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Summary 

Infants’ thoughts are classically characterized as iconic, perceptual-like representations1-3. Less 

clear is whether preverbal infants also possess a propositional language of thought, where mental 

symbols are combined according to syntactic rules, very much like words in sentences4-17. Because 

it is rich, productive and abstract, a language of thought would provide a key to explaining 

impressive achievements in early infancy, from logical inference to representation of false beliefs18-

31. A propositional language –including a language of thought5 – implies thematic roles that, in a 

sentence, indicate the relation between noun and verb phrases, defining who acts on whom; i.e., 

who is the agent and who is the patient32-39. Agent and patient roles are abstract in that they 

generally apply to different situations: whether A kicks, helps or kisses B, A is the agent, B is the 

patient. Do preverbal infants represent abstract agent and patient roles? We presented 7-month-

olds (n=143) with sequences of scenes where the posture or relative positioning of two individuals 

indicated that, across different interactions, A acted on B. Results from habituation (Experiment 1) 

and pupillometry paradigms (Experiments 2-3) demonstrated that infants showed surprise when 

roles eventually switched (B acted on A). Thus, while encoding social interactions, infants fill in 

an abstract relational structure that marks the roles of agent and patient, and that can be 

accessed via different event scenes and properties of the event participants (body postures or 

positioning). This mental process implies a combinatorial capacity that lays the foundations for 

productivity and compositionality in language and cognition.  

Results 

Experiment 1 – Effects of role assignment in a habituation paradigm 

We created renderings of a girl and a boy in various postures that could belong to one of two 

different types: agent-like or patient-like40-42. In the agent-like type, the body leaned forward with 

limbs forward or outstretched, resulting in a dynamic posture; in the patient-like type, the body 

leaned backward, with limbs close to, or along the trunk, in a less dynamic posture. Stimuli were 

created by pairing one individual in an agent-like posture, with the other in a patient-like posture 

(Figure S1). Seven-month-old infants (n = 63) were habituated to images featuring the same dyad 

(e.g., the same boy in blue clothes and the same girl in orange clothes), where body postures 

changed from one trial to another but one individual (e.g., the boy) was always in an agent-like 

posture, and the other (e.g., the girl) was in a patient-like posture (Figure 1). Role assignment 
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(agent/patient) and side assignment (left/right) to the girl and the boy were counterbalanced across 

participants. Moreover, since role assignment implies the representation of a relation between the 

participants in the event (e.g., one acting on another), we predicted that role assignment would 

preferentially happen when the two appear to interact. To test this, 32 participants were presented 

with face-to-face dyads; the remaining 31 participants were presented with back-to-back dyads. 

Since infants represent face-to-face individuals as parts of a structured unit and back-to-back 

individuals as unrelated43-44, we predicted a stronger effect of role assignment (i.e., surprise) for 

role switch in the face-to-face condition. 

The same number of infants reached the habituation criterion (a decrease by 50% of the average 

looking time across three consecutive trials) in the face-to-face (21 out of 32) and in the back-to-

back condition (21 out of 31), with no difference between conditions in the number of trials 

required to reach habituation (face-to-face: 7.14 trials ±1.74 SD; back-to-back: 6.95 ±1.69; t40 = 

0.36, p = 0.72). After reaching the habituation criterion or after completing the 12 habituation trials, 

participants were tested on three pairs of trials, alternating between same-role trials, where role 

assignment was the same as in the habituation phase, and role-switch trials, where roles were 

swapped relative to the habituation phase. Half of the infants began the test phase with a same-role 

trial, half, with a role-switch trial.  

As looking time data in test trials were not normally distributed (Shapiro-Wilk test; W = 0.72, p < 

0.0001), raw values were log-transformed before entering a repeated-measures ANOVA with Role 

Assignment (same-role or role-switch relative to habituation trials) and Test-trial Pair (first, second, 

or third pair) as within-subjects factors, and Position (face-to-face or back-to-back) as a between-

subjects factor. As shown in Figure 1, in the face-to-face condition only, infants looked 

significantly longer when there was a role switch than when role assignment was identical to the 

habituation, in the first test-trial pair that followed habituation. Once the switch was introduced 

with the first test-trial pair, there was no difference in looking times between same-role and role-

switch in the remaining two test-trial pairs.  

