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ABSTRACT

Humans have a long-standing evolutionary history of group belonging. Our visual system should
thus be tuned to detect social groups, especially those in interactive or “core configurations,”
where group members face each other. Past work shows that two individuals are detected
more efficiently when they are facing toward (vs. away from) each other. Here we tested
whether this facing advantage extends to small social groups of three, or triads. In three
preregistered experiments, participants searched for a facing group (among non-facing ones) or
a non-facing group (among facing ones). Facing groups were found faster than non-facing
ones, demonstrating a perceptual advantage for groups in core configurations (Experiment 1).
This advantage persisted in inverted displays, suggesting a role for cues to body orientation
(Experiments 2 and 3). Human perception is thus well-tuned to detect not just prototypical
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dyadic
processing of complex social information.

Introduction

The human cognitive and perceptual systems have
evolved in environmental conditions favouring
social interactions and cooperation (Adolphs, 2009).
Indeed, past work has shown that perception is
well-equipped for detecting the presence of
humans (Allison et al., 2000; Capozzi & Ristic, 2018).
For example, when viewing natural scenes, we more
readily notice human bodies (New et al., 2007) and
faces (Ro et al., 2001) relative to other objects. This
preference for social information emerges early in
development (Farroni et al., 2002) and has been
associated with brain networks specialized for proces-
sing a variety of social cues (Kanwisher et al., 1997;
Pitcher & Ungerleider, 2021).

While work in social perception has explored how
humans detect and attend to people when they are
presented in isolation, in everyday life we typically
encounter multiple people at the same time: much of
what we perceive are not single individuals, but
rather groups of individuals. Although the size of
social groups varies from intimate circles to large
crowds, humans typically congregate in small groups
of three to five people (Dunbar et al., 1995). These
small social groups are characterized by a “core

interactions, but interactive configurations more generally, facilitating efficient

configuration” with individuals facing each other — an
arrangement that promotes group development,
differentiation of social roles, and group coordination
(Caporael, 1997). Accordingly, while investigations of
social perception have so far largely focused on study-
ing individuals, more recent views tend to shift the
focus from “person perception” to “people perception”
(Alt & Phillips, 2022), with groups understood as social
units that transcend individual members (Levine, 2018;
Shamay-Tsoory et al., 2019).

Given the pervasiveness and importance of social
groups, here we hypothesized that human perception
may be attuned to efficiently detect groups in core
configurations (Phillips et al., 2014). That is, when
looking at scenes containing groups of individuals,
the visual system may prioritize cues to their configur-
ations (i.e., face-to-face body orientation), resulting in
more efficient detection of social groups. Past work pro-
vides some support for this hypothesis. First, a long-
standing tradition in perception has shown that when
viewing sets of objects, we rapidly and automatically
extract their summary properties (see Whitney & Yama-
nashi Leib, 2018). This capacity for ensemble represen-
tation also applies to people, as in when we perceive
the mean gazing direction (Sweeny & Whitney, 2014)
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or emotional expression (Haberman & Whitney, 2007)
of a crowd of faces. Summary statistics of crowds
such as sex ratio have even been found to guide percei-
vers' social attitudes such as perceived threat (Alt et al.,
2019) and sense of belonging (Goodale et al., 2018).

Beyond statistical properties, when seeing people
we also readily perceive the interactions between
them. For example, hands belonging to separate indi-
viduals are attended to as a single object when they
are performing a social handshake but not when per-
forming a similar non-social action (e.g., a handshake
with inverted hands; Shen et al., 2016; Yin et al., 2018).
Further, two people are recognized more accurately
(Papeo et al., 2017), found faster in search displays
(Papeo et al., 2019), and remembered more accurately
(Vestner et al., 2019) when the individuals are facing
toward each other (a “facing advantage”; for a
review, see Papeo, 2020). The perception of small
groups (e.g., of three to five people), however, may
follow different principles relative to groups of two
due to the increased quantity of social information
(Ristic & Capozzi, 2022) and additional degrees of
freedom in the possible interactions among individ-
ual members (Lehmann-Willenbrock et al., 2017).
These quantitative and qualitative differences
between dyads and larger social groups raise a funda-
mental question about the nature of search processes
in social contexts, namely whether these compu-
tations are based on a prototypical representation
of dyadic interactions, or a more general computation
of interactive possibilities amongst individuals.

