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Abstract

The ability to predict others' behavior is crucial for social interactions. The goal of the present
study was to test whether predictions are derived during observation of social interactions and
whether these predictions influence how the whole-body emotional expressions of the agents are
perceived. Using a novel paradigm, we induced social predictions in participants by presenting
them with a short video of a social interaction in which a person approached another person and
greeted him by touching the shoulder in either a neutral or an aggressive fashion. The video was
followed by a still image showing a later stage in the interaction and we measured participants’

behavioral and neural responses to the still image, which was either congruent or incongruent with
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the emotional valence of the touching. We varied the strength of the induced predictions by

parametrically reducing the saliency of emotional cues in the video.

Behaviorally, we found that reducing the emotional cues in the video led to a significant
decrease in participants’ ability to correctly judge the appropriateness of the emotional reaction in
the image. At the neural level, EEG recordings revealed that observing an angry reaction elicited
significantly larger N170 amplitudes than observing a neutral reaction. This emotion effect was
only found in the high prediction condition (where the context in the preceding video was intact
and clear), not in the mid and low prediction conditions. We further found that incongruent
conditions elicited larger N300 amplitudes than congruent conditions only for the neutral images.
Our findings provide evidence that viewing the initial stages of social interactions triggers

predictions about their outcome in early cortical processing stages.

Key words

Social interaction; Prediction; Body expression; Action prediction; N170, N300

1 Introduction

Primates live in complex social networks that are built and maintained by interactions between the
members. The primate brain is fine-tuned to perceive nonverbal communication signals from
conspecifics. In the domain of vision, social signals are predominantly provided by movements of
the face and the body, whether these are displayed by single agents or in interactions. The

pioneering research by Heider and Simmel (Heider & Simmel, 1944) demonstrated that humans
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discern intricate details about others’ interactions based on simple movement cues. In the last two
decades, cognitive and affective neuroscientists have started exploring the brain basis of the
competences required to engage actively in social interactions and to understand the meaning of
observed social interactions (Poyo Solanas & de Gelder, 2025). The centrality of social interaction
is underscored by findings showing that an individual’s expressive postures are judged differently
depending on whether they are viewed as part of an interaction with another individual. Using
well-controlled computer animations, Christensen et al (2024) showed that the emotional
expression of an individual agent is perceived differently when the agent is shown in isolation vs.
as part of a social interaction (Christensen et al., 2024). Another behavioral study found that
emotions were perceived differently in a social interaction context in which two agents interacted
vs. did not interact (Abramson et al., 2021). Participants were instructed to categorize the target
agent’s emotions (either fear or anger), with the other agent serving as contextual cues. It was
found that recognizing fear was easier when participants interacted with an angry emotion
compared to a fearful emotion. This effect was observed when participants viewed body or body-
face compound stimuli, but not when they viewed faces alone. These studies indicate that body

gestures and movements play an important role in emotion perception during social interaction.

Research on the neural basis of affective signals from whole-body postures and movements
is still a relatively underexplored field (de Gelder, 2006; de Gelder & Solanas, 2021). Functional
magnetic resonance imaging (fMRI) and electroencephalography (EEG) studies have shown that
the brain is fine-tuned to details of whole-body postures and movements. Furthermore, observers
are not passively registering the visual input from whole-body expressions, but the brain is actively
preparing for an adaptive response, such as when a defensive reaction is called for (de Gelder et

al., 2004). Importantly, for many familiar actions, once the goals of the action are understood, the
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end stages can be successfully predicted, as shown in studies comparing basketball novices vs.
experts. The latter needed less information to accurately predict where a ball was going to land
(Abreu et al., 2012; Ozkan et al., 2019). This ability to predict the outcome of an ongoing action
is especially relevant when we observe two agents in the course of a social interaction (McMahon
& Isik, 2023). One study used short video clips of real-life interactions between dyads and asked
participants to predict the outcome of the observed social interaction (Epperlein et al., 2022). They
found that participants predicted the outcome of a social interaction less accurately in an aggressive
context compared to a playful or neutral context, indicating that predictions depend on the

emotional information available during observations of social interactions.

