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ABSTRACT

According to linguistic theory, thematic roles in language are hierarchically organized in
terms of their salience and this hierarchy is rooted in their counterparts as event
participants in cognition. Here, we seek developmental evidence for this proposal in
Turkish-speaking 3- to 5-year-olds. We examine whether children show a preference for
Agents over Patients in two-participant causative events, such as a woman tickling a man.
To examine whether Patient animacy has an effect on this preference, we prepared images
depicting events in which the Patient was either a human or an inanimate object. Modified
versions of these depictions were created by applying a color change to either the Agent
or the Patient. Our stimuli also included back-to-back depictions that disrupted the event
structure while keeping other visual features constant. In an eye-tracked change detection
task, participants viewed causative event depictions flickering between original and
modified images, with color changes applied to either the Agent or the Patient. We
measured change detection accuracy and proportion of fixations to the changing role. Our
findings revealed an asymmetry between Agents and Patients only in face-to-face events
with an inanimate Patient: participants were less likely to detect changes in and they
looked more towards the Patient compared to the Agent. Looking more toward an entity
might indicate increased cognitive effort to detect the change because the entity is less
salient. No differences were observed in face-to-face events with an animate Patient or
back-to-back events. These findings suggest an interplay of event roles and animacy in

Agent preference and support the generalizability of the phenomenon.

Keywords: Event cognition, agent preference, animacy, eye tracking
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OZET

Dilbilim teorileri, dildeki tematik rollerin hiyerarsik olarak diizenlendigini ve bunun
bilisteki olay katilimecilarina dayandigini 6ne siirer. Bu ¢alismada, bu goriisii gelisimsel
olarak incelemek icin Tiirk¢e konusan 3 ila 5 yasindaki ¢ocuklar incelendi. Cocuklarin,
bir kadinin bir adami gidiklamas1 gibi iki katilimeili nedensel olaylarda, eylemden
etkilenen katilimcidan ziyade eylemi gerceklestiren katilimciya yonelik bir tercih gdsterip
gostermedikleri incelendi. Bu tercihin, eylemden etkilenen katilimcinin canli veya cansiz
olmasindan etkilenip etkilenmedigini aragtirmak amaciyla, eylemden etkilenen
katilimcinin insan oldugu ve cansiz bir nesne oldugu olay gorselleri hazirlandi.
Gorsellerin eylemi gerceklestiren ya da eylemden etkilenen katilimciya renk degisimi
uygulanarak degistirilmis tasvirleri olusturuldu. Gorsel 6zellikler sabit tutularak olay
biitiinliiglinii ortadan kaldirmak icin aymi olaylarmm katilimcilarin sirt sirta olduklari
tasvirleri kullanildi. Deney katilimcilarina g6z hareketlerinin kaydedildigi bir degisim
algilama gorevi kapsaminda orijinal ve renk de§isimi olan olay tasvirlerinin art arda yanip
sonmesi izletildi. Katilimcilarin degisim algilama dogrulugu ve degisen olay
katilimcilarina yonelik bakis oranlar1 6lgiildii. Bulgular, olaydan etkilenen katilimcinin
cansiz bir nesne oldugu yiiz yiize olaylarda, deney katilimcilarinin, eylemden etkilenen
katilimcidaki degisiklikleri daha az dogru tespit ettiklerini ve eylemden etkilenen
katilimciya daha fazla baktiklarin1 gosterdi. Eylemden etkilenen katilimcinin canli oldugu
yliz yiize veya sirt sirta olaylarda ise herhangi bir fark gézlemlenmedi. Bulgular, olay
rollerinin ve eylemden etkilenen katilimcinin canliliginin eylemi gergeklestiren katilimci

tercihindeki etkilesimini 6nermekte ve tercihin genellestirilebilirligini desteklemektedir.

Anahtar Kelimeler: Olay bilisi, eylemi gerceklestiren tercihi, canlilik, g6z izleme
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1. INTRODUCTION

We perceive the world in a continuous manner but divide our experience into
meaningful units with spatial and temporal boundaries called ‘events’ (Zacks & Tversky,
2001). Events are made up of a “set of participants, activities, and outcomes that are
bound together by causal interrelatedness” (Elman, 2009, p. 572). In linguistics, event
participants are studied under thematic roles (Dowty, 1991; Grimshaw, 1981; Jackendoff,
1983; 1990; Pinker, 1989; Rissman & Majid, 2019) and these roles are argued to have a
hierarchical organization in language (Thematic Hierarchy; Grimshaw, 1981; Pinker,
1989). Within this view, the causer of an action (the Agent) is more salient than the role
affected by the action (the Patient; Baker, 1997; Jackendoft, 1990). Since thematic roles
are assumed to be based on event participants (Baker, 1997; Dowty, 1991; Grimshaw,
1981; Jackendoff, 1990; Pinker, 1989), it is possible that this hierarchy is reflected in
cognition as well and recent studies with adults support this parallel (Cohn & Paczynski,
2013; Isasi-Isasmendi et al., 2023; Unal et al., 2024). However, very few studies have
explored Agent preference in early childhood (see Brocard et al., 2024; Unal et al., 2021).
Furthermore, research suggests the possible role of animacy in this asymmetry of the
saliency between Agents and Patients (New et al., 2007; Thorpe et al., 2001; see also
Scholl & Gao, 2013). Here, we investigate Agent preference in early childhood and the
role of the animacy of the Patient. We begin by discussing the linguistic evidence on
thematic roles, then move onto empirical evidence about the perceptual salience of event

participants.

1.1 Thematic Roles in Language and the Thematic Hierarchy

In linguistic theory, thematic roles capture the relationship between a verb and its



constituents, such as noun or prepositional phrases (Davis, 2011; Levin, 2014). In simple
causative events, the Agent is the doer of the action and, therefore, the causer of the event,
while the Patient is the one directly affected by the action. For example, in the sentence
‘The man pushed the woman,’ the Agent is encoded in the subject noun phrase, ‘the man,’
and reflects who performed the pushing action. The direct object noun phrase, ‘the
woman’ is the Patient and reflects who is directly affected by the action. As in the example
above, the Agent is usually encoded in the subject noun phrase and the Patient is encoded
in the direct object noun phrase (Baker, 1997; Jackendoff, 1990). More complex events
can have additional roles, such as the Goal (the endpoint of the action), the Source (the
beginning of the action), or the Instrument (the means of performing the action). In the
sentence ‘The girl rode on her bicycle from her house to the school’; the Goal is ‘her
school,’ the Source is ‘her house,’ and the Instrument is ‘her bicycle’.

In one view of the Thematic Hierarchy, Agents are suggested to hold the highest
prominence among event roles, followed by Patients, Goals, Sources, and lastly,
Instruments (Baker, 1997; Grimshaw, 1981; Jackendoft, 1990; Pinker, 1989; see Rissman
& Majid, 2019 for a review) and roles higher in the hierarchy contribute more to the event
structure (Levin & Rappaport Hovav, 2005). Géardenfors (2014) specifically notes that
Agents and Patients are the key roles of a causative event since they are the two elements
of causality: The causer and the caused. This formulation of the Thematic Hierarchy is
largely based on how different roles behave in language. For instance, Agents and Patients
tend to be mentioned more frequently (Unal et al., 2021; 2024) and encoded in more
central syntactic positions like Subject and Object, respectively (Grosz et al., 1995).
Furthermore, languages are overall more likely to have a word order where the subject is

mentioned before the object when both are mentioned in a sentence (Greenberg, 1963;



Haspelmath & Siegmund, 2006). Among languages that have a dominant word order,
Subject-Object-Verb (SOV) and SVO are the most common orders, followed by VSO
(Dryer, 2013). In all these word orders, the subject precedes the object. The Thematic
Hierarchy is further supported by sign language/homesign and sentence comprehension
and prediction studies (For sign language/homesign see Flaherty, 2014; Sandler et al.,
2005; Padden et al., 2009; Goldin-Meadow & Mylander, 1998; Rissman & Goldin-
Meadow, 2017; for sentence comprehension and prediction see Altmann, 1999; Boland
et al., 1995; Carlson & Tanenhaus, 1989; Kamide et al., 2003; Kim & Osterhout, 2005;

Mauner & Koenig, 2000; Trueswell et al., 1994; Frankland & Greene, 2015).

1.2 Event Participants in Cognition

Even though the Thematic Hierarchy was formulated to explain linguistic
representation of event roles, it has been assumed to have roots in cognition (Baker, 1997,
Dowty, 1991; Grimshaw, 1981; Pinker, 1989; see also Rissman & Majid, 2019;
Strickland, 2017). According to Jackendoff (1990), thematic roles are “relational notions
defined structurally over conceptual structure” (p. 47) and “every putative thematic role
assignment must be justified on the grounds of its place in conceptual structure” (p. 50).

