five regressors for the five object-class conditions

bodies, faces, places, objects and scrambled objects), one regressor for

aseline blocks, and six regressors for movement correction parameters

s nuisance covariates. Three bilateral masks of the middle temporo-

ccipital gyrus (MTOG), the temporo-occipital fusiform cortex (TOFC)

nd the inferior parahippocampal cortex (PHC) were created using

SLeyes ( McCarthy, 2022 ) and the Harvard-Oxford Atlas ( Desikan et al.,

006 ) through FSL ( Jenkinson et al., 2012 ). In addition, a bilateral mask

f the EVC encompassing visual areas V1/V2 and V3v/V3d, was cre-

ted using the SPM Anatomy toolbox ( Eickhoff et al., 2005 ). Within

ach mask of each subject, we selected the voxels with significant ac-

ivity (threshold: p = 0.05) for the contrasts of interest, to create ROIs:

BA in the MTOG with the contrast bodies > [objects + faces + places],

FA in the TOFC with the contrast faces > [objects + bodies + places],

BA in the TOFC with the contrast body > [objects + face + places] and

PA in the PHC with the contrast places > [objects + faces + bodies].

he EVC-ROI included all the voxels responsive to visual stimuli (con-

rast: [bodies + faces + places + objects + scrambled objects] > baseline).

or each ROI, all of the voxels within the bilateral mask that passed

he threshold, were ranked by activation level based on t values. The

nal ROIs included up to 200 best voxels across the right and left ROI

number of voxels in the EBA, FBA, FFA and EVC: 200; in the PPA:

99.86 ± 0.58 SD ). Neural activity values used for all ROIs analyses

ere extracted as the percent signal change (PSC) for each condition,

sing the MarsBaR toolbox ( Brett et. al., 2002 ). 

ROIs analyses. Using data recorded during runs with dyads in the

ain fMRI experiment (N = 29), we analyzed in each ROI the effects

f seeing upright or inverted facing and non-facing dyads. In particular,

e performed a repeated-measures ANOVA with factors: 5 ROI (EBA,

BA, FFA, PPA and EVC) x 2 Stimulus (facing and non-facing dyads) x

 Orientation (upright and inverted). Next, pairwise t -tests were used to

nvestigate, in each ROI, the two signatures of configural processing: 1)

arger response to facing than to non-facing (upright) dyads ( 𝛼 = 0.05

ne-tail), and 2) larger difference between upright and inverted stimuli

or facing, than for non-facing dyads –i.e., the neural 2BIE ( 𝛼 = 0.05,

ne-tail). 

Brain-behavior correlation (in ROIs). We investigated whether the be-

avioral 2BIE, taken as a signature of the configural processing of dyads,
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f  
ould predict the response to dyadic stimuli in visual cortex. This anal-

sis was carried out within each ROI, using the PSC extracted for each

ondition (upright and inverted facing and non-facing dyads). First, for

ach subject who was included in all behavioral and fMRI sessions of the

tudy, for each ROI, we computed a normalized measure of the neural

BIE: 

(Upright-Inverted) facing /(Upright + Inverted) facing ]–[(Upright- 

nverted) non-facing /(Upright + Inverted) non-facing ]. 

Normalized measure of activity was used to take care of inter-

ubjects differences in the overall magnitude of fMRI response, which

re not suitable for correlation with behavioral responses ( Yovel and

anwisher, 2005 ). For each ROI, measures of the neural 2BIE were

orrelated with measures of the behavioral 2BIE (Pearson correla-

ion, 𝛼 = 0.05). Across ROIs, correlation coefficients were compared

 Steiger, 1980 ) using the online tool quantpsy ( Lee and Preacher, 2013 ).

his analysis was repeated using data from the behavioral sessions 1

nd 2. 

Brain-behavior correlation (in the whole-brain). For the 22 participants

ho participated in both the behavioral and the fMRI sessions, we used

he behavioral-2BIE from the first behavioral session and we measured

 neural 2BIE for each voxel in the brain. To do so, we selected all

he voxels across the brain with a positive 𝛽-weight for all conditions

f body dyads and, for the selected voxels, we extracted the 𝛽-weights

or each condition. Then, separately for facing and non-facing dyads,

e computed for each voxel the normalized inversion effects ([upright

timuli – inverted stimuli] / (upright stimuli + inverted stimuli]) and

efined the neural-2BIEs as the difference in the normalize inversion

ffect between facing and non-facing dyads. For all participants, for

ach voxel, we computed the Pearson correlation between the neural-

BIE and the behavioral-2BIE. For this analysis, the statistical signifi-

ance of the correlation was determined using a voxelwise threshold

f p ≤ 0.05 (one-tailed). The statistical map of Pearson correlation co-

fficients (Fisher-transformed) was corrected for multiple comparisons

sing a permutation testing approach ( Nichols and Holmes, 2002 ) com-

ined with threshold free cluster enhancement transformations (TFCE,

mith and Nichols, 2009 ) through the MatlabTFCE toolbox (permuta-

ion number = 5000, H = 2, E = 0.5, dh = 0.1, Connectivity = 26, one-

ailed). The same analysis was repeated using values of the behavioral-

BIE based on sessions 1 and 2 of the behavioral task, separately. 