A few studies have examined how prediction operates in the course of neural processing
of emotional stimuli (Baker et al., 2023; Vogel et al., 2015). For example, Baker et al. (2023) found
that N170 and N300 responses to face stimuli are sensitive to emotion-prediction errors, showing
stronger responses to unpredictable facial emotional expressions than predictable ones. Similarly,
Vogel et al. (2015) found that the mismatch negativity (MMN), a mid-latency event-related
potential (ERP) component thought to reflect regularity violations, is sensitive to prediction errors
based on facial emotional expressions. Their study showed that incongruent emotional faces (e.g.,
a neutral face followed by a fearful face) elicited larger MMN amplitudes compared to congruent
faces (e.g., a neutral face followed by another neutral face). Another ERP study found that
perceiving two consecutive emotional expressions elicits a stronger N400 response when the two
expressions are incongruent rather than congruent (Calbi et al., 2017). This effect was observed
regardless of whether the expression was conveyed by still images of the face or the body, and it

might hint at a prediction error response.
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88 Other studies have focused on the N170, as it is linked to the processing of not only faces
89  but also bodies (Baker et al., 2023; Calbi et al., 2017; He et al., 2018; Stekelenburg & de Gelder,
90  2004; Van Heijnsbergen et al., 2007). Some studies have found effects of emotional expression on
91  the body-evoked N170 (Lu et al., 2023), while others have not (Stekelenburg & de Gelder, 2004;
92  Van Heijnsbergen et al., 2007). Given the previous observation of an emotion-prediction effect on
93  the face-evoked N170 (Baker et al., 2023), it is still an open question whether the body-evoked
94  N170 is affected by emotion predictions when observing social interactions. Taken together, the
95 N300 and N400 may serve as neural markers of violations of higher-order visual predictions,

96  whereas the N170 may specifically reflect the visual processing of bodies.

97 We hypothesized that: 1) Observers of a social interaction derive predictions from their

98 observations about the outcome of the interaction; and 2) These putative social predictions

99  automatically and rapidly influence how the outcome of the ongoing social interaction is perceived.
100  We tested our hypotheses with a novel paradigm: Participants watched a short video clip of a social
101 interaction between two agents, in which agent A approached agent B and touched him on the
102  shoulder, whereupon agent B turned around to face agent A. The videos were stopped before the
103  end and then followed a by a still probe image, which was the final frame of the full clip disclosing
104  agent B’s reaction to the interaction. In the perceptual task, participants judged the appropriateness
105 of'the agents’ reaction from the agent’s bodily expression. For the neural measures, we focused on
106  the ERP components N170, N300, and N400, as reviewed above. By presenting the video clip
107  prior to the still probe we could temporally separate the putative prediction effects of the video
108  from its (shorter-lived) sensory effects. To investigate the impact of social prediction on observing
109  social interactions, we varied both the strength and the correctness of the predictions that observers

110  could derive from the clip. Prediction strength was varied across three levels as follows: in the
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111 main “high prediction” condition, the video clearly showed how agent A approached and touched
112 agent B. In the “mid prediction” condition, social interaction information was reduced by
113 backward presentation of the video. Finally, in the “low prediction” condition, each video frame
114  was scrambled, effectively removing any social cues from the video and preventing emotion

115  prediction.

116 Prediction correctness, referred to below as prediction error, was varied by manipulating
117 the emotional congruence between the probe image and the preceding video. This was
118 implemented by preceding each probe condition (image of a neutral or angry reaction; see above)
119  with either a “neutral” video (in which agent A gently touched agent B’s shoulder) or an “angry”
120  video (in which agent A abruptly pulled agent B’s shoulder). The incongruent condition was

121  designed to trigger prediction errors in participants.

122 We expected that: 1) If observers of a social interaction derive predictions from it about its
123 outcome, our participants should show more accurate responses in the perceptual task when the
124 preceding clip allows for stronger predictions. 2) If these social predictions influence the
125 processing of the ongoing social interaction, our participants should show neural changes in
126  response to the probe. Specifically, body-related responses (N170) and prediction-related

127  responses (N300 and N400) should reflect variations in prediction strength and prediction errors.