The statistics confirmed this pattern, showing a significant interaction between Role Assignment, 

Test-trial Pair and Position, F2,122= 3.16, p = .046,hp2 = 0.049. No other effect or interaction was 

significant (Role Assignment: F1,61 = .34; p = 0.56; hp2 =  .005; Test-trial Pair: F2,122 = .030, p = 

.97, hp2 =  <0.001, Position: F1,61 = 3.34; p = .072; hp2 = .052 ; Role Assignment by Test-trial Pair: 
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F2,122 = .16, p = .86, hp2 =  .003; Role Assignment by Position: F1,61 = .017; p = .90, hp2 =  <0.001; 

Position by Test-trial Pair: F2,122 = 1.03, p = .36, hp2 = .017). To explain the interaction, we analysed 

the performance in each test-trial pair separately, and found a significant interaction between Role 

Assignment and Position for the first test-trial pair, F1,61 = 5.92, p = .018, hp2 = 0.088, but not for 

the second pair, F1,61 = .21, p = .65, hp2 = 0.003, or the third pair, F1,61 = 1.60, p = .21, hp2  = 0.026. 

In the first test-trial pair, infants looked longer at the stimuli in role-switch than in same-role trials, 

in the face-to-face condition (t31 = 1.87, p = .035, Mdiff = 0.31, Cohen’s d = 0.35), but not in the 

back-to-back condition (t30 = -1.58, p = .94, Mdiff = -0.29, Cohen’s d = -0.30). This difference was 

not significant for the other two test-trial pairs, for either the face-to-face or the back-to-back 

condition (all ps > .19).   

 

Experiment 2 – Effects of role assignment in a pupillometry paradigm 

Seven-month-old infants (n = 48) were presented with sequences of images showing the same two 

individuals in various postures. In 83% of those images (standard trials), each individual appeared 

in the same role, as defined by the posture (e.g., the boy was the agent, the girl was the patient; 

Figure 2). In the remaining 17% of the images (deviant trials), roles switched (e.g., the boy was the 

patient, the girl was the agent). Half of the participants were presented with face-to-face dyads; the 

remaining saw the same dyads presented back-to-back.    

As shown in Figure 2, pupil dilation in infants increased in the deviant trials that introduced a role 

switch relative to the more frequent standard trials. This effect only emerged when face-to-face –

seemingly interacting– individuals were presented, but not when the two appeared to be unrelated 

(i.e., back-to-back). The statistics confirmed this observation. A cluster mass permutation test 

comparing face-to-face and back-to-back conditions did not reveal significant interaction (p > .17) 

between Position (face-to-face, back-to-back) and Trial Type (standard, deviant). However, a 

cluster mass permutation test analyzing infants tested in the face-to-face condition did reveal larger 

pupil dilation in deviant, compared to standard trials, between 183 ms and 1950 ms (p = .015). The 

same test analyzing infants tested in the back-to-back condition revealed no difference between 

deviant and standard trials (p > .21 at all timepoints). 



 5 

Experiment 3 – Generalization from posture-based to position-based role assignment 

Experiments 1-2 showed that roles are assigned on the basis of a conjunction of posture and 

position: in a face-to-face configuration, infants encoded and distinguished between agent-like and 

patient-like postures; disruption of such effect in the back-to-back configuration suggests that the 

effects did not reflect mere violation of a posture-to-individual mapping (e.g., a violation of the 

expectation, given previous trials, that the girl is more dynamic than the boy), as the same mapping-

process would apply to both the face-to-face and back-to-back conditions. To further prove that 

infants’ role representations abstract away from the perceptual (e.g., postural) information that 

triggers those representations, we tested the infants’ capacity to generalize role representations 

based on postures to role representations based on positioning.  

To test this, seven-month-old infants (n = 32) were presented with sequences of images showing 

the same two individuals in various postures. In 83% of those images (standard trials), the two 

individuals appeared in a face-to-face arrangement, just like in the face-to-face condition of 

Experiment 2, and each individual kept the same role, as defined by the posture (e.g., the boy was 

the agent and the girl was the patient). In the remaining 17% of the trials (deviant trials), the two 

individuals assumed the same neutral posture but their relative positioning changed: one faced the 

other who faced away (face-to-back; Figure 3). In this face-to-back configuration, only one faced 

the other and, therefore, only one was in the position to address/act on the other –in sum, to be the 

agent. In half of deviant trials (same role), the individual who was in the agent-like posture in 

standard trials faced toward the other (agent-like position), who turned away (patient-flip). In the 

other half of deviant trials (role switch), the individual who was in the patient-like posture in 

standard trials faced toward the other (agent-like position), who turned away (agent-flip). Thus, in 

deviant trials, while postures became uninformative (both were in the same neutral posture), role 

assignment could still be made based on the asymmetric positioning of the two individuals.  