Univariate test of the single-body inversion effect (BIE). To assess the re-

ruitment of configural processing for single bodies, we tested whether

he difference in the response to upright vs. inverted bodies was statis-

ically larger than a general effect of inversion that would be observed

or any (non-body) stimulus. For each of the above ROIs, data recorded

uring the runs of the main fMRI experiment involving single bodies and

bjects were analyzed with a repeated-measures ANOVA with factors,

 Category (body and object) and 2 Orientation (upright and inverted).

ext, pairwise t -tests were used to investigate, in each ROI, the inversion

ffect for single bodies. In particular, we first computed the inversion ef-

ect (stronger response to upright than inverted stimuli) separately for

odies and objects ( 𝛼 = 0.05, one-tail), and then tested whether the in-

ersion effect was larger for bodies than for objects ( 𝛼 = 0.05, one-tail).

inally, the magnitude of the BIE was compared with the inversion effect

or facing and non-facing dyads. 

Multivariate test of the single-body inversion effect (BIE). As another test

f the body inversion effect, from each ROI, we extracted multivariate

ctivity patterns for the four conditions, and performed MVPA to com-

ute the accuracy of discrimination between upright and inverted stim-

li, for bodies and objects. A larger inversion effect for bodies relative to

ny other object should yield higher discrimination accuracy between

pright and inverted bodies, than between upright and inverted (non-

ody) objects ( Brandman and Yovel, 2016 ). To do so, a support vector

achine classifier was trained on 5 out of 6 runs to classify upright vs.

nverted stimuli, and then tested on data from the remaining run. This
6 
cheme was iterated until all runs were used as testing and training sets.

or each subject, for each ROI, accuracy values were averaged across all

terations, tested against chance (50% accuracy, t- tests, 𝛼 = 0.05, one-

ail) and, finally, compared between bodies and objects ( t tests, 𝛼 = 0.05,

ne-tail). 

ata and Code availability statement 

Data and codes for the behavior analyses and fMRI group analyses

re available here: https://osf.io/pse3k/ 

. Results 

.1. Processing of body dyads 

.1.1. The behavioral 2BIE 

For this analysis, run over the accuracy values of the first ses-

ion of the visual categorization task, the statistics are reported in

able 1 . Results showed significant main effects and interactions, which

ere qualified by a significant three-way interaction between Cate-

ory, Stimulus and Orientation. To unpack this interaction, we run

wo separate ANOVAs with body-trials and chair-trials. Results showed

hat the magnitude of the inversion effect was affected by the type

f Stimulus (single, facing, non-facing) for body-stimuli, but not for

hair-stimuli. 

For body-stimuli, pairwise t -tests showed that, while the inversion

ffect ( i.e. , the difference between upright vs. inverted stimuli) was sig-

ificant for all three stimulus conditions [facing bodies: t (21) = 4.33,

 < 0.001; non-facing bodies: t (21) = 3.34, p = 0.003; single bodies:

 (21) = 3.48, p = 0.002], it was larger for facing bodies relative to non-

acing bodies, t (21) = 3.47, p = 0.002, and single bodies, t (21) = 3.35,

 = 0.003, and comparable for the last two, t (21) = 0.39, p > 0.250

 Fig. 1 b). Separate analysis run over the accuracy values from session

 gave identical results ( Fig. 1 c-d; Tables 1-2 ). Consistent with previ-

us reports ( Abassi and Papeo, 2020 ; Papeo et al., 2017 ; Papeo and

bassi, 2019 ), accuracy proved more sensitive than reactions times

RTs) to the effects of inversion in the current task. RT analyses gave

o effects or conformed to the pattern of accuracy results (Tables S1-S2,

igure S1). 

The test-retest reliability of the 2BIE was computed considering, for

ach subject, the two measures of the 2BIE [(Upright-inverted) facing -

Upright-inverted) non-facing ] measured in the behavioral session 1 and 2.

e found a significant within-subjects Pearson correlation [ r (20) = 0.63,

 = 0.002] ( Fig. 1 d), which was significantly higher than any random

etween-subjects correlation [ p = 0.001]. This result defines the 2BIE as

 reliable, stable over time, measure of the individual visual processing

f body dyads. 

At the group level, there was no difference in the magnitude of the

BIE between the first and the second session, t (21) = 1.13, p > 0.250,

lthough accuracy was overall higher in the second session, t (21) = 2.96,

 = 0.008. As the very same task and stimuli were used in the two ses-

ions, this difference could reflect a learning effect, which can affect

pright and inverted stimuli, and therefore the size of the inversion ef-

ect ( Hussain et al., 2009 ; Laguesse et al., 2012 ; De Heering and Mau-

er, 2013 ). In fact, we found that the increase in accuracy tended to be

igher, although not significantly, for inverted ( + 7.12%; facing: + 7.53

; non-facing: + 6.82 %) than for upright ( + 1.21%; facing: + 0.71 %;

on-facing: + 1.70 %) dyads, t (21) = 1.79, p > 0.087. Given the suspect

hat learning effect might have changed the inversion effect in a way

hat is difficult to quantify, in the following analyses, we primarily re-

ied on the results from session 1, which provided a measure of the 2BIE

ree from effects of perceptual learning. All the analyses however were

epeated with data from session 2 and are reported in supplementary

aterials. 

Finally, we compared, qualitatively, the size of the inversion effects

or facing and non-facing dyads, as measured in the current and in three

https://osf.io/pse3k/
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Table 1 

Results of the repeated-measures ANOVAs on accuracy values (proportion correct) for session 1 and session 2 of the behavioral task. 