In the current work, we thus asked whether small
social groups of three would be prioritized in percep-
tual processing, especially when the members are
arranged in core group configurations. In Experiment
1, we assessed search performance for small social
groups in core configurations (i.e, with group
members facing each other; facing triads) compared
to non-core configurations (i.e., with group members
facing away from each other; non-facing triads). In
Experiments 2 and 3, we investigated possible mech-
anisms underlying social group detection by examin-
ing search performance for groups in core and non-
core configurations situated within inverted displays.

Experiment 1

Experiment 1 examined whether facing groups of three
are detected more efficiently when the individuals are

positioned in a core configuration (i.e, facing each
other) compared to a non-core configuration (i.e,
facing away from each other). Participants viewed dis-
plays containing four or eight triads. On half the
blocks, they searched for a facing triad within non-
facing triads, and on the remaining half they searched
for a non-facing triad within facing triads. Following
our hypothesis of a perceptual advantage for social
groups, we expected to find faster response times for
facing relative to non-facing target triads.

Methods

The preregistered methods and analyses are available at
https://osf.io/k5x64. Anonymized raw data and analysis
scripts for this and the subsequent experiments are
available at https://osf.io/mz7d2.

Participants
Participants (N = 139) were recruited through McGill Uni-
versity’s participant pool and Prolific Academic (prolific.-
com) in exchange for course credit and monetary
compensation, respectively. Participants were excluded
according to the preregistered plan if they had a mean
overall response accuracy lower than 65% (N=17), or a
total percentage of valid trials lower than 75% of all
trials (N=17). The final sample was 105 participants
(Nwomen =78, Nmen =23, Nother=4, Mean age =25.91).
All reported normal or corrected to normal vision. The
sample size was based on a power analysis of pilot
data conducted in R using the pwr package (v1.3.0),
which revealed that a sample size of 105 would be
sufficient to achieve 90% power to detect the effect
size of interest in a paired-samples, two-tailed t-test
with an alpha level of 0.05, with the effect size of interest
being the within-subjects difference in response times
for locating facing vs. non-facing triads (d,=0.32).
Participants completed the experiment online on
their own devices, via a website link controlled by
custom software written in HTML, JavaScript, CSS,
and PHP, using the jsPsych library (De Leeuw, 2015).
Their browser window was automatically put in full-
screen mode at the beginning of the experiment,
and participants were required to remain in full-
screen mode for the entire experiment.

Stimuli
Figure 1(a) shows examples of facing and non-facing
triads. The stimuli were created using Daz3D studio
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(Daz Productions, Salt Lake City, UT). Six different
facing triads were created by slightly modifying indi-
vidual poses within each triad (Figure 1(a), left panel;
see also Papeo et al., 2019). For each facing triad, a
corresponding non-facing triad was created by rotat-
ing each individual in place by 180° (Figure 1(a), right
panel). Each triad was rendered in greyscale from a
constant viewpoint. The size of each triad was deter-
mined separately for each participant such that the
width of the stimulus would be 8% of the width of
their browser window (when in full-screen mode),
and the height was adjusted proportionally.

To ensure that the relative positioning of individ-
uals within triads was equated across different ver-
sions of all facing and non-facing triads, we
confirmed that these stimuli did not differ in (a) the
horizontal distance between extremities of neigh-
bouring individuals (Wilcoxon Signed-Rank Test W=
5, z=1.15, p>0.05); and (b) the horizontal distance
between the centre of neighbouring individuals (W
=6,z=0.94, p>0.05).

Sample search displays are depicted in Figure 1(b).
Each triad could be placed in one of 16 possible
spatial locations on the screen, located on the per-
imeters of two imaginary ellipses centred on the
screen — an inner one with its radius width and
height spanning 25% of participants’ screen width
and height, respectively, and an outer one with its
radius width and height spanning 40% of participants’
screen width and height, respectively. Each triad
could be located at 30°, 60° 120° 150° 210°, 240°,
300°, and 330° along each ellipsis’ radius, with two
constraints: (1) following Papeo et al. (2019), the
target triad was always positioned along the per-
imeter of the inner ellipsis, such that it would be
detected more easily given the higher spatial resol-
ution of foveal vision; and (2) there was always an
equal number of triads in each screen quadrant (i.e.,
one per quadrant in displays with set size four and
two per quadrant in displays with set size eight).
The poses of each triad were sampled randomly
from the six possible poses without replacement for
arrays of set size four, and with two poses repeated
for arrays of set size eight.