As shown in Figure 3, pupil dilation increased in the role-switch deviant trials (agent-flip) relative 

to the same-role deviant trials (patient-flip). The effect in the time window of interest, selected a 

priori based on the results of Experiment 2 (i.e., effect in the face-to-face condition), showed that 

pupil dilation was larger for role-switch (agent-flip) compared to same-role (patient-flip) trials, t31 

= 2.19, p = 0.018, Cohen’s d = 0.39 (paired t-tests). A cluster mass permutation test within the time 
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window of interest further revealed larger pupil dilation in role-switch (agent-flip) compared to 

same-role (patient-flip) trials, between 300 and 1950 ms (p = .009).  

Alternative accounts of the present results based on a different deployment of attention to face-to-

face vs. back-to-back dyads (Experiments 1-2) or to the agent-like vs. the patient-like individual 

(Experiment 1-3), were excluded based on additional analyses showing no indication of such 

differences (see Figures S2 and S3).  

 

Discussion 

A key ingredient of a propositional language of thought is the capacity to represent the abstract 

relational structure of events, by attributing to entities abstract roles such as agent and patient, 

beyond situation-specific roles (e.g., puncher and punchee)5. Here we showed such capacity in 

young preverbal infants. We showed that, in dyadic social scenes, 7-month-old infants encoded 

visuo-spatial cues such as posture and relative positioning (where one stands relative to another), 

indicating who acts on whom; in doing so, they assigned the two actors to the categories of agent 

and patient. These categories showed a hallmark of abstraction, that is generalization, the property 

of a representation to apply to a range of variable instances, exemplars or cases45-46. Generalization 

here was evident from the fact that role assignment in one scene affected the same process in 

another scene. In particular, we presented infants with body dyads that varied constantly in terms 

of postures and implied movements and actions, but maintained consistent role assignment (e.g., 

the girl looked like the agent; the boy looked like the patient). Infants showed surprise (i.e., longer 

looking times in Experiment 1, and larger pupil dilation in Experiments 2-3) when roles eventually 

switched in test trials after habituation to a given agent-patient schema (Experiment 1), or in rare 

trials among frequent trials with the same agent-patient schema (Experiments 2-3).  

These effects were especially found when two individuals appeared face-to-face (vs. back-

to-back), a positioning that is spontaneously and consistently associated with social interaction43-

44, 47-49. This circumstance supports the interpretation that infants assigned the participants to roles 

in a relation (i.e., in the interaction, the girl is the agent, the boy is the patient), besides a mere 

categorization by posture (i.e., the girl is in more dynamic and the boy in less dynamic postures). 

If surprise was solely the reaction to a change of posture, infants would have reacted to the change 

in every trial. Moreover, if surprise only reflected categorization by posture, the same reaction 
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would have been observed irrespective of the spatial relation between the two individuals (face-to-

face or back-to-back). Thus, the sorting of postures in two categories only for seemingly interacting 

(face-to-face) individuals reveals that infants encoded one as the agent not just because it looked 

like an agent but because it looked like an agent in relation to another, occupying a specific place 

in a relational structure.  

Experiment 3 goes further, showing that infants’ representation of roles was abstract 

enough to be accessible not only across different types of agent-patient events (i.e., the different 

social-interaction events presented sequentially during an experiment, building up the surprise 

response), but also through different types of perceptual signals (postural and spatial relations). 

Here, infants showed surprise when the agent-like and the patient-like individuals in standard trials 

switched roles but in ways defined by relative positioning (the actor that previously assumed 

patient-like postures appears in the back agent-like position and the actor that previously assumed 

agent-like postures appears in the front patient-like position), relative to when they kept the same 

roles but in ways defined by relative position (the actor that previously assumed agent-like postures 

appears in the back agent-like position and the actor that previously assumed patient-like postures 

appears in the front patient-like position). In sum, role assignment based on postures generalized 

to role assignment based on relative positioning.  