Recently, empirical evidence for this proposal has been growing. One piece of
evidence comes from studies showing that event participants can be rapidly extracted
from brief viewings of events. In one study, participants could reliably answer questions
about the event and event participants (Agent and Patient) after viewing the events for 37
or 73 ms (Hafri et al., 2013). Another study asked participants to locate an individual
based on their gender or shirt color (Hafri et al., 2018). They found that participants
showed a role switch cost, meaning they were slower to locate the target if the target’s

event role was different from the previous trial. Based on these findings, the authors noted



that the extraction of abstract event participants is rapid and spontaneous. In a more recent
study using a similar paradigm, the stimuli did not depict actual events, but Agent-Patient
roles were assigned based on body posture only (Agents had more dynamic, and Patients
had less dynamic postures; Vettori et al., 2023). Regardless, the results once again showed
a role switch cost. These findings point to event participants, particularly Agent and
Patient, playing a significant role in the conceptual structure of as they are subject to
spontaneous and fast extraction in human cognition.

Another study investigated the rapid extraction of event participants as well
(Dobel et al., 2007). They asked participants to describe the event or to name the actors,
objects, and action. They uncovered similar findings: Participants could identify the
Agent and Patient in 200, 250 and 300 ms. Furthermore, their results showed that Agents
were consistently identified more correctly than Patients. This suggests the higher relative
salience of Agents over Patients. This Agent preference in human cognition has been
investigated further. Cohn and Paczynski (2013) conducted a series of experiments to
investigate the idea that Agents initiate the building of event structure. They used
sequential images that depicted visual narratives. In one experiment, they investigated the
predictive power of Agents and Patients in preparatory states. They found that Agents
elicited a greater level of prediction about the immediate event in the next panel than
Patients. In the following experiment, their participants spent more time looking at Agents
than Patients. Lastly, seeing Agents before actions reduced the viewing time of the
completed actions compared to seeing Patients before actions. The authors noted that
these results support the idea that Agents play a central role in understanding and
predicting event structure.

Isasi-Isasmendi and colleagues (2023) also investigated Agent preference in



cognition. Their participants were speakers of Basque and Spanish. These languages were
chosen because Basque overtly marks Agents and leaves Patients unmarked, while
Spanish uses unmarked nominative case for both Agents and Patients. Participants were
briefly exposed (300 ms) to two-participant, Agent-acting-on-Patient events. After a mask
image, participants were either asked to perform an event description or a probe
recognition task (‘“Was this the person in the image?’). The results showed higher
specificity in event description task, greater accuracy, and faster response times in probe
recognition for Agents than Patients. Furthermore, participants’ first fixations were
mostly to Agents rather than Patients or Actions. These results were true for speakers of
both languages and there were no differences between languages. While these results
support a cognitive preference for Agents, they also contribute to the generalizability of
the phenomenon to syntactically diverse languages.

Another study of interest is by Unal and colleagues (2024). They investigated
asymmetries in event roles salience in language and cognition in relatively complex
causative motion events that included Agents, Patients, Goals, and Instruments. In a
linguistic description task, they found that English speakers mentioned Agents more than
Patients, Patients more than Goals, and Goals more than Instruments. In a visual search
task (e.g., ‘Look at the one performing the action as quickly as possible’), participants
fixated faster on Agents compared to Patients (and Patients faster than Goals and
Instruments). In a change blindness task, they found faster change detection for Patients
than for Goals and for Goals than Instruments. Interestingly, changes in Patients were
detected faster than changes in Agents. Researchers argue that this was because the whole
object changed color for Patients (as well as Goals and Instruments), however only part

of the Agents (their clothes) changed color.



In summary, research reveals that Agents are consistently prioritized over other
event participants. Studies on Agent preference highlight Agents’ predictive power (Cohn
& Paczynski, 2013) and attentional salience (Isasi-Isasmendi et al., 2023; Unal et al.,
2024), thus we can conclude that they play a central role in event perception. Conclusions
are strengthened due to similar findings across languages (Isasi-Isasmendi et al., 2023),
tasks (Unal et al., 2024), and methods (Cohn & Paczynski, 2013; Isasi-Isasmendi et al.,

2023; Unal et al., 2024).

1.2.1 Agent Preference in Non-Human Animals

If Agents are the key participants in understanding events and Agent preference
is potentially a foundational cognitive bias in how we perceive causative events, it might
have evolved earlier than humans. Recent studies on Agent preference in non-human
primates are in favor of this view. In a study by Brocard and colleagues (2024), great apes
[western chimpanzees (Pan troglodytes verus), western lowland gorillas (Gorilla gorilla
gorilla), and Sumatran orangutans (Pongo abelii)], human adults and children (2-12 years
of age) watched videos of two participant Agent-Patient events on a touchscreen. The
events included animate or inanimate Agent and Patient combinations, so there were four
conditions (animate acting on animate, animate acting on inanimate, inanimate acting on
animate, and inanimate acting on inanimate). The last frames remained on the screen after
the videos and participants made a choice to touch either the Agent or the Patient. Results
showed a robust Agent preference among all the species in the animate acting on
inanimate condition. Further, Agent preference increased with age among humans in this
condition. In the animate acting on animate condition, only adult humans and orangutans
showed an Agent preference. In the inanimate acting on animate condition, only human

children and gorillas preferred Agents over Patients. Lastly, no Agent preference was



observed in the inanimate acting on inanimate condition. Authors argue that the animate
acting on animate events may be more complex than animate acting on inanimate events
or participants may expect reciprocity in animate acting on animate events, which may
have led to the reduced Agent preference in animate acting on animate condition. This
study provides important insights into our understanding of the evolution and working
mechanisms of Agent preference. To our knowledge, there is only one more study on
Agent preference among apes. In this study, researchers investigated Agent preference in
chasing events among Guinea baboons (Papio papio; Meewis et al., 2024). They used a
change detection paradigm where the participants had to indicate in which participant the
color change occurred. Their results showed that the Guinea baboons were faster to detect
the change to the Agents than the change to the Patients. Even though it requires further
investigation, these studies suggest that Agent preference is not specific to humans and
may have evolved much earlier. This supports the idea that Agent preference forms an

essential part of cognitive event processing.

1.2.2 Agent Preference in Cognitive Development

If Agent preference is evolutionarily early and a core aspect of (event) cognition,
it would be expected to develop at an early age. However, studies investigating Agent
preference among infants and children are limited. One line of research related to event
participants in infant cognition involves infants' grasp of causality and intentionality,
which are crucial for interpreting social interactions (Woodward, 2013). Studies suggest
that by around 10 months of age, infants begin to recognize causality in events involving
two participants. Ten-month-olds who habituated to causal events dishabituated to
delayed launching and no-contact (non-causal) events and vice versa, but those who

habituated to one type of non-causal event did not dishabituate to the other type of non-



causal event (Oakes & Cohen, 1990). By 10 months of age, infants also attribute causal
force to a specific Agent linked to an observable action (Cohen & Oakes, 1993). The
sensitivity to intentionality may develop even earlier. For instance, five-month-old infants
show heightened attention when an Agent’s actions toward an object do not match prior
patterns in simple reaching tasks, indicating that they can infer goal-directed behavior
(Woodward, 1998). Infants also expect Agents to take the most efficient path to achieve
a goal, showing that even young infants can infer goal-directedness or intentionality based
on context (Gergely et al., 1995). Further, infants at 18 months can reproduce an intended
action even if they only witnessed an adult’s failed attempt to complete it, suggesting that
young children can infer intent beyond observable outcomes (Meltzoff, 1995).

Earlier research also shows that infants have some understanding of Agent and
Patient roles. Studies demonstrated that 15-month-old infants were dishabituated when
the roles of Agent and Recipient were reversed, indicating sensitivity to the expected
structure of role assignments (Golinkoff, 1975; Golinkoff & Kerr, 1978). This finding
was later replicated with 7-month-old infants who saw animated human Agents and
Recipients (Leslie & Keeble, 1987). A recent study investigated whether seven-month-
old infants represented Agent-Patient roles using finer measurement: Pupil dilation
(Papeo et al., 2024). Their stimuli consisted of two-body dyads featuring Agent-like and
Patient-like postures, with two male and two female models dressed in blue and orange.
Each posture was designed to appear either dynamic (Agent-like) or less dynamic
(Patient-like). In the habituation phase, participants viewed twelve dyads with stable
Agent-Patient roles. Following habituation, they were shown alternating trials with either
the same or switched roles. The results revealed that infants exhibited significant pupil

dilation during role-switch trials compared to same-role trials, indicating sensitivity to the



relational structure of the dyads. The authors concluded that seven-month-old infants
represent and differentiate abstract Agent and Patient roles.

Research on infants’ understanding of event participants demonstrates that they
can recognize causality (e.g., Cohen & Oakes, 1993), intentionality (e.g., Meltzoff, 1995),
and the abstract relational structure of Agent and Patient roles (e.g., Leslie & Keeble,
1987) from a remarkably early age. These findings provide distant support for a
foundational role of Agent preference in cognitive development. However, infant studies
directly investigating the event participants remain limited, often utilizing the same task
(habituation; Golinkoff, 1975; Golinkoff & Kerr, 1978; Leslie & Keeble, 1987; Papeo et
al., 2024). Furthermore, these studies indicate that infants understand the relational
structure of Agents and Patients, not that they show an Agent preference.