Procedure

Each trial began with a central black fixation cross
(72x72 px) shown on a white background for
500 ms. Next, the search array was displayed and
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remained visible until response, or until 2500 ms
had elapsed. Participants were instructed to indicate
quickly and accurately whether the target triad was
located on the left or right side of the screen by press-
ing “b” or “h” on their keyboard. Response type-key
assignment was randomized across participants. The
search array was followed by a blank screen for
500 ms, after which the next trial began.

Design
Target type was manipulated across blocks. On half of
the blocks, participants searched for a facing triad in an
array of non-facing triads; on the remaining half of
blocks, they searched for a non-facing triad in an
array of facing triads (Target Type: Facing or Non-
Facing). Blocks with Facing and Non-Facing targets
were interleaved, and the order of blocks was random-
ized for each participant. Instructions indicating the
response target were displayed at the beginning of
each block. The remaining factors were intermixed
and randomly manipulated within blocks. The search
array could contain three or seven distractors in
addition to the target (Set Size: 4 or 8), and the
targets could appear in one of eight possible positions
along the perimeter of the inner ellipsis (Target Pos-
ition: 30°, 60°, 120°, 150°, 210°, 240°, 300°, or 330°).
This within-subjects design resulted in 2 block
conditions (corresponding to 2 Target Types) and
16 trial conditions (corresponding to 2 Set Sizes X
8 Target Positions). Each of these 16 unique trial
combinations was repeated twice in a block (in a ran-
domized order), and each participant completed
eight blocks (in a randomized order) for a total of
256 trials per participant. At the end of each block,
participants could take a short break. The exper-
iment was preceded by eight practice trials divided
into two blocks, one with facing targets and one
with non-facing targets.

Analyses

Following the preregistered plan, we removed trials
with missed responses (6.33% of each participant’s
trials, on average), inaccurate responses (8.86% of
each participant’s trials, on average; note that these
trials were not excluded for accuracy analyses), and
response times above or below 2.5 standard devi-
ations from each participant’s mean (1.57% of each
participant’s remaining trials, on average). There was
no speed-accuracy trade-off (r(103) =0.06, p=0.512).
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Figure 1. Stimuli and results from Experiment 1. (a) Example facing and non-facing triads, from two of six different poses used in the
experiment. (b) Sample search displays for facing targets among non-facing distractors, and non-facing targets among facing distrac-
tors; note that stimuli have been enlarged and targets highlighted for visualization purposes. (c) Average response times for facing
and non-facing triads. Dots represent participant means, error bars reflect 95% confidence intervals, subtracting out the shared var-

iance. *p < 0.05.

Accuracy and mean response times on correct trials
were examined in two separate 2Xx2 repeated
measures ANOVAs with factors Target Type (Facing
or Non-Facing) and Set Size (4 or 8).

Results

Overall accuracy was high (M =92.10%). The accuracy
analyses revealed a main effect of Set Size (F(1, 104) =
48.35, p <0.001, n2 = 0.32), with higher accuracy for
the smaller set size (mean [M]=93.50%, standard
error [SE]=0.39) compared to the larger set size
(M =90.69%, SE =0.53). No other effects reached sig-
nificance (all Fs < 1.44, all ps > 0.233).

Response time data are illustrated in Figure 1(c).
There was a main effect of Set Size (F(1, 104)=
1504.42, p <0.001, nf, = 0.94), with faster response
times for the smaller set size (M=1195.28 ms, SE=
15.06) compared to the larger set size (M=
1479.79 ms, SE = 16.86). While there was no reliable
main effect of Target Type (F(1, 104)=1.40, p=
0.239, 71,2, = 0.01), there was a reliable interaction
between Set Size and Target Type (F(1, 104) =8.50,
p =0.004, "7,2, = 0.08). Post-hoc tests corrected for
multiple comparisons using the Bonferroni method
confirmed that response times were significantly
faster for Facing (M=1182.39 ms, SE=15.86) than
for Non-Facing targets (M =1208.16 ms, SE=16.15;



t(104)=2.38, p=0.019, d,=0.23) at the smaller set
size, but not at the larger set size (Facing M=
1481.32 ms, SE=17.47; Non-Facing M =1478.26 ms,
SE=17.92; t(104) =—-0.28, p=0.776, d, = —0.03).

Discussion

Experiment 1 revealed that participants were faster to
find facing triads (i.e., triads in their core configur-
ation) among non-facing triads compared to non-
facing triads among facing triads. This search advan-
tage was larger for smaller search displays, which is
consistent with the notion that individuation of
social information becomes more difficult as the
number of individuals increases (Ristic & Capozzi,
2022). These results thus suggest that triads in their
core configurations are prioritized in visual search,
reflecting the importance of detecting social groups
in our environment.