Category Effect DF 

Session 1 Session 2 

F p 𝜂p 
2 F p 𝜂p 

2 

Bodies 

& 

Chairs 

Cat. 1,21 4.70 0.042 0.18 0.96 n.s. 0.04 

Stim. 2,42 4.18 0.022 0.17 4.76 0.014 0.18 

Orient. 1,21 21.27 < 0.001 0.50 16.90 < 0.001 0.45 

Cat. ∗ Stim. 2,42 6.75 0.003 0.24 6.24 0.004 0.23 

Cat. ∗ Orient. 1,21 8.87 0.007 0.30 14.89 0.001 0.41 

Stim. ∗ Orient. 2,42 6.13 0.005 0.23 3.96 0.026 0.16 

Cat. ∗ Stim. ∗ Orient. 2,42 4.45 0.018 0.17 7.89 0.001 0.27 

Bodies Stim. 2,42 7.52 0.002 0.26 6.89 0.003 0.25 

Orient. 1,21 15.05 0.001 0.42 18.00 < 0.001 0.46 

Stim. ∗ Orient. 2,42 8.74 0.001 0.29 5.77 0.006 0.22 

Chairs Stim. 2,42 0.95 n.s. 0.04 0.46 n.s. 0.02 

Orient. 1,21 1.24 n.s. 0.06 1.83 0.190 0.08 

Stim. ∗ Orient. 2,42 0.98 n.s. 0.04 5.96 0.005 0.22 

Notes. Cat. = Category; Stim. = Stimulus; Orient. = Orientation; n.s. = > 0.250 

Table 2 

Results of the pairwise comparisons based on response accuracy values from Session 1 and 2. T -test statistics 

assessing the inversion effect (IE) for each stimulus condition (proportion correct for upright > inverted stimuli) 

and across stimulus conditions (facing, non-facing and single bodies). 

Category Test 

Session 1 Session 2 

t(21) p t(21) p 

Bodies IE facing 4.33 < 0.001 4.27 < 0.001 

IE non-facing 3.34 0.003 4.15 < 0.001 

IE single 3.48 0.002 3.64 0.002 

IE facing vs. IE non-facing 3.47 0.002 2.87 0.009 

IE facing vs. IE single 3.35 0.003 2.13 0.045 

IE non-facing vs. IE single 0.39 n.s. 1.57 0.132 

Chairs IE facing 3.06 0.006 0.50 n.s. 

IE non-facing 1.22 0.234 0.23 n.s. 

IE single 2.13 0.045 2.80 0.011 

IE facing vs . IE non-facing 0.98 n.s. 0.77 n.s. 

IE facing vs. IE single 0.93 n.s. 2.64 0.015 

IE non-facing vs . IE single 0.09 n.s. 2.73 0.013 

Notes. facing = facing dyads; non-facing = non-facing dyads; single = single bodies; n.s. = > 0.250 

Fig. 2. Scaled inversion effect (%) for facing dyads compared to the 

effect for non-facing dyads, single faces, single bodies and other ob- 

jects. Each point represents the scaled inversion effect measured in one 

of the studies reviewed in Rezlescu et al. (2016) , to which we added 

values of the scaled inversion effect for facing and non-facing body- 

dyads, as measured in three previous studies and in the current one 

(session 1). Studies are sorted on the x -axis according to the size of 

the scaled inversion effect for each category of stimuli in each study. 

References in red correspond to the closest red dot and denote the size 

of inversion effect for facing dyads. 
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revious studies ( Papeo et al., 2017 ; Papeo and Abassi, 2019 ; Abassi and

apeo, 2020 ), with the size of the inversion effects for single faces, bod-

es and objects, as measured in various previous studies reviewed in

ezlescu et al., 2016 (the full list of studies considered here with corre-

ponding values for the scaled inversion effects, is provided in Table S3 ).

o this end, the scaled inversion effects (%) were computed for all the

tudies as [(raw inversion effect)/(1-chance)], and visualized in a single

lot. As shown in Fig. 2 , the inversion effect for facing dyads is systemat-

cally larger than the inversion effect for non-facing dyads and closer to

f the inversion effect for faces than to all other categories (single bodies

nd other objects). Average scaled inversion effects were (in descend-
7 
ng order): 28.4 ± 8.55 SD for facing bodies (4 studies), 22.78 ± 13.78 for

aces (55 studies), 18.5 ± 7.07 for non-facing bodies (4 studies), 17.71

 7.74 for single bodies (9 studies), 4.76 ± 6.63 for other objects (56

tudies). 

.1.2. Neural signatures of visual configural processing 

A neural signature of configural face processing is the increased

esponse to faces (or bodies) vs. scattered stimuli in category-specific

isual areas of the occipitotemporal cortex ( Taylor et al., 2007 ;

randman and Yovel, 2016 ). Our results showed an analogous effect

uring processing of body dyads, where non-facing dyads were taken
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Fig. 3. Definition of Regions of Interest (ROIs) and results of whole-brain contrasts addressing the effects of configural processing in body-dyad perception a. ROI 

location on an inflated brain, based on fMRI data registered during the functional localizer task: EBA (extrastriate body area), FBA (fusiform body area), FFA (fusiform 

face area), PPA (parahippocampal place area) and EVC (early visual cortex). Group-level clusters are shown for illustration purposes. b. Group random-effect maps 

( n = 29) for the contrast upright facing > non-facing dyads (upper row) and inverted facing > non-facing dyads (lower row). c. Group random-effect maps ( n = 29) 

for the contrast upright > inverted facing dyads (upper row) and upright > inverted non-facing dyads (lower row). The color bar indicates uncorrected z values. 
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s the scattered counterpart of facing-dyad configurations. Converging

vidence for increased response to facing vs. non-facing dyads was ob-

ained with the whole-brain and ROI analyses. 