One study has directly investigated Thematic Hierarchy and Agent preference
among 3- to 5-year-old children (Unal et al., 2021). English- and Turkish-speaking
preschoolers saw images on a laptop screen. The images depicted causative events with
four participants: Agent, Patient, Instrument and Goal. The Agent was an adult human
and the Patient, Instrument, and Goal were inanimate objects in all of the images. An
example event is a man hitting a ball into a bucket with a golf club. Each preschooler
completed picture description and change blindness tasks. They were asked to describe
what happened in each picture for the picture description task. For the change blindness
task, new versions of the pictures in which a participant’s color changed were created.
Preschoolers were instructed to ‘point at or name the changing object’ as quickly as
possible. Results of the picture description task were in line with the predictions of the
Thematic Hierarchy and showed that speakers of both languages mentioned Patients more

than Goals and Goals more than Instruments. On the other hand, English speakers



mentioned Agents frequently, but Turkish speakers usually omitted Agents, which is not
surprising considering Turkish allows subjects to be omitted because the verb is marked
for person (first/second/third person) and number (singularity/plurality of the subject)
(Goksel & Kerslake, 2005). Moreover, the results of the change blindness task indicated
that preschoolers were faster at detecting changes in Patients and Goals than in
Instruments. In line with a similar adult study by the researchers (Unal et al., 2024),
changes in Agents were not detected as accurately as expected. As mentioned above, this
is probably due to the nature of the color change (clothes of the Agents changed color, as
opposed to the whole object changing color in Patients, Goals and Instruments). Even
though this study provides insights into the Thematic Hierarchy and Agent preference
among young children, the differences in the nature of the color changes and animacy of

the Agent/Patient introduce limitations to this study.

1.3 Unresolved Issues in Agent Preference

As discussed so far, Agent preference has been somewhat extensively studied.
However, this work leaves open several issues that need to be considered in order to fully
understand Agent preference in cognition. One possible factor that explains this
preference might be animacy. In the events we witness in our everyday lives, Agents are
usually people or animals (animate), but this is not always the case for Patients. The visual
system is especially tuned to recognize animate image content (Thorpe et al., 2001).
When viewing natural scenes, attention is automatically drawn to animate Agents such as
animals relative to inanimate objects such as vehicles and plants, even when lower-level
stimulus differences are controlled (New et al., 2007). Further, functional magnetic
resonance imaging (fMRI) studies suggest that our visual pathways are tuned to the

animate-inanimate distinction (Konkle & Caramazza, 2013; Sha et al., 2015).
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Visual features like faces play a role in animacy’s salience (e.g., Frank et al.,
2009). This effect is thought to arise because the brain has specific routines for face
processing that do not extend to other body parts (Kanwisher, 2010; Sinha et al., 2006;
Sugita, 2009; Wilmer et al., 2010). This selective processing may also operate at a finer
level, with certain facial features, like the eyes, receiving even more specialized attention
(e.g., Emery, 2000; see also Scholl & Gao, 2013 on the salience of animacy).

In some of the above-mentioned Agent preference studies, Agents are animate,
and Patients are inanimate objects (e.g., Unal et al., 2021; 2024). Moreover, the studies
that included animacy as a variable yielded different results for animate/inanimate Agents
and Patients (e.g., Brocard et al., 2024). Thus, the results of the studies reviewed above
can be difficult to interpret without understanding the role of animacy in Agent
preference.

To our knowledge, there have been three studies that considered the effects of
animacy while investigating Agent preference. The stimuli of Cohn and Paczynski (2013)
included mainly animate Agents and Patients but also a few inanimate Agents and
Patients. They reran their analysis by excluding all inanimate entities. In this case, the
higher predictive power of Agents over Patients was only marginally significant. All other
main findings of the study remained significant in the animate-entities-only analyses. The
second study that considered animacy as a factor was by Isasi-Isasmendi and colleagues
(2023). The Patient was an animate entity (human) in half of their stimuli, and an
inanimate object in the other half. They included animacy as a nuisance predictor in their
analyses. Their Agent preference findings held true independent of Patient animacy. The
last study that investigated Agent preference while considering animacy was conducted

by Brocard and colleagues (2024). As discussed above, their results showed a stronger
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Agent preference in animate-acting-on-inanimate events and a weaker preference in
animate-acting-on-animate events. The literature reviewed on the salience of animacy and
the nuisances that arise from Agent preference-animacy studies points to the importance
of including animacy as a variable when investigating Agent preference.

There might also be other low-level features that can pose as confounds. One of
these may be size as literature shows that objects that are bigger attract more attention
compared to smaller ones (Wolfe & Horowitz, 2017). Furthermore, bigger and smaller
real-life sizes activate cortical zones with distinct response preferences (Konkle &
Caramazza, 2013). Therefore, the sizes of event participants should be kept similar or
controlled when studying Agent preference.

There may be other confounding factors that contribute to findings in support of
Agent preference. Researchers have used a few different methods to disrupt event
structure and demonstrate that Agent preference is likely due to event participants and not
other factors. For example, in their last experiment, Unal and colleagues (2024) removed
event structure by replicating the change blindness task (explained above in detail) with
single objects (e.g., Patient in the same location with the same size as in the previous task
but without other event participants). The results showed no difference in change
detection times between single Agents, Patients, Goals, and Instruments. Moreover, the
change detection reaction times for single Agents and Patients were similar to Agents and
Patients in a coherent event structure. Based on these results, the authors concluded that
the differences in reaction times observed in the organized events are not due to the
physical features of the individual event participants, such as shape, size, or color.
However, comparing organized events to single object scenes introduces the problem of

scene complexity. Hence, it may not be the most useful method to determine whether
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observed differences are due to event participants.

Another method to disrupt event structure is using the upside-down versions of
the same events as controls. This method ensures that the visual features and complexity
remain the same. It has been used in a study by Goupil and colleagues (2022). When
comparing infants’ looking times at facing and non-facing body dyads, they used upside-
down versions of the images as well. They found that infants looked longer at non-facing
than facing dyads in right-side-up images, but no difference between upside-down dyads
was observed. Two studies by Papeo and colleagues have utilized this method to study
interaction perception as well (Papeo et al., 2017; Papeo et al., 2019; see also Unal et al.,
2024 for converging evidence from adults). Using upside-down versions allows many
visual features, such as size, color, shape, and complexity, to be kept constant; however,
it introduces a new confounding variable: orientation.

A more useful method to disrupt event structure is using new versions of the
stimuli in which event participants are back-to-back as controls. As briefly mentioned
above, Papeo and colleagues have compared face-to-face body dyads to their back-to-
back versions and found a higher inversion effect for face-to-face dyads (Goupil et al.,
2022; Papeo et al., 2017; Papeo, 2019). This line of research shows that face-to-face body
dyads are perceived as meaningful units and inverting them causes the coherence to be
disrupted. On the other hand, the inversion effect is lower for back-to-back dyads,
indicating that they were not perceived as coherent scenes to begin with. Further support
for this method comes from an EEG study that investigated intermodulation responses to
face-to-face and back-to-back dyads (Goupil et al., 2023). Face-to-face dyads showed
higher intermodulation in higher-order frequencies which indicates integration. However,

back-to-back dyads showed higher individual frequencies, which indicates a less
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integrated and more individual perception of bodies in this configuration. To our
knowledge, this method has only been utilized by one study investigating Agent
preference. Dobel and colleagues (2007) found that Agents were identified more
accurately in face-to-face than in back-to-back images. Given this robust control in place,
this finding indicates that Agent preference is likely due to the significance of Agents in
event perception and not due to other visual factors. This method of disrupting event
structure provides a means to maintain the same orientation, visual complexity, and low-

level features of the individual entities.

1.4 The Present Study

In the present study, we seek evidence for Agent preference in causative events
among young children. While prior studies have explored Agent preference among adults
(e.g., Cohn & Paczynski, 2013; Isasi-Isasmendi et al., 2023), as well as infants’ and
children’s understanding of Agent and Patient roles (e.g., Leslie & Keeble, 1987), only a
few have investigated Agent preference with young children (see Brocard et al., 2024;
Unal et al., 2021). One of these studies (Brocard et al., 2024) had a wide age range for
their child sample (2 to 12 years of age) which makes it difficult to draw a conclusion
about Agent preference among young children. Another child study (Unal et al., 2021),
used human Agents and non-human/inanimate Patients in all their stimuli. Although this
is parallel to many everyday events, the animate/inanimate difference makes it difficult
to directly compare the results for Agents and Patients as thematic roles. Hence, in our
study, we seek to address this open question by examining how cognitively salient Agent-
Patient roles are for preschoolers across two levels of Patient animacy.

Our first aim is to assess whether children show a preference for Agents over

Patients in causative scenes. We address the limitations of previous research by providing
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a systematic examination of Agent and Patient roles in causative event depictions. To this
end, we use a change-detection task, in which preschoolers view causative events.
Previous studies have used reaction time measurements for change detection with adults
(e.g., Unal et al., 2024), but only accuracy measures have been utilized with children due
to the challenge in obtaining reliable reaction time measures in this age group (e.g., Unal
et al., 2021). Because accuracy may provide coarse measurements, we also use an eye
tracking paradigm to get finer and more reliable measurements with young children.