128

129 2 Methods

130 2.1 Participants
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131  Thirty healthy participants were recruited from the student population at Maastricht University.
132  Two participants’ data were rejected because one participant did not follow the task instructions
133  and another participant’s ERPs data (N170, N300 and N400) exceeded 3 standard deviations (SD)
134  above the mean. Twenty-eight participants’ data were included in the analysis (aged 19-34 years,
135 24.0 £ 4.9 (mean £ SD); 15 male and 14 female; one left-handed). All participants had normal or
136  corrected-to-normal vision, and no history of brain injury, psychiatric disorders, or current use of
137  psychotropic medication. Before the experiment, participants provided written consent. They
138  received compensation of 7.5 Euros or one study credit point for their participation. The Ethics
139  Committee of Maastricht University approved the study, and all procedures adhered to the

140  principles outlined in the Declaration of Helsinki (approval number: OZL_263_16_02_2023).

141 2.2 Stimuli

142  The stimuli consisted of video clips of social interactions and still images extracted from the end
143  section of the videos. The videos showed a person on the right (agent A) approaching a person on
144  the left (agent B). At the onset, agent B had his/her back turned away from agent A. Agent A
145  approached and touched agent B on the shoulder whereupon agent B reacted to this by turning

146  around toward agent A.

147 The video recordings were made with ten actors (six females and four males) who were
148  combined to create five gender-matched pairs. For each actor pair, five “angry” social interactions
149  and five “neutral” social interactions were recorded, resulting in ten videos per pair (50 videos in
150 total). The still images were created by taking the last frame of the video. These images served as
151  the probes for the participants’ task, which was to rate whether the reaction of agent B (to the touch

152 by agent A) was appropriate. The images and videos were processed using Adobe Premiere Pro
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153  and all faces were blurred. Videos and still images were presented on a black background (size:
154  1150x1088 pixels), covering approximately 15x13 degrees of the participants’ visual angle in the
155  experiment. To ensure that participants focused on the interaction between the two actors, they
156  were instructed to fixate a white fixation cross placed at the center of the screen, located between

157  the two actors.

158 2.3 Experimental design and procedure

159  Each trial started with a 1000-ms fixation period, followed by the presentation of the video. After
160  a short gap (400-500ms) during which the screen was blank, the probe image was presented for
161  1000ms revealing agent B’s reaction. Subsequently, participants were instructed to answer the
162  following question, which was shown on the screen: “Does the reaction of the person on the left
163  match the action of the person on the right?”. Participants chose one of two response alternatives

164  (“I guess yes” and “I guess no”) during this response interval, which lasted 2000ms (Fig 1A).

165 An example of the probe image in the two emotion reaction conditions (angry reaction or
166  neutral reaction) is shown in Figure 1C. The different prediction strength conditions are illustrated
167 in Figure 1D. This manipulation was implemented by playing the video either normally (high
168  prediction), or as time-reversed or scrambled versions. In the backwards videos (mid prediction),
169 the visibility of the actors’ movements was preserved, while the interpretation of the social action
170  was hampered. In other words, the clip began with agent A already touching agent B’s shoulder,
171  then releasing the hand, and finally walking away backwards (from left to right). In the scrambled
172 videos (low prediction), each frame was masked with Gaussian masks so that both movement and

173  social action information were largely reduced (Figure 1D).
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The manipulation of prediction error was implemented by pairing each video clip with either
its original last frame (congruent condition: angry video followed by angry image, or neutral video
followed by neutral image) or the last frame of the clip in which the same actors exhibited the
other emotion (incongruent condition: angry video followed by neutral image, or neutral video
followed by angry image). Example frames from the neutral and angry videos are shown in Figure
1C. Participants’ “Yes” responses on congruent trials and “No” responses on incongruent trials
were considered as correct, whereas “No” responses on congruent trials and “Yes” responses on

incongruent trials were considered as incorrect.