The whole-brain contrast [upright facing > non-facing dyads], based

n data collected during the main fMRI experiment, showed an effect in

 cluster centered in the left posterior middle temporal gyrus, extending

nto the lateral occipital cortex and overlapping with the body-specific

xtrastriate body area (EBA) [MNI peak coordinates: -50 -72 12; peak

 -value = 3.96; peak p -value ⟨ 0.001; cluster size = 336; p = 0.013, FWE-

orrected; see Fig. 3 b]. For the contrast [inverted facing ⟩ non-facing

yads], no clusters survived the FWE correction. 

The above effect of body positioning in the occipitotemporal cor-

ex was confirmed by the ROI analysis. A 5 ROIs x 2 Stimulus (facing,

on-facing) x 2 Orientation (upright, inverted) ANOVA showed effects

hat were qualified by a significant three-way interaction ( Table 3 ). The

nteraction showed that the stimulus inversion affected the neural re-

ponse to facing and non-facing dyads in a different way, across the

OIs. To unpack this interaction, in each ROI, we assessed the two sig-
8 
atures of configural processing targeted here: 1) a larger response to

acing than to non-facing (upright) dyads ( Fig. 4 a), and 2) a larger differ-

nce between upright and inverted stimuli for facing than for non-facing

yads ( i.e. , the neural 2BIE) ( Fig. 4 b). We found stronger response to up-

ight facing than non-facing dyads in the FFA, t (28) = 3.41, p < 0.001,

he EBA, t (28) = 3.52, p < 0.001, and the FBA, t (28) = 2.51, p = 0.009,

ut not in the PPA, t (28) = 0.09, p > 0.250, and EVC, t (28) = 0.08,

 > 0.250. Moreover, we found a larger inversion effect for facing than

or non-facing dyads in the FFA, t (28) = 2.36, p = 0.013, and a trend in

he same direction in the EBA, t (28) = 1.49, p = 0.073. No other ROI

howed a similar effect or trend [FBA: t (28) = 0.88, p = 0.192; PPA:

 (28) = 0.67, p > 0.250; EVC: t (28) = 0.74; p = 0.234] (for whole-brain

ontrasts addressing the effect of inversion see Fig. 3 c; Table S4 ). 

In sum, we found higher activity for facing than non-facing dyads,

electively in the EBA, FBA and FFA, that is, in category-specific ar-

as relevant for the processing of the experimental stimuli. Moreover,

eural responses showed a pattern consistent with the behavioral 2BIE

 i.e. , a larger difference between upright and inverted stimuli for fac-
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Fig. 4. Neural markers of configural processing for body dyads. a. Activity (percentage of signal change, PSC) for facing and non-facing dyads in each ROI. Higher 

activity for facing ( vs. non-facing) dyads is taken as marker of configural processing. b. Difference in neural activity (PSC) between upright and inverted stimuli ( i.e. , 

inversion effect) for facing and non-facing dyads, in each ROI. Greater inversion effect for facing than non-facing dyads is taken as another marker of configural 

processing. Error bars denote the within-subjects normalized SEM. ∗ p ≤ 0.05; ∗ ∗ p ≤ 0.01; ∗ ∗ ∗ p ≤ 0.001; All tests are one-tail t -tests. Analyses were performed in the 

individually defined ROIs. c. Statistical map (uncorrected) representing the results of the correlation between the neural 2BIE and the behavioral 2BIE computed 

in each body-responsive voxel across the brain. The color bar indicates z values. The region delimited by the black line corresponds to the EBA found with the 

group-level contrast [bodies > (objects + faces + places)] using data recorded during the functional localizer task. The region delimited by the green line corresponds 

to the group-level cluster found with the contrast [facing > non-facing dyads] in the analysis of data recorded during the main fMRI experiment. 
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Table 3 

Results of the repeated-measures ANOVAs on neural responses (PSC) for the fMRI session with dyads. 

Effect DF F p 𝜂p 
2 

ROI 4112 69.89 < 0.001 0.71 

Stim. 1,28 4.85 0.036 0.15 

Orient. 1,28 23.92 < 0.001 0.46 

ROI ∗ Stim. 4112 12.74 < 0.001 0.31 

ROI ∗ Orient. 4112 10.65 < 0.001 0.28 

Stim. ∗ Orient. 1,28 1.09 n.s. 0.03 

ROI ∗ Stim. ∗ Orient. 4112 2.69 0.035 0.09 

Notes. Cat. = Category; Stim. = Stimulus; Orient. = Orientation; n.s. = > 0.250 
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i  
ng than for non-facing dyads) in the FFA and EBA. The relationship

etween the behavioral and neural 2BIE was further investigated as

ollows. 

