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Abstract

The perception of emotional expressions is affected by our knowledge and experience, and the context in which they are
presented. Social interactions are a natural context in which expressions are viewed, yet we are only beginning to under-
stand how they impact our perception. In three online studies, we investigated whether social interaction contexts impact
on the perceived valence intensity of emotional whole-body stimuli. We manipulated whether the dyads were presented
within a social interaction or not by changing their arrangement (face-to-face, and back-to-back, respectively). Emotionally
expressive dyads were presented, where both individuals expressed the same basic emotion (happy-happy, angry-angry, or
neutral-neutral), and we measured the perceived intensity of the interactants’ valence. In Experiment 1, participants (N =68)
perceived happy and angry bodies to be more intensely positive and negative, respectively, when presented face-to-face
than back-to-back for an unlimited duration. In Experiment 2, we limited the presentation duration to 500ms, and found that
participants (N =65) perceived angry bodies as more intensely negative when presented face-to-face than back-to-back. In
Experiment 3, we replaced one of the interactants with an arrow, and manipulated their arrangement. Participants (N =64)
rated the intensity of the bodies similarly irrespective of their arrangement with the arrows. Our findings show that interac-
tion contexts influence the perception of interactants’ valence intensity, and the effects are not driven by attentional cueing.
These results have implications for how interactions are perceived, which may inform how we respond when we encounter
groups of people in everyday life.

Keywords Social Interaction Perception - Social Perception - Valence - Intensity

Facial expressions and body postures provide us with
a wealth of information in social contexts and help us to
shape our social interactions (Adolphs, 2002; de Gelder,
2006; Ohman, 2002; van Kleef et al., 2016). In neurotypical
observers, facial and bodily emotions are processed quickly
(Batty & Taylor, 2003; Wronka & Walentowska, 2011), and
guide social approach decisions (Marsh et al., 2005).
Previous research indicates that the perception of facial
and bodily expressions is informed by our knowledge and
experience (Feldman-Barrett et al., 2011; de Gelder et al.,
2006). The perception of emotion in faces (Aviezer et al.,
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2012; de Gelder & Vroomen, 2000; Righart & de Gelder,
2008) and bodies (Kret & de Gelder, 2010; Reschke &
Walle, 2021) is critically affected by the context in which
the stimuli are viewed. For example, the same facial expres-
sion varies in appearance when presented in the context of
different body postures (Aviezer et al., 2012), and there is
evidence that this occurs early in visual processing (Aviezer
et al., 2008; Meeren et al., 2005). Most of the research to
date has presented lone individuals, but some studies have
investigated the perception of emotion when more than one
face is presented. For example, studies show that congru-
ent emotion categorisation is facilitated by a context face
(Mumenthaler & Sander, 2012), and increased when social
appraisal is implied (Mumenthaler & Sander, 2012). These
effects are observed when the context stimuli are presented
briefly (30ms; Mumenthaler & Sander, 2015).

There has been a growing interest in how observers
process scenes containing dyads (two individuals) that are
engaged in a social interaction (Abassi & Papeo, 2020;
Barzy et al., 2023; Bunce et al., 2021; Gray et al., 2017;
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Isik et al., 2017; Papeo et al., 2017; Quadflieg & Koldewyn,
2017; Vestner et al., 2019). It is thought that facing stimuli
are perceived as a social interaction, whereas non-facing
stimuli (i.e., those presented back-to-back) are not afforded
this interpretation (Papeo et al., 2019; Vestner et al., 2019).
One view suggests that social interactions capture attention
because of their importance in the navigation of our social
world (Papeo, 2020). An alternative view is that social inter-
actions capture attention because individual bodies direct
visual attention (Vestner et al., 2020).

Vestner and colleagues (Vestner et al., 2020; Vestner,
Gray et al., 2021; Vestner, Over et al., 2021; Vestner, Gray
et al., 2022; Vestner, Over et al., 2022) argue that manipulat-
ing the arrangement of dyads not only modulates whether
the dyad is perceived as a social interaction, but also changes
the spatial allocation of attention. They suggest that facing
dyads enhance attention on or around the dyad, which leads
to faster target detection in visual search tasks (Vestner et al.,
2020), but could also drive other effects found for facing ver-
sus non-facing stimuli, such as preferential looking towards
(e.g., Goupil et al., 2024), and heightened BOLD activity in
response to (e.g., Abassi & Papeo, 2020) face-to-face dyads.
Thus, Vestner et al. (2020) argue that where facing versus
non-facing stimuli are used, it is important to examine the
contribution of attentional cueing to the effect in question.

