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Abstract

Languages describe “who is doing what to whom” by distinguishing the event roles of agent (doer)
and patient (undergoer), but it is debated whether they result from nonlinguistic representations that
may already exist in preverbal infants and nonhuman animals. The phenomenon of causal perception,
where the subsequent movements of two objects A and B evoke the impression of A launching B,
is a simple depiction of an agent—patient relation. The seminal study by Leslie and Keeble from
1987 proposed that infants of 6 months old may be able to attribute agent and patient roles to such
causal displays, after they demonstrated the infants’ dishabituation upon seeing a launching event
that was reversed. They introduced the idea that a role reversal had taken place upon reversing the
direction of the launching event (launcher becoming launchee), but not in a noncausal temporal gap
event where the agent and patient roles were not present. The present study tested this hypothesis in
three different populations: 6-month-old human infants, human adults, and Guinea baboons (Papio
papio). For the human infants, we applied a habituation-dishabituation design, and for the human
adults and baboons, a conditional match-to-sample task. We were unable to replicate the findings
of Leslie and Keeble in human infants. Similarly, we did not find evidence for an effect specific
to reversing launching events in human adults and baboons. Inconsistent results across different
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studies call into question the role reversal paradigm for Michottean launches to study event role
attribution.

Keywords: Event role; Causal perception; Michotte; Replication; Role reversal; Event cognition

1. Introduction

When communicating about the world, people tend to describe who is doing what to whom.
Most languages achieve this by distinguishing between the doer (agent) and the undergoer
(patient) of the action, typically as the subject and object of a sentence. This distinction
is often highlighted through word order or case marking (Bickel, Witzlack-Makarevich,
Choudhary, Schlesewsky, & Bornkessel-Schlesewsky, 2015; Dryer, 2013; Napoli & Sutton-
Spence, 2014). The origin of these thematic roles—whether they arise from abstract cognitive
representations that precede language—remains a frequently debated topic (Dowty, 1991;
Ferretti, McRae, & Hatherell, 2001; Fillmore, 1968; Rissman & Majid, 2019; Strickland,
2017; Wilson, Zuberbiihler, & Bickel, 2022; Zuberbiihler, 2019, 2020, 2022; Zuberbiihler &
Bickel, 2022).

Insights into whether the mind represents thematic roles in the absence of language come
from studies with human adults on nonlinguistic tasks. There is now rich evidence that
adults are experts in extracting roles from perceptual input alone: they can grasp agent and
patient roles from very brief visual scenes (Dobel, Gumnior, Bolte, & Zwitserlood, 2007;
Hafri, Papafragou, & Trueswell, 2013) and do so unconsciously (Hafri, Trueswell, & Strick-
land, 2018). Additionally, it has become clear that adults discriminate agent from patient
by displaying differential attentional behavior for these two roles. Across a wide range of
modalities, whether gestures, events, or visual narratives, agents attract more visual atten-
tion than patients (Cohn & Paczynski, 2013; Isasi-Isasmendi et al., 2023; Webb, Knott, &
MacAskill, 2010). Agents are also easier to identify than patients (Dobel et al., 2007; Isasi-
Isasmendi et al., 2023; Wilson, Papafragou, Bunger, & Trueswell, 2011; but see: Unal, Wil-
son, Trueswell, & Papafragou, 2024) and are placed first when described with nonlinguistic
devices, such as gestures (Goldin-Meadow, So, Ozyﬁrek, & Mylander, 2008). While these
studies make it clear that the adult mind has nonlinguistic representations of agent and patient,
they cannot tell if language knowledge is necessary for these representations to exist.

Studies with human infants and nonhuman animals can reveal whether conceptual knowl-
edge about event roles is in place before full command of natural language or even without
any command of language at all. In these populations, investigations into role assignment
have often been intertwined with research on causal perception. In these studies, partici-
pants are presented with 2D visual displays of geometric shapes in which an object A moves
toward a stationary object B, and B starts moving as soon as A stops and touches B (see
Fig. 1a), which human adults perceive as A causing B to move (Michotte, 1963; for review:
Scholl & Tremoulet, 2000). This impression of causality is thought to be perceptually pro-
cessed (Kominsky & Scholl, 2020; Moors, Wagemans, & de-Wit, 2017; Rolfs, Dambacher,
& Cavanagh, 2013). When a temporal gap and/or a spatial gap is inserted in between the
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Fig. 1. Schematical examples of the Michottean events used as stimuli. During a launching event (L), there is no
temporal gap (Time = x) and no spatial gap (Space = x) added between the movements of the objects, resulting
in an event that is perceived as causal by human adults. During a temporal gap event (TG), there is a temporal gap
(Time = /), but no spatial gap (Space = x) added between the movements of the objects, resulting in a display
perceived as noncausal. During a spatial and temporal gap event (STG), there is a temporal gap (Time = /) and
a spatial gap (Space = /) added between the movements of the two objects, which is perceived as a noncausal
relation. (a) Events used in the habituation phase for the human infants and for training for the baboons and human
adults. (b) Reversed events used in the test phase. (c) Mirror control events used in the test phase.

movements of the two objects (see Fig. 1a), such a causal impression is not evoked. From
birth, infants look more toward causal launches than toward noncausal events (Mascalzoni,
Regolin, Vallortigara, & Simion, 2013), showing that they differentiate launching from other,
similar events. From 6 months old onward, infants view direct launching events as categori-
cally distinct from events with a temporal gap and with a spatial gap in between the objects’
movements (Cohen & Amsel, 1998; Oakes, 1994). However, even though these studies show
a sensitivity to the spatiotemporal properties related to causality and simultaneously suggest
sensitivity to causality at this early age, they do not provide evidence that infants can repre-
sent the agent and patient roles in such displays. Similarly, nonhuman animals can discrim-
inate between different Michottean events (newly hatched chicks [Gallus gallus]: Mascal-
zoni, Regolin, & Vallortigara, 2010; Guinea baboons [Papio papio]: Meewis, Barezzi, Fagot,
Claidiere, & Dautriche, 2024; pet dogs [Canis familiaris]: Volter & Huber, 2021; pigeons
[Columba livia]: Young, Beckmann, & Wasserman, 2006) and some may even perceive sim-
ilar types of events as causal (chimpanzees [Pan troglodytes]: Matsuno & Tomonaga, 2017).
However, whether nonhumans also attribute agent and patient roles to such events is unknown.
A recent study that tested whether different ape species have a bias toward agents in videos
depicting real-life events showed variable results that were largely dependent on animacy
cues (Brocard, Wilson, Berton, Zuberbiihler, & Bickel, 2024). In sum, while the perception
of causality has been examined through Michottean launches in human adults, infants, and
nonhuman animals, merely being sensitive to causality or its spatiotemporal properties does
not indicate whether agent and patient roles are recognized.