The study used a fully balanced 2 x 3 x 2 within-subject design. As described above, the first
factor was emotion reaction (angry or neutral), the second factor was prediction strength (high,
mid, or low), and the third factor was prediction error (emotional valence of image and video:
congruent or incongruent). Each of the twelve conditions was presented in 25 unique trials,
resulting in a total of 300 trials that were randomly presented in 4 runs, each lasting 7 minutes.
Participants took a short break after the first two runs. Before the experiment, participants practiced

the task on 24 trials. The whole experiment lasted around 28-35 minutes.
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Fixation Prediction/ Video 151 Reaction/ Image 151 Question

(1000ms) (500~950ms) (450~500ms) {1000ms) {450~500ms) [2000ms)
B
Emotion Emaotion
Factors Prediction (Video) Reaction (Image) Prediction error Prediction strength
Angry Angry High
Congruent
fi i ix: Neutral Neutral
Experimental design matrix: Conditions (2x3x2) utra )
Mid

MNeutral Angry

Angry Neutral Low
C Emotion Emaotion

Prediction (Video) : Reaction (Image) :
“Angry” video “Angry” reaction
— Congruent
Prediction error:
- ~ — — — Incongruent
“Neutral” video e ~ “Neutral” reaction
- ~

D

Prediction strength: High:
{The middle frame of each video)

190 Fig. 1 A-D. Experimental design. (A) Trial procedure. Participants watched a social interaction

189

191  video followed by a still probe image. At the end of each trial, participants responded to the
192  question on the screen by pressing one of two buttons (yes/no). ERP analysis was time-locked to
193  the still image, see red rectangle. (B) Experimental design matrix. The study used a 2 x3 x2
194  within-subject design with factors emotion reaction (angry, neutral), prediction strength (high,

195  mid, low), and prediction error (congruent, incongruent). (C) Examples of emotional reaction that


https://doi.org/10.1101/2024.11.06.622031

bioRxiv preprint doi: https://doi.org/10.1101/2024.11.06.622031; this version posted November 8, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

196  are included in the matrix of prediction error. The left column of figures shows the middle frame
197  of the "angry" video and the "neutral” video. The right column of figures shows the emotional
198  reaction: the "angry" reaction and the "neutral™ reaction. The solid arrows indicate congruent
199  conditions: an angry reaction preceded by an angry video or a neutral reaction preceded by a
200  neutral video. The dashed arrows indicate incongruent conditions: an angry reaction preceded by
201  a neutral video or a neutral reaction preceded by an angry video. (D) Examples of prediction

202  strength in the video, showing the first frame of high, mid and low conditions.

203 2.4 EEG acquisition

204 EEG data were recorded using an elastic cap with 64 electrodes placed according to the
205 international 10-20 system and sampled at a rate of 1000Hz (BrainVison Products, Munich,
206  Germany). Electrode Cz was used as the reference during recording and the forehead electrode
207  (Fpl) was used as a ground electrode. Four electrodes were used to measure the electrooculogram
208 (EOG). Two of them were used as vertical electrooculograms (VEOG). One was placed above the
209  right eye, and another was placed below the right eye. The other two electrodes were used as a
210  horizontal electrooculogram (HEOG), with one placed at the outer canthus of the left eye, and the
211  other at the outer canthus of the right eye. The remaining 60 electrodes included FPz, AFz, Fz,
212 FCz, CPz, Pz, POz, Oz, AF7, AF8, AF3, AF4, F7, F8, F5, F6, F3, F4, F1, F2, FC5, FC6, FC3,
213 FC4, FC1, FC2, T7, T8, C5, C6, C3, C4, C1, C2, TP9, TP10, TP7, TP8, TP9, TP10, CP5, CP6,
214  CP3, CP4, CP1, CP2, P7, P8, P5, P6, P3, P4, P1, P2, PO7, PO8, PO3, PO4, O1, and O2.
215  Impedances for reference and ground were maintained below 5kOhm and for all other electrodes

216  below 10kOhm.

217 2.5 EEG data preprocessing
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218 EEG data were preprocessed and analyzed using FieldTrip version 20220104 (Oostenveld et al.,
219  2011) in Matlab R2021b (MathWorks, U.S.). Recordings were first segmented into epochs from
220  500ms pre-stimulus (i.e., before the onset of the probe image) to 1500ms post-stimulus and then
221  filtered with a 0.3-30 Hz band-pass filter. EEG data at each electrode were re-referenced to the
222 average of all electrodes. Artifact rejection was done using independent component analysis
223  (logistic infomax ICA algorithm (Bell & Sejnowski, 1995); on average, 2.97 £ 1.08 (mean + SD)
224 components were visually identified as artifacts and removed per participant. Moreover, single
225  epochs during which the EEG peak amplitude exceeded 3 SD above/below the mean amplitude
226  were rejected. On average, 71.04% + 9.14% of trials were preserved and statistically analyzed per

227  participant.

