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Abstract

Thematic roles in language (Agents, Patients) are considered to
be hierarchically organized in terms of their salience, and this
hierarchy is rooted in their counterparts as event participants in
cognition. Here, we examine the relative salience of Agents
over Patients in two-participant causative events in Turkish-
speaking 3- to 5-year-old children. We also test if this
asymmetry is modulated by the animacy of the Patient (human
vs. inanimate object) and specific to the presence of a coherent
event. In an eye-tracked change detection task, changes to
Agents were detected more accurately (and after fewer
fixations) than changes to inanimate Patients when there was a
coherent event. This asymmetry disappeared when the Patient
was animate (for accuracy) and when event coherence was
disrupted (for both accuracy and fixations). These findings
