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Abstract

Human life is built around the need for group membership and social connections. Recent research shows that small interac-
tive groups of two and three individuals (i.e., dyads and triads) are found faster in visual search tasks when group members
are facing toward versus away from one another. This ‘facing advantage’ may reflect the involvement of perceptual grouping
processes, with facing groups perceived as a unified whole. Here, we tested this grouping hypothesis by measuring search
performance for individuals who were positioned within facing or non-facing groups of three. If facing triads were perceptu-
ally grouped, individuation of group members in those triads should be hindered. Participants searched for a target individual,
a person raising a fist or a person raising a pointing finger, who was positioned in one of four or eight facing or non-facing
triads. The data indicated that while the search for target individuals pointing a finger was overall facilitated, it was specifi-
cally hindered when this person was positioned within a facing compared to a non-facing group. These results suggest that
the perception of social groups may be attuned to the overall configuration of the group, but also to more sophisticated social

communicative signals of individual group members.
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Introduction

Humans have evolved in complex social environments
in which group belonging was at a premium for survival.
These social contexts have played an important role in
shaping our neurocognitive system to support a range of
social processes, including interactions, collaboration, and
competition (Adolphs, 2009; Caporael, 1997; Colombatto
et al., 2025; Malik & Isik, 2023; Vestner et al., 2024). Over
the past decade, social perception research, or the study of
how people perceive other agents, has shown that the human
visual system seems to be specifically attuned to the detec-
tion, decoding, and understanding of other people (Quadflieg
& Koldewyn, 2017; Ristic & Capozzi, 2022). In this study,
we examined how individual group members are detected
in small social groups of three (or triads).
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Social information receives prioritized processing in the
human visual system (Barzy et al., 2023; McMahon & Isik,
2023; Paparella & Papeo, 2022; Papeo, 2020; Wu et al.,
2024). As evidence of the involvement of a phylogenetically
old mechanism, visual tuning to social interactions has been
observed across species and early in human development.
Visually naive chicks show a preference for face-to-face rela-
tive to back-to-back point-light hens (Zanon et al., 2024),
while 6-month-old human infants attend to facing groups of
two (or dyads) more than non-facing dyads (Goupil et al.,
2022). In adults, facing groups are found faster (Goupil
et al., 2024; Papeo et al., 2019; Vestner et al., 2021a, b; Yan
et al., 2024), remembered better (Ding et al., 2017; Vestner
et al., 2019), perceived as spatially closer (Sun et al., 2022;
Vestner et al., 2019), and enter conscious awareness earlier
(Su et al., 2016). Neuroimaging work suggests that this per-
ceptual specificity may be associated with the working of a
visual pathway specialized for the processing of social and
interactive visual information (Isik et al., 2017; Pitcher &
Ungerleider, 2021).

There are striking parallels between our visual percep-
tual preferences for social group configurations and real-
life preferences for social group interactions. It has been
documented that human social interactions most frequently
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unfold in small groups of two or three and less commonly in
groups of five or more (Caporael, 1997; Dunbar et al., 1995;
Peperkoorn et al., 2020). Accordingly, visual search prefer-
ences for facing groups have been documented for groups
of two, three, and five (Colombatto et al., 2025; Yan et al.,
2024), but not for larger groups of six or more (e.g., crowds)
where tracking of individual group members becomes more
difficult (Yan et al., 2024) and group properties tend to
be represented by overall ensemble statistics (Whitney &
Yamanashi Leib, 2018). These effects of group size, which
relate to social and interactive preferences in life, suggest
that at least for small groups, the human visual system may
be attuned to not only individual group members, but also to
the social context in which those individuals form a group.