Whilst there has been an increase in research investigat-
ing how social interactions are perceived from a third-person
perspective, few studies have focussed on the perception
of affect in interaction contexts. In an early study, Cline
(1956) noted that observers were likely to group line-draw-
ing images of facial expressions into a single unit, with the
expression of one interactant influencing the interpretation
of emotion and dominance in the other. Point-light walkers
have been used to investigate the categorisation of emotion
in social interactions, showing it is affected by the orienta-
tion of the dyads (Clarke et al., 2005), and a temporal offset
between the actors’ actions (Bachmann et al., 2022). Further,
facial (Gray et al., 2017) and bodily (Abramson et al., 2021)
expressions of one interactant have been found to influence
the perceived expression of the other when they are pre-
sented face-to-face, but not when the same stimuli are pre-
sented back-to-back. However, none so far has attempted to
examine the contribution of attentional cueing to the expres-
sion perception of dyads.

Emotion categorisation tasks are important insofar as
they can tell us if the emotion itself is categorised correctly
or misclassified, and which expressions are often confused
with each other. Emotional intensity—where expressions
can vary from being mild, to extremely intense—is another
important cue that guides how we perceive and respond to
individuals (Gray et al., 2020; Hess et al., 1997; Leppinen
et al., 2007). The perception of emotional intensity has been
found to be influenced by various factors, including facial
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concealment (Tsantani et al., 2022), gaze direction (Adams
Jr. & Kleck, 2005), and the exaggeration of body movement
(Atkinson et al., 2004). However, previous research has not
examined this in relation to dyad arrangement.

Here, we investigated whether the perceived intensity of
emotional dyads is affected by whether they are presented in
a social interaction arrangement. In Experiment 1, we pre-
sented participants with face-to-face and back-to-back static
emotional body dyads in which both individuals depicted
angry, neutral, and happy emotions. Participants were given
unlimited time to view the dyad, and rated one of the indi-
viduals on both their positive and negative valence intensity.
In Experiment 2, in a new sample of participants, we inves-
tigated whether the effect of dyad context on valence inten-
sity ratings was evident when the stimuli were presented for
a limited duration (500ms). In Experiment 3, we replaced
one of the individuals with an arrow to investigate whether
directing participants’ attention to the to-be-rated stimulus
affected their intensity ratings.

We predicted that that happy bodies would be rated as
more positive, and angry bodies more negative, when pre-
sented face-to-face than back-to-back. We did not predict
an effect of arrangement on rated valence intensity for the
neutral dyads. In line with previous research on the effects
of body contexts on emotional expression categorisation, we
predicted that the effects would be evident when the stimuli
were presented for a limited duration. Finally, we predicted
that if the effects were driven by attentional cues, the same
results would be found for emotional bodies paired with
arrow stimuli.

Experiment 1

Method
Participants

For Experiment 1, 68 participants (M,,.=41.63,
SDage= 13.17; 43 females, 25 males) were recruited from
www.prolific.co. To be eligible, participants were required
to be aged between 18 and 65, to have normal or corrected-
to-normal vision, be based in the UK, and have English as a
first language. All participants gave informed consent. Ethi-
cal clearance was granted by the local ethics committee at
the University of Reading and the study was performed in
accordance with the ethical standards as laid down in the 6th
(2008) Declaration of Helsinki. Previous research has sug-
gested a large effect (f=0.31) of dyad arrangement on emo-
tion perception using a sensitive psychophysical task (Gray
et al., 2017). To ensure we were able to detect differences,
G*Power (Faul et al., 2007) was used to estimate the sample
size needed for a repeated ANOVA with a medium effect
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size (f=0.176) and with power of 0.85. The suggested over-
all sample size was 62. We exceeded this in each experiment.

Stimuli

We selected 24 models displaying standardized and vali-
dated emotional body postures from the Bochum Emotional
Stimulus Set (BESST; Thoma et al., 2013), and chose images
that were rotated 45° to the camera. The BESST stimuli are
emotional body postures with blurred faces. We selected
models from three emotional categories — neutral, happy,
and angry. We arranged the models (all male) randomly into
pairs of stimuli, creating 72 face-to-face dyads (24 of each
emotional category; Fig. 1A). Images were first cropped,
then resized, and combined into dyads in MATLAB. To cre-
ate the back-to-back dyads, we flipped the facing-direction
of the individuals presented in each face-to-face dyad, creat-
ing another 72 images. We also switched the side that each
face-to-face stimulus was placed on (by horizontally flipping
the image), before then creating another set of back-to-back
images in the same way as above. Participants were shown
either the first, or the second set of images (counter-balanced
across participants). Therefore, each participant saw 144
dyads and 12 practice trials at the start of the experiment.