Experiment 2

The search advantage for facing triads in their core
configuration may be supported by several mechan-
isms. One possibility is that our visual system
responds preferentially to individuals in core
configurations because of their familiarity: while
some non-facing configurations are relatively familiar
(e.g., multiple people all facing forward in a classroom
or a theatre), it is relatively uncommon to encounter
individuals who are facing exactly away from each
other (Colombatto et al., 2020). Another possibility is
that perception responds to social cues more
flexibly, and cues to group configurations (e.g.,
whether the individuals are facing toward vs. away
from each other) can be extracted even when the
groups are presented in more unfamiliar ways. To
test these possibilities, in Experiment 2 we asked par-
ticipants to search for facing and non-facing triads,
but with all search displays inverted — a manipulation
known to disrupt the perception of complex social
properties but to preserve the perception of cues
such as body orientation (Tanaka et al, 2022;
Vestner et al., 2022). If the search advantage for
facing groups depended on perceiving the groups
in familiar upright configurations, we expected that
it would disappear with stimulus inversion. Alterna-
tively, a search advantage for facing inverted triads
would suggest that visual cues to core configurations
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such as body orientation might also influence the per-
ception of social groups.

Methods

The preregistered methods and analyses can be
viewed at https://osf.io/t9xwg.

Participants (total N =189) were recruited according
to the same procedure as in Experiment 1. Participants
were excluded according to the preregistered plan if
they had a mean overall accuracy lower than 65% (N =
52), or a total percentage of valid trials lower than 75%
(N =32). The final sample was 105 participants (Nyomen
=75, Nmen = 26, Nother = 4, Mean age = 24.49). All partici-
pants had normal or corrected-to-normal vision. This
sample size was chosen to match Experiment 1.

This experiment was identical to Experiment 1,
except that all stimuli were inverted (i.e., rotated 180°
around the horizontal axis), as shown in Figure 2(a,b).

Following the preregistered plan, we removed trials
with missed responses (8.09% of each participant’s
trials, on average), inaccurate responses (10.69% of
each participant’s trials, on average; note that these
trials were not excluded for accuracy analyses), and
response times above or below 2.5 standard deviations
from each participant’s mean (1.07% of each partici-
pant’s remaining trials, on average). There was no
speed-accuracy trade-off (r(103) = —0.01, p =0.945). As
in Experiment 1, accuracy and mean response times
on correct trials were examined in two separate 2 x 2
repeated measures ANOVAs with factors Target Type
(Facing or Non-Facing) and Set Size (4 or 8).

Results

The accuracy analyses revealed a main effect of Set
Size (F(1, 104)=73.40, p<0.001, n§:0.41), with
higher accuracy for the smaller set size (M =92.09%,
SE=0.45) compared to the larger set size (M=
88.14%, SE =0.55). No other effects reached signifi-
cance (all Fs<2.15, ps>0.145). Once again, overall
accuracy was high (M =90.12%).

Response time data are illustrated in Figure 2(c).
There was a main effect of Set Size (F(1, 104)=
1681.19, p <0.001, 7;,2, = 0.94), with faster response
times for the smaller set size (M=1274.77 ms, SE =
14.32) compared to the larger set size (M=
1582.17 ms, SE =14.13). In contrast to Experiment 1,
there was no interaction between Set Size and
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Figure 2. Stimuli and results from Experiment 2. (a) Example facing and non-facing inverted triads, from two of six different poses
used in the experiment. (b) Sample search displays for facing targets among non-facing distractors, and non-facing targets among
facing distractors; note that stimuli have been enlarged and targets highlighted for visualization purposes. (c) Average response
times for facing and non-facing inverted triads. Dots represent participant means, error bars reflect 95% confidence intervals, subtract-

ing out the shared variance. **p < 0.005.

Target Type (F(1, 104)=0.37, p=0.543, 1;’27 < 0.01),
but there was a reliable main effect of Target Type
(F(1, 104)=12.15, p=0.001, n; = 0.10), with faster
response times for Facing (M=1412.06 ms, SE=
13.96) compared to Non-Facing targets (M=
1444.88 ms, SE = 15.04).

Discussion

The results of Experiment 2 revealed that the search
advantage for facing triads persisted when the
search displays were inverted. A comparison of Exper-
iments 1 and 2 (Appendix) further indicated that par-
ticipants were overall slower in searching through
inverted relative to upright displays, which is

consistent with past work on impaired perception of
inverted bodies (Reed et al., 2003; Vestner, Gray,
et al, 2021). The finding that facing triads were still
prioritized even in inverted search displays dovetails
with the idea that the perception of social groups
may not be orientation-specific but may arise from
the perception of cues indicative of core configur-
ations (e.g., facing direction), which can be perceived
even in unfamiliar viewing conditions.