228 2.6 Event-related potential analyses

229  The EEG analysis focused on neural responses to the probe (reaction) image. Baseline correction
230  was applied and involved subtracting the average amplitude in the baseline interval (-200 to Oms)
231  from the overall epoch. Trials were averaged for each experimental condition, resulting in ERPs
232  used for further statistical analyses, which were performed using IBM SPSS Statistics 27 (IBM
233  Corp., Armonk, NY, USA). We spatially separated the EEG electrodes into a temporal cluster (P7,
234 P8, TP7, TP8, TP9, TP10) and central cluster (FCz, FC1, FC2, Cz, C1, C2, CPz, CP1, CP2), and
235 averaged the channels within each cluster. For each cluster, we pooled all conditions and visually
236 identified a prominent ERP component based on visual inspection of the overall ERP waveform,
237  topographical distribution of grand-averaged ERP, and previous studies (Chen et al., 2022;
238  Hietanen et al., 2014). The identified ERP components and their associated time windows were as

239  follows: N170 (180-230ms) in the temporal cluster, N300 (250-350ms) in the central cluster, and
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240  NA400 (350-500ms) in the central cluster. The mean amplitude was computed as the average of all

241  electrodes within each cluster for the specific time window.

242 A repeated-measures 2x3x2 ANOVA (Emotion reaction: angry/neutral; Prediction
243  strength: high/mid/low; Prediction error: congruent/incongruent) was applied to the mean
244 amplitudes; this was done for each ERP component separately. Degrees of freedom for F-ratios
245  were corrected with the Greenhouse—Geisser method. Bonferroni’s method was used to correct for

246  multiple comparisons. Statistical results were considered as significant given a p-value < 0.05.

247

248 3 Results

249 3.1 Behavior

250  To verify whether our manipulation of the video induced variations in participants’ predictions,
251  we examined the effects of prediction strength (high, mid and low) and prediction error (congruent
252 and incongruent) on response accuracy (proportion of correct responses), pooled across emotion
253  reaction. We found that the main effect of prediction strength was significant (F (2, 54) = 49.23,
254  p<0.001, 7p? = 0.65) (high vs. mid: t (27) = 6.91, p < 0.001; high vs. low: t (27) = 8.89, p < 0.001;
255 midvs. low: t (27) =4.85, p <0.001). Accuracy was highest for the high prediction condition (0.77
256  +0.15), followed by the mid prediction condition (0.68 £ 0.15), and lowest for the low prediction
257  condition (0.54 £ 0.06). These findings indicate that our manipulation of contextual information
258  was effective: reducing the amount of information in the preceding video led to a decrease in
259  prediction accuracy. We found that the main effect of prediction error was not significant (F (1,
260 27)=0.39, p=0.536, 7p> = 0.01), suggesting that task difficulty did not differ significantly between

261  congruent (0.68 + 0.14) and incongruent (0.65 + 0.16) conditions.
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To test whether participants' choices/accuracy were above chance level, we conducted a
one-sample t-test comparing participants' accuracy in each prediction strength (high/mid/low) and
prediction error (congruent/incongruent) condition vs. 0.5. The accuracy in all conditions was

significantly above chance level (ps < 0.002).
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Fig. 2. (A) Means and standard error (SE across participants) of accuracy per prediction strength
condition (high, mid and low). (B) Means and SE of accuracy per prediction error condition

(congruent and incongruent). ***: p <0.001, n.s.: non-significant.