In infancy, the capacity to represent agent and patient roles has been argued to be present
at 6 months of age (Leslie & Keeble, 1987). In this study, Leslie and Keeble (1987) aimed to
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test whether Michottean launching events are perceived holistically or as having an internal
structure. The authors habituated one group of infants to a launching event (A launching B)
and another group to a similar event with a temporal gap (A moves, stays still, then B moves),
with both events involving movement from left to right. In the test phase, infants were shown
the same events but in reverse temporal order: B started to move first, followed by A, with
motion from the right to the left side of the screen (see Fig. 1b). Both groups of infants were
thus habituated to a left to right movement and then tested on right to left movement. The
authors predicted that if the infants perceive the events as causal, they may find the reversal
of the launching event most surprising, as it involved a change in spatiotemporal properties
as well as a change in causal direction. Indeed, the reversal of the launching event resulted in
more surprise for 6-month-old infants than the reversal of the temporal gap event, albeit with
substantial interindividual variability. While confirming that the infants treat the launching
event as different from the temporal gap event at this age, the authors additionally interpreted
the stronger dishabituation for the launching event as being caused by a role reversal. By
reversing the launch, the launcher (agent) had become the launchee (patient) and the other
way around, whereas such a role reversal does not occur when reversing the temporal gap
event, since this noncausal event does not involve agent and patient roles. Subsequently, this
study has been widely cited as evidence of sensitivity to agent—patient roles in 6-month-old
infants (Kominsky & Carey, 2024; Mascalzoni et al., 2013; Muentener & Carey, 2010; Unal,
Ji, & Papafragou, 2021). However, it is important to note that this conclusion was developed
to explain the observed pattern of results, rather than being directly validated by the findings.
Critically, a direct replication study conducted by Bélanger and Desrochers (2001) showed
looking recovery not only for the reversal of the launching event but also of the temporal gap
event. They consequently failed to demonstrate significantly longer looking for the reversal of
the launching event compared to the temporal gap event. However, they did show that the sur-
prisal for the reversed launching event was significantly greater than an additional condition
in which they reversed a spatial gap event (another type of noncausal event). This is why this
study is often cited as a successful replication of Leslie and Keeble’s effect (e.g., Kominsky
& Carey, 2024; Muentener & Bonawitz, 2017) even though the original comparison (reversal
of launching vs. reversal of temporal gap event) did not generate the same results. Another
recent study applied the role reversal method to asymmetrical Michottean events in 8-month-
old infants (Kominsky & Carey, 2024). Such an asymmetrical launching event, in which
the speed of A is three times larger than the speed of B, is not perceived as different from a
symmetrical launching event (Kominsky et al., 2017). During the test condition, the infants
who were habituated to asymmetrical Michottean events did not look longer at the reversal of
the launching compared to the temporal gap event (Kominsky & Carey, 2024), indicating that
reversing these highly similar events again does not lead to the same findings as in Leslie and
Keeble’s study. In sum, while it is widely accepted that 6-month-old infants represent agent
and patient roles while viewing Michottean events, the evidence supporting this conclusion is
limited.

Beyond the role-reversal method, research on whether infants represent agent—patient roles
either lack appropriate controls (such as a noncausal condition: Golinkoff, 1975; Rochat,
Striano, & Morgan, 2004) or show results inconsistent with agent—patient role attribution
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based on their role in a launching event (but see Luo et al., 2009, for evidence that it could
be the case at 5 months, in the special case where the agent is depicted by a human hand—an
agent that infants have considerable experience with). For example, Cohen and Oakes (1993)
investigated 10-to-12-month-old infants’ reaction upon replacing the toys portraying object
A and B in a launching and in a temporal gap event. The infants showed dishabituation for
a change in object A and not B, regardless of whether it was a launching or a temporal gap
event, thus not supporting the idea that infants assign agent and patient roles to a launching
event. Similarly, in a different study, infants of 10 months old who were habituated to a
launching event between two boxes covered with fur did not look longer at the agent compared
to the patient when they were revealed to be hollow (Kominsky, Li, & Carey, 2022). These
findings indicate that the infants did not have differential expectations about the animacy
status (cued by the insides) of the two objects in the launching event and did not attribute
the movement of the patient as being caused by the agent. Another study suggests that this
ability may perhaps appear later in life. After habituating infants to a 2D animated launching
event, 14-month-olds (but not 10-month-olds) were surprised to see a test event in which
the patient engaged in a self-propelled motion but not the agent, which was not the case
for the objects for the temporal gap event (Cicchino, Aslin, & Rakison, 2011). This study
shows that infants made inferences about the agentive abilities of the objects based on the
role they fulfilled in the events, but only at 14 months. Thus, beyond the role-reversal design,
evidence suggests that, at least at 10 months, infants do not attribute agency to an object
solely based on its role in a launching event. This suggests that, since the seminal study
of Leslie and Keeble (1987), there has been limited empirical support for the widely held
view that 6-month-old infants can represent agent and patient roles based purely on causal
structure.

The present study thus aimed to replicate and extend the seminal study by Leslie and Keeble
(1987). This is important for several reasons:

1. Leslie and Keeble (1987) is widely cited as evidence for early representations of the
thematic roles of agent and patient.