There remain outstanding questions regarding the cogni-
tive and perceptual mechanisms underlying the perception
of social groups. On the one hand, facing social groups may
be detected more efficiently because of familiarity. As small
groups like dyads and triads are commonly encountered in
life and predominantly in a face-to-face orientation (Colom-
batto et al., 2025; Hall, 1963; Lu et al., 2023; McMahon &
Isik, 2023; Williams & Chakrabarti, 2023), search advan-
tages may reflect those familiar structures. This is consistent
with results showing that the search advantage for facing
groups is diminished or even abolished for groups presented
in inverted orientations, which are rarely (if ever) encoun-
tered in life (Abassi & Papeo, 2020; cf. Colombatto et al.,
2025; Mersad & Caristan, 2021; Papeo et al., 2019; Vestner
et al., 2021a, b; Yan et al., 2024). On the other hand, search
advantages for facing groups may also reflect sophisticated
social influences on perceptual grouping, whereby the fac-
ing configuration may facilitate the perception of a cohe-
sive group and individual members’ social connections. Past
work has shown that in the context of dyads, observers show
greater difficulty identifying an individual positioned within
a face-to-face or an interacting dyad compared to an indi-
vidual positioned in a back-to-back or a non-interacting dyad
(Papeo et al., 2019). That is, when participants are asked to
search for an individual within a facing dyad, their response
times are slower relative to when they are asked to search
for an individual within a non-facing dyad. This is thought
to reflect the involvement of perceptual grouping, i.e., the
ensemble processing of multiple contextually related visual
elements (Green & Hummel, 2006; McMains & Kastner,
2010; Papeo et al., 2019). Thus, complex social processes
also influence perception, such that individuals who are
interacting may be perceived as more unified and/or more
socially cohesive than those represented as non-interacting.

The present study examined the extent to which facing
groups of three or triads were perceived as cohesive units,
thus exploring perceptual grouping as a mechanism under-
lying search advantages found in previous work (Colom-
batto et al., 2025; Yan et al., 2024). To assess this idea,
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we measured participants’ responses to specific individual
members located within facing and non-facing groups. Fol-
lowing the classic Gestalt theory, which shows that when
visual elements are perceptually grouped into a whole, the
processing of individual elements becomes impaired (Papeo
et al., 2019; Wagemans, 2024), we reasoned that if triads
were represented as a unified group, the search for individual
group members in a grouped triad should be more difficult.
We thus expected that, if facing (vs. non-facing) triads are
represented as a coherent whole, visual search should be
impaired for individuals in facing relative to non-facing
groups.

Methods

The study was preregistered on the Open Science Frame-
work at https://osf.io/vhrw6. The custom script for data
exclusion and the summarized anonymized data for partici-
pants who have consented for data sharing are available at
https://osf.io/vgm6h.

Participants

An a priori power analysis run using G¥Power 3.1 (Faul
et al., 2009) indicated that data from a sample of 34 partici-
pants would be needed to obtain a power of 0.80 at a= 0.05
to detect a conventionally medium effect size of d,= 0.50. To
account for variability in effect size estimates (e.g., Giner-
Sorolla et al., 2024; Pek et al., 2024) and ensure adequate
statistical power, we increased our target sample size to 70.

A total of 90 participants were recruited from a volun-
teer undergraduate student pool who received course cred-
its. Data from 73 participants were analyzed (women =63,
men = 10; mean age =20 years, range = 18-24 years). Data
from 17 participants were excluded based on the preregis-
tered criteria, as their overall response accuracy fell below
65%." For the remaining participants, using the same crite-
ria, we further excluded trials in which participants did not
respond during the response window (6.11%) and those with
a response time 2.5 standard deviations below or above the
individual’s mean (0.49%). All participants reported normal
or corrected-to-normal vision and provided informed con-
sent prior to the experiment. All procedures were approved
by the McGill University Research Ethics Board.

! Data from 15 participants were excluded based on the preregistered
threshold of an observer’s overall response accuracy falling below
60%. Data from two additional participants whose overall response
accuracy was at 63% and 64% were also excluded, as they were iden-
tified as statistical outliers.
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Apparatus and stimuli

The experiment was programmed in JavaScript using
JsPsych library (de Leeuw et al., 2023) and deployed
online on participants’ own computers. Figure 1A shows
the stimuli, which consisted of greyscale images of groups
of three individuals, generated in DAZ Studio 4.22, which
were presented against a white background. The width of
each stimulus image was adjusted for each participant to
8% of their browser window’s width, while the height
of each stimulus was scaled to 5/6 of the image’s width.
Individual human models in each group were positioned
at the vertices of an imaginary triangle, with the inter-
personal angle and distance between the centres of two
adjacent individuals maintained at 120 degrees and 180
units, respectively.