Our second aim is to determine whether children’s Agent preference is affected
by whether the Patient is animate or inanimate. For instance, prior work indicates that
attention to Agents may vary when the Agent interacts with an animate versus an
inanimate Patient (Brocard et al., 2024). By comparing responses to events in which
Agents interact with animate Patients to those in which Agents interact with inanimate
Patients, we aim to understand how Agent preference is impacted by Patient animacy.

Our third aim is to examine whether any difference we find in saliency is due to
the conceptual roles of event participants and not due to other visual features. Prior
research with adults and children has shown that eliminating the standard face-to-face
orientation can disrupt event coherence (e.g., Goupil et al., 2022; Dobel et al., 2007,
Vettori et al., 2023). Thus, we present each causative event in both orientations, face-to-
face and back-to-back, allowing us to examine whether back-to-back configurations
diminish the preference for Agents.

By investigating these gaps in the literature, the present study aimed to advance
our understanding of the factors that influence causative event perception in young
children. Specifically, we believe our results provide insights into Agent preference in

development and factors that play a role in this cognitive bias. Lastly, because our
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participants are native speakers of Turkish, which is a pro-drop language (Goksel &
Kerslake, 2005), our results contribute to the generalizability of Agent preference across
languages. To this end, we used a change detection task (Rensink et al., 1997) with
Turkish-speaking preschoolers. In each trial, preschoolers were presented with causative
events that flicker back and forth between original and modified images, with color
changes applied to either the Agent or the Patient. Their task was to detect which character
changed color, allowing us to investigate their preference for Agents versus Patients
across two levels of Patient animacy (animate and inanimate) and two levels of event
coherence (face-to-face and back-to-back). Higher change detection accuracy for an event
participant would indicate easier detection and thus higher salience of the event
participant. We recorded their eye movements and calculated the proportion of fixations
to the changing participant as well as calculated the accuracy of their responses to ‘Which
one changed color?’.

Based on the literature reviewed above, we hypothesized that children would
demonstrate a stronger Agent preference in the face-to-face events that include inanimate
Patients and a weaker Agent preference in the face-to-face events that include animate
Patients. We expected more accurate detection of change in Agents than in Patients and
differing timecourse of fixation proportions to Agents and Patients in these conditions.
Lastly, we anticipated these Agent/Patient asymmetries to disappear in the back-to-back
events regardless of Patient animacy. Alternatively, if Agent preference is due to animacy
only, we would expect an Agent preference in the face-to-face and back-to-back events
that include inanimate Patients but not in the events with animate Patients. Further, if
Agent preference is due to other visual features of the entities, such as color, shape, or

complexity, we would expect face-to-face and back-to-back trials to reveal similar results
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since these features remain the same between face-to-face and back-to-back trials.
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2. METHOD

2.1 Participants

Data were collected from preschoolers (n = 34, 26 females, Mage = 4.65 years,
SDgge = 0.55, range = 3.42 — 5.33). Sample size was determined based on power analysis.
All were native speakers of Turkish. Participants were recruited from various preschools
in Istanbul, Turkey. Ethical approval for this study was obtained from Ozyegin University
Research Ethics Committee (2021/14/02). None of the participants had teacher-reported
language, speech, or developmental problems. An additional 14 preschoolers were tested
but excluded from the analysis because they did not follow the instructions (n = 2), did
not want to complete the experiment (n = 1), had less than 50% accuracy throughout the

entire task (n = 4) or did not fit the age criteria (n = 7).

2.2 Materials

Target stimuli consisted of 12 illustrations that depicted causative events in which
a person (Agent) acted on another person or object (Patient). Sample events are provided
in Figure 2.1. In these events, a woman (Agent) tickles a man (Patient; Fig.2.1 a), and a
man (Agent) knocks down stacked boxes (Patient; Fig.2.1 d). The Agent was always an
adult human. The Patient was an adult human in half of the target events (Fig.2.1 a) and
an inanimate object in the other half (Fig.2.1 d). When selecting the events and creating
the illustrations with inanimate Patients, we ensured that the objects were similar in size
to humans to eliminate the possible effect of size on salience (Konkle & Caramazza, 2013;
Wolfe & Horowitz, 2017). Gender was equally distributed and counterbalanced for
Agents and Patients. Agents and Patients face each other in all the illustrations. Additional

versions of the images, in which part of the Agent’s clothing color was different, were
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created (Fig.2.1 b and e). The same was done for the Patients (for inanimate Patients,

parts of the objects similar in size to the humans’ clothing color were changed; Fig.2.1 ¢

and f).

Figure 2.1 Examples of Face-to-Face Event lllustrations

Original image Agent change Patient change
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Note. (a) With animate Patient, (b) color change in Agent version of an event with an animate Patient, (c)
color change in Patient version of an event with an animate Patient, (d) with inanimate Patient, (b) color
change in Agent version of an event with an inanimate Patient, (c) color change in Patient version of an
event with an inanimate Patient.

We also created new versions of the images in which each event participant’s
vertically symmetrical image was taken (See Figure 2.2 a and d). This was done to disrupt
the event structure while keeping the same visual features such as body configurations
and sizes. These images do not depict events, therefore the people or objects in them are
not participants of an event. However, for ease of reference throughout the paper, we will
refer to them as Agents or Patients. Color change in Agent and Patient versions of the
back-to-back images were created as well (Fig.2.2 b, c, e and f). The stimuli were created
using Procreate 5.3.10 and edited using Adobe Photoshop 2024. The illustrations depicted

the midpoints of the events on a white background.
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Figure 2.2 Examples of Back-to-Back Event Illustrations

Original image Agent change Patient change
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Note. (a) With animate Patient, (b) color change in Agent version of an event with an animate Patient, (c)
color change in Patient version of an event with an animate Patient, (d) with inanimate Patient, (b) color
change in Agent version of an event with an inanimate Patient, (c) color change in Patient version of an
event with an inanimate Patient.

There were also filler illustrations that depicted noncausative events involving two
people (e.g., two men shaking hands). These were included because while they depict
events, they do not show an Agent acting on a Patient. This provided an opportunity to
check that the manipulation worked due to event participants and not low-level

explanations (see Appendix A for a complete list of events).

2.2.1 Selection of the Stimuli

The stimuli used in the main task were selected based on two pilot studies. The
first pilot study had two goals: (1) to ensure that the roles of the depicted people or objects
(i.e., who was the Agent and who was the Patient) could be clearly identified from the
causative event illustrations and (2) to ensure that the events could be understood from
the target illustrations.

The participants in the pilot study were 21 adult native speakers of Turkish. None
of the participants who took part in the pilot study participated in the main experiment.

Ratings were obtained for a larger set of 25 events: Nine causative events with

animate Patients, nine causative events with inanimate Patients, and eight noncausative
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events. Data were collected online via Qualtrics. Participants saw each original face-to-
face illustration individually in a randomized order. For each causative event illustration,
participants responded to two close-ended questions: "Which one is performing the
action?", and "Which one is affected by the action?" (options: man and woman or man
and boxes etc.). They also responded to one open-ended question for each causative or
noncausative event: “Describe the action depicted in the image with one verb.” All
questions and response options were presented in Turkish. The task lasted approximately
10 minutes.

Based on these data, we selected 12 target and 6 filler images: Six causative events
with animate Patients, six causative events with inanimate Patients, and six noncausative
events. The selection was based on the highest percentage of the participants using the
target verb and correctly identifying the Agent and the Patient. The accuracy and
agreement ratings for the final set were as follows: Agent identification accuracy ranged
from 0.90 to 1.00 (M =0.97, SD = 0.04), Patient identification accuracy ranged from 0.90
to 1.00 (M =0.97, SD = 0.03), verb agreement ranged from 0.62 to 1.00 (M = 0.85, SD =
0.14).

A second norming study was conducted to ensure that the face-to-face depictions
were perceived as events and the back-to-back depictions were not. The participants were
20 adult native speakers of Turkish. None of the participants who took part in the pilot
study participated in the main experiment.

Ratings were obtained for 12 target and 6 filler images, as well as their back-to-
back versions. Participants either saw all the face-to-face images or the back-to-back
images. For each image, they rated on a scale of 1 to 5 whether " The people and/or objects

in the image form a coherent event." (1 = Strongly disagree, 5 = Strongly agree). All

21



questions and response options were presented in Turkish. The task lasted approximately
5 minutes.

Across all categories (causative-animate Patient, causative-inanimate Patient,
noncausative), the face-to-face images (M = 4.07, SD = 1.19) were rated significantly
higher than back-to-back images (M = 2.43, SD = 1.32) as depicting events, #30.765) = -

8.493, p <.001. Event ratings by category can be found in Appendix B.

2.3 Procedure

Participants were tested individually in a quiet room in their preschool.
Participants were seated approximately 60 cm away from a DELL Precision M4800
laptop with the SMI RED 250 eye-tracker (SensoMotoric Instruments) mounted
underneath the screen. The stimuli were presented via NBS Presentation software

(Version 23.1, Neurobehavioral Systems, Inc., Berkeley, CA, www.neurobs.com).

Each version of the event (change in Agent or Patient and face-to-face or back-to-
back) was seen by four different participants, but each participant saw each event only
once. Further, each participant saw 3 instances of Agent and 3 instances of Patient change
in each category. The side of the color change was counterbalanced within events!. Each
participant saw a total of 12 trials and 6 filler trials. The trials were presented in a single
randomized order.