2. The theory posited by the original study was developed post-hoc as an interpretation
of the observed results, and, therefore, requires confirmatory hypothesis testing.

3. Subsequent studies by Bélanger and Desrochers (2001) and Kominsky and Carey
(2024) resulted in inconsistent findings using the same or highly similar events.

4. These failed replications raise questions about the robustness of the role reversal
method in detecting agent and patient representations.

In this study, we tested agent and patient role attribution to Michottean launching
events using the role reversal method. We extended the original study into two key
aspects.

First, we added a control condition. Previous studies have shown that even newborn infants
treat launching events differently from temporal gap events (Mascalzoni et al., 2013). There-
fore, it is possible that the longer looking times observed by Leslie and Keeble might be due
to differences between the two events rather than specifically the role reversal. To address
this, we implemented a “mirror control condition” where a reversal of direction occurs while
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the order of movements (roles in the launch) remains the same (see Fig. 1c¢). This aims to
determine whether the role reversal is indeed responsible for the previously reported longer
looking times. Second, we tested not only 6-month-old infants, as in the original study, but
also human adults and Guinea baboons (P. papio). Studying human adults for whom it is
well-established that they view Michottean events in terms of causality and quickly attribute
roles to actors in interactions will further validate the role reversal method for studying agent
and patient role attribution. Additionally, findings in nonhumans could provide insights into
whether event role attribution is shared with nonhuman species, as has been recently proposed
(Wilson et al., 2022).

For the infants, we implemented a habituation study replicating Leslie and Keeble’s
original study. Six-month-old infants were shown a launching event or a temporal gap
event during habituation and were subsequently tested on the reversed and mirrored control
versions during the test phase. We measured the looking time at the test events. For the
human adults and the baboons, we used a conditional match-to-sample (MTS) classification
task, which was designed to test whether the participants would perceive the Michottean
launches in terms of causality (Meewis et al., 2024). During this task, the participants were
presented with a video of one of the Michottean events, which they had to classify into one
of two categories: launching event or spatial and temporal gap event. The two categories
were represented by two distinct response buttons, and during training, participants had
to learn the appropriate response through trial and error. After learning the categories, the
participants went into the test phase, in which they were presented with the reversed and
mirrored control versions of the training events. We measured the accuracy of sorting the test
events.

Since the assignment of agent—patient roles appears to be a cognitive mechanism that oper-
ates rapidly and automatically (e.g., Hafri et al., 2013, 2018) with its origin in core cognition
(Strickland, 2017) and/or beyond the human lineage (Wilson et al., 2022), we preregistered
the expectation that the reversal of the causal launch would be perceived as different from
the reversal of the noncausal event and different from the mirrored versions of the causal and
noncausal events as follows from Leslie and Keeble’s proposed role reversal theory (Leslie
& Keeble, 1987). We expected that this distinctiveness of the role reversal should lead to
a longer looking time for the infants and more classification mistakes for the human adults
and baboons (cf. Davidoff & Fagot, 2010; Vauclair, Fagot, & Hopkins, 1993; where accuracy
depends on how close the match is to the sample).

2. Methods

The methods presented in this article have been preregistered. The preregistration for the
infant study can be found at the following link: https://osf.io/rga9f/files/5rtgb; for the human
adults at the following link: https://osf.io/vt5g8/files/gcewk (see step 3); and for the baboons
at the following link: https://osf.io/vt5g8/files/grcxb (see step 3). All materials have been
grouped together in the repository of the infant preregistration and can thus be found at the
following link: https://osf.io/rgadf.
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2.1. Ethics statement

2.1.1. Human infants

The study on infants has received approval from the Comité De Protection Des Person-
nes Sud Meditérranee III (#2021.05.11quatre_21.05081.210511). Parents signed an informed
consent for their child’s participation. They received compensation for travel expenses and
were gifted an “infant researcher diploma” and a baby body suit.

2.1.2. Baboons

The study on baboons was carried out in accordance with French and EU standards and
received approval from the French Ministere de I’Education Nationale et de la Recherche
(#APAFIS-2717-2015111708173794-V3). Procedures used in the present study were also
consistent with the guidelines of the Association for the Study of Animal Behaviour.

2.1.3. Human adults

The study on human adults has received approval from the CEEI of INSERM (#20-733).
We provided information about the task to the human participants, and they consented to
participate voluntarily in the study after having read the instructions.

2.2. Participants

2.2.1. Human infants

Data of 53 healthy full-term infants (31 female; mean age: 28.0 £ 0.3 (SEM) weeks old,
age range: 24-34 weeks) were used for the analyses; 27 were habituated to the launching
event (of which 13 were tested with mirrored first and 14 with reversed first) and 26 to the
temporal gap event (of which 13 were tested with mirrored first and 13 with reversed first). A
total of 68 infants were tested, but 15 infants were excluded because they were preterm (4),
did not habituate in under 18 trials (7), or were fussy during the experiment (4). The sample
size was chosen based on Leslie and Keeble’s original study, which tested 12 infants per
condition, and the recommendations for habituation-dishabituation designs by Oakes (2017).

2.2.2. Baboons

We analyzed data of 11 Guinea baboons (P. papio) (10 female; mean age: 11.1 £+ 1.3
(SEM) years old, age range: 5.8—17.4 years) of which six participated two times (see below).
The task was made available to a total of 23 individuals who were housed at the Station
de Primatologie in Rousset-sur-Arc (France) in two groups of 18 and five individuals. The
baboons were tested with the automatic learning device for monkeys (ALDM) developed by
Fagot and Paleressompoulle (2009). With this system, the baboons had ad libitum access to
testing booths with touch screens where they participated voluntarily in computerized tasks
employing an operant conditioning method. We were unable to use data from 12 baboons
because they did not participate in the task and/or did not meet the learning criteria. The data
we present here are part of a series of experiments with Michottean events that took place in
May and July 2022, of which other parts have been described elsewhere (Meewis et al., 2024).
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2.2.3. Human adults

We analyzed the data from 39 participants (gender: 21 female, 18 male; mean age = 27.5
£ 1.4 (SEM) years old, age range = 20-59 years) recruited through Prolific. We chose partic-
ipants who reported to be fluent in English, such that they could understand the instructions.
We excluded one additional participant because they did not complete the experiment in one
go, but paused for several hours in the middle. Data collection took place at the end of May
2023, and this experiment was also part of a series with Michottean events, of which other
parts have been described elsewhere (Meewis et al., 2024). Participants were paid £5 for their
time.