.1.3. Brain-behavior correlation 

The current analysis investigated whether the behavioral 2BIE, taken

s a signature of configural processing of body dyads, could predict

he response to dyadic stimuli in visual cortex, with the caveat of a

mall sample size for correlational analysis. This analysis was carried

ut within the ROIs and across the whole-brain. First, Pearson correla-

ions computed between the neural 2BIE and the behavioral 2BIE from

ession 1 (accuracy data) revealed a significant effect in the bilateral

BA, r (20) = 0.44, p = 0.039, but not in other ROIs [FBA: r (20) = 0.16,

 > 0.250; FFA: r (20) = 0.28, p = 0.214; PPA: r (20) = -0.24, p > 0.250;

VC: r (20) = 0.27, p = 0.228]. Using an alternative regression approach

o compute the inversion effect (see DeGutis et al., 2013 ), results did

ot change ( Supplementary Information 1) . Identical results were found

hen, for each region, we created separate ROIs in the left and right

emisphere ( Supplementary Information 2 ). The correlation coefficient

or the EBA, however, was not statistically different from the coeffi-

ients of correlation in the other ROIs (EBA vs. FBA: p = 0.084; vs. FFA:

 > 0.250; vs. PPA: p = 0.057; vs. EVC: p > 0.250). For this analysis, we

onsidered the performance of subjects in session 1 of the behavioral

ask, as that was devoid of learning effects. The same analysis using

ata from session 2 confirmed a significant brain-behavior correlation

n the right EBA only ( Supplemental Information 3 ). 

A separate data-driven analysis provided converging evidence for a

BIE -like pattern of response in the EBA. For each subject, for each voxel

esponsive to body stimuli across the whole brain, we computed the

eural 2BIE and performed the correlation with the behavioral 2BIE.

 significant brain-behavior correlation was found in a bilateral clus-

er in the lateral occipital cortex, encompassing the EBA and extend-

ng more posteriorly into the occipital cortex [(right peak MNI coor-

inates: 44 -82 -6; peak z -value = 3.43; peak p -value < 0.001; cluster

ize = 219), (left peak MNI coordinates: -48 -74 2; peak z -value = 2.83;

eak p -value = 0.002; cluster size = 52)] ( Fig. 4 c). The effect appeared

ilaterally but more strongly in the right hemisphere, where it survived

he correction for multiple comparisons (peak MNI coordinates: 44 -82

6; peak z-value = 2.09; peak p-value = 0.018; cluster size = 29). 

We note that all the correlational effects reported in this section may

e affected by low statistical power due to the small sample size. At

he same time, we chose to report them, as they illustrate an alterna-

ive method to test the correspondence between behavioral and neural

ffects, which is suggested by analogous patterns in the behavior (the

BIE; Fig. 1 ) and the neural response to upright and inverted facing and

on-facing dyads ( Fig. 3 and 4 ). 

.1.4. Correlation between the 2BIE and AQ 

The above results show that the behavioral 2BIE not only predicts

he processing of body dyads in the visual cortex, but also provides a re-

iable measure of the individual processing of social (multiple-person)

cenes, which may be useful to capture interindividual differences. Sen-

itivity to inversion has been shown to be predictive of the individual’s
10 
ocial abilities ( Wyer et al., 2012 ). To study whether a similar relation-

hip can be established for the 2BIE, we performed a correlation between

he individual AQ scores and the behavioral 2BIE from session 1. Results

evealed a significant negative correlation (Spearman rho (20) = -0.45;

 = 0.035), indicating a smaller 2BIE in individuals with higher scores

or autistic traits ( Supplemental Information 4 for correlation analysis us-

ng data from session 2). 

.2. Processing of single bodies 

.2.1. The body inversion effect 

Configural processing is also thought to apply to single bodies, al-

hough the underlying mechanisms appear functionally and anatomi-

ally distinct from face-related processing ( Yovel and Kanwisher, 2004 ;

eelen et al., 2006 ; Peelen and Downing, 2007 ), and, in many aspects,

ess clear ( Brandman and Yovel, 2012 ; Brandman and Yovel, 2016 ).

ere, we performed two tests of the body inversion effect as a signature

f configural processing. First, in each ROI ( table 4 ), we tested whether

he difference in the response to upright bodies vs. inverted ones was

tatistically larger than a general effect of inversion that would be ob-

erved for any (non-body) stimulus. In the EBA, we found main effect

f category and orientation showing a stronger response to bodies than

bjects and to upright than inverted stimuli, but no interaction between

ategory and Orientation. Although the interaction was not significant,

airwise t -tests showed greater activity for upright vs. inverted bodies

 t (28) = 2.15, p = 0.020], and a trend for a greater response to upright vs.

nverted objects [ t (28) = 1.56, p = 0.065]. Identical results were found

n the FBA [upright vs. inverted bodies: t (28) = 2.30, p = 0.015; upright

s. inverted objects: t (28) = 1.45, p = 0.079] and in the FFA [upright

s. inverted bodies: t (28) = 4.21, p < 0.001; upright vs. inverted objects:

 (28) = 2.30, p = 0.015]. In the PPA, a main effect of category showed

hat activity was stronger for objects than for bodies, but there was no

ffect of orientation or interaction, no difference between upright and

nverted bodies [ t (28) = 0.29, p > 0.250], but a stronger response to up-

ight than inverted objects [ t (28) = 1.71, p = 0.049]. In the EVC, main

ffects showed a trend for a stronger response to objects than bodies and

 stronger response to upright than inverted stimuli, but no interaction,

nd a stronger response to upright than inverted bodies [ t (28) = 1.99,

 = 0.028] and to upright than inverted objects [ t (28) = 2.09, p = 0.023].

n sum, activity was stronger for upright than inverted bodies in all

ody- and face-specific ROIs considered here ( Fig. 5 a), but in none of

he ROIs the BIE was statistically different from the inversion effect in

he neural response to non-body objects. 