Thirty-six facing triads (Fig. 1A, top panel) were cre-
ated, with 18 including a target individual displaying a fist
raised up (Fig. 1A, left panel) and 18 including a target
individual displaying a finger pointed up (Fig. 1A, right
panel). The target individual could be placed in the left,
center, or right location within the triad. Corresponding
36 non-facing triads (Fig. 1A, bottom panel) were created
by rotating each individual 180 degrees around the y-axis
such that they faced away from the centre. Target gestures
(raised fist and pointed finger) were adapted from previ-
ous research (Papeo et al., 2019) and were designed to
minimize variation in the physical appearance of the target
while providing distinct options for target selection. To
add variation to the search display, the posture of non-tar-
get individuals within the group varied slightly across six
different poses (as illustrated in the Online Supplementary
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Fig. 1 Example stimuli and search display. A Example groups depict-
ing target individuals with a raised fist and a pointed finger within
facing (top) and non-facing (bottom) triads. B Example search dis-
play with a set size of four, including a target individual with a raised

Materials (OSM), Fig. S1). Thus, a total of 72 stimulus
triads were generated.

Design

The experiment was a repeated-measures design, with fac-
tors Group (2: Facing; Non-facing), Set Size (2: 4; 8), Target
Type (2: Raised Fist; Pointed Finger), and Target Location
(2: Left or Right side of the screen). Group, Set Size, and
Target Location were intermixed. Target Type was blocked
and randomized for presentation order across participants.

Group varied the type of triad as either facing or non-fac-
ing. For each search display, half the triads were facing and
half were non-facing. Set Size varied the number of triads
present in the search display between four and eight. Target
Type varied between an individual showing a raised fist and
an individual showing a pointed finger. The target individual
was present in one triad in the display, while the remaining
distractor triads displayed the individual showing the oppo-
site non-target gesture. Half the blocks presented a target
individual with a raised fist and the other half presented a
target individual with a pointed finger. The response target
was present on each trial. Target Location varied the position
of the target individual between the left or right side of the
screen and was distributed equally across trials.

Figure 1B illustrates a search display with a set size of
four. The search display was designed so that triads were
positioned along two imaginary ellipses centred on the
screen (e.g., Yan et al., 2024). The inner ellipse spanned 25%
of the browser window’s width and height, and the outer
ellipse spanned 40% of the browser window’s width and
height. The triads could be positioned at one of 16 possible
locations along these two imaginary ellipses, set at 30, 60,

Set Size 4

fist within a facing group, surrounded by triads containing distractor
individuals with pointed fingers. Note: Stimuli are not drawn to scale.
Target is highlighted for illustration purposes.
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120, 150, 210, 240, 300, and 330 degrees. The triad con-
taining the target could appear at one of the eight locations
along the inner ellipse, with an equal chance of appearing
on the left or right side of the screen. The specific placement
within each side was randomly determined. The remaining
three (in Set Size four) or seven (in Set Size eight) distrac-
tor triads could appear at any of the remaining 15 locations
along the two ellipses. The number of triads was equated for
each screen quadrant.

Target Placement and Group Pose were random varia-
bles, such that within each triad, the target individual could
be placed in the left, center, or right location, and the pose
of the two remaining non-target members was randomly
selected from six possible body posture variations as in pre-
vious work (e.g.,Papeo et al., 2019; Yan et al., 2024; Fig. S1,
OSM).

Procedure

At the beginning of each trial, a black central fixation cross
(72 x 72 pixels) was presented for 500 ms. The search array
appeared next and remained visible for 3,500 ms or until
participants made a response. A 500-ms blank screen served
as intertrial interval.

Participants completed 320 trials divided into eight
blocks (four for each Target Type) of 40 trials, with eight
unique (Group X Set Size X Target Location) combinations
repeated five times. Each block started with an instruction
to search for a target individual with either a raised fist or
a pointed finger. Participants were asked to locate the tar-
get quickly and accurately as positioned either on the left
or right side of the screen, by pressing ‘B’ or ‘H’ key on
the keyboard. The assignment of target location to response
key was counterbalanced across participants. The experi-
ment lasted around 30 min. Sixteen practice trials were run
at the start.