2.3. Stimuli

2.3.1. Stimuli types

The stimuli used in this study are based on Michotte’s launching paradigm (Michotte,
1963). These are simple 2D animations in which an object A moves first from one side to the
middle of the screen, and an object B moves second from the middle to the other side of the
screen. In the launching event (L), A moves toward B, which immediately starts moving in
the same direction with the same speed upon being touched by A, see Fig. 1a. Contrasting
the L event, we used either a temporal gap event (TG) in which A moves toward B until
they touch, then they both stay still, and B starts moving in the same direction with the same
speed as A did, or a spatial and temporal gap event (STG) in which A moves toward B, stops
before reaching B, they both stay still, after which B starts moving in the same direction with
the same speed as A did, see Fig. 1a. Since L, but not TG and STG, is perceived as causal by
human adults (Scholl & Tremoulet, 2000), only the L has an agent—patient structure, and the
TG and STG have two separately moving agents (Leslie & Keeble, 1987; Mascalzoni et al.,
2010).

In the test versions of the events, the movements of the object are reversed (starting from
the opposite side of the screen). In the reversed event, besides the directional change, first
object B moves and then object A, see Fig. 1b. In the mirror control version, the directional
change takes place, but the object A is still the first to move followed by object B, see Fig. 1c.
Importantly, a role reversal takes place only in the reversed version of the L event: when B
launches A, the launcher has become the launchee, thus reversing the original agent—patient
roles. In all the other conditions, either the agent—patient structure remains (mirror control L
event), or there are no agent—patient roles to be reversed (reversed TG/STG event and mirror
control TG/STG event).

2.3.2. Infant stimuli

For the infants, we recreated the stimuli used in Leslie and Keeble (1987): an L event and
a TG event. The direction of movement was from left to right during habituation (and from
right to left during test). Both objects were square-shaped; object A was red and object B
was green. The background was black. Leslie and Keeble reported using objects of 3.8 cm in
width and 3.1 in height, and a traveling distance for both of the objects of 18.1 cm on a screen
of 44x33 cm. We kept the same ratio of stimuli to background and displayed them on a 27’
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screen. The different durations of the two videos were balanced by adding a few extra still
frames at the beginning and end of the direct launch video. The total durations and durations
of separate movements remained the same as in the original study (see Table S1). All videos
were made using the animation features of Microsoft PowerPoint and subsequently exported
in mp4 format. We used a resolution of 2880x 2160 pixels and a framerate of 60 frames/s (24
frames/s in Leslie and Keeble).

2.3.3. Baboon and human adult stimuli

We used the same stimuli for baboons and human adults: L and STG. In contrast to Leslie
and Keeble (1987), we decided to use STG instead of TG events to maximize the difference
from the L event, in order to facilitate discrimination training for the baboons. Additionally,
using these two categories that were distinct in the temporal and spatial domains was neces-
sary for other experiments in this series, as described in another publication (Meewis et al.,
2024). We created two stimulus sets. In the first set, object A was an orange circle and object
B was a purple circle, with a movement direction from left to right during training (and right
to left during test). In the second stimulus set, object A was a blue square and object B was a
yellow square as with a movement direction from right to left during training and from left to
right during test. Stimuli were presented on a black background. The two sets used the same
durations (see Table S2). All videos were made using the animation features of Microsoft
PowerPoint and subsequently exported in mp4 format. We used videos with a resolution of
944 x 720 pixels and a framerate of 30 frames/s.

2.4. Procedure and design

2.4.1. Human infants

We used a habituation-dishabituation design just like Leslie and Keeble’s (1987). Half of
the participants were habituated to the L event, and the other half of the participants were
habituated to a TG event. Following habituation, two test trials were displayed, one with the
reversed and one with the mirror control version of the habituation video, in random order,
see Fig. 1.

During stimulus presentation, the infant sat on their parent’s lap, facing a screen. The care-
giver wore opaque glasses or averted their eyes to avoid influencing the infant. During the
experiment, the experimenter was situated outside the view of the infant.

The stimuli were presented with the help of Habit2, Version 2.2.1 (Oakes et al., 2019).
During habituation, a loop of the event (L or TG) was played. The habituation criterion was
put to a decrease of 50% of looking time based on the sliding window average of three con-
secutive trials compared to the average looking time of the first three trials (Oakes, 2010).
The maximum number of trials for habituation was set at 18 (Leslie & Keeble, 1987). A trial
was defined as looking at the screen and ended when the infant looked away for more than a
second (Leslie & Keeble, 1987). Looking away for more than a second prompted the appear-
ance of an attention getter (brightly colored bubbles with sound) on the screen. When looking
was re-established, the next trial was presented.
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Fig. 2. Match-to-sample task for baboons and human adults. First, a video is played portraying one of the Michot-
tean events (either a direct launch [L] or a spatial and temporal gap event [STG]). Next, a screen appears with two
response buttons. For correct choices, the baboons receive a food reward and the humans see a green screen with
the word “Yes!,” for incorrect choices, the baboons see a green screen for 3 s (time-out) and the humans see a red
screen with the word “No!” for 3 s (time-out).

During the experiment, the infant was videotaped while looking at the videos. The exper-
imenter used the projection of the video to determine whether the infant was looking at the
screen. Both during habituation and test, looking times were recorded in real time in Habit2 by
pressing a key on the keyboard of the computer. For the participants included in the analysis,
the experiment took on average 2.6 min.