3.2 ERPs

Our hypothesis concerned the effect of emotional valence (emotion reaction) and its modulation
by contextual factors (prediction strength and prediction error). Before testing for a main effect
of emotion reaction and its interaction with prediction strength and prediction error, we assessed

the three-way interaction (emotion reaction x prediction strength x prediction error). This was
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275  found to be non-significant for each ERP component (N170: F (2, 54) = 2.44, p = 0.097, p* = 0.08;
276 N300: F (2, 54) = 0.56, p = 0.573, 5p2 = 0.02; N400: F (2, 54) = 0.83, p = 0.443, 5% = 0.03). Next
277  we analyzed the two-way interactions, which revealed a significant emotion reaction x prediction
278  strength interaction for N170 (F (2, 54) = 3.48, p = 0.040, #p?> = 0.11), but not the other ERP
279  components (N300: F (2, 54) = 0.92, p = 0.40, #p? = 0.03; N400: F (2, 54) = 0.18, p = 0.83, #p? =
280  0.01), and a significant emotion reaction x prediction error interaction for N300 (F (1, 27) = 6.47,
281 p=0.017, 5p?> = 0.19), but not the other ERP components (N170: (F (1, 27) = 0.05, p = 0.829, #p?
282 = 0.00), N400: (F (1, 27) = 0.11, p = 0.745, 5p?> = 0.00)). These results are in line with our
283  hypothesis. However, unlike hypothesized, we found no significant prediction strength x
284  prediction error interaction for any ERP component (N170: F (2, 54) = 2.05, p = 0.146, 5y = 0.07;
285  N300: F (2, 54) = 1.32, p = 0.28, 5% = 0.05; N400: F (2, 54) = 0.83, p = 0.44, 152 = 0.03). In the
286  following sections, we investigated the nature of the observed interactions by testing for simple
287  effects of the interacting factors. We also explored main effects of the factors that showed no
288  significant interactions; these effects were not a focus of the current study and therefore the results

289  are presented in the supplementary data.

290 Interaction effect of emotion reaction x prediction strength on N170

291  Todisentangle the observed interaction effect of emotion reaction x prediction strength on N170,
292  we analyzed simple effects of emotion reaction (i.e., per prediction strength), which revealed a
293  significant simple effect of emotion reaction for the high prediction condition (t (27) =-5.18, p <
294  0.001) as expected, but not for the mid or low prediction conditions (mid: t (27) =-1.41, p = 0.507;
295  low: t(27) =-1.74, p = 0.277). More specifically, angry reactions (-1.45 + 2.00 uV) elicited larger

296  N170 amplitudes than neutral reactions (-0.52 £ 1.87 uV) in line with previous results (Lu et al.,
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2023), and interestingly, this enhancing effect occurred only when the images were preceded by a

fully intact video (high prediction condition).

We further observed a significant simple effect of prediction strength for the angry reaction.
Both high and mid prediction were followed by larger N170 amplitudes than low prediction when
the following reaction in the probe image was angry; the difference between high and mid
prediction was not significant (Angry reaction: high vs. low: t (27) = -4.51, p < 0.001; mid vs.
lows: t (27) = -2.62, p = 0.014; high vs. mid: t (27) = -2.20, p = 0.109). Interestingly, this simple
effect of prediction strength was found only for the angry reaction, not for the neutral reaction
(Neutral reaction: high vs. low: t (27) =-1.76, p = 0.272; mid vs. low: t (27) = -1.88, p = 0.214;

high vs. mid: t (27) = 0.59, p = 1.000).
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Fig. 3. Interaction effect of emotion reaction x prediction strength on N170. Grand-averaged ERP
waveforms of N170 per condition (angry-high, neutral-high, angry-mid, neutral-mid, angry-low,
and neutral-low) (top). Waveforms were calculated by averaging the data at the electrodes P7, P8,
TP7, TP8, TP9, and TP10 (see black dots in scalp map). The shaded rectangle visualizes the time
window from which the average ERP amplitude was extracted (180-230ms). The topographic map
was calculated by averaging the data of all conditions within a time window of 180-230ms after

the onset of the probe image (bottom left). Bar plots (bottom right) illustrate the mean and SE
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315  across participants of the average N170 amplitude per condition. ***: p <0.001, *: p <0.05, n.s.:

316  non-significant.