It remains to be studied whether the effects of role assignment observed here would 

generalize to non-social relations (an agent acting on an object or a physical interaction between 

inanimate objects), and to other roles. In processing visual scenes, preverbal infants are sensitive 

to agency50-52, goals52-54, instruments31 and other roles (e.g., in causal events37, 55-59), but it is 

unknown how abstract those roles are. The present findings pave the way to further research 

involving different types of events (social and nonsocial), participants (intentional animate agents 

and inanimate objects) and roles (agent, patient, goal, recipient, instrument, etc.). 

In conclusion, remarkably congruent results, across three experiments and two independent 

methodologies, demonstrated that 7-month-old infants represent visual events according to a who-

to-whom structure that encodes the abstract thematic roles of agent and patient. The ability to 

represent entities and relations in an abstract format in terms of thematic roles is key to the 

productivity and compositionality of language and reasoning6, 45, 60-61. As we showed here, this 

capacity is available before an external language develops. Representations of abstract thematic 
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roles such as agent and patient exist outside and beyond language62-63, reflecting a core aspect of 

human cognition that precedes the acquisition of a lexicon and morphosyntax markers, and may 

generally bias how individuals represent events across languages and cultures. 
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Figure legends 

Figure 1. Stimuli, procedure and results of Experiment 1. Top: Examples of stimuli and design 

of Experiment 1 in the face-to-face and back-to-back condition. In both conditions, each stimulus 

stayed on screen until the infant looked away for longer than 2s. Stimuli were interleaved by a 

screen displaying an animated colorful shape, to attract the infant’s attention to the screen. This 

screen remained until a fixation of 100 ms occurred, then the next stimulus was shown. Each infant 

was presented with stimuli showing the same agent-patient structure (in the example: the boy is the 

agent, the girl is the patient, based on their postures). In the habituation phase, stimuli were shown 

until the infant habituated or saw all 12 habituation-trials. Then, six test trials were shown, 

alternating between same-role trials (trials with the same structure as in the habitation: e.g., boy is 

the agent and girl is the patient) and role-switch trials (e.g., girl is the agent and boy is the patient). 

Bottom: Results of Experiment 1. A dishabituation effect (i.e., longer looking times for the role-

switch vs. same-role test-trial) was observed in the first test-pair and only in the condition with 

face-to-face stimuli. * p < 0.05. See also Figures S2 and S3. 
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Figure 2. Stimuli, procedure and results of Experiment 2. Top: Extract of stimuli and design of 

Experiment 2 in the face-to-face and back-to-back condition. In both conditions, each infant was 

presented with a sequence where standard (i.e., more frequent) trials showed the same agent-patient 

structure (in the example: the boy is the agent and the girl is the patient, based on their postures) 

and deviant (less frequent) trials introduced a role switch (e.g., the girl is the agent and the boy is 

the patient). Each stimulus appeared in a frame for 3000 ms, then disappeared. The next stimulus 

was shown when the infant fixed the area within the frame for 100 ms. Bottom: Results of 

Experiment 2. A larger increase in pupil diameter, relative to the baseline, was found in deviant 

trials between 183 and 1950 ms, than in standard trials, when dyads were presented face-to-face. 

No difference between standard and deviant trials was observed in response to back-to-back dyads. 

The horizontal black bar denotes a significant effect with p < 0.05. See also Figures S2 and S3. 

 

Figure 3. Stimuli, procedure and results of Experiment 3. Top: Extract of stimuli and design of 

Experiment 3. Standard trials showed the same agent-patient face-to-face structure, with roles 

defined by postures. Deviant trials introduced a role switch (8.5% of all trials) or maintained the 

same role assignment (8.5% of all trials), based on position (to act on the patient, the agent must 

face towards them). Bottom: Results of Experiment 3. Pupil variations were analyzed in the time 

window, where an effect was observed in the face-to-face condition of Experiment 2. There was a 

larger increase in pupil diameter (compared to baseline) for role-switch deviant trials, relative to 

same-role deviant trials, between 300 ms and 1950 ms. The horizontal black bar denotes a 

significant effect with p < 0.05. See also Figure S3. 
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STAR★METHODS 

RESOURCE AVAILABILITY 

Lead contact 

Further information and requests for resources should be directed to and will be fulfilled by the 

lead contact, Liuba Papeo (liuba.papeo@isc.cnrs.fr) or Jean-Rémy Hochmann 

(hochmann@isc.cnrs.fr). 

Materials availability 

Stimuli can be found at https://osf.io/zcwng/.  