2.4.2. Baboons and human adults

The human adults and baboons participated in a conditional MTS task in which they were
first trained to discriminate L from STG events and subsequently tested on the classification
of the reversed and mirrored events.

Videos and response stimuli were presented to the baboons using E-prime (V2) and to the
humans using Labvanced (Finger, Goeke, Diekamp, Standvof, & Konig, 2017). The humans
received minimal instructions before the start of the experiment. We explained that they would
see videos which they had to classify by pressing one of two buttons. We also told them they
would receive feedback in some of the trials (as a green or red screen), and in some other trials
no feedback in the form of a purple screen. Lastly, we told them that the task’s duration would
increase with wrong answers, to give them an incentive to try to answer correctly. Causality
or agent—patient roles were not mentioned.

During a trial, a video displaying an L or STG event played as a sample, which was fol-
lowed by two comparison stimuli of which the participant had to choose one, triggering feed-
back, see Fig. 2. The L event type was assigned to one comparison stimulus, and the STG
event to the other, and this was counterbalanced across participants. For the first stimulus set,
the comparison stimuli were a yellow leaf and a blue molecule, and for the second stimulus
set, a cyan chef’s hat and a purple swan. The sample video was displayed in the center of
the screen, and the comparison stimuli were displayed for the monkeys at the bottom and for
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the humans in the middle of the screen, with their right-left location counterbalanced across
trials. For the monkeys, feedback consisted of rewarding correct responses with some wheat
grains, while punishing incorrect responses with a 3 s green time-out screen. Touching the
screen during the video interrupted the trial and also led to the 3 s green time-out screen.
The humans received a 1 s green screen with the word “Yes!” to correct responses and were
punished with a 3 s red screen with the word “No!” to incorrect responses, see Fig. 2.

The human adults and baboons underwent training to discriminate the L. from STG before
being subjected to the reversed and mirror control events in the test phase. In the training
phase, participants first learnt to discriminate one L from one STG video. These two events
were matched for their total duration (i.e., 1600 ms). Participants were presented with blocks
of randomly ordered trials, such that, within a block, there were half of L trials and half of
STG trials. The baboons had blocks of 60 trials, and the humans had blocks of eight trials in
the training phases. To continue to the next phase of the experiment, the baboons had to reach
80% correct classification for both events within the block (60 trials), and the humans had to
reach 100% correct classification for all the trials in the block (eight trials). After reaching
these preset criteria, two extra events were added, one L. and one STG. We intended that
the participants would classify the events according to the causality of the event (although
paying attention to the presence or absence of the gaps was another successful strategy). For
both species, each block in the second training phase consisted of 25% of previously learnt L
events, 25% of previously learnt STG events, 25% new L events, and 25% new STG events.
When the baboons reached the criteria of 70% correct on all four events, they continued to
the next phase. For the humans, we again placed a 100% correct criterion for all of the trials.
Next, we tested whether the participants had not just memorized the four training videos and
how they associated with the response stimuli, by measuring their capability to generalize to
unseen L and STG events (see: Meewis et al., 2024).

Subsequently, the participants entered the test phase where we tested how baboons and
humans assigned the reversed and mirror control Michottean events into these previously
learnt categories. For the baboons, we used blocks of 60 trials, including eight probe trials (2 L
reversed; 2 L mirror control; 2 STG reversed; 2 STG mirror control) and 52 previously learnt
events (26 L and 26 STG), and repeated these blocks 16 times. The probes were randomly
rewarded in 80% of cases regardless of the response given to avoid any learning for these
trials. For the humans, we presented three times a block of the four probe events. We did not
give the humans feedback on these probe trials, but instead showed a purple screen for 2 s
after they made their choice, regardless of the response given, which was explained in the
instructions as indicative of no feedback.

3. Analyses and results

3.1. Human infants

3.1.1. Analyses
All analyses were performed using RStudio (R Core Team, 2021). Since looking time data
often shows a right-skewed distribution, we checked the distributions and performed loga-
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rithmic transformations where needed (Csibra, Hernik, Mascaro, Tatone, & Lengyel, 2016)
following our preregistration.

First, we monitored whether there existed a preference for either of the habituation videos.
To be certain that there were no differences related to habituation carrying over in the test
phase, we implemented three two-way ANOVAs, one for each habituation property, checking
whether there were differences regarding habituation between the habituation events (L or
TG) and the test groups (Reversed first or Mirror control first) or an interaction between those.
We tested as habituation properties: (1) the number of trials needed to reach the habituation
criterion; (2) the mean looking time over the first three habituation trials; and (3) the mean
looking over the last three habituation trials. We did not detect any differences between groups
of infants habituating for the two event types (L or TG) and their following test order (order
of reversed and mirror) regarding the number of trials needed for habituation (all p > .652),
the mean duration of the first three habituation trials (all p > .143), and the mean duration of
the last habituation trials (all p > .134).

Since the habituation was equal between the groups, we analyzed the test trial looking times
(and not recovery time) as preregistered. For the analysis of looking times in the test trials,
we used the following general linear mixed model from the Ime4 package (Bates, Méchler,
Bolker, & Walker, 2015): log(looking time) ~ event type (L/TG) * test type (Mirror/Reversed)
+ order + (1 | participant). p-Values for main fixed effects were based on likelihood ratio tests,
and simple effects were reported from the summary table of the model. Since there was no
effect of order of test events on the logarithmically transformed looking times (x> = 3.69,
p = .055), we removed this term from the model.