317  Interaction effect of emotion reaction and prediction error on N300

318  Further investigation of the observed interaction effect of emotion reaction x prediction error on
319 N300 revealed a significant simple effect of prediction error for the neutral reaction (t (27) = 3.87,
320 p =0.001) as expected, but somewhat surprisingly not for the angry reaction (t (27) =-0.08, p =
321  1.000). More specifically, compared with neutral videos (-0.60 = 1.38 pV), angry videos (-1.04 +

322  1.44 uV) resulted in the subsequent neutral reaction eliciting larger N300 amplitudes.
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Fig. 4. Interaction effect of emotion reaction x prediction error on N300. Grand-averaged ERP
waveforms of N300 per condition (angry-congruent, neutral-congruent, angry-incongruent, and
neutral-incongruent) (top). Waveforms were calculated by averaging the data at electrodes FCz,
FC1, FC2, Cz, C1, C2, CPz, CP1, and CP2 (see black dots in scalp map). The shaded rectangle
visualizes the time window from which the average ERP amplitude was extracted (250-350ms).
The topographic map was calculated by averaging the data of all conditions within a time window

of 250-350ms after the onset of the probe image (bottom left). Bar plots (bottom right) illustrate
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331 the mean and standard SE across participants of the average N300 amplitude per condition. ***:

332  p<0.001, **: p <0.01, n.s.: non-significant.

333

334 4 Discussion

335 The goals of the present study were to test first, whether observers of a social interaction derive
336  predictions about its outcome and second, whether these predictions influence how information
337  about the outcome is processed? Our study used a novel paradigm that measures the impact of
338 viewing the initial stages of a social interaction on how the final stages are processed. This
339 involved manipulation of the prediction context in two different ways, by manipulating prediction

340  strength and prediction error.

341 At the behavioral level, the accuracy of appropriateness judgments was highest in the high
342  prediction condition, followed by the mid prediction condition, and lowest in the low prediction
343  condition. Thus, our behavioral results show that participants were able to successfully judge the
344  appropriateness of the emotional reaction (the still probe image) when the preceding video
345 provided clear social cues (high prediction condition). Performance gradually diminished to
346  guessing behavior when the context provided fewer emotional cues (mid and low prediction
347  conditions). These results confirm our hypothesis that observing social interactions may lead to
348  predictions about the outcome. At the neural level, observing an angry reaction elicited
349  significantly larger N170 amplitudes than observing a neutral reaction. This emotion effect was
350 only found in the high prediction condition (where the context in the preceding video was intact
351 and clear), not in the mid and low prediction conditions. Moreover, we found that the high

352  prediction condition elicited larger N170 amplitudes than the mid and low prediction conditions.
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353  This prediction effect was found only in response to angry reactions. Additionally, observing social
354 interactions can trigger prediction error effects. We found that incongruent conditions elicited
355  larger N300 amplitudes than congruent conditions. This prediction error effect was found only in
356  neutral reactions, not in angry reactions. Our results confirm our hypothesis that social predictions

357  may influence the perceptual and neural processing of social interactions.

358

359  Emotion effect on the early component N170 depends on prediction strength

360  Our first neural finding was that observing social interactions containing dyadic bodies evoked a
361  clear N170 response. Previous studies have shown that the N170 is a marker of visual body
362  processing (Borhani et al., 2015; de Gelder et al., 2004; Lu et al., 2023; Meeren et al., 2005;
363  Stekelenburg & de Gelder, 2004). Here, we extend these previous findings by showing that the
364  N170 is sensitive not only to a single body but also to body expressions in interactions involving
365  two agents. Hence, our results are consistent with findings about the primacy of social interactions
366  (Abassi & Papeo, 2020). Concerning the sensitivity of the N170, we further observed that the N170
367 1is stronger for angry compared to neutral expressions. This is consistent with our recent finding
368  (Lu et al., 2023) and, more importantly, extends previously observed emotional expression effect
369  from single images and single-body expressions to social interaction situations.

370 Our main finding here is that the emotional expression effects during observation of
371 interactions are only seen in the high prediction condition. In other words, neural discrimination
372  between angry and neutral interaction images, as reflected by the N170, was not evident when the
373  preceding social context videos did not allow emotion predictions (mid and low prediction
374  conditions). Moreover, we found that predictions were impacted by emotional context, such that

375  high predictability elicited larger N170 amplitudes than lower predictions for videos of angry body
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376  interactions. This result indicates that the N170 is not only sensitive to social predictions triggered
377 by the videos but also to the specific emotional content.