Further, consistent with the behavioral results, we found that the

IE was smaller than the inversion effect for facing dyads in the EBA,

 (28) = 2.49, p = 0.010, FBA, t (28) = 1.90, p = 0.034, FFA, t (28) = 2.01,

 = 0.027, and the EVC, t (28) = 1.71, p = 0.049, but not in PPA,

 (28) = 0.20, p > 0.250. No difference was found between the BIE and

he inversion effect for non-facing dyads in any ROI (EBA: t (28) = 0.96,

 = 0.174; FBA: t (28) = 0.96, p = 0.173; FFA: t (28) = 0.41, p > 0.250;

PA: t (28) = 0.56, p > 0.250; EVC: t (28) = 0.81, p = 0.211). 

Using another measure of configural body processing, the discrim-

nation accuracy for upright vs. inverted bodies in multivariate pat-
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Table 4 

Results of the repeated-measures ANOVAs on neural responses (PSC) for the fMRI session with single stimuli. 

ROI Effect DF F p 𝜂p 
2 

EBA Cat. 1,28 160.23 < 0.001 0.85 

Orient. 1,28 7.81 0.009 0.22 

Cat. ∗ Orient. 1.28 0.47 n.s. 0.02 

FBA Cat. 1,28 38.30 < 0.001 0.58 

Orient. 1,28 7.53 0.010 0.21 

Cat. ∗ Orient. 1.28 0.24 n.s. 0.01 

FFA Cat. 1,28 41.26 < 0.001 0.60 

Orient. 1,28 23.59 < 0.001 0.46 

Cat. ∗ Orient. 1.28 1.30 n.s. 0.04 

PPA Cat. 1,28 46.48 < 0.001 0.62 

Orient. 1,28 0.99 n.s. 0.03 

Cat. ∗ Orient. 1.28 1.93 0.176 0.06 

EVC Cat. 1,28 4.05 0.054 0.13 

Orient. 1,28 7.56 0.010 0.20 

Cat. ∗ Orient. 1.28 0.19 n.s. 0.10 

Notes. Cat. = Category; Orient. = Orientation; n.s. = > 0.250 

Fig. 5. Neural markers of configural body processing in ROIs. a. Difference in neural activity (PSC) for upright vs. inverted stimuli ( i.e. , inversion effect) for bodies 

and objects, in each ROI. In no ROI, the inversion effect was larger for bodies than objects. ∗ p ≤ 0.05; ∗ ∗ ∗ p ≤ 0.001; All tests are one-tail t -tests. b. Classification 

accuracies for decoding of upright vs. inverted bodies and upright vs. inverted objects, in each ROI. Higher decoding accuracy for bodies than objects is taken as a 

marker of configural processing. Error bars denote the within-subjects normalized SEM. ∗ p ≤ 0.05; ∗ ∗ p ≤ 0.01; ∗ ∗ ∗ p ≤ 0.001; Comparisons against chance level (50 

%) and between bodies and objects are performed with one-tail t -tests. 
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Table 5 

Mean classification accuracy ( ± SEM) and significance for the decoding of upright vs . inverted single bodies and upright vs . inverted single 

objects as a multivariate test of the inversion effect. 

ROI 

Bodies Objects 

Comparison 

between the two 

Acc. t(28) p Acc. t(28) p t(28) p 

EBA 76.80 

( ± 2.04) 

13.16 < 0.001 60.70 

( ± 2.09) 

5.12 < 0.001 6.17 < 0.001 

FBA 64.22 

( ± 2.15) 

6.61 < 0.001 54.38 

( ± 1.97) 

2.23 0.017 3.20 0.002 

FFA 60.42 

( ± 2.02) 

5.15 < 0.001 54.53 ( ± 1.72) 2.63 0.007 2.05 0.025 

PPA 50.72 

( ± 1.95) 

0.37 n.s. 54.60 

( ± 1.61) 

2.85 0.004 1.90 0.34 

EVC 78.02 

( ± 2.62) 

10.70 < 0.001 80.39 

( ± 1.56) 

19.44 < 0.001 0.85 0.202 

Notes. Acc = Accuracy; n.s. = > 0.250 
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ern analysis (MVPA) ( Brandman and Yovel, 2016 ), we found more

ompelling evidence for a BIE in face- and body-specific ROIs. Results

howed better decoding accuracy for upright vs. inverted stimuli for both

ody and non-body objects in the EBA, FBA, FFA, EVC, and for non-body

bjects in the PPA ( Fig. 5 b; Table 5 ). We also found that discrimination

f multivariate patterns representing upright vs. inverted stimuli was

ore accurate for bodies than for non-body objects in the EBA, FBA and

FA, and more accurate for non-body objects than bodies in the PPA.

o difference was found in the EVC. However, correlations between

he individual behavioral BIE and the neural BIE yielded no significant

ffect in any ROI [EBA: r (20) = -0.10, p > 0.250; FBA: r (20) = -0.05,

 > 0.250; FFA: r (20) = -0.12, p > 0.250; PPA: r (20) = 0.88, p > 0.250;

VC: r (20) = 0.07, p > 0.250], or in any voxel responsive to bodies,

cross the brain. 

. Discussion 

Our findings show that, during processing of multiple bodies, brain

reas overlapping with face- and body-specific visual areas encode spa-

ial relations between bodies, yielding different neural responses to face-

o-face and back-to-back bodies. In particular, neural responses to fac-

ng bodies showed signatures of configural processing, such as stronger

ctivity relative to the response to their scattered version (non-facing

yads), and greater susceptibility to stimulus inversion, which mirrored

nd correlated with the behavioral 2BIE, taken as a marker of configural

rocessing ( Papeo et al., 2017 ). Finally, we found that the 2BIE was re-

iable at the individual level, across behavioral sessions and across brain

nd behavioral measurements, and correlated with the individual’s so-

ial sensitivity coarsely captured with the AQ. 