Data and code availability 

• All data have been deposited and are publicly available as of the date of publication at 

https://osf.io/zcwng/. 

• All original codes have been deposited and are publicly available as of the date of 

publication as of the date of publication at https://osf.io/zcwng/. 

• Any additional information required to reanalyze the data reported in this paper is available 

from the lead contact upon request. 

 

EXPERIMENTAL MODEL AND SUBJECT DETAILS 

Experiment 1. Sixty-four infants (age range (months, days): 7m 0d – 7 m 30d; average: 7m 15d) 

participated in Experiment 1: 32 in the face-to-face condition and 32 in the back-to-back condition. 

Without directly comparable pilot studies, the number of participants was chosen to be larger than 

the minimal sample size (n = 17 for α = .05 and 1-β = .80; G*Power) required to obtain an effect 

size comparable to a similar previous habituation study37 (Experiment 1: d = .7252). One infant in 

the back-to-back condition was excluded from the final analyses because of an outlier performance: 

their average looking time over all test trials (42.13 s) was above 3 SD from the mean (M = 7.06 s, 

SD = 10.88 s). Twenty additional infants were tested but their data were not analyzed as they did 

not complete the experiment (8 in the face-to-face condition; 12 in the back-to-back condition). 

Participants in this and the following experiments were recruited and tested in the Babylab of 

Institut des Sciences Cognitives Marc Jeannerod (Bron, France). Parents gave informed consent 



 11 

before participation and received travel reimbursement. The study was approved by the ethics 

committee CPP sud-est II. 

 

Experiment 2. Forty-eight infants (age range: 7m 0d – 7m30 d; average: 7m 13d) participated in 

Experiment 2. Without directly comparable pilot studies, a sample size of 24 per group was chosen 

as it is larger than the minimal sample size (n = 17 for d = .74 , α = .05 and 1-β = .80; G*Power) to 

obtain a difference in pupil dilation between standard vs. deviant trials in a study using a similar 

paradigm27. Two additional infants were tested but excluded for not providing a sufficient number 

of trials (see analysis).  

Experiment 3. Thirty-two infants (age range: 7m 0d – 7m30d; average: 7m 17d) participated in 

Experiment 3. Nine additional infants were tested but excluded for not providing a sufficient 

number of trials (see analysis). The sample size of 32 was estimated with a power analysis based 

on the results of Experiment 2 (face-to-face condition). For this analysis, the averaged pupil-

dilation values in the significant cluster (183-1950 ms) for the deviant and standard trials were 

compared with one-tail pairwise t-test (t(23) = 2.21, p = 0.01, d = 0.4502). Thirty-two is the 

minimal sample size to detect an effect of standard vs. deviant trials similar to Experiment 2 (α = 

.05; 1-β = .80; G*Power).   

METHOD DETAILS 

Stimuli 

Face-to-face dyads: 192 stimuli were created, each depicting two human bodies facing each other 

(Figures 1 and 2). Individual bodies were created with Daz3D (Daz Productions) and the image-

processing toolbox of MATLAB (The MathWorks). To create these stimuli, we selected four 

models: a male dressed in blue, a male dressed in orange, a female dressed in blue, and a female 

dressed in orange. Following Hafri and colleagues42, postures were defined as agent-like (leaning 

forward, more dynamic) or patient-like (leaning backward, less dynamic). For each model, we 

created 24 unique agent-like postures and 24 patient-like postures, as well as their horizontal 

mirror-flipped version, resulting in 384 individuals (4 models, 48 postures, original and mirror-

flipped). By randomly pairing agent-like and patient-like postures, we obtained 192 unique facing 

dyads (Figure S1). In creating the stimuli for this and the subsequent experiments, we favored the 
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control of visuospatial cues of agent and patient, with scant consideration of the semantic coherence 

of the resulting action-event, considering that the young participants in this study had limited action 

and event knowledge, but were rather sensitive to spatiotemporal cues and contingencies64-65. Each 

posture was used eight times, one for each combination of color (blue or orange), side (left or right) 

and gender (male or female). Each stimulus occupied an area of 379 x 500 pixels on the screen. At 

a distance of 60 cm, the visual angle of the stimuli was 11’x11’with the two bodies at an equal 

distance (25 pixels) from the center of the image. Each infant only saw a subset of the stimuli: the 

boy in blue and the girl in orange, or vice versa.  

Back-to-back dyads: Stimuli were identical to the facing dyads except for the relative positioning 

of the bodies: each body was flipped along the vertical axis so that the two appeared back-to-back. 