The change blindness procedure was adapted from the established paradigm of
Rensink and colleagues (1997) (see also Aginsky et al., 2000; Hollingworth &

Henderson, 2000). It was also used with children aged 3-12 in other studies (Unal et al.,

! Due to an error in counterbalancing lists, back-to-back and face-to-face events were distributed unevenly
across participants but the other variable levels (changing role and Patient animacy) were distributed
evenly.
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2021; Fletcher-Watson et al., 2009; Shore et al., 2006). Each trial began with a fixation
cross that was presented in the middle of the screen for 250 ms. Then, the original event
appeared on the screen for 240 ms, followed by a grey screen mask that appeared for 80
ms. After the mask, the color-changed version of the event appeared for 240 ms, again
followed by a mask for 80 ms (Figure 2.3). This 640 ms loop was repeated 7 times, which

amounted to 4.48 seconds in total.

Figure 2.3 Trial Structure

Fixation cross
(250 ms)

Original image l
(240 ms) N
Mask

80 ms
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Changed image (ﬁ%

(240 ms)

Mask
(80 ms) Yy,
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Participants were instructed that they would see flashing pictures on the screen
and that something in the picture would change color. They were told they would be asked
on what side the color change was after the pictures were done flashing. Participants were
instructed to raise their left or right hand based on the color change side. They were asked
to sit as still as possible and keep their hands on the table for accurate eye tracking (See
Appendix C for the instructions in the original Turkish and the English translation).

At the beginning of the experiment, participants completed two practice trials,
which depicted two cartoon animals standing opposite each other, one of which changed

color. The animal on the left changed color in the first practice trial, and the animal on
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the right changed color in the second one. Then, the participants completed a 5-point
calibration and validation procedure. Participants were given an opportunity to ask

questions before they began the main task with 18 trials.

24



3. RESULTS

Our research questions were: (1) Do preschool-aged children show Agent
preference? (2) What role does animacy play in the salience of Agents and Patients? (3)
Does the salience of Agents and Patients differ across coherent (face-to-face condition)
and incoherent (back-to-back condition) events?

To address these questions, we first examined whether accuracy varied based on
the changing role (Agent vs. Patient) and the animacy of the Patient (animate vs.
inanimate). We further examined the variation in participants’ target fixations depending
on the changing role and the animacy of the Patient. Analyses were conducted for both
face-to-face and back-to-back trials to confirm whether these differences were event-

specific.

3.1 Accuracy Data

First, we checked whether participants had difficulty understanding the task and
complying with the instructions. To do so, we identified those participants who had less
than 50% accuracy throughout the entire task. Four participants who met this criterion
were excluded from further analyses. All exclusions were done prior to data analysis.

Then, we examined the variation in change detection accuracy depending on the
changing role and animacy of the Patient. We first analyzed the face-to-face trials to
determine whether Agent preference emerged in events. We, then, examined the back-to-
back trials to make sure any difference we found in face-to-face trials was due to event

roles and not visual features.
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3.1.1 Face-to-Face Events

Accuracy data were analyzed using generalized binomial linear mixed effects
models. Models were fit using the g/mer function in the /me4 package (version 1.1.33;
Bates et al., 2015) in R (version 4.2.3; R Core Team, 2023). The figure was produced
using ggplot2 package (Wickham, 2016). The face-to-face model tested the fixed effect
of changing role (Agent, Patient) and animacy of the Patient (animate Patient, inanimate
Patient) on the binary dependent variable of accuracy (1 = correct, 0 = incorrect) at the
trial level (see Figure 3.1). The fixed effect of changing role and animacy was tested with
sum-to-zero contrasts (-0.5, 0.5) (Schad et al., 2020). The model included random
intercepts for Subjects only (Baayen, 2008; Baayen et al., 2008). A more complex model
that also included random intercepts for Items produced a singular fit error, hence this

term was excluded from the model.

Figure 3.1 Accuracy across Changing Role and Patient Animacy in Face-to-Face Events
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The parameter estimates for the fixed effects from the glmer model for the
accuracy data are presented in Table 3.1. The model revealed a significant interaction
between changing role and animacy of the Patient. In the inanimate Patient condition,
participants were more accurate when detecting changes to Agents (M =0.88, SD =0.33)
than Patients (M = 0.73, SD =0.45) (B = 1.2647, SE = 0.6145, z = 2.058, p =.04). There
was no difference between detecting changes to Agents (M = 0.73, SD = 0.45) and
Patients (M = 0.85, SD = 0.36) in the animate Patient condition ( = -0.8895, SE = 0.5464,

z=-1.628, p =.10).

Table 3.1 Parameter Estimates for the Fixed Effects from the Glmer Model for the Mean

Accuracy of Face-to-Face Events

Effect B3 SE z p-value

Intercept 1.820 0.343 5.301 <.001

Anlmacy (Animate Patient vs. Inanimate 0. 1 50 0.423 0.354 .724
Patient)

Changlng ROle (Agent vs. Patient) ‘0 1 88 0407 ‘0461 644

Animacy (Animate Patient vs. Inanimate -2.154 0.831 -2.591 .010

Patient)- Changing Role (Agent vs. Patient)
Note. Formula in R: Mean Accuracy ~ Animacy*Changing Role + (1 | Subject).

3.1.2 Back-to-Back (non-)Events

The back-to-back model tested the fixed effect of changing role (Agent, Patient)
and animacy of the Patient (animate Patient, inanimate Patient) on the binary dependent
variable of accuracy (1 = correct, 0 = incorrect)at the trial level (see Figure 3.2). The
fixed effects of changing role and animacy were tested with sum-to-zero contrasts (-0.5,
0.5) (Schad et al., 2020). The model included random intercepts for both Subjects and

Items (Baayen, 2008; Baayen et al., 2008).
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Figure 3.2 Accuracy across Changing Role and Patient Animacy in Back-to-Back Events
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Parameter estimates for the fixed effects from the glmer model for the accuracy
model are presented in Table 3.2. No fixed or interaction effects were significant.
Participants were equally accurate at detecting changes to Agents and Patients in back-

to-back events both with an animate or an inanimate Patient.

Table 3.2 Parameter Estimates for the Fixed Effects from the Glmer Model for the Mean

Accuracy of Back-to-Back Events

Effect B3 SE z p-value

Intercept 2.083 0.420 4.955 <.001

Animacy (Animate Patient vs. Inanimate 0.560 0.569 0.984 325
Patient)

Changlng ROle (Agent vs. Patient) ‘0. 1 13 0.452 ‘0249 .803

Animacy (Animate Patient vs. Inanimate -0.872 0.906 -0.963 336

Patient): Changing Role (Agent vs. Patient)
Note. Formula in R: Mean Accuracy ~ Animacy*Changing Role + (1 | Subject) + (1 | Item).
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3.2 Eye Gaze Data

Participants’ fixations to two areas of interest (Aol) were computed using the SMI
BeGaze software: the Agent and the Patient. We analyzed eye gaze data only for the trials
in which the participants correctly identified the changing component (81% of the data).
We also assessed whether participants experienced more than 45% trackloss throughout
the entire task or if individual trials had over 50% trackloss. No participant had to be
excluded based on the criterion of having more than 45% trackloss across all trials.
However, 15% of the accurate trials that had more than 50% trackloss within a trial were
excluded from further analysis.

We then computed the proportion of fixations to changing event participant
(target). This was done by first examining whether the participant looked at the target
Aol, non-target Aol and remaining white space in each 100 ms time window. Then, for
each time window, we calculated the proportion of target fixations as target fixation /
(target + non-target + white space fixations) (See Figure 3.3 and Figure 3.4). From this,
we aggregated the proportion of target fixations in 1000 ms time windows for the first
2000 ms of the trial. We hypothesized that eye movements during the earlier time
windows would more precisely reflect the visual identification of target event roles since
event participants are detected rapidly (Hafri et al., 2013; 2018). Furthermore, according
to the literature, 1000 ms is enough to make a fixation on the changing target (Hirose &
Hancock, 2007; Hochhauser et al., 2022). Thus, we adopted this approach to analyze the
timeframe in which cognitive and perceptual processes in recognizing event roles occur,

and to align our methodology with prior studies and theoretical expectations.
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Figure 3.3 Proportion of Fixations at Target across Changing Role and Patient Animacy

in Face-to-Face Events
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Figure 3.4 Proportion of Fixations at Target across Changing Role and Patient Animacy

in Back-to-Back Events
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Eye gaze data were analyzed using linear mixed effects models. Models were fit
using the /mer function in the Ime4 package (version 1.1.33; Bates et al., 2015) in R
(version 4.2.3; R Core Team, 2023). The figures were produced using ggplot2 package
(Wickham, 2016). We examined the variation in participants’ target fixations depending
on the changing role, animacy of the Patient and time window. Face-to-face and back-to-

back trials were analyzed separately.
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3.2.1 Face-to-Face Events

The face-to-face model tested the fixed effect of changing role (Agent, Patient),
animacy of the Patient (animate Patient, inanimate Patient) and time window (0-1000 ms,
1000-2000 ms) on the dependent variable of proportion of target fixationsat the trial level
(see Figure 3.5). The fixed effects were tested with sum-to-zero contrasts (-0.5, 0.5)
(Schad et al., 2020). The model included random intercepts for Subjects only (Baayen,
2008; Baayen et al., 2008). A more complex model that also included random intercepts

for Items produced a singular fit error, hence this term was excluded from the model.