Experiment 3

The results of Experiment 2 indicated that facing
triads may be prioritized even in inverted displays,
suggesting that the effects of core group



configurations may be preserved in unfamiliar
viewing conditions. However, in Experiment 2, the
search arrays were displayed for a relatively long dur-
ation (up to 2500 ms), which may have reduced the
disruptive effects of inversion (e.g., by allowing for
mental rotation). To confirm that this did not
influence the results, we re-ran the same experiment
using shorter exposure durations.

Methods

The preregistered methods and analyses are avail-
able at https://osf.io/74mzg. This experiment was
identical to Experiment 2, except that the search
arrays were displayed for half of the original dur-
ation, 1250 ms rather than 2500 ms. Given the
increased task difficulty, we modified the exclusion
criteria (which now also matched past similar work,
e.g., Papeo et al,, 2019), to exclude: (1) participants
whose mean accuracy and/or mean response times
on correct trials were above or below 2.5 standard
deviations from the group mean; and (2) for
response times analyses, trials with incorrect or
missed responses, and trials with response times
above or below 2 standard deviations from the
individual’s mean.

Following these criteria, from the initial sample of
N =108, we excluded 1 participant for low accuracy
and 2 participants for low response times. The final
sample was 105 participants (Nwomen =90, Nmen = 14,
Nother=1, Mean age =20.38). All participants had
normal or corrected-to-normal vision. This sample
size was chosen to match Experiments 1 and 2.

Following the preregistered plan, we removed
trials with missed responses (10.24% of each partici-
pant’s trials, on average), inaccurate responses
(22.06% of each participant’s trials, on average), and
response times above or below 2 standard deviations
from each participant’s mean (3.63% of each partici-
pant’s remaining trials, on average). As the data indi-
cated a speed-accuracy trade-off (r(103)=0.63, p<
0.001), following our preregistered plan, we con-
ducted our main analyses on inverse efficiency
scores calculated for each participant and condition
(i.e., individual mean response time divided by pro-
portion correct for each condition). These scores
were examined in a 2X2 repeated measures
ANOVA with factors Target Type (Facing or Non-
Facing) and Set Size (4 or 8).
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Results

The inverse efficiency analyses revealed a main effect
of Set Size (F(1, 104) =200.07, p < 0.001, 77,2, = 0.66),
with faster responses in the smaller set size (M=
1416.40 ms, SE=23.36) compared to the larger set
size (M=1718.88 ms, SE=30.67). More importantly,
there was a reliable main effect of Target Type (F(1,
104) =6.35,p=0.013, n; = 0.06), with faster response
times for Facing (M =1538.52 ms, SE=28.54) com-
pared to Non-Facing targets (M =1596.76 ms, SE=
26.65). There was no interaction between Set Size
and Target Type (F(1, 104)=0.15, p=0.702,
175 < 0.01). As detailed in the Appendix, these pat-
terns were also reflected in the separate analyses of
response times and accuracy.

Discussion

The results from Experiment 3 replicated Experiment
2, as the search advantage for facing triads
emerged again in inverted displays - but now also
when the displays were viewed for a short duration,
which limited the use of strategies that may balance
the disruptive effects of inversion (e.g., mental
rotation). The increased difficulty of this experiment
also eliminated the ceiling performance in accuracy
from Experiments 1 and 2, such that the effects of
core configurations now emerged in both accuracy
and response time, consistent with past work
(Papeo et al, 2019; Vestner et al, 2019; Vestner,
Over, et al. 2021). An exploratory comparison of
Experiments 2 and 3 (Appendix) confirmed that the
effect of target type was reliable and stable across
both experiments. The advantage for facing triads is
thus relatively unaffected by disruptions in group
configural processing and may be influenced by
visual cues that remain discernible even in unfamiliar
viewing conditions.

General discussion

While the study of social perception is typically
focused on how we perceive other individuals, in
everyday life we often encounter groups of multiple
people. Indeed, humans preferentially engage with
and congregate in groups comprised of about 3-5
people (Dunbar et al., 1995), and these small social
groups have specific evolutionary advantages as
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suggested by work in anthropology (Caporael, 1997).
Social groups typically exhibit an organized structure
and specific boundaries - resulting in a “core
configuration” characterized by the individuals of
the group facing each other. Given the pervasiveness
and evolutionary importance of core social group
configurations, we hypothesized that perception
might be tuned to detect social groups in such
arrangements. To address this question, we measured
participants’ performance as they searched for facing
groups among non-facing ones, and for non-facing
groups among facing ones.