Configural processing of body dyads. Previous studies have reported

ncreased activity for facing than non-facing dyads in face- and body-

pecific visual areas ( Abassi and Papeo, 2020 ; Bellot et al., 2021 ;

albrin and Koldewyn, 2019 ). Thus, depending on their relative spa-

ial positioning, the same two bodies are visually processed in different

ays. This result is compatible with growing evidence showing that the

rocessing of spatial relations is part of, and affects, the object recogni-

ion process ( Kaiser et al., 2019 ; Abassi and Papeo, 2020 ; Papeo, 2020 ;

afri and Firestone, 2021 ). In addition, here we showed higher sensitiv-

ty of the EBA and FFA to the inversion of facing ( vs. non-facing) dyads.

he latter effects suggest that the general increase of neural activity for

acing ( vs. non-facing) dyads may reflect a stronger recruitment of con-

gural processing for facing dyads. 

Although there was only a trend for an interaction between Stim-

lus (facing/non-facing dyads) and Orientation (upright/inverted) in

he EBA, this was the only ROI in which the activity was predicted by

he performance-based 2BIE measured during the visual-categorization

ask. This result was confirmed by the whole brain-behavior correla-

ion, which tested every voxel responsive to body-stimuli across the
12 
rain, and revealed an effect in the lateral occipital cortex. While corre-

ational results must be taken with caution due to small sample size for

his type of analysis, they earned credence as they converged with the

esults of the univariate whole-brain and ROI analyses, showing analo-

ous patterns in the behavioral response ( i.e. , the 2BIE) and in the neural

esponse to upright and inverted facing and non-facing dyads, particu-

arly in the EBA and adjacent posterior occipital area (whole-brain and

OI analyses). This effect may reveal uncharted regions of functional

pecialization for the processing of spatial relations between bodies, or

eople. 

Like the EBA, and in effect, more strongly than the EBA, the FFA

howed higher sensitivity to the inversion of facing (relative to non-

acing) dyads ( i.e. , Stimulus by Orientation interaction). Although the

ctivity in this ROI did not correlate with the behavioral 2BIE, the brain-

ehavior correlation here was not statistically different from the (signif-

cant) correlation in the EBA. All other analyses showed that all the

ffects found in the EBA generalized to the FFA. One possibility is that

he FFA response is tied to the processing of faces (and their spatial

elations). Faces were clearly visible during fMRI, and less visible, or

ess attended to, in the visual-categorization task, as in this task sub-

ects were instructed to recognize bodies, which varied in posture but

lways had the same sketchy head/face ( Fig. 1 ). A version of the visual-

ategorization task with more emphasis on faces and face processing

ight yield a stronger brain-behavioral correlation in the FFA. 

On this reasoning, the visual processing of spatial relations would

e to some extent category-specific, involving the same areas that re-

pond preferentially to the object class implicated in the relation: body-

pecific areas for bodies, and face-specific areas for faces. However, the

ecruitment of the FFA in a task that emphasized body processing is

lso compatible with the view that the FFA is involved in configural

nalysis of both faces and bodies ( Brandman and Yovel, 2016 ; see also

authier et al., 1999 ; Rhodes et al., 2004 ). On this view, different re-

ponse profiles in the FFA and EBA may reflect the implementation of

ifferent aspects, or kinds, of configural processing ( Yovel et al., 2014 ;

ezlescu et al., 2017 ). 

The recruitment of configural processing, shown here with the analy-

es of effects of inversion, opens up further research that should develop

ew paradigms to test whether other correlates of configural processing

ound in face and body perception (see Bruyer, 2011 ; Rezlescu et al.,

017 ), can also be found in dyad perception. This is especially needed

iven that research on face perception has characterized the inversion

ffect as a less direct measure of configural processing than other effects

uch as the part-whole or the composite effect –while being the best

ossible predictor of the face recognition performance ( Robbins & McK-

ne, 2007 ; Rezlescu et al., 2017 ). Providing initial evidence for a part-

hole face-like effect for facing dyads, Ding et al. (2017) showed that a

oving body is recognized better when previously seen interacting in a

yad versus in isolation. Likewise, Bellot et al. (2021) showed that two
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oving bodies are recognized better when previously seen in a facing

yad than in a non-facing dyad (see also Paparella & Papeo, 2022 ). Neu-

al counterparts of these effects would be the enhancement of the neural

epresentation of bodies seen in facing dyads, as opposed to the same

odies in a non-facing configuration (Abassi & Papeo, 2020 ; Bellot et al.,

021 ), as well as the increase of the neural response to facing ( vs. non-

acing) dyads in visual brain areas, as reported here. 

Another open issue concerns the localization of the effects of spa-

ial relations in the brain. It is very likely that the encoding of spa-

ial relations between bodies is not exhausted by the occipitotemporal

reas localized in this study. Other relevant area to inspect would be

hose involved in whole-person perception ( Hu et al., 2020 ), and those

nvolved in motion and action perception ( e.g. , the posterior superior

emporal sulcus), in which sensitivity to spatial relations between bod-

es has already been reported using dynamic representations of moving

odies ( Bellot et al., 2021 ). In particular, it has been shown that the

rocessing of dynamic facing bodies increased the coupling ( i.e. , effec-

ive connectivity) between body-perception and motion-perception vi-

ual areas ( i.e. , between the EBA and the pSTS) ( Bellot et al., 2021 ). The

ollective activity of these networks in processing bodies and their rela-

ional properties could ultimately be at the service of downstream net-

orks dedicated to the representation of social interaction, and events

n general ( Isik et al., 2017 ; Masson et al., 2018 ; Walbrin et al., 2018 ;

eshinskaya and Thompson-Schill, 2020 ; Lee Masson and Isik, 2021 ). 