Figure 3.5 Proportion of Fixations at Target across Changing Role, Patient Animacy,

and Time Windows in Face-to-Face Events
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Parameter estimates for the fixed effects from the /mer model for the proportions
of target fixations model are presented in Table 3.3. The model revealed a significant

interaction effect of changing role and animacy of the Patient. In the inanimate Patient
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condition, participants fixated more on the target when detecting changes to Patients (M
=0.37, SD = 0.18) compared to when detecting changes to Agents (M = 0.28, SD = 0.18)
(B = -0.0869, SE = 0.0328, z = -2.646, p = .009). There was no difference between
fixations durations when detecting changes to Agents (M = 0.29, SD = 0.18) and Patients
(M=0.25,SD = 0.16) in the animate Patient condition ( = 0.0182, SE = 0.0288, z = 0.63,

p=0.53).

Table 3.3 Parameter Estimates for the Fixed Effects from the Lmer Model for the Mean

Proportion of Target Fixations in Face-to-Face Events

Effect 3 SE df z p-
value
Intercept 0.297  0.016 30.038 18.727 <.001
Animacy (Animate Patient vs. 0.040 0.023 246.796 1.772 0.078
Inanimate Patient)
Changing Role (agent vs. 0.034 0.022  241.084 1.590 0.113
Patient)

Time Window (0-1000 ms vs. -0.008 0.021 215.482 -0.369 0.713
1000-2000 ms)

Animacy (Animate Patient vs. 0.105 0.044  247.259 2.379 0.018
Inanimate Patient): Changing Role
(Agent vs. Patient)

Animacy (Animate Patient vs. -0.005 0.042 215.482 -0.124 0.902
Inanimate Patient)- Time Window
(0-1000 ms vs. 1000-2000 ms)

Changing Role (gemt v. 0019  0.042 215565 0462  0.645
Patient)- Time Window (0-1000
ms vs. 1000-2000 ms)

Animacy (Animate Patient vs. -0.071 0.083 215.565 -0.846 0.399
Inanimate Patient)- Changing Role
(Agent vs. Patient): Time Window

(0-1000 ms vs. 1000-2000 ms)
Note. Formula in R: Mean Proportion of Target Fixations ~ Animacy*Changing Role*Time Window +
(1| Subject).

3.2.2 Back-to-Back (non-)Events
The back-to-back model tested the fixed effect of changing role (Agent, Patient),
animacy of the Patient (animate Patient, inanimate Patient) and time window (0-1000 ms,

1000-2000 ms) on the dependent variable of proportion of target fixationsat the trial level
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(see Figure 3.6). The fixed effects were tested with sum-to-zero contrasts as the face-to-
face model (Schad et al., 2020). The model included random intercepts for Subjects and

Items (Baayen, 2008; Baayen et al., 2008).

Figure 3.6 Proportion of Fixations at Target across Changing Role, Patient Animacy,

and Time Windows in Back-to-Back Events
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Parameter estimates for the fixed effects from the /mer model for the proportions
of target fixations model are presented in Table 3.4. The fixed effects or interactions were
not statistically significant. Participants equally fixated on the target when detecting
changes to Agents and Patients in back-to-back events both with an animate or an

inanimate Patient.
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Table 3.4 Parameter Estimates for the Fixed Effects from the Lmer Model for the Mean

Proportion of Target Fixations in Back-to-Back Events

Effect B3 SE df z p-value
Intercept 0.293 0.024 17.329 11.962 <.001
Anlmacy (Animate Patient vs. 0049 0040 8897 1 216 0255

Inanimate Patient)

Changing Role (agent vs. -0.003 0.022 184.507 -0.152 0.880
Patient)

Time Window (0-1000 ms vs. -0.018 0.018 189.482 -0.957 0.340
1000-2000 ms)

Animacy (Animate Patient vs. 0.016 0.043 196.164 0.364 0.716
Inanimate Patient): Changing Role
(Agent vs. Patient)

Animacy (Animate Patient vs. 0.0143 0.037 189.402 0.388 0.698
Inanimate Patient)- Time Window
(0-1000 ms vs. 1000-2000 ms)

Changing Role (agent vs. -0.007 0.037 188.781 -0.182 0.856
Patien): L1me Window (o-1000
ms vs. 1000-2000 ms)

Animacy (Animate Patient vs. -0.003 0.074 188.766 -0.042 0.967
Inanimate Patient): Changing Role
(Agent vs. Patient): Time Window

(0-1000 ms vs. 1000-2000 ms)

Note. Formula in R: Mean Proportion of Target Fixations ~ Animacy*Changing Role*Time Window +
(1| Subject) + (1 | Item).
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4. DISCUSSION

Accumulating evidence with adults suggests that people show a preference
towards Agents above other event participants in causative events (Cohn & Paczynski,
2013; Isasi-Isasmendi et al., 2023; Unal et al., 2024). Studies with non-human animals
indicate that this preference might have an evolutionary basis (Brocard et al., 2024;
Meewis et al., 2024). If that is the case, it would be expected to emerge early in cognitive
development. However, the current evidence does not offer sufficient support for this
supposition. Differences in animacy of the Agent and Patient, as well as coarse
measurements, pose as limitations of previous studies. The present study addressed
several unresolved questions about Agent preference in young children’s perception of
causative events. Prior work with children used stimuli mostly with animate Agents and
inanimate Patients (e.g. Unal et al., 2021), which may be parallel to everyday events,
nevertheless complicates direct comparisons between roles due to animacy differences.
Furthermore, previous research with children relied on accuracy (Unal et al., 2021), which
may not capture nuanced differences in role saliency.

This study addressed these gaps by examining preschoolers’ preference for
Agents versus Patients during a change detection task. We systematically varied Patient
animacy to explore whether animacy modulates Agent preference. We also tested this
preference in back-to-back conditions, which disrupts event coherence. This orientation
control helped us draw conclusions about the factors affecting Agent preference. We were
able to determine whether visual features such as size, shape and complexity play a role
in Agent preference. Utilizing eye tracking allowed us to gain a deeper understanding by

analyzing the proportion of fixations to target as well as accuracy.

35



4.1 Agent Preference in Development and the Role of Animacy

Our main goal was to assess whether children showed a preference for Agents
over Patients in coherent causative scenes and whether this was modulated by Patient
animacy. We expected higher change detection accuracy for Agents in face-to-face
conditions than for Patients. We hypothesized that this difference between Agents and
Patients would be stronger for the face-to-face events with inanimate Patients and
diminish for the face-to-face events with animate Patients. In line with our expectations,
children were more accurate at detecting changes to Agents than to Patients in face-to-
face events with an inanimate Patient. However, no such asymmetry was observed in
events with an animate Patient, as children were similarly accurate at detecting changes
to Agents and Patients. Furthermore, as expected, no asymmetry between Agent and
Patient change detection accuracy was observed in back-to-back conditions. This
eliminates the possibility that the asymmetry in face-to-face events with inanimate
Patients is due to animacy alone. If the results were due to animacy alone, we would
expect higher change detection accuracy for Agents in the back-to-back events with
inanimate Patients as well.

We had expected a difference in the proportion of fixations to target between
Agents and Patients in face-to-face events and this difference to disappear in back-to-
back events. Results of the eye tracking were in line with this expectation and showed a
higher proportion of fixations to the target when detecting changes to Patients compared
to when detecting changes to Agents but only in the face-to-face events with inanimate
Patients. While this asymmetry was consistent for both time windows in this condition
(0-1000ms and 1000-2000ms), no difference was observed either in animate Patient or

back-to-back conditions.
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The eye gaze patterns can be interpreted in two ways. One way to interpret them
could be more looks indicating higher salience. If this were true, our results would go
against previous literature. As reviewed above, we would expect agency and/or animacy
to be salient (e.g., Cohn & Paczynski, 2013; New et al., 2007) and, therefore, receive
higher proportions of looks. Since our results show higher proportions of fixations to
inanimate Patients, more looks at an entity must not mean paying more attention to it due
to higher salience. Alternatively, keeping the animacy and agency salience in mind, a
reaction-time-like explanation might be more fitting with our results and the literature.
Insofar as more looks (as in longer reaction times) may indicate the need to pick up more
visual information or the need to process for longer to accurately detect the changes in
inanimate Patients because they are less salient. This interpretation of increased looking
times as an indicator of greater cognitive processing has also been adopted in previous
studies (e.g., Birulés et al., 2023; Candan et al., 2012). Furthermore, the accuracy results
of our study would also support this explanation. The changes to inanimate Patients were
detected less accurately than those to animate Agents, which might mean that changes to
inanimate Patients were more challenging to detect and, thus, inanimate Patients are less
salient. Assuming they were less salient for the participants who accurately detected the
changes to them, these participants may have needed to look longer at inanimate Patients
to gather more information. According to this possible explanation, the accuracy of
detecting changes to animate Agents is higher because animate Agents are more salient.
Thus, participants might have detected the changes to them easily and quickly, then

looked at other things, which led to lower proportions of fixation to animate Agents>. To

2 An exploratory examination of the timecourse of fixations towards target participant in non-causative
events support this interpretation. In these events, fixations toward changing role started high and they
decreased at around 1000 ms.
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summarize, we believe that the higher proportion of looks towards inanimate Patients in
our study might be reflecting increased cognitive effort in processing to accurately detect
the changes due to the inanimate Patients’ lower saliency.