Overall, facing groups were found faster than non-
facing groups, suggesting a perceptual advantage for
social groups in their core configuration. In Exper-
iment 1, this search advantage was stronger for
smaller search displays, when three distractors were
present, relative to larger search displays, when
seven distractors were present. This suggests that par-
ticipants can more effectively engage specialized or
automatic mechanisms for processing socially rel-
evant stimuli in conditions of low attentional
demands. On the other hand, larger set sizes resulted
in longer response times; this suggests that partici-
pants searched through the displays serially, rejecting
distractors in turn, which resulted in longer response
times as the number of distractors increased. The
reduction of the facing advantage at this larger set
size suggests that search advantages for social
groups may be reduced under high attentional
demands and in serial search conditions. Future
work may further explore how different attentional
demands and search strategies may result in differen-
tial engagement of social processes. Further, the
absence of a search advantage in larger search dis-
plays suggests that the search advantage for facing
groups is likely not driven by lower-level stimulus
properties, which are preserved (if not more
evident) in larger and more crowded displays. More
importantly, the interaction of the facing advantage
with set size also suggests that the perception of
social cues may decrease in crowded scenes with a
larger number of people, such that individuation of
social groups may become more difficult with crowd-
ing (Ristic & Capozzi, 2022; Yan et al., 2024).

Interestingly, the search advantage for facing
groups persisted even when the search displays were
inverted in Experiments 2 and 3. This may be surprising
given that stimulus inversion is typically thought to

disrupt configural processing, resulting in impaired
recognition of bodies including their postures (Reed
et al,, 2006) and other social properties (e.g., Pavlova
& Sokolov, 2000). The current data are overall consist-
ent with this general recognition impairment in
inverted displays, as target detection was reliably
slowed down for inverted displays in Experiment 2
compared to the upright displays in Experiment
1. However, facing triads were still prioritized even in
inverted orientations (in Experiments 2 and 3), and
despite shortened presentation times (in Experiment
3). This result is contrary to prior findings with dyads,
where the facing advantage instead appeared to be
disrupted in inverted displays (Papeo et al., 2017;
Vestner, Over, et al.,, 2021). This discrepancy may be
due to the increased power of the current exper-
iments, given the larger sample sizes compared to
past studies. However, these differential results in
inverted displays may also reflect a greater role for
configural processing in dyads compared to triads.
For example, the added complexity of larger social
groups may facilitate processing of spatial relations
even in inverted displays, or of cues indicating body
direction such as fingers (Ariga & Watanabe, 2009) or
feet (Dalmaso, 2023) which can be perceived even
when presented in unfamiliar orientations. This dove-
tails with studies of face perception, which suggest
that inversion may disrupt face processing quantitat-
ively rather than qualitatively (Sekuler et al., 2004).
An important consideration in the interpretation of
the current results is the similarity between the triadic
stimuli employed here and traditional dyadic stimuli
used in prior research. While the stimuli employed
in the current experiments were designed to rep-
resent groups of three individuals, through spatial
alignment and implied engagement, these triads
may also be perceived as featuring a dyad along
with an additional individual. Therefore, it remains
unclear whether the facing advantage for social
groups arises from representations of all individuals,
or from the representation of dyadic relationships
which persists even when embedded within larger
groups. It is worth noting however that contrary to
dyads (Papeo et al., 2017; Vestner et al., 2019), in
the present studies the advantage for facing triads
remained robust even in inverted displays. This
points to a more pronounced role for configural pro-
cessing in the perception of dyads compared to
triads, and suggests that the perception of triadic



stimuli may involve distinct processes from the per-
ception of dyadic stimuli. This possibility is also con-
sistent with recent investigations of larger groups
(up to eight individuals), where the facing advantage
diminished with increasing group size, despite the
presence of dyadic relationships (Yan et al., 2024).
Future work could further investigate the role of
relationships within larger groups by exploring
alternative group configurations (e.g., with two indi-
viduals facing each other and a third facing away),
and further elucidating the specificity of triadic pro-
cessing in visual cognition.