Design

We used a 3 Emotion (Angry, Happy, Neutral) X2 Arrange-
ment (Face-to-face, Back-to-back) factorial design. All
experiments described were conducted online, an approach
that is increasingly common. Carefully-designed online tests
of cognitive and perceptual processing can yield high-quality

B2B

data, indistinguishable from that collected in the lab (Crump
et al., 2013; Germine et al., 2012). The experiments were
conducted using Gorilla Experiment Builder, a cloud-based
research platform that allows researchers to create and
deploy experiments online and collect precise behavior data
(Anwyl-Irvine et al., 2020). Participants were instructed to
use only desktop computers or laptops.

Procedure

On each trial, a fixation cross was centrally presented for
1500ms, followed by the dyad. Participants were asked to
“Rate the emotional intensity of the person on the < side >,
where < side > was ‘left’ or ‘right’, and was counterbal-
anced across participants. After stimulus presentation, text
appeared at the top of the screen reminding participants to
rate the intensity of the person on the < side > . Beneath the
images, two rating scales appeared, the first with the prompt
“How positive?” where participants responded to the per-
ceived positive valence (from 0 — ‘not at all positive’, to
100 — ‘extremely positive’), and the second with the prompt
“How negative?” where participants responded to the per-
ceived negative valence (from 0 — ‘not at all negative’ to
100 — ‘extremely negative’). Two scales were used to ensure
the framing of the question was not driving the effects; we
predicted the opposite pattern of results across the two scales
(i.e., a conceptual replication). Each dyad was presented
until the slider responses had been selected and participants
chose to continue to the next trial by pressing the ‘Next’
button with their mouse. There were 6 blocks with 24 trials
in each, and a break programmed at the end of each block.
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Fig. 1 Examples of the stimuli used in Experiment 1 (A). Results
from Experiment 1, for positive intensity ratings (B) and negative
intensity ratings (C). Error bars=1SEM. Significant pairwise com-

parisons between face-to-face (F2F) and back-to-back (B2B) dyads
are indicated. *** denotes p <0.001
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Trial-order was randomised within blocks; block-order was
randomised across the experiment.

Catch trials consisted of an image of a chair. Participants
were instructed to ‘rate it as O on the scale for both positive
and negative emotion’. There was 1 catch trial in the practice
trials, and 6 in the experimental blocks. Participants were
required to respond to at least 5/6 correctly to be included.
In total, the experiment took around 25 min.

Data Analysis

Intensity ratings were evaluated using both traditional null-
hypothesis significance testing (NHST; o= .05, two-tailed)
and Bayesian methods (JASP-Team, 2022). For NHST,
where Mauchly’s test of sphericity was violated, Green-
house-Giesser corrections were applied. For the Bayesian
analyses, we used the default prior width, and interpret
Bayes Factors (BF,;) larger than 1, 3, and 10 as anecdotal,
substantial, and strong evidence in favour of the null hypoth-
esis, respectively. We interpret Bayes Factors (BF;) less
than 1, 1/3, and 1/10 as anecdotal, substantial, and strong
evidence in favour of the alternative hypothesis, respectively.
Data associated with the experiments can be accessed here:
https://osf.i0/sz294/?7view_only=eba68f3bb9334219af2d
8c855737acef

Results & Discussion

All participants responded correctly to at least 5 out of 6
catch trials; none were excluded.

Positive Intensity Rating

The positive intensity ratings were submitted to ANOVA
with Emotion (Angry, Happy, Neutral) and Arrangement
(Face-to-face, Back-to-back) as within-participant variables.
The analysis revealed no main effect of Arrangement [F(1,
67)=2.478, p=.120, np2=0.036], but a significant main
effect of Emotion [F(2, 134)=342.35, p<.001, np2 =0.836]
which was qualified by an interaction between Emotion
and Arrangement [F(1.731, 115.962)=22.296, p <.001,
n,”=0.250] (Fig. 1B).