2BIE and interindividual differences. Face recognition abilities vary

cross individuals ( Dennett et al., 2012 ; Susilo et al., 2013 ; Yovel et al.,

014 ; Wang et al., 2012 ), but are fairly consistent at the individual level

 Rule et al., 2009 ; Lander et al., 2018 ; Bate et al., 2019 ; Ramon et al.,

019 ), and best predicted by the magnitude of face inversion effect,

mong the markers of configural face processing ( Rezlescu et al., 2017 ).

vidence for reduced sensitivity to face inversion in ASD subjects has

ncouraged the thinking that the face inversion effect can be used as

 marker of alterations and disease risks that impact social cognition

 Farroni and Senju, 2011 ; Di Giorgio et al., 2016 ; Neuhaus et al., 2016 ;

adad et al., 2019 ; Van der Donck et al., 2019 ; Laycock et al., 2020 ).

n this spirit, we showed that, in body-dyad perception, the 2BIE varies

cross individuals, is reliable over time at the individual level, and cor-

elates with a physiological measure of the same processing ( i.e. , activity

n visual areas for face/body processing; see Elliott et al., 2020 ). More-

ver, we found that the 2BIE correlates with autism-spectrum traits, so

hat the magnitude of the 2BIE decreases as the AQ score increases.

gain, given the limited statistical power of this analysis, evidence for

orrelation at this point remains anecdotal. Moreover, while we found

est-rest reliability and correlations between the two measurements of

he 2BIE, we also found evidence for a learning effect that affected the

erformance in a way that is difficult to characterize. Developing and

sing different measures of configural processing in dyad perception

an help solve this issue in the future. Beyond correlations, the rela-

ionship between visual configural processing for body-dyads –as well

s for faces and biological motion ( Wyer et al., 2012 ; van Boxtel et al.,

017 )– and the set of abilities measured with the AQ, remains unclear.

hile we work toward confirming and explaining this relationship, be-

avioral effects that reliably characterize the performance of the in-

ividual, highlighting population-level and interindividual differences

see also Pesquita et al., 2022 ), appear especially worthy of attention

s they can offer handy tools for detection of diseases or vulnerabil-

ties. Our results thus encourage further investigation on the clinical

ignificance of the 2BIE as a marker of socially relevant visuoperceptual

unctions. 

Body dyads and single bodies. Targeted as a measure of configu-

al processing, the body inversion effect (BIE) has been demonstrated

ith behavioral tasks analogous to those used in face perception

 Reed et al., 2003 , 2006 ), and effects in the electroencephalography sig-

al ( Stekelenburg and De Gelder, 2004 ; Orlandi and Proverbio, 2020 ;

dibpour et al., 2021 ). However, different fMRI measures of the BIE

 e.g. , neural adaptation or MVPA) have yielded only inconsistent ef-
13 
ects of body inversion in the FFA and/or in the EBA ( Brandman and

ovel, 2012 ; Brandman and Yovel, 2016 ), and some studies have as-

ribed those effects to the processing of head/face information rather

han whole body ( Brandman and Yovel, 2010 , 2012 ). 

Our results confirm the ambiguity of the BIE and, at the same time,

uggest that processing single bodies and processing facing-body dyads

ould be phenomena of a different nature (different phenomena in kind

nd/or degree of underlying mechanisms). The BIE showed a cost of

nversion that was smaller than the cost for facing dyads (and compa-

able to the cost for non-facing dyads), both in the behavioral and in

he neural responses (in the EBA, FBA and FFA). Moreover, the effect of

ody inversion in body- and face-specific visual areas was statistically

ifferent from a general effect of inversion ( i.e. , inversion of non-body

bjects) in the multivariate test (discrimination of upright vs. inverted

timuli), but not in the univariate test (level of activity for upright minus

nverted bodies) and, in none of the ROIs, it correlated with the behav-

oral BIE, differently from the 2BIE. Finally, we note that the behavioral

BIE was correlated with neural activity that partly –but not entirely–

verlapped with the EBA, as defined with the classic contrast [single

odies > non-body objects]. This observation encourages the hypothe-

is that the visual processing of body dyads (especially facing dyads) re-

ruits additional or partly different mechanisms (and neural structures)

ith respect to the visual processing of single bodies. 

. Conclusions 

Using a multimodal approach, we connected behavioral (2BIE) and

eural phenomena (greater sensitivity to inversion for facing vs. non-

acing dyads and larger response to facing vs. non-facing dyads), which

ogether suggest the recruitment of configural processing in visual per-

eption of minimal social scenes (facing-body dyads), analogously to

hat is described for face perception. The recruitment of configural pro-

essing implies that facing dyads are processed with the same efficiency

nd high specialization of other highly familiar or biologically relevant

lasses of stimuli, such as faces, bodies and biological motion. Our in-

estigation on the 2BIE also shows that this effect could account for the

eural responses to body dyad perception, is reliable at the individual

evel, and correlates with the individual’s AQ. The current characteri-

ation of the 2BIE thus supports its value as a possible marker of indi-

idual visuoperceptual abilities. The visuoperceptual abilities captured

y the 2BIE could be precisely those that lay the foundations for living

n a social world, for our ability to understand others’ relationships and

nteractions. 
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