Nevertheless, it is clear that there is a difference between animate and inanimate
Patient conditions and this might be due to factors other than event roles. As discussed
above, animacy by itself is not enough to explain the results. One could argue that the
complexity of the entities may have played a role. It might be that inanimate Patients are
visually more complex compared to animate entities, and thus, the participants were less
accurate and needed to gather more information to detect changes to them. Similarly,
inanimate objects being rare in the stimuli set might have led participants to look more at
the inanimate Patients. Another possible explanation could be that changing the color of
a person’s clothes and changing the color of a part of an object might not be conceptual
counterparts. The inanimate Patients eliciting lower accuracy and higher looks in the face-
to-face events could be explained by these factors. However, no single factor, nor their
combination, is enough to explain the full pattern of results. This is due to the similarity
in accuracy and fixation proportions for Agents and Patients in the back-to-back events.
If the asymmetry was due to one or more of these factors only, we would see similar
results in the back-to-back condition as the face-to-face and back-to-back events did not
differ in Patient animacy, visual complexity, rarity, or color-changing parts of the entities.
Given that the difference between face-to-face and back-to-back depictions is the
coherence of the events, the observed differences are best explained by the roles filled by
the people or objects participating in the event.

To sum up, because we observed a difference in looks towards Agent and Patient

between face-to-face and back-to-back events, our results support the idea that Agents
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are more salient due to their conceptual role in the event. Not only that, but since we
found an asymmetry between Agents and Patients in face-to-face events with an
inanimate Patient but not in those with an animate Patient, we can conclude that Patient

animacy also plays a role in Agent preference.

4.2 Theoretical Implications

Taken together, our findings suggest that neither agency nor animacy alone fully
accounts for the observed Agent preference, which was specific to face-to-face events
with inanimate Patients. Instead, the results point to an interaction between event roles
and animacy in shaping attentional priorities. This aligns with Brocard and colleagues'
(2024) conclusion that "...the Agent preference is a specific mechanism combining
agency with animacy." Such interplay highlights that Agent preference arises not from
isolated features but from their specific combination within causative contexts.

The current study advances our understanding of Agent preference in several
significant ways. First, we examined Agent preference in preschool-aged children using
eye tracking, a more sensitive measure than accuracy-based methods, and demonstrated
an asymmetry in their perception of Agents and Patients, corroborating prior findings
(Brocard et al., 2024; Unal et al., 2021). Second, we systematically varied Patient animacy
and found that while animacy influences Agent preference, it does not account for it
entirely, highlighting the complexity of this phenomenon. Third, by replicating Agent
preference in Turkish-speaking children, we contribute to the cross-linguistic
generalizability of Agent preference, expanding upon findings in languages with different
syntactic properties (Isasi-Isasmendi et al., 2023; Unal et al., 2021). These contributions
deepen our understanding of the cognitive mechanisms influencing Agent preference and

its developmental and linguistic contexts.

39



Our results align with the Thematic Hierarchy —at least for inanimate Patients—
which predicts a parallel between linguistic and cognitive representations of event roles
(Baker, 1997; Dowty, 1991; Grimshaw, 1981; Pinker, 1989; see also Rissman & Majid,
2019; Strickland, 2017). Our results demonstrate that Turkish-speaking preschoolers
exhibit Agent preference in two-participant causative events. This is notable given that
Turkish, a pro-drop language, leads children to mention Agents less frequently in event
descriptions than English-speaking peers (Unal et al., 2021). Despite such linguistic
differences, the observed Agent preference suggests that Thematic Hierarchy patterns for
Agents and Patients in language stem from cognitive foundations (Jackendoff, 1983,
1990). While broader conclusions about other event roles require investigations with
relatively more complex events, this study provides methodologically robust support for
homology between linguistic and cognitive saliency of the thematic roles.

We also demonstrate that Agent preference emerges early in human cognitive
development, suggesting its foundational role in shaping event perception. This echoes
findings from animal studies showing that it evolved earlier than humans (Brocard et al.,
2024; Meewis et al., 2024). These results point to the possibility that it is an essential
cognitive bias for event perception. Other than the literature reviewed above, this notion
is supported by neuroimaging studies. A study using fMRI shows distinct neural encoding
for Agent and Patient roles (Wang et al., 2016). Researchers trained machine-learning
classifiers on fMRI data based on videos of Agent-verb-Patient interactions. The
classifiers trained on one subset of the participants’ data were able to identify the thematic
role of an object in the subset of left-out participant data. Additionally, animate Agent
action also seems to be a specific mechanism in the brain. A subregion in the right

superior temporal sulcus has been found to be particularly tuned to human-Agent actions
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more than inanimate actions (Akbiyik et al., 2021). Thus, it may be that our brains are
especially equipped for agency and animacy, the critical features in Agent preference,
which is consistent with the idea that it is an essential foundation for event cognition.
Our results support a parallel between language and cognition by demonstrating
an Agent preference among preschoolers as predicted by the Thematic Hierarchy. Our
findings also support a broader notion that cognitive representation of events reflects
linguistic structure (see Wagner & Lakusta, 2009) and connect to an influential proposal
on language development (Gleitman, 1990), according to which learning the connections
between verbs and event structure is essential. Indeed, by 2 years of age, toddlers can use
syntactic cues —even with novel, made-up words— to map transitive sentences onto
causative events (Arunachalam & Waxman, 2010; Naigles, 1990; Savage et al., 2003)
and predict the roles of Agent and Patient (Noble et al., 2011). Moreover, research using
an act-out paradigm demonstrated that they could also actively assign thematic roles, not
just passively recognize them (Lidz et al., 2003). A similar paradigm, when used with
Turkish-speaking 2- to 5-year-olds showed that children make use of syntactic and
morphological information, such as the number of noun phrases and accusative case-
marking, to infer the causativity of the event structure, highlighting the early connection
between verb learning and event structure (Goksun et al., 2008). Further support for this
notion, comes from studies of pronoun resolution, showing that children as young as 2
years old can resolve ambiguous pronouns and specifically that they exhibit a subject
bias, favoring subjects over objects as referents in ambiguous contexts (Song & Fisher,
2005, 2007; Pyykkdnen et al., 2009). This linguistic subject preference might reflect the
cognitive bias toward Agents that is demonstrated in our study. To sum up, our findings

lend support to the idea of homology between linguistic and cognitive processes by
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providing cognitive evidence for the possibility of a shared foundation for the

representation of Agents.

4.3 Methodological Implications, Limitations, and Future Directions

This is the first time —to our knowledge— that eye tracking has been used in
combination with a change detection paradigm to explore Agent preference in children.
Our study highlights the benefits of using finer measurements with children this young
because relying on coarse measures such as accuracy might not be enough to discover the
nuances in Agent preference. Moreover, using similar eye tracking paradigms with adults
could provide useful comparisons for interpreting looking-time data. Investigating this
phenomenon in infants or younger toddlers could provide valuable insights into when and
how this asymmetry emerges. Future studies could adapt Agent preference studies to
younger age groups by using eye tracking and pupillometry measurements, enabling
researchers to trace the earliest indicators of the asymmetry. Such research would deepen
our understanding of the developmental trajectory and cognitive significance of this
preference. Furthermore, eye tracking can be instrumental in cross-linguistic studies, for
example by enabling comparisons between spoken languages and sign languages to
investigate whether language modality has an effect Agent preference. Even though
research so far points towards the generalizability of Agent preference across speakers of
syntactically distinct languages, eye tracking data can offer a more nuanced
understanding of Agent preference and reveal smaller differences that might otherwise
go undetected.

One limitation of the current study is an error in the counterbalancing of lists,
which resulted in an uneven distribution of back-to-back and face-to-face events across

participants. Although we do not believe this error significantly impacted the results, it is
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crucial to replicate the paradigm with correct counterbalancing to ensure that the findings
are not influenced by this imbalance. Proper counterbalancing would provide stronger
confidence in the observed effects and their generalizability.