Individuals presented in Happy face-to-face (M =78.79,
SD =9.43) pairs were rated as significantly more positive
than those in Happy back-to-back (M =75.47, SD=9.77)
pairs [#(67)=6.727, p<.001, d=0.816, BF,, <0.001].
When Bonferroni corrected, there was no significant dif-
ference between those presented in Angry face-to-face
(M=30.81, SD=13.28) and Angry back-to-back (M =32.48,
SD =13.52) pairs [#(67)=2.357, p=.021, d=0.286,
BF,, =0.575], with the Bayes Factor suggesting anecdotal
support for the alternative hypothesis. There was also no
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significant difference between individuals presented within
Neutral face-to-face (M =36.88, SD=16.30) and Neutral
back-to-back (M =36.81, SD=17.09) pairs [#(67)=0.145,
p=.885,d=0.018, BF,;, =7.435], with the Bayes Factor
suggesting strong support for the null hypothesis.

There was a significant effect of Emotion in both the
Face-to-face [F(2, 134)=349.031, p<.001, np2 =0.839],
and the Back-to-back condition [F(2, 134)=309.558,
p<.001, np2 =0.822], with the same pattern of effects found
in both. Happy pairs were perceived as significantly more
positive than those presented in Angry pairs (Face-to-face:
[#(67)=24.200, p <.001, d=2.935, BF,, <0.001]; Back-to-
back: [#(67)=23.654, p<.001, d=2.868, BF;, <0.001]),
and Neutral pairs (Face-to-face: [#(67)=20.317, p <.001,
d=2.464, BF,,; <.001]; Back-to-back: [#(67)=18.398,
p<.001, d=2.231, BF,,; <0.001]). Individuals presented
within Neutral pairs were perceived as more positive
than those presented within Angry pairs (Face-to-face:
[#(67)=3.224, p=.002, d=0.391, BF;; =0.071]; Back-to-
back: [#(67)=2.443, p=.017, d=0.296, BF,;; =0.478] with
the Bayes Factors suggesting substantial and anecdotal sup-
port for the alternative hypothesis, respectively).

Negative Intensity Rating

The negative intensity ratings were submitted to ANOVA
with Emotion (Angry, Happy, Neutral) and Arrangement
(Face-to-face, Back-to-back) as within-participant vari-
ables. The analysis revealed no main effect of Arrangement
[F(1, 67)=2.110, p=.151, np2=0.031], but a significant
main effect of Emotion [F(2, 134)=161.371, p<.001,
np2=0.707], which was qualified by an Arrangement by
Emotion interaction [F(1.526, 102.219)=21.433, p<.001,
n,”=0.242] (Fig. 10).

Individuals presented within Happy face-to-face
(M=16.96, SD=11.99) pairs were rated as significantly
less negative than those in Happy back-to-back (M =19.57,
SD =11.33) pairs [#(67)=5.349, p<.001, d=0.649,
BF,, <0.001]. Individuals presented in Angry face-to-face
(M =58.03, SD=13.57) pairs were rated as more negative
than those in Angry back-to-back (M =54.76, SD=14.14)
pairs [#(67)=3.711, p<.001, d=0.450, BF,, =0.018].
When Bonferroni corrected, there was no significant dif-
ference between individuals presented in Neutral face-to-
face (M =40.35, SD=17.80) and Neutral back-to-back
(M =39.39, SD=18.30) pairs [#(67)=2.061, p=.043,
d=0.250, BF,;; =1.033], with the Bayes Factor suggesting
anecdotal support for the null hypothesis.

There was a significant effect of Emotion in both the
Face-to-face [F(2, 134)=171.620, p <.001, np2 =0.719], and
the Back-to-back condition [F(2, 134)=137.503, p<.001,
np2 =0.672], with the same pattern of effects found in both.
Individuals presented within Happy pairs were perceived
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as significantly less negative than those presented in Angry
pairs (Face-to-face: [#(67)=18.800, p <.001, d=2.280,
BF,; <0.001]; Back-to-back: [#(67)=17.706, p <.001,
d=2.147, BF,; <0.001]), and Neutral pairs (Face-to-face:
[#(67)=10.605, p <.001, d=1.286, BF;, <0.001]; Back-
to-back: [#(67)=9.140, p<.001, d=1.108, BF,,; <0.001]).
Individuals presented within Neutral pairs were per-
ceived as less negative than those presented within Angry
pairs (Face-to-face: [#(67)=7.752, p<.001, d=0.940,
BF,,; <0.001]; Back-to-back: [#(67)=6.925, p <.001,
d=0.840, BF,, <0.001]).

In Experiment 1, we found that dyad arrangement affected
perceived emotional intensity. In this experiment, unlimited
time was given to participants to respond to the stimuli (e.g.,
Abramson et al., 2021). However, using this method, par-
ticipants’ responses could be the product of effortful and
careful examination of the stimuli, rather than reflect early
perceptual processes. To ascertain whether the effects of
social interaction context on valence intensity ratings exist
for stimuli that have a limited exposure duration, we next
reduced the presentation duration of the stimuli to 500ms.