378

379  Prediction error effects on the late component N300 depend on emotional whole-body

380 interaction

381  Next, we found an effect of prediction error on the processing of observed social interactions, as
382 reflected by the N300, in line with our expectations and previous results relating the N300 to
383  higher-order visual prediction errors (Chen et al., 2022). More specifically, enhancements of the
384 N300 have been related to unexpected and violating conditions compared to expected and
385  confirming conditions (Baker et al., 2023; Kumar et al., 2021; Truman & Mudrik, 2018). In line
386  with these studies, we found a prediction error response (incongruent > congruent) for social
387 interactions. Interestingly, this effect was only significant when the emotional reaction was neutral,

388 indicating that neutral reactions may violate emotion predictions more strongly than angry ones.

389 These results indicate that the appropriateness of the reaction to an emotional interaction was
390 extracted in the time window of the N300 (or 250-350ms post-stimulus onset) in our study.
391  Unexpectedly, we found no effect of prediction strength on prediction-error responses in the N170
392  or N300, suggesting that these error responses do not necessarily depend on the availability of

393  social predictions.

394

395 5 Conclusion

396 In sum, our results show that observing a social interaction generates perceptual predictions

397  about how the behavior of the agents and these predictions affect cortical processing in the time
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398  window of the N170. The strength of this prediction effect measured at the final image is a function
399  of how informative the preceding video is. This signifies that combined emotional expressions of
400 interacting agents can be rapidly detected in early processing stages and that social interaction
401  predictions influence information processing at perceptual and neural levels. Later prediction
402  errors are reflected in the N300 amplitude, and this prediction error processing is most pronounced
403  when observing a neutral bodily reaction. This suggests that later prediction may involve deeper

404  cognitive processing reckoning with the emotional context in social interactions.
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498  Supplementary

499  Main effect of prediction error on N170 and N400

500  Analysis for main effects revealed a significant effect of prediction error (i.e., pooled across

501 reaction emotion and prediction strength) on N170 and N400. More specifically, the incongruent
502  condition elicited smaller N170 amplitudes and larger N400 amplitudes than the congruent

503 condition (N170: incongruent: -0.51 + 1.76 uV, congruent: -0.78 + 1.90 uV, F (1,27)=7.13,p =
504  0.013, 5p? = 0.21; N400: incongruent: -0.88 + 1.36 uV, congruent: -0.71 + 1.35 uV, F (1, 27) =

505  5.79, p = 0.023, 72 = 0.18).
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507  Fig. 5 A-B. Main effect of prediction error on N170 and N400. Grand averaged ERPs are

508  depicted per condition (congruent and incongruent) for N170 and N400 components separately
509  (left). The shaded rectangle visualizes the time window (180-230ms for N170, and 350-450ms
510  for N400) from which the average ERP amplitude was extracted. The highlighted black dots on
511  the topographic map (right top) represent the electrodes from which the grand-averaged ERP for
512  each component was extracted across all conditions. Bar plots (right bottom) illustrate the mean

513 and SE across participants of each component's amplitude per condition. *: p <0.05

514

515  Main effect of prediction strength on N300 and N400

516  We further observed a significant main effect of prediction strength (i.e., pooled across reaction
517  emotion and prediction error) on N300 and N400. More specifically, high prediction resulted in
518  subsequent still images eliciting smaller N300 amplitudes and N400 amplitudes, compared with
519  mid and especially low prediction (N300: high: -0.26 + 1.51 pV, mid: -0.62 + 1.74 pV, low: -

520 1.05+1.33pV, F (1, 27) = 9.54, p = 0.001, 5p? = 0.26; N400: high: -0.26 + 1.51 pV, mid: -0.84

521  +1.53pV, low: -1.12 + 1.31 pV, F (1, 27) = 10.13, p = 0.001, 5p% = 0.27).
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Fig. 6 A-B. Main effect of prediction strength on N300 and N400. Grand averaged ERPs are

depicted per condition (high, mid and low) for N300 and N400 components separately (left). The

shaded rectangle visualizes the time window (250-350ms for N300, and 350-450ms for N400)

from which the average ERP amplitude was extracted. The highlighted black dots on the

topographic map (right top) represent the electrodes from which the grand-averaged ERP for

each component was extracted across all conditions. Bar plots (right bottom) illustrate the mean
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529  and SE across participants of each component's amplitude per condition. ***: p <0.001, *: p

530 <0.05
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