The mean distance between the two bodies in a dyad was matched across face-to-face and back-

to-back stimuli. The centers of the two minimal bounding boxes that contained each figure of a 

dyad were placed at an equal distance from the center of the image. In addition, the distance 

between the closest points (extremities) of the two bodies was matched across face-to-face and 

back-to-back dyads (mean for face-to-face dyads: 95.33 pixels; SD = 10.0; mean for back-to-back 

dyads: 94.77 pixels ±10.55 SD; t(382) =  0.52, p = 0.60, two-tailed). 

Face-to-back dyads: Four additional body-stimuli were created for Experiment 3 (a blue male, an 

orange male, a blue female, and an orange female), to be used in the deviant trials. The four new 

bodies were in the same neutral posture as one another (a standing posture with no cues of agent-

like or patient-like role). One male and one female body dressed in different colors were combined 

in pairs where both faced in the same direction (leftward or rightward), yielding a face-to-back 

configuration.  

Procedure 

Experiment 1. Infants sat on their parent’s lap 60 cm away from a Tobii T60XL eye tracker (Tobi 

Technology, Stockholm, Sweden) in a dark room. We asked the parent to close their eyes. Stimulus 

presentation and recording of the eye-tracking data at 60Hz were controlled by the Psychtoolbox 

running in Matlab (The Mathworks, Natick MA). The experiment began after the calibration for 

eye-tracking, and consisted of up to 12 habituation trials and 6 test trials.   

Each habituation and test trial began with a small central colorful animation to draw infant’s 

attention to the center of the screen. After 200 ms of central fixation, the animation disappeared 
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and the experimental stimulus appeared. Display duration was controlled by the infant’s behavior: 

the stimulus disappeared and the trial ended, when the participant looked away from the screen for 

more than 2 seconds consecutively.  

In the habituation phase, each infant saw a randomly selected subset of 12 dyads with the same two 

characters and the same agent-patient structure. The role-gender mapping was counterbalanced 

across infants so that half saw the boy in agent-like postures, the others saw the girl in agent-like 

postures (see Figure 1). The side of the boy and the girl remained the same across all trials, and 

was counterbalanced across infants. After 6 trials, the average looking time on the last three trials 

was calculated to verified whether the infant had reached the habituation criterion, corresponding 

to an average looking time smaller than half the average looking time of the first three trials. The 

habituation phase ended when the habituation criterion was reached or after all 12 habituation trials 

were shown.  

The test phase consisted of 6 trials alternating between trials with the same-role assignment as in 

the habituation phase, and trials with a role switch (i.e., the character that was in agent-like postures 

during habituation, now was in patient-like postures, and the character that was in patient-like 

postures during habituation, now was in agent-like postures). Half of the infants began the test 

phase with a “same role” trial; the other half began with a “role-switch” trial. The experiment lasted 

about 5 minutes. 

Experiment 2. Each infant sat on their parent’s lap 60 cm away from a Tobii T60XL eye tracker 

(Tobi Technology, Stockholm, Sweden) in a dark room. We asked the parent to close their eyes. 

Stimulus presentation and recording of the eye-tracking data at 60Hz were controlled by the 

Psychtoolbox running in Matlab. The experiment began after the calibration for eye-tracking and 

consisted of 60 trials. In each trial, a stimulus appeared within a central rectangular area delimited 

by a black perimeter, for the fixed duration of 3 sec. Stimulus presentation started automatically 

when the infant looked inside the rectangle for 100 ms consecutively.  

For a participant, the gender and position of the agent-like and patient-like postures was the same 

in 5 out of 6 trials (standard trials: 83%). In standard trials, half of the infants saw the boy in agent-

like postures and the girl in patient-like postures; half saw the opposite. Agent-like postures were 

on the left side for half of the participants and on the right for the other half. In deviant trials (1 out 

of 6; 17% of trials), the roles switched, so that the body in agent-like postures in standard trials, 
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now was in a patient-like posture, and the body in patient-like postures in standard trials now was 

in an agent-like posture. Standard and deviant trials were presented in a pseudo-random order to 

avoid two consecutive deviant trials.  

Half of the participants (n = 24) were tested with face-to-face stimuli, and the other half (n = 24) 

with back-to-back stimuli. The experiment ended when all 60 trials were shown (~ 5 min), or when 

the infant expressed discomfort, or stopped looking at the screen.  