Experiment 2
Method
Participants

For Experiment 2, 68 participants were recruited from
www.prolific.co. All inclusion/exclusion criteria and ethics
information were the same as Experiment 1. Three partici-
pants were excluded based on their responses to the catch
trials; the remaining participants responded correctly to at
least 5 out of 6 catch trials. The final sample consisted of

65 participants (Mage= 39.57,8D,,.=12.57; 41 females, 22

males, 2 prefer not to say).

age

Stimuli & Design

All aspects of the experiment were the same as Experiment
1, aside from the images being presented for 500ms, a dura-
tion for which only one or two saccades tend to be made
(Pelz & Canosa, 2001). Stimulus presentation was followed
by a fixation cross for a further 200ms, before the response
screen was presented.

Results & Discussion
Positive Intensity Rating

The positive intensity ratings were submitted to ANOVA
with Emotion (Angry, Happy, Neutral) and Arrangement
(Face-to-face, Back-to-back) as within-participant vari-
ables. The analysis revealed no main effect of Arrange-
ment [F(1,64)=1.503, p=0.225, np2=0.023], but a main
effect of Emotion [F(1.794, 123.556)=388.375, p<.001,
np2=0.859], was qualified by a significant Arrangement
by Emotion interaction [F(2,128)=10.858, p <.001,
1, =0.145] (Fig. 2A).

Individuals presented in Angry Face-to-face (M =28.46,
SD =13.99) pairs were rated as significantly less positive
than those in Angry Back-to-back (M =30.88, SD=13.66)
pairs [#(64)=3.945, p<.001, d=0.489, BF,; =0.009]. There
was no significant difference between individuals presented
within Happy Face-to-face (M =72.31, SD=11.54) and
Back-to-back (M =72.66, SD=11.18) pairs [#(64)=0.555,
p=.581, d=0.069, BF,, =6.345]. Once Bonferroni cor-
rected, there was also no significant difference between indi-
viduals presented within Neutral Face-to-face (M =33.27,

Fig.2 Results from Experiment *xx wxx
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(A) and negative intensity rat- 100 - 100 -
ings (B). Error bars = 1SEM.
R Lo . 90 — 90
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sons between face-to-face (F2F) En 80 £ 80
and back-to-back (B2B) dyads ® 70 & 70
are indicated. ***=p <0.001 Z 60— = 60 |
e %
G 50 g s W 4
= c
£ 40 S 40
g —_—— 2 -IT--I-
2 30 + =] S 30 \
2 | | ) '
8 20 I @ 20
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F2F B2B F2F B2B F2F B2B F2F B2B F2F B2B  F2F B2B
Angry Happy Neutral Angry Happy  Neutral
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SD=16.59) and Back-to-back (M =32.03, SD=17.06) pairs
[t(64)=2.030, p=.047, d=0.252, BF,,; =1.077], where
the Bayes Factor suggested anecdotal support for the null
hypothesis.

There was a significant effect of Emotion in both the
Face-to-face [F(2, 128)=361.811, p<.001, np2 =0.850], and
the Back-to-back condition [F(1.753, 112.174)=377.536,
p<.001, np2 =0.855], with a similar pattern of effects in
both. Individuals presented within Happy pairs were per-
ceived as significantly more positive than those presented
in Angry pairs (Face-to-face: [#(64)=26.178, p <.001,
d=3.247, BF,,; <0.001]; Back-to-back: [#(64)=26.435,
p<.001, d=3.279, BF;,; <0.001]), and Neutral pairs
(Face-to-face: [t(64)=19.234, p<.001, d=2.386,
BF,; <0.001]; Back-to-back: [#(64)=20.005, p <.001,
d=2.481, BF,,; <0.001]). Individuals presented within
Neutral pairs were perceived as more positive than those
presented within Angry pairs when arranged Face-to-face
[t(64)=2.950, p=0.004, d=0.366, BF,, =0.145], but
not when arranged Back-to-back [#(64)=0.747, p=.458,
d=0.093, BF,, =5.627].

Negative Intensity Rating

The negative intensity ratings were submitted to ANOVA
with Emotion (Angry, Happy, Neutral) and Arrangement
(Face-to-face, Back-to-back) as within-participant variables.
The analysis revealed a main effect of Arrangement [F(1,
64)=4.617, p=.035, np2 =0.067], and a main effect of Emo-
tion [F(2, 128)=208.490, p <.001, np2 =0.765], which were
qualified by a significant Arrangement by Emotion interac-
tion [F(2, 128)=20.704, p <.001, np2 =0.244] (Fig. 2B).