Note that nonsignificant p-values cannot differentiate between no effect (Hy) and no evi-
dence for any conclusion. We, therefore, calculated a Bayes factor to measure the extent
to which our data support a hypothesized positive interaction (H;; see Hypothesis sec-
tion below) or a negative to no interaction (Hp). Following Dienes (2014), we compute a
Bayes factor modeling H; as a half-normal (thus testing a one-sided prediction, since we
are testing a directional hypothesis) with a mean of 0 and the SD set to a rough estimate
of the predicted interaction if H; is true. This method requires three numbers: (1) an esti-
mated mean interaction in the data; (2) the associated standard error; and (3) an estimate
of the predicted interaction under H;. For (1) and (2), we use the estimate of the interac-
tion and associated standard error obtained in the linear mixed model. For (3), we would
base this on previous data, but there is no study that used mirror and reversed events within
the same design, so we used the motivated-maximum approach (Silvey, Dienes, & Won-
nacott, 2024) and set the estimated interaction as twice the value of the intercept of our
model.

We added an extra, not preregistered, test to verify whether the infants dishabituated upon
seeing the test events. Here, we calculated the recovery times by subtracting the looking time
for the last habituation trial from the first test trials after habituation (disregarding the second
test trial) and tested whether these were significantly above zero with one-sided one-sample
1-tests.
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Fig. 3. The human infants’ looking times during the test events L reversed, L mirror, TG reversed, and TG mirror.
Error bars reflect the standard error of the mean. Gray dots and connecting lines show individual data.

3.1.2. Hypothesis

If infants are sensitive to agent—patient roles within the role reversal paradigm, we predict
an interaction between event type (L vs. TG) and test type (Reversed vs. Mirror). Specifically,
infants should exhibit greater dishabituation to the reversed launching event compared to the
reversed temporal gap event. This outcome would indicate that infants detect the reversal of
agent—patient roles in launching events, whereas such a role reversal is not present in temporal
gap events. Conversely, no difference in dishabituation is expected between launching and
temporal gap events in the mirror condition, as the agent—patient roles remain unchanged in
this test type. We, therefore, expected a significant positive interaction between event type
and test type.

3.1.3. Results

The infants looked on average 8.5 = 1.0 (SEM) s to the reversed launching event, 12.2
4 1.6 (SEM) s to the mirrored launching event, 10.2 + 0.9 (SEM) s to the reversed tem-
poral gap event, and 11.0 £ 1.4 (SEM) s to the mirrored temporal gap event, see Fig. 3.
There was no interaction between event type and test type (x?> = 2.08, p = .149). The
Bayes factor (BFo) in favor of the positive interaction was 0.22, indicating moderate evi-
dence for Hy. There was no main effect of event type (x> = 0.54, p = .461) nor of test
type (x> = 1.79, p = .181) on the infants’ looking times. Thus, contrary to Leslie and Kee-
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ble’s results, infants did not dishabituate more to the reversed launching event than to the
reversed temporal gap event, nor to the mirrored events, suggesting no effect of the role
reversal.

Using the recovery times (looking time first test trial minus looking time last habituation
trial), we found that the infants dishabituated for all of the test events: the reversed launching
event (2.0 = 1.1 (SEM) s recovery; #(13) = 1.81, p = .047), the mirrored launching event
(6.7 £ 2.0 (SEM) s recovery; #(12) = 3.29, p = .003), reversed temporal gap event (3.6 +
1.4 (SEM) s recovery; #(12) = 2.65, p = .011), and the mirrored temporal gap event (6.4 £+
1.6 (SEM) s recovery; #(12) = 4.09, p < .001).

3.1.4. Analyses exact replication

From all the tested participants, we selected the participants who reflected the paradigm
of Leslie and Keeble exactly. We thus picked those participants who were presented with the
reversed version of the habituation trials as the first test trial. In other words, we removed
all the mirrored trials and the participants who saw the mirrored version before the reversed
version. This resulted in 27 infants (14 female; mean age: 28.0 = 0.5 (SEM) weeks old, age
range: 24-32 weeks) meeting these criteria, of whom 14 infants habituated to the launching
event and 13 infants habituated to the temporal gap event. This sample is comparable to Leslie
and Keeble’s.

We calculated the recovery looking time as the looking time for the first test trial minus
the looking time for the last habituation trial (cf. Leslie & Keeble, 1987). The recovery times
of the reversed launching event and reversed temporal gap event were compared with a one-
tailed #-test, as in the original study. The Bayes factor was calculated using the ttestBF func-
tion from the BayesFactor package (Morey et al., 2015).

3.1.5. Results exact replication

Using the data of the subset of infants who were presented with the reversed version of
the habituation trials as the first test trial, the recovery looking time of the L group was 2.0
+ 1.1 (SEM) s and of the TG group 3.8 £+ 1.4 (SEM) s, see Fig. 4. These looking times
were significantly different from zero in the L group (#(13) = 1.81, p = .047) and in the TG
group (#(12) = 2.65, p = .011), confirming that the infants dishabituated upon seeing the new
events. There was, however, no difference in recovery time between the infants habituated
to L and those to TG (#(23.5) = —0.2, p = .816). This analysis yielded a Bayes factor BF
of 0.28, indicating that, given the data, there was moderate evidence for the null hypothesis
(no stronger recovery for the infants who habituated to L compared to the infants who habit-
uated to TG) to be true than not true. The results did not replicate Leslie and Keeble, see
Fig. 4.

3.2. Baboons

3.2.1. Analyses
To test the response accuracy for mirrored and reversed events, we implemented a gen-
eralized linear mixed model with binomial error structure using the Ime4 package (Bates
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(a) Exact replication Leslie & Keeble (b) Original data Leslie & Keeble, 1987
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Fig. 4. The human infants’ recovery looking times during the test events L reversed and TG reversed. Error bars
reflect the standard error of the mean. Gray dots show individual data. (A) Data from the present study. (B) Original
data reproduced from Leslie and Keeble (1987).

et al., 2015): accuracy (0/1) ~ event type (L/STG) * test type (Mirror/Reversed) + stimulus
set (first/second) + (1 | participant). We kept the stimulus set in the model because it had
a significant effect on the response accuracy, such that they were more accurate on the
first set during the first period than on the second set during the second period (62.6 4 3.9
(SEM) vs. 57.9 + 3.1 (SEM)% correct; x> = 5.41, p = .020). We decided to deviate from
our preregistered methods and remove the baseline (accuracy on L baseline was 73.7 £
2.1 (SEM)% correct and accuracy on STG baseline 73.8 &= 2.3 (SEM)(% correct) from the
analysis and only use the test events, since their accuracy on baseline resulted from training
and thus only the accuracy on the mirrored and reversed events was of interest. See the infant
analyses section for the Bayes factor calculation.