Results

Following the preregistered plan, the first set of analyses
examined mean accuracy and correct response time (RT)
using two separate two-way repeated-measures ANOVAs
with Group (Facing; Non-facing) and Set Size (4, 8) included
as variables. Greenhouse—Geisser corrected degrees of free-
dom are reported when the assumption of sphericity was
violated. Bonferroni-corrected p values are provided for
paired-samples two-tailed t-tests. Data exclusion was con-
ducted in RStudio 2024.09.1 4+394. Data analyses were run
in SPSS 29. We did not observe a speed-accuracy trade-off
(7(73) =—0.084, p= 0.480).

Overall, task performance was high with an average
response accuracy of 88.16%. The ANOVA on accuracy
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returned a significant main effect of Set Size (F(1, 72)
=69.52, p< 0.001, 11[3 = 0.491), with more accurate
responses in displays with a set size of four (M =90.10%,
SE =0.73%) than those with a set size of eight (M =86.23%,
SE =0.92%). No other effects were significant (Group, F(1,
72)=0.04, p=0.851, ;1; = 0.000; Group X Set Size, F(1, 72)
=1.20, p=0.278, n,f =0.016).

The ANOVA on mean correct RTs also indicated a signif-
icant main effect of Set Size (F(1, 72) =1253.41, p< 0.001,
113 = 0.946), with target individuals located faster in dis-
plays with a set size of four (M =1,552.28 ms, SE =22.05
ms) than those with a set size of eight (M =2,016.53 ms,
SE =24.56 ms). Neither the main effect of Group (F(1, 72)
=0.85, p=0.359, '71% = 0.012) nor the interaction between
Group and Set Size were significant (F(1, 72) =0.16, p=
0.687, 11[% =0.002).

While this study was not specifically designed to investi-
gate differences between gesture types as these were chosen
for the purposes of target selection, a raised fist and a point-
ing finger differ in a socially meaningful way, given that
pointing a finger typically involves a communicative func-
tion, more so than raising a fist. As a result, we examined the
data in preregistered exploratory analyses involving Target
Type as an additional variable. Two three-way repeated-
measures ANOVAs examined mean accuracy and mean
correct RT with Group (Facing; Non-facing), Set Size (4,
8), and Target Type (Raised Fist, Pointed Finger) included
as variables.

Figure 2A plots mean accuracy as a function of Group
and Target Type. In addition to a significant main effect
of Set Size (F(1, 72) =70.22, p< 0.001, ;1; = 0.494), this
analysis also indicated a significant main effect of Target
Type (F(1, 72) =12.99, p < 0.001, ;15 = 0.153), with tar-
get individuals pointing a finger overall located more accu-
rately MM =89.90%, SE =0.78%) than those raising a fist (M
=86.30%, SE =1.08%). No other effects were significant (all
Fs <2.24, ps >0.139).

Figure 2B shows mean correct RT as a function of Group
and Target Type. The RT analysis once again returned a
significant main effect of Set Size (F(1, 72) =1151.93, p<
0.001, ;7; = 0.941), with targets located faster in displays
with a set size of four (M =1,555.02 ms, SE =22.26 ms)
than those with a set size of eight (M =2,019.23 ms, SE
=24.48 ms). There was also a significant main effect of
Target Type (F(1, 72) =52.54, p< 0.001, ;13 = 0.422), with
target individuals pointing a finger (M =1,730.54 ms, SE
=22.28 ms) located overall faster than those raising a fist
(M =1,843.70 ms, SE =25.03 ms). Importantly, there was
also a significant interaction between Group and Target Type
(F(1,72) =4.28, p=0.042, 11[3 = 0.056), showing that target
individuals pointing a finger who were placed within facing
triads were found slower than target individuals pointing a
finger who were placed within non-facing triads (Pointed
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Fig.2 Results. A Mean accuracy as a function of Group and Target Type. B Mean correct response time as a function of Group and Target Type.

*p < 0.05. Error bars are 95% confidence intervals.

Finger in Facing, M= 1,743.15 ms, SE =21.99 ms; in
Non-facing, M= 1,717.94 ms, SE =23.86 ms; #(72) =2.30,
p=0.024, Cohen’s d,= 0.270). There was no significant
difference in responses for target individuals raising a fist
located in facing relative to non-facing triads (Raised Fist
in Facing, M= 1,835.86 ms, SE =27.13 ms; in Non-facing,
M= 1,851.54 ms, SE =24.99 ms; #(72) =—1.07, p=0.288,
Cohen’s d,=—0.125). Neither the main effect of Group (F(1,
72)=0.33, p=0.570, ;75 = (0.005) nor the three-way interac-
tion between Set Size, Target Type, and Group were signifi-
cant (F(1,72) =2.24, p=0.139, 115 =0.030).