The current experiments focused on a specific kind
of perceptual prioritization, testing the speed at
which different groups were located in search
arrays. These findings raise the possibility that other
perceptual processes may also be sensitive to social
configuration. For example, the search advantage
we have observed here may reflect a sort of “percep-
tual grouping” (Beck, 1966; Treisman, 1982; Wage-
mans et al., 2012) wherein separate individuals are
perceived as a single perceptual unit when arranged
in configurations that suggest a social group (e.g.,
when they face each other). Future work may thus
explore whether signatures of perceptual grouping
discovered in the non-social domain, such as impair-
ments in the individuation of group members, may
also apply to this kind of social grouping.

The current study is based on a comparison of search
times for facing targets (among non-facing distractors)
and non-facing targets (among facing distractors). The
search advantages for facing triads may thus reflect
either faster localization of facing targets or faster rejec-
tion of non-facing distractors. The relative contribution
of target detection vs. distractor rejection may be
further explored by using a third group configuration
that facing and non-facing groups can be compared
to, such as all individuals facing forward. Indeed, social
groups may be arranged in a variety of configurations
beyond the ones we investigated in the current exper-
iments. For example, the back-to-back groups
employed here may still be seen as having a common
intention (e.g., moving away from the centre), and we
would expect that perceptual advantages may also dis-
appear in other kinds of non-core configurations, e.g., if
the orientation of individuals appeared to be random.
The perception of social groups may be determined
by multiple other factors beyond configuration, includ-
ing physical features (e.g., size or distance between
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members) as well as socially relevant features (e.g.,
demographic characteristics or interactions between
members; Zhou et al., 2019). Further, the prioritization
of core configurations may extend beyond social
stimuli to non-social ones as even simple shapes can
be arranged in ways such that they appear to be
“facing” each other, and may thus invoke analogous
perceptual advantages (e.g., Vestner, Over, et al., 2021;
see also Colombatto, van Buren, & Scholl, 2020).
Future work should thus explore the role of such prop-
erties in the perception of social groups, as well as their
priority of perceptual influence and generality across
social and non-social stimuli (Lockwood et al., 2020).
Finally, this work paves the way for a study of the
perception of social groups beyond individuals or
dyads and raises important questions about potential
mechanisms driving the perception of social groups
of different sizes. One possibility is that the percep-
tion of groups may involve the same processes as
when processing individuals or dyads, although with
an increased quantity of available social information
in larger groups (Ristic & Capozzi, 2022). On the
other hand, social groups may differ from smaller
units not just quantitatively, but also qualitatively.
While we can easily track one or two individuals,
tracking individual and group dynamics in larger
groups is based on both individual and aggregate
group signals, and can be more effortful (Capozzi
et al, 2016, 2019). At the same time, small social
groups remain different from larger crowds, where
individuation is no longer possible (Ristic & Capozzi,
2022). Future work may thus explore how the vari-
ations in group numerosity and social complexity
affect social perception and its mechanisms, from
individuals to crowds (see also Yan et al., 2024).
Overall, the current experiments demonstrate that
social groups in core configurations are prioritized in
visual search, suggesting that human vision is fine-
tuned to detect not just individuals, but also social
groups. As such, these results add to a growing litera-
ture on the social sensitivity of vision, wherein founda-
tional aspects of human perception are influenced by
visually subtle yet highly socially informative factors.
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Appendix. Additional analyses

Experiment 1 (upright) vs. Experiment 2
(inverted)

As per our preregistered plan, we examined the effect of stimulus
inversion directly in a 2 x 2 x 2 mixed ANOVA with a between-subjects
factor of Stimulus Orientation (Upright from Experiment 1; Inverted
from Experiment 2), and within-subjects factors of Target Type
(Facing or Non-Facing) and Set Size (4 or 8). First, this analysis revealed
a main effect of Stimulus Orientation (F(1, 208)=19.21, p <0.001,
77,2, = 0.08), with faster response times for Upright (M =1337.53 ms,
SE=14.67) compared to Inverted targets (M=1428.47 ms, SE=
14.67). There was also a main effect of Set Size (F(1, 208) =3184.70,
p <0.001, 77;2; = 0.94), with faster response times for the smaller (M =
1235.02ms, SE=10.39) compared to the larger set size (M=
1530.98 ms, SE =11.00). This main effect was qualified by a two-way
interaction with Stimulus Orientation (F(1, 208)=4.76, p=0.030,
nf, = 0.02), as the difference between set sizes was greater for Inverted
Stimuli in Experiment 2 (t(208) = 41.45, p < 0.001, d, = 4.04) compared
to Upright Stimuli in Experiment 1 (t(208) = 38.36, p < 0.001, d, = 3.74).