Individuals presented in Angry Face-to-face (M =54.32,
SD=13.55) pairs were rated as significantly more negative
than those in Angry Back-to-back (M =50.32, SD=13.06)
pairs [#(64)=5.085, p<0.001, d=0.631, BF;; <0.001].
There was no significant difference between individu-
als presented within Happy Face-to-face (M =17.68,
SD =10.39) and Back-to-back (M =17.95, SD=11.36)
pairs [#(64)=0.320, p=.750, d=0.040, BF,, =7.000], nor
between individuals presented within Neutral Face-to-face
(M =37.20, SD=15.94) and Back-to-back (M =36.95,
SD =17.03) pairs [#(64)=0.443, p=.659, d=0.055,
BF,, =6.687].

There was a significant effect of Emotion in both the
Face-to-face [F(2, 128)=210.802, p <.001, np2 =0.767], and
the Back-to-back condition [F(2, 128)=188.317, p<.001,
np2 =(.746], with the same pattern of effects in both. Indi-
viduals presented within Happy pairs were perceived as
significantly less negative than those presented in Angry
pairs (Face-to-face: [#(64)=22.841, p<.001, d=2.833,
BF,; <0.001]; Back-to-back: [#(64)=22.489, p <.001,
d=2.789, BF,, <0.001]), and Neutral pairs (Face-to-face:
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[#(64)=11.028, p<.001, d=1.368, BF,, <0.001]; Back-to-
back: [#(64)=10.447, p<.001, d=1.296, BF,, <0.001]).
Individuals presented within Neutral pairs were per-
ceived as less negative than those presented within Angry
pairs (Face-to-face: [#(64)=8.714, p<.001, d=1.081,
BF,, <0.001]; Back-to-back: [#(64)=7.655, p<.001,
d=0.949, BF,; <0.001]).

In Experiment 2, dyad arrangement significantly affected
perceived emotional intensity for angry bodies when the
presentation duration was limited to 500ms. Next, we were
interested in the effect of attentional cueing, as attention
is critically related to how we process visual information
(Liu et al., 2009; Pestilli & Carrasco, 2005). Recent stud-
ies have highlighted the importance of directional attention
cues when investigating the perception of face-to-face ver-
sus back-to-back interactions (Vestner et al., 2020, 2021;
Vestner, Gray et al., 2022; Vestner, Over et al., 2022), and
the importance of including inanimate control conditions
(Heyes, 2014; Santiesteban et al., 2014). In Experiment 3,
we replaced one of the interactants with an arrow, which is
also a robust directional cue that is hard to inhibit (Kuhn &
Kingstone, 2009; Tipples, 2002). If directional cues capture
attention and drive the emotional intensity effects found for
facing versus non-facing dyads in Experiments 1 and 2, we
expected to find the same pattern of results in Experiment 3
using human-arrow stimulus pairs.

Experiment 3

Method
Participants

For Experiment 3, 64 participants (M,, =38.83,
SDage= 12.43; 52 females, 12 males) were recruited from
www.prolific.co. All inclusion/exclusion criteria and ethics

information were the same as Experiments 1 and 2.

Stimuli & Design

All aspects of the experiment were the same as Experi-
ment 1, apart from one of the individuals in each dyad was
replaced with an arrow (Fig. 3A). Six different arrows were
randomly paired with the individuals.

Results & Discussion

All participants responded correctly to at least 5 out of 6
catch trials; no participants were excluded.
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Fig.3 Examples of stimuli used for Experiment 3 (A), where one
individual was replaced with an arrow, creating stimulus pairs which
are either face-to-point (F2P) or back-to-base (B2B). Results from

Positive Intensity Rating

The positive intensity ratings were submitted to ANOVA
with Emotion (Angry, Happy, Neutral) and Arrangement
(Face-to-point, Back-to-base) as within-participant vari-
ables. The analysis revealed no main effect of Arrange-
ment [F(1, 63)=0.831, p=0.365, np2=0.013], but a main
effect of Emotion [F(1.703, 107.285)=276.247, p <.001,
np2=0.814] was qualified by a significant Arrangement by
Emotion interaction [F(1.757, 110.709)=4.242, p=.021,
n,”=0.063] (Fig. 3B).