3.2.2. Hypothesis

Following our predictions with the infants, the role reversal should make the reversed
launching event distinctively different from the launching event, while no such distinction is
expected between the reversed STG event and the STG event, and between the mirror events
and their nonmirrored versions.

Generally, in MTS paradigms, the more dissimilar the match is from the sample, the lower
the accuracy (Vauclair et al., 1993; Davidoff & Fagot, 2010). We thus predicted that if baboons
pick up event roles in Michottean launches, we should observe an interaction between test
type and event type: they should be less accurate to classify the reversed launching event (as
“launching”) than the reversed STG event (as “STG”), while no difference in accuracy was
expected between the mirror launching event and the mirror STG events.
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Fig. 5. The Guinea baboons’ accuracy scores in percentage correct for the events L reversed, L mirror, STG
reversed, and STG mirror. Error bars reflect the standard error of the mean. Gray dots and connecting lines show
individual data. The black dotted line shows the chance level of 50% correct.

3.2.3. Results

For the baboons, we found an interaction between test type and event type (x> = 9.72,
p = .002), yielding a BFjy of 0.038, suggesting strong evidence for Hy. There was a main
effect of test type (reversed vs. mirror; x?> = 11.44, p < .001) and no evidence for a main
effect of event types (L vs. STG; x> = 0.09, p = .76), see Fig. 5. Yet, the interaction was
not in the predicted direction: post-hoc comparisons showed that the baboons did not differ in
classifying the reversed L compared to the reversed STG (60.7 &= 4.2 (SEM)% correct vs. 66.4
+ 3.9 (SEM)% correct; z = —1.96, p = .050). They were significantly better at classifying
the mirrored L. compared to the mirrored STG (60.1 & 4.7 (SEM)% correct vs. 52.8 & 6.1
(SEM)% correct; z = 2.45, p = .014). The accuracy scores for the reversed L and mirrored L
did not differ from each other (z = 0.19, p = .952), whereas they were less accurate for the
mirrored STG compared to the mirrored STG (z = 4.57, p < .001). In sum, the baboons did
not perform worst on the reversed launching event compared to the other events, suggesting
no evidence for an effect of role reversal.

3.3. Human adults

3.3.1. Analyses
To test the response accuracy for mirrored and reversed events, we implemented a gener-
alized linear mixed model with binomial error structure using the Ime4 package (Bates et al.,
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Fig. 6. The human adults’ accuracy scores in percentage correct for the events L reversed, L mirror, STG reversed,
and STG mirror. Error bars reflect the standard error of the mean. Gray dots and connecting lines show individual
data. The black dotted line shows the chance level of 50% correct.

2015): accuracy (0/1) ~ event type (L/STG) * test type (Mirror/Reversed) + (1 | participant).
As before, we computed a Bayes factor following the procedure described in the infants’
analyses section.

3.3.2. Hypothesis

As with the baboons, if human adults are sensitive to event roles within the role reversal
paradigm, we expected an interaction between test type (Mirror/Reversed) and event type
(L/STG): Adults should make more mistakes for classifying the reversed L event compared
to the reversed STG event, while no such performance difference is expected between the
mirror L and the mirror STG events.

3.3.3. Results

The model on the human responses did not reveal an interaction effect between test type and
event type on accuracy (x> = 2.12, p = .145). The Bayes factor (BF}o) was 0.034, indicating
strong evidence for Hy. There was a main effect of test type, indicating that the human adults
performed better at classifying the mirrored than the reversed events (91.0 & 2.4 (SEM) vs.
73.9 4 4.6 (SEM)% correct; x> = 36.05, p < .001), see Fig. 6. There was no effect of event
type, showing that the human adults performed equally on the L and the STG events (83.3 &+
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3.6 (SEM) vs. 81.6 £ 4.0 (SEM)% correct; x> = 0.39, p = .53). Hence, the human adults did
not perform worst on the reversed launching event, showing no evidence for an effect of the
role reversal.

4. Discussion

This study showed no evidence of agent and patient role attribution to Michottean launch-
ing events by means of the role reversal method in three different populations: human infants,
Guinea baboons, and human adults. Importantly, we did not replicate the findings by Leslie
and Keeble (1987), after which the notion that preverbal infants of 6 months represent agent
and patient began gaining momentum. Our results thus cast doubt on the robustness of the
role reversal paradigm and/or the assumed ability of 6-month-olds to assign agent—patient
roles to causal displays.

For infants, our results are in contrast with Leslie and Keeble’s study. One may argue that
our study employed a slightly different procedure (inclusion of a mirror control condition
leading to two test trials), which could have resulted in these null findings. However, the
additional analysis focusing on the subset of infants who saw the reversed test trial first,
exactly copying the method of Leslie and Keeble, shows the same pattern of results. Aside
from our replication attempt, two other, more recent, studies could not replicate Leslie and
Keeble’s effect or the magnitude of effect (Bélanger & Desrochers, 2001; Kominsky & Carey,
2024). Altogether, three studies have resulted in inconsistent findings trying to replicate the
results of Leslie and Keeble, calling into question the robustness of the original findings.