Most importantly, there was a reliable main effect of Target Type
(F(1, 208) =10.82, p =0.001, 77,2, = 0.05), with overall faster response
times for Facing (M=1371.96 ms, SE=10.67) compared to Non-
Facing Targets (M=1394.05ms, SE=11.13). This main effect was
similar in the two experiments (no interaction between Stimulus Orien-
tation and Target Type, F(1, 208) =2.56, p=0.111, 77,2; = 0.01), but was
qualified by a three-way interaction with Stimulus Orientation and Set
Size (F(1, 208) =6.36, p=0.012, nfy = 0.03) which indicated that while
for Inverted Stimuli in Experiment 2 there was a significant difference
between Facing and Non-Facing targets for both Set Size 4 (t(208) =
2.83, p=0.005, d,=0.19) and Set Size 8 (t(208) =3.33, p=0.001, d,=
0.23), for Upright Stimuli in Experiment 1 the difference was significant
only for Set Size 4 (t(208) =2.43, p=0.016, d,=0.17), and not for Set
Size 8 (t(208) = —0.28, p =0.776, d, = —0.02).

Experiment 3 accuracy and response times

There were no interactions between Set Size and Target Type
(response times: F(1, 104) =1.23, p=0.270, nf, = 0.01; accuracy: F(1,

104)=0.05, p=0.831, 71;2, < 0.01). There were main effects of Set Size
for both response times (F(1, 104) = 163.17, p < 0.001, 7); =0.61) and
accuracy (F(1, 104)=108.50, p <0.001, 77,2; = 0.51), with faster and
more accurate responses in the smaller set size (M=1101.13 ms, SE
=19.86; M =78.94%, SE=1.31) compared to the larger set size (M=
1228.99 ms, SE=24.73; M=72.56%, SE=1.25). The main effect of
Target Type was not significant in response times analyses (F(1, 104)
=0.51, p=0.475, 77,2, < 0.01), but was reliable in accuracy analyses
(F(1, 104)=10.24, p=0.002, 77,27 =0.09), with higher accuracy for
Facing (M =76.81%, SE=1.22) compared to Non-Facing targets (M =
74.69%, SE = 1.35).

Experiment 2 (2500 ms) vs. Experiment 3
(1250 ms)

In an additional exploratory analysis, we directly compared the results of
Experiments 2and 3ina 2 x 2 x 2 mixed ANOVA with a between-subjects
factor of Presentation Time (2500 ms from Experiment 2; 1250 ms from
Experiment 3), and within-subjects factors of Target Type (Facing or
Non-Facing) and Set Size (4 or 8). First, this analysis revealed a main
effect of Set Size (F(1, 208) = 843.30, p < 0.001, 77,2, = 0.80), with faster
response times for the smaller (M =1403.52 ms, SE = 14.53) compared
to the larger set size (M =1762.82 ms, SE = 18.30). This main effect of
Set Size was also qualified by a two-way interaction with Presentation
Time (F(1, 208)=21.09, p<0.001, 77,2, =0.09), as the difference
between set sizes was larger in Experiment 2 (t(208) = 23.78, p < 0.001,
d,=1.64) compared to Experiment 3 (t(208)=17.29, p<0.001, d,=
1.19). Most importantly, there was a reliable main effect of Target Type
(F(1, 208) =11.07, p=0.001, nf, = 0.05), with overall faster response
times for Facing (M =1558.51 ms, SE = 17.03) compared to Non-Facing
targets (M = 1607.83 ms, SE = 17.00). This main effect was similar in the
two experiments (no interaction between Presentation Time and
Target Type, F(1, 208) =0.36, p = 0.548, 175 < 0.01), and in the two set
sizes (no interaction between Presentation Time and Set Size, F(1, 208)
<0.01, p=0.977, 77;2, < 0.01). There were also no overall differences in
inverse efficiency scores across the two experiments (no main effect of
Presentation Time, F(1, 208) = 1.03, p =0.312, 77,2, < 0.01), and no three-
way interaction between Presentation Time, Set Size, and Target Type
(F(1,208) = 0.48, p =0.491, nf) < 0.01).

Effect of triad pose

In additional exploratory analyses, we examined any possible influence
of target pose in a Target Type X Set Size x Target Pose repeated
measures ANOVA, which revealed no interactions of the main effects
of interest with Target Pose in Experiment 1 (all Fs < 0.99, ps > 0.418)
nor in Experiment 2 (all Fs < 1.91, ps>0.096) or Experiment 3 (all Fs
<1.28, ps > 0.273).
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