There was no significant difference between individu-
als presented within Angry Face-to-point (M =33.01,
SD =13.59) and Back-to-base (M =31.78, SD=13.74)
pairs [#(63)=2.374, p=0.021, d=0.297, BF;; =0.545],
Happy Face-to-point (M =74.76, SD =8.59) and Back-to-
base (M =75.41, SD =9.28) pairs [#(63)=1.147, p=.256,
d=0.143, BF;; =3.898], nor Neutral Face-to-point
(M=3592, SD=17.37) and Back-to-base (M =35.68,
SD =17.50) pairs [#(63)=0.778, p=.439, d=0.097,
BF,, =5.459]. Bayesian statistics on the pairwise compari-
sons suggest strong support for the null hypothesis for happy
and neutral expressions. For angry expressions, where anec-
dotal support for the alternative hypothesis was suggested,
the effect was in the opposite direction to the effect found in
Experiments 1 and 2.

There was a significant effect of Emotion in both the
Face to-point [F(1.722, 108.505) =256.698, p <.001,

—0 803], and the Back-to- base condition [F(1.718,
108 205)=282.637, p<.001, ,, 2=0.818], with the same
pattern of effects in both. Individuals presented within
Happy pairs were perceived as more positive than those
presented in Angry pairs (Face-to-point: [#(63) =21.926,
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Experiment 3 for the positive intensity rating (B) and negative inten-
sity rating (C). Error bars=1SEM

p<.001, d=2.741, BF,,; <0.001]; Back-to-base:
[#(63)=22.810, p<.001, d=2.851, BF,, <0.001]), and
Neutral pairs (Face-to-point: [#(63)=15.973, p <.001,
d=1.997, BF, <0.001]; Back-to-base: [#(63)=16.572,
p<.001, d=2.071, BF,; <0.001]). There was no signifi-
cant difference between Angry and Neutral pairs (Face-
to-point: [#(63)=1.640, p=.106, d=0.205, BF,, =2.060];
Back-to-base: [#(63)=2.261, p=.027, d=0.283,
BF,; =0.688]), with Bayes Factors suggesting anecdotal
support for the null and the alternative hypothesis in the
Face-to-point and Back-to-base conditions, respectively.

Negative Intensity Rating

The negative intensity ratings were submitted to ANOVA
with Emotion (Angry, Happy, Neutral) and Arrangement
(Face-to-point, Back-to-base) as within-participant vari-
ables. The analysis revealed no main effect of Arrange-
ment [F(1, 63)=1.372, p=.246, np2=0.021], a significant
main effect of Emotion [F(2, 126)=161.412, p <.001,

np 2=0.719], and no significant Arrangement by Emo-
tion interaction [F(2, 126)=2.119, p=.124, n, 2=0.033]
(Fig. 3C).

For the significant main effect of Emotion, individuals
presented within Happy pairs (M =21.51, SD=12.31) were
rated as significantly less negative than Angry (M =55.73,
SD =13.22) pairs [#(63)=20.698, p <.001, d=2.587,
BF,, <0.001], and Neutral (M =39.55, SD=17.92) pairs
[1(63)=8.461, p<.001, d=1.058, BF,,; <0.001]. Indi-
viduals presented within Neutral pairs were perceived
as less negative than those presented within Angry pairs
[#(63)=8.512, p<.001, d=1.064, BF;, <0.001].

@ Springer
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General Discussion

In Experiment 1, happy dyads were rated as more positive
and less negative when they were presented face-to-face
than back-to-back, and angry dyads were rated as more
negative when presented face-to-face than back-to-back. In
Experiment 2, when presented for 500ms, valence inten-
sity ratings of angry face-to-face dyads were more nega-
tive and less positive than the same stimuli presented back-
to-back. The effects on valence intensity were consistent
with the effects found for the categorisation of emotion in
dyads (Abramson et al., 2021; Gray et al., 2017), such that
the perception of intensity was increased consistent with
the affect that was displayed (e.g., angry was perceived as
more negative, and happy as more positive).