Even though controlling for Patient animacy is a key strength of our study, our
results do not provide a complete picture of animacy effects, as we did not vary Agent
animacy. Although existing research on Agent animacy is limited and less definitive than
for Patient animacy (e.g., Brocard et al., 2024), it represents a promising direction for
future work. In linguistics, animacy is known to influence both sentence production and
comprehension. For instance, Mam-Maya (a language from Guatemala) requires the
transitive subject to be higher in the animacy hierarchy than the object (Minkoft, 2000).
In one study, speakers of Tzeltal (a Mayan language) and Dutch tended to assign human
characters as the subject of their sentences even though this is not dictated by the
languages themselves (i.e., participants mostly used active voice when the Agent was
human, and passive voice when the Patient was human; Norcliffe et al., 2015). Among
German speakers, animacy was shown to be a prominent cue for thematic role assignment
(Kyriaki et al., 2021). Based on these linguistic studies and the Thematic Hierarchy
formulation that suggests thematic roles in language map onto event participants in
cognition, it is reasonable to assume Agent animacy might also play a role in cognition.
Thus, systematically manipulating Agent animacy could shed light on its role in shaping
Agent preference and provide a fuller understanding of the role animacy plays in event
perception. This would help clarify whether animacy’s effects are exclusive to Patients
or whether Agent animacy also contributes to the observed asymmetry in Agent

preference.
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4.4 Conclusion

The current study investigated whether Turkish-speaking 3- to 5-year-olds show
a preference for Agents over Patients in two-participant causative events. By
systematically manipulating Patient animacy and using both behavioral and eye tracking
measures, we revealed that children are more accurate in detecting changes to Agents
than to Patients, but this asymmetry is modulated by Patient animacy. Specifically, Agent
preference emerged in face-to-face events with inanimate Patients but disappeared in
events with animate Patients or disrupted (back-to-back) contexts. Interestingly, eye
tracking data showed higher proportions of looks to inanimate Patients, which may reflect
increased cognitive effort rather than salience. This interpretation aligns with findings
that changes to inanimate Patients were less accurately detected compared to changes to
animate Agents. These findings highlight the interplay of event roles and animacy in
shaping attentional priorities. By examining Agent preference in a non-Western, subject-
drop language and with preschool-aged children, our findings contribute to the cross-
linguistic and developmental generalizability of Agent preference. These findings
advance our knowledge of the factors related to Agent preference in event cognition and

provide insights into its developmental trajectory.
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APPENDIX A. LIST OF EVENTS USED IN THE EXPERIMENT

Causative events

Animate Patient

Inanimate Patient

Noncausative events

A woman kicks another
woman
A woman kisses a man

A man pats a woman

A woman tickles a man
A man pushes a woman

A man punches another
man

A woman opens the
drawer

A man knocks down
boxes

A woman pushes the
cupboard

A man pulls the table

A man pulls/opens the
curtain

A woman plays the piano

Two women argue
Two women chat
A man and a woman dance

Two men fight
Two men shake hands

A woman and a man wave
hands
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APPENDIX B. EVENT RATINGS BY CATEGORY

Causative events Noncausative events
Animate Patient Inanimate Patient
Face-to.f M=3.75 M =432 M=4.15
ace-to-face SD =134 SD = 1.00 SD=1.16
M =256 M=1.78 M=293
Back-to-back SD =131 SD = 1.06 SD =1.34
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APPENDIX C. INSTRUCTIONS IN TURKISH AND ENGLISH

Instructions in the Original Turkish
Welcome

Merhaba! Benim adim [Uygulayic1 ismi]! Senin adin ne? Merhaba [¢ocugun
adi]! Seninle bu oyunu oynayacagim i¢in ¢ok heyecanliyim! Bu oyunu bilgisayarda
oynayacagiz. Sen daha once bilgisayarda oyun oynadin mi1?

[Evet derse] Ne giizel! Bakalim bu oyunu sevecek misin!
[Hayr derse] Birlikte oynayalim, bakalim bu oyunu sevecek misin!

Bu 6zel bir bilgisayar. Bu bilgisayar senin gozlerini gorebiliyor!

Starting the Experiment

Once bilgisayarin gozlerini gordiigiinden emin olmaliyiz.

[SMI’da gozler goriiniince] Aa bak bilgisayar gozlerini gdorebiliyor!
[Gostererek] Bir elinle goziinii kapat, bak burada da sondii. Simdi diger goziinii kapat.
Bak, bu sefer o sondii, gordiin mii?

Bilgisayarin gozlerini gorebilmesi i¢in oyunu oynarken miimkiin oldugunca sabit
oturmaya calis. Bu oyunda ekranda bazi resimler goreceksin. Bu resimlere dikkatlice
bakmani istiyorum. Simdi baslayacagiz.

Practice

Once birkag alistirma yapacagiz. Ekrandaki resimler yanip sonecek ve
resimlerdeki bir seyin rengi degisecek. Resimler yanip sdnmeyi bitirince sana hangisinin
degistigini soracagim. Hangi taraftaki degistiyse o taraftaki elini kaldirarak cevap
verebilirsin [Ne yapmasim gerektigini goster]. Liitfen sadece resimlerin yanip sonmesi
bitince cevap ver, tamam mi1?

Cevap verdikten sonra bir sonraki resme gegecegiz. Bir sonrakine gecerken de
yine miimkiin oldugunca sabit oturmaya ¢alis.

Simdi art1 isareti ve ilk resim ¢ikacak.

[Uygulayiciya not: Cocugun rahatlayabilmesi icin oncelikle biraz havadan sudan
sohbet etmeliyiz. Eger bir ¢ocuk ozellikle konusmakta zorlaniyorsa practice’lerdeki
hayvanlar ve sevdikleri diger hayvanlar hakkinda sorular sormak rahatlamasina
yardimci olabilir. Eger ¢ocuk rahat goriiniiyorsa bu kisim kisa tutulabilir.]

[Pratice sonrasinda] Oyunun devaminda da bunu yapmani isteyecegim. Sormak
istedigin bir sey var mi1?

Calibration

Oyuna devam etmeden Once bilgisayarin nereye baktigini bulabildiginden emin
olmak i¢in minik bir oyun oynayacagiz.

Ekranda bir art1 isareti goreceksin. Eger bilgisayar senin ona baktigini
anlayabilirse art1 hareket edecek. Sen baktikca art1 kacacak! Bu artiy1 gozlerinle takip et.
Art1 sabit kaldigi siirece ona bakmaya devam et. Anlastik m1?

[Validation] Aynisini bir kere daha yapacagiz.

Trials

Simdi oyuna bagliyoruz! Oyunuma goz atmak ister misin?

Az Once yaptigimiz gibi 6nce art1 isareti sonra da ilk resmi goreceksin. Hazirsan
baslayalim!

[17x] [Resim yanip sonmeyi bitirince] Hangisinin rengi degisti?

[Cocuk cevap vermezse sor| Neyin rengi degisti?
[Cevap verdikten sonra] Tamam, bir sonrakine gecelim.
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[Son resim yamip sonmeyi bitirince] Hangisinin rengi degisti?
[Cocuk cevap vermezse sor] Neyin rengi degisti?
[Cevap verdikten sonra] Tamam.
Goodbye
Benimle oyunumu oynadigin i¢in ¢ok tesekkiirler [Cocugun adi]! Cok giizel
oynadin! Arkadaslarinin yanina dénmek ister misin?

English translations of the instructions
Welcome

Hi! My name is [name of the experimenter]|! What’s your name? Hi [name of
the child]! I’'m very excited to play this game with you! We will play this game on a
computer. Have you played a computer game before?

[If yes] Great! Let’s see if you’ll like this game!
[If no] Let’s play together and see if you’ll like this game!

This is a special computer. This computer can see your eyes!
Starting the Experiment

First we have to make sure the computer can see your eyes.

[When eyes appear on the SMI] Look the computer can see your eyes! [Showing
how to] Close one of your eyes with one hand. Look it disappeared on the screen! Now
close your other eye. Look, this time that one disappeared, see?

Sit as still as possible when playing the game so the computer can see your eyes.

In this game, you will see some pictures on the screen. I want you to look carefully
at these pictures. We’ll begin now.

Practice

First we will practice. The pictures on the screen will be flashing and the color of
something in the picture will change. When the pictures stop flashing I will ask which
one changed. You can answer by raising your hand on the changed side [Show the child
how to respond]. Please answer only when the pictures stop flashing, okay?

We will move on to the following picture after you respond. Try to sit as still as
possible when we’re moving on to the next one.

A cross sign and the first picture will appear now.

[Note to the experimenter: We should chat a little so the child can relax. If a child
especially has trouble talking, asking questions about the animals in the practice trials
and other animals they like can help them relax. If the child looks comfortable enough
this part can be kept short.]

[After practice trials] I will ask you to do this for the rest of the game. Is there
anything you want to ask?

Calibration

Before we continue with the game, we will play a little game to make sure the
computer can understand where you’re looking.

You will see a cross on the screen. The cross will move if the computer can
understand you’re looking at it. It will move as you look at it! Follow this cross with your
eyes. As long as it stays still, keep looking at it, okay?

[Validation] We’ll do the same thing one more time.

Trials

Now we begin the game! Do you wanna check out my game? [Get child’s

consent]|
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Like we did before, first you will see the cross sign then the first picture. Let’s
start if you’re ready!
[17x] [After the picture stops flashing] Which one changed color?
[Ask if the child doesn’t respond] What changed color?
[After the child responds] Okay, let’s see the next one.
[After the last picture stops flashing] Which one changed color?
[Ask if the child doesn’t respond] What changed color?
[After the child responds] Okay.
Goodbye
Thank you for playing my game with me [child’s name]! You played it well! Do
you want to go back to your friends?
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