One possible explanation for this nonreplication is that 6-month-old infants may not, in
fact, automatically extract agent and patient roles from Michottean launches. This would be
consistent with other studies that show that infants at 10 months of age do not make attri-
bution of agency on the sole basis of its role in a launching event (Cicchino et al., 2011;
Kominsky et al., 2022). Since causality perception is assumed to be present at this age (e.g.,
Cohen & Amsel, 1998), this would point to a potentially problematic dichotomy between sen-
sitivity to causality and the ability to represent agent—patient roles. One possibility is that the
apparent sensitivity to causality in previous studies actually reflects a sensitivity to continuous
spatiotemporal properties rather than to causality itself. Cohen and Amsel (1998) and Oakes
(1994) showed that 6- and 7-month-old infants who habituated to a launching event dishabit-
uated upon seeing a temporal gap or a spatial gap event, but infants habituated to a temporal
gap event did not dishabituate to a spatial gap event (and vice versa). This result is consistent
with the idea that infants group events based on perceived causality, but it is also compatible
with infants grouping together events based on constant, sustained movement (both spatial
and temporal events as interrupted movements). This alternative interpretation would be in
line with infants not attributing roles to launching displays.

A second possibility is that 6-month-old infants are indeed sensitive to causality and do
extract agent—patient roles, but the role reversal method with Michottean launches may
not reliably capture this ability. This interpretation is further supported by the adult find-
ings: human adults showed no evidence of perceiving event roles in this design, despite the

5UB0 17 SUOLILLIOD BAIR.D 3ol dde ayy Aq pausenof afe sap e WO '8sh Jo Sajni 1oy Aeiq 1 autuQ A8 1A UO (SUO I PUOI-pUB-SWLBY/W0D" A3 |1 ARelg 1 Ul uo//:Sd1y) SUOTIPUOD pue swid | 8Y138S *[9202/20/.0] o Ariqiauljuo A8|1m ‘9aueld auelyood Aq 29102 'SBOI/TTTT OT/I0p/wod B M Ariqpul|uo//sdny woiy papeojumoq ‘T ‘9202 ‘60.9TSST



E. Meewis et al. / Cognitive Science 50 (2026) 19 of 24

well-established findings that human adults perceive Michottean events in terms of causality
(Scholl & Tremoulet, 2000, see also Meewis et al., 2024, for confirmation that this is the
case for this group of adults in subsequent steps of our task). Support for the idea that human
infants, human adults, and even baboons are sensitive to agent—patient roles outside Michot-
tean events comes from other implicit tasks involving chasing events (see also, for other event
types Papeo et al., 2024 for infants, and Cohn & Paczynski, 2013; Dobel et al., 2007; Hafri
et al., 2013, 2018; Webb et al., 2010; Wilson et al., 2011 for adults). While observing 2D
animations of a triangle chasing another triangle, both human adults and 6-month-old infants
prefer to look toward the agent of a chasing interaction (Galazka & Nystrom, 2016; Meyer-
hoff, Schwan, & Huff, 2014), indicating that they discriminate between the two event roles.
Similarly, in baboons, another experiment from our lab has demonstrated that baboons have
an attentional preference for the agent in such chasing interaction (Meewis, Fagot, Claidiere,
& Dautriche, 2025), revealing that, under the right circumstances, Guinea baboons appear to
discriminate agent and patient roles.

Why are infants, adults, and baboons sensitive to event roles in chasing events but not in
Michottean launching events? As noted in the introduction, previous studies have failed to
show that by 10 months of age, infants attribute agency based solely on an object’s role in
a launching event. Instead, they require additional features, such as animacy cues, to do so
(Cicchino et al., 2011; Kominsky et al., 2022). Chasing events may naturally provide such
cues: to depict a chase between triangles, each triangle must move in a motion pattern sug-
gestive of animacy. Similarly, in Papeo et al. (2024), which used events involving one per-
son acting on another, infants may readily identify the characters as potential agents. This
contrasts with Michottean events, where no obvious animacy features are inferable from the
objects involved.

Could the use of an explicit task with human adults (and baboons) have obscured the
desired effect? Unlike the experiments on chasing events discussed above, the current set
of studies with human adults and baboons employed an explicit task, in which partici-
pants first learned to categorize launching and spatiotemporal events separately. Such an
explicit learning task may not be well suited to reveal the features of an event to which
adults are sensitive, but rather those of which they are most consciously aware. For instance,
human adults performed worse when classifying reversed events (involving two changes
from the training event: direction and color) compared to mirrored events (involving only
a directional change), regardless of event causality, suggesting that role reversal was less
salient than the low-level perceptual changes. This suggests that low-level changes, such
as direction or color change, are the most relevant features that are used by human adults
in the categorization task, not the roles of the objects. To conclusively determine whether
the role reversal task itself, rather than the explicit nature of the task, leads to an inabil-
ity to demonstrate agent and patient role attribution, future studies should aim to replicate
these findings using an implicit task in human adults. However, it is important to note that
in other implicit tasks, such as visual adaptation paradigms involving launching events,
human adults have been shown to be insensitive to causal roles while remaining sensi-
tive to low-level features, such as event direction (Ohl & Rolfs, 2024), suggesting that the
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detection of agent—patient roles may not depend solely on whether the task is implicit or
explicit.

In sum, the findings of our experiments raise doubt about the ability of 6-month-old infants
to attribute agent and patient roles to Michottean launches and/or the effectiveness of the
role reversal method to address this question. Our findings are consistent with previous evi-
dence showing that infants younger than 14 months have difficulty attributing causal roles
to simple shapes purely based on causal structure, unless additional cues about animacy are
provided (Cicchino et al., 2011; Kominsky et al., 2022; Meewis et al., 2025). Given the lack
of effect of the role reversal across all our populations, including human adults, it is also
possible that there is an issue with the role reversal method itself. Consequently, the use
of the role reversal method for testing the agent and patient role attribution in Michottean
launches needs reconsideration. Such reconsideration may have wide-ranging consequences,
as Leslie and Keeble’s study is a cornerstone in the field of cognitive development and has
inspired many subsequent studies over a period of more than 30 years. It thus necessitates a
re-evaluation of a broad body of work applying role reversals to study agent and patient role
attributions.

From this study alone, we cannot draw definitive conclusions about the existence of
cognitive representations of agent and patient in the absence of language. This thus remains a
crucial question with potentially far-reaching implications for the development and evolution
of language. Verification of previous, influential studies is paramount to build a solid research
foundation to bring us closer to understanding how causal events and their event roles are
processed.
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