Thus, while no significant overall difference emerged
between responses to targets in facing versus non-facing
groups, further exploratory analyses examining the effects
of specific target type revealed that only individuals pointing
a finger were found slower in facing relative to non-facing
triads, whereas no significant difference was found for indi-
viduals raising a fist.>

Discussion

Recent research on the perception of social groups has
shown that observers are faster to detect social groups when
group members are facing toward each other versus away
from each other (Colombatto et al., 2025; Papeo et al., 2019;

2 We report an additional experiment in the Online Supplemen-
tary Materials, which examined the role of overall group context.
This experiment showed that the differences between individual
target types were no longer significantly different when comparing
responses to pointed-finger and raised-fist targets placed in groups in
which all members were facing one another (i.e., all-facing triad) ver-
sus those in which only the target individual was turned away from an
otherwise facing group (i.e., disrupted triad).

Yan et al., 2024). Here we examined whether such search
preference reflected an increased grouping of individuals in
facing groups of three, which is one of the interactive social
group sizes most frequently encountered in life (Caporael,
1997; Dunbar et al., 1995; Peperkoorn et al., 2020; Ristic &
Capozzi, 2022). Participants searched for a target individual
who displayed either a raised fist or a pointed finger. The tar-
get was located within either a facing or a non-facing triad,
and in a search display composed of four or eight groups.
Results indicated that while search speed decreased with set
size, grouping of facing triads varied with individual target
type. Specifically, targets with a pointed finger were found
slower when embedded in facing relative to non-facing tri-
ads. In contrast, no significant difference was found in the
search performance for targets with a raised fist positioned
in facing relative to non-facing triads.

These results suggest that the search advantage for facing
groups is attuned to both the group’s overall social structure
(i.e., facing vs. non-facing groups) and individual group
members’ social signals (i.e., raising a fist vs. pointing a
finger), as target individuation was hindered in facing triads
for members displaying a pointed finger but not for those
displaying a raised fist. This may be due to the perception
of the interactive nature of the group, as a pointed finger
and a raised fist differ in their social meaning, and certain
individuals may be perceived as strengthening the groups’
interactive social context. That is, an index finger pointed
upward could be interpreted as a cue to draw others’ atten-
tion (Pease, 1991; Saitz & Cervenka, 2019), while a fist
raised upward could be associated with strength (Saitz &
Cervenka, 2019). Further, a pointed finger is often described
as a deictic or declarative gesture, and can be used to direct
attention to objects or individuals within the environment
(Cartmill & Goldin-Meadow, 2016). In this way, such a
visual social signal could serve to strengthen the visual
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relationship between individual items, resulting in stronger
perceptual grouping. Therefore, this finding suggests that
in addition to the overall group structure (e.g., Colombatto
et al., 2025), perceptual grouping may also be modulated
by the social characteristics of individual group members.

Beyond the socio-communicative signals, these results
may also reflect differences in the visual aspects of the two
target individuals. Indeed, detecting a target with a pointed
finger involves detecting the presence of a visual feature (an
extended finger) as opposed to detecting the absence of such
a feature (a raised fist). Our results support this general pro-
cessing difference, with overall faster responses for target
individuals with a pointed finger. However, our results also
suggest that this general processing difference likely did not
account for the individuation difference observed between
the two target types, since hindered search individuation was
present only for targets with a pointed finger and specifi-
cally when they were located in facing but not in non-facing
groups. Thus, the visual difference appears meaningful only
within a specific group context (i.e., facing triad).