To investigate whether the effect of arrangement on per-
ceived valence intensity was driven by attentional cues, we
conducted Experiment 3, in which one of the individuals
in the dyad was replaced by an arrow. Recent research
suggests that attentional cueing is an important factor in
the perception of interacting dyads (Vestner et al., 2020;
Vestner, Gray et al., 2021; Vestner, Gray et al., 2022; Vest-
ner, Over et al., 2022). Using a visual search task, Vestner
et al. (2020) found dyad prioritisation effects for face-to-
face bodies, point-to-point arrows, and face-to-point mixed
displays (versus back-to-back bodies, base-to-base arrows,
and back-to-base mixed displays, respectively), suggest-
ing that the attentional capture of face-to-face bodies is
not specific to social interactions, but is driven by their
attentional cueing properties. Enhanced visual search has
also been found for facing versus non-facing objects, but
only for those objects that also cued spatial attention, such
as lamps and cameras (Vestner, Gray et al., 2022; Vestner,
Over et al., 2022). As facing dyads capture attention, we
reasoned that increased perceived valence intensity for fac-
ing dyads might be driven by increased attentional pro-
cessing, in a similar way to the effects of attention on low-
level vision (e.g., Pestilli & Carrasco, 2005). However, we
found that an individual was not rated as more intensely
emotional when presented face-to-point than back-to-base
when an attentionally-directing arrow stimulus replaced
one of the individuals in the dyad. Therefore, attentional
cueing is unlikely to drive the effects reported here.

With unlimited time to view the stimuli, we found dyad
arrangement affected valence intensity perception for
both happy and angry expressions. Previous research has
not consistently found effects of angry context interact-
ants on the emotion categorisation of a target expression
(Abramson et al., 2021; Gray et al., 2017). For example,
Abramson et al. (2021) did not find a difference in catego-
risation accuracy of an angry target when presented along-
side context interactants that were angry or fearful. This

@ Springer

highlights an advantage of the current study, where the
measurement of emotional intensity allowed us to inves-
tigate effects that might not be detectable using emotion
categorisation tasks.

Dyad arrangement affected the perceived intensity of
angry bodies when they were presented for a short dura-
tion, and both angry and happy bodies when they were pre-
sented for longer. It is possible that the impact of interaction
arrangement on happy expressions is the product of more
careful examination of the stimuli, whereas for angry expres-
sions, the effect is more rapidly accrued. Evidence suggests
that angry expressions are processed more efficiently than
other, particularly non-threat-related, expressions (Calvo
et al., 2006; Maratos et al., 2008), and our results are con-
sistent with this view. An alternative explanation is that,
as the angry expressions were more ambiguous than happy
expressions (i.e., they were rated as less negative than happy
expressions were rated as positive), the angry expressions
were influenced by context more easily. However, as only
one positive and one negative expression were used in the
current experiment, the specificity of the effect to angry,
negative, or ambiguous expressions is unclear. Future
experiments should investigate the perception of briefly pre-
sented dyads using a greater number of emotions to ascertain
whether this is valence or emotion specific. They could also
incorporate response time measurements in combination
with drift diffusion modelling to provide further insights
into the perceptual/decision making processes.

Some have argued that the perception of social inter-
actions recruit specialised processing (Papeo, 2020). The
results of the current studies suggest that emotional social
interactions are processed differently to non-interactions. It
is possible that the effect is driven by configural processing,
which is thought to provide greater sensitivity to the spatial
relationships between features for upright than inverted faces
(Farah et al., 1998; Maurer et al., 2002; Piepers & Robbins,
2012), and has been argued to be responsible for some of
the effects found within social interaction research (Abassi
& Papeo, 2022; Papeo, 2020; Papeo et al., 2017). However,
recent research suggests that facing dyads are not more likely
to be processed configurally than non-facing dyads (Bunce
et al., 2024). An alternative hypothesis is that detection of
one interactant suggests perceptual hypotheses about the
other, derived from internal models of social interactions
(Friston, 2005; Gregory, 1997). Exposure to the emotional
contingencies viewed in everyday life are likely to exert an
influence on our internal models of social interactions.

In our study, we manipulated dyad arrangement by pre-
senting stimuli face-to-face and back-to-back. This manipu-
lation has been used widely in the literature (e.g., Abassi
& Papeo, 2020; Bunce et al., 2021; Gandolfo et al., 2024;
Gray et al., 2017; Papeo et al., 2017; Vestner et al., 2019).
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However, to interpret the more unusual back-to-back presen-
tations, observers may construct explanations for them. For
example, happy back-to-back dyads might depict the cel-
ebration of a victor in a competitive situation, whereas angry
back-to-back dyads might depict a social scene immediately
before or immediately after an aggressive confrontation.
Further research could explore participants’ interpretation
of back-to-back interactions.

In conclusion, happy and angry facing dyads were rated
as more positive and negative, respectively, than non-facing
dyads, suggesting that groups of individuals interacting are
interpreted as more intensely emotional than the same indi-
viduals not interacting. The effect for angry facing versus
non-facing dyads was found even when the stimuli were pre-
sented briefly. Importantly, we found that these results were
unlikely to be driven by directional attention cues.
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