Experiment 3. The set-up and procedure were identical to Experiment 2 for the standard trials. The 

experiment began after the calibration for eye-tracking and consisted of 96 trials. In each trial, a 

stimulus appeared within a central rectangular area delimited by a black perimeter, for a fixed 

duration of 3 sec. Stimulus presentation started automatically when the infant looked inside the 

rectangular areas, for 100 ms consecutively.  

For each infant, the gender and position of the agent-like and patient-like postures was the same in 

5 out of 6 trials (standard trials: 83%). In standard trials, half of the infants saw the boy in agent-

like postures and the girl in patient-like postures; half saw the opposite. Agent-like postures were 

presented on the left for half of the participants and on the right for the other half. While all deviant 

trials presented face-to-back stimuli (17%), in half of those trials (same role), roles did not change 

as the individual who was in the agent-like posture in standard trials kept facing the other (agent-

like position), who turned away (patient-like position). In the remaining deviant trials (role switch), 

there was a role switch as the individual who was in the patient-like posture in standard trials kept 

facing the other (agent-like position), who turned away (patient-like position). Standard and deviant 

trials were presented in a pseudo-random order to avoid two consecutive deviant trials. The 

experiment ended when all 96 trials were shown (~9 min), or when the infant expressed discomfort, 

or stopped looking at the screen.  

QUANTIFICATION AND STATISTICAL ANALYSIS 

Experiment 1. Log-transformed looking times to test trials were analyzed in a repeated-measures 

ANOVA with Role Assignment (same role, role switch) and Test-Trial Pair (first, second, third) 

as within-subject factors and Condition (face-to-face, back-to-back) as a between-subjects factor. 

Experiment 2. We defined as the area of interest, the central rectangle in which stimuli appeared. 

Trials for which pupil-diameter information was available for at least 60% of the total trial duration 
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and at least 100 ms in the baseline time window (see below) were considered “good”. To be 

included in the analysis, infants had to provide at least one good standard trial and one good deviant 

trial. In the face-to-face condition, the mean number of good trials was 30.25 ±14.36 SD (standard 

trials: 25.08 ±12.68; deviant trials: 5.17 ±2.62). In the back-to-back condition, the mean number of 

good trials was 25.13 ±12.58 (standard trials: 21.13 ±10.64; deviant trials: 4.00 ±2.22).  

We analyzed changes in the right pupil size in each trial relative to a 100-ms baseline period that 

began with the stimulus onset. In each condition, a cluster-mass permutation test66-67 was 

performed to analyze the time course of the difference in pupil dilation between deviant and 

standard trials. We compared the pupil dilation for deviant vs. standard trials at each time-point 

with a paired-sample t-test. Neighbouring timepoints showing an effect with a t value larger than a 

threshold corresponding to P < .10 were clustered and tested for significance using a permutation 

test, with 1,000 random permutations of the trial-type labels on the original data. The significance 

probability of the original clusters was computed as the number of times the shuffled data produced 

clusters with higher summed t values than the real data. A relatively low threshold was chosen in 

order to detect possibly weaker but long-lasting effects.  

Experiment 3. The area of interest was the central rectangle in which stimuli appeared. The time-

window of interest corresponded to the interval, in which the significant effect of standard vs. 

deviant trials was observed in the face-to-face condition of Experiment 2 (183-1950 ms). Trials for 

which information about the pupil diameter was available for at least 60% of the time window of 

interest and at least 100 ms in the baseline time window (see below) were considered “good”. To 

be included in the analysis, infants had to provide at least one good trial for each type of deviant 

trials: the role-switch type, in which the standard agent turned away (agent-flip), and the same-role 

type in which the standard patient turned away (patient-flip). The mean number of good trials was 

3.56 ± 1.93 for same-role trials and 2.48 ±1.48 for role-switch trials.  

We analyzed the right pupil-size change in each trial relative to a 100-ms baseline period that began 

with the stimulus onset. Changes in the pupil size relative to the baseline were averaged across 

time-points within the time-window of interest, separately for each type of deviant trial. A paired 

t-test (one-tail) tested whether role-switch deviant trials elicited larger pupil dilation than same-

role deviant trials. Like in Experiment 2, a cluster-mass permutation test66-67 was performed in the 
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time window of interest to analyze the time-course of the difference in pupil dilation between the 

two type of deviant trials. 
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