Further, visual differences between the two response tar-
get individuals could have also arisen from slightly differ-
ent body poses of the non-target members, which varied
randomly across six different poses to provide variation in
the display structure. To examine if group pose affected our
main results, we ran an exploratory analysis on mean cor-
rect RTs in which Group Pose (six variations, depicted in
Fig. S1, OSM) was included as an additional variable in
the repeated measures ANOVA with Group (Facing, Non-
Facing), Set Size (4, 8), and Target Type (Raised Fist, Pointed
Finger). The results yielded one significant interaction with
Group Pose that was not central to the current focus. An
interaction between Target Type and Group Pose (F(5, 310)
=2.44, p=0.034, ;13 = 0.038) showed that while targets with
a pointed finger were found overall faster than those with a
raised fist across all group poses, this difference was statisti-
cally smaller for group poses 4 and 5 (Group Pose 4, #(72)
=3.38, p=0.002, Cohen’s d,= 0.396; Group Pose 5, #(72)
=2.41, p=0.028, Cohen’s d,= 0.282; all other s > 4.40,
ps <0.001). No other effects involving Group Pose were
significant (all Fs <1.34, ps > 0.254). Thus, although non-
target group members varied in their poses, this variation
in group structure did not significantly alter the main result
which demonstrated slower individuation of individuals with
a pointed finger in facing triads.

In an additional experiment (presented in the OSM), we
examined the influence of the shared group context on indi-
viduation performance, by comparing individuation perfor-
mance for triads in which all individuals were facing each
other to triads in which only the target was non-facing, and
other individuals remained facing the group. The results of
this experiment suggested that group context may also influ-
ence the strength of grouping. That is, although hindered
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individuation was found for targets placed in facing triads in
the main experiment, this effect was not statistically signifi-
cant when only the target individual was turned away from
the group. Thus, a person turned away from a facing group
(i.e., disrupting an all-facing triad) appears to be processed
differently than a person turned away from a non-facing
group (i.e., aligning with an all-non-facing group). Future
experiments are needed to examine if this finding depends
on the similarity among group members, the overall social
context of the group, potential subgrouping effects in the
remaining non-target dyads, and/or the nature of individual
group members’ communicative gestures.

There are also several other future avenues worth pursu-
ing. Cross-cultural variations exist both in the use and the
meaning of gestures (Kendon, 1997; Kita, 2009). The ‘OK’
sign, made by forming a ring with the thumb and index fin-
ger, means ‘good’ in the UK, for example, but can be consid-
ered offensive in Greece. In Italy, for instance, index-finger
pointing with the palm down pinpoints a distinct referent at
the center of the conversation or discussion, whereas with a
vertical palm it highlights a relevant but less central referent
instead. Hence, it is possible that different cultural and social
contexts may render different gestures socially relevant for
some social groups and irrelevant for others. Future research
may test a wider range of social actions and communica-
tive gestures (e.g., individual with a finger pointing up vs.
a finger pointing down) to explore their impact on social
perceptual grouping. Examining cross-cultural or individual
differences in visual experiences may also provide further
insight into the mechanisms of social perceptual grouping.
Visual experiences are documented to vary across cultures
and research has shown that cultural background can influ-
ence visual perception (Blais et al., 2008; Estéphan et al.,
2018). Hence, it is possible that individuals from collectiv-
istic cultures relative to those from individualistic cultures
may perceive groups and the corresponding group mem-
bers differently, and as such the relationship between overall
group structure and the influence of individual members on
perception may vary as a function of larger societal values.

More generally within the context of visual processes, the
results of this work also highlight the role of both the whole
and the parts in visual social perception, and as such are well
contextualized within the pioneering contributions of Mary
A. Peterson, whose research has demonstrated the influence
of both holistic and configural processes in visual object
perception (Curby et al., 2024; Hochberg & Peterson, 1987;
Peterson & Rhodes, 2003). An interplay between holistic
and part-based processes in the perception of faces, objects,
and scenes is particularly pertinent, indicating that the pro-
cesses underlying object perception may also influence the
processing of scenes (Peterson & Rhodes, 2003). Further-
more, Peterson’s research on figure-ground organization
highlights social groups as an interesting case for examining
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how individual members are perceived either as part of an
integrated whole (the group) or as elements within a broader
background (the crowd; Alt & Phillips, 2022; Peterson &
Skow, 2008).

In summary, the current results build on existing research
on the perception of facing groups (Colombatto et al., 2025;
Papeo et al., 2019; Vestner et al., 2021a, b; Yan et al., 2024)
to show that social grouping is influenced by group context
and the characteristics of individual group members. As
such, this work sheds light on the role of social signals, at
both individual and group levels, as an important source of
prioritization in human perception.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.3758/s13414-025-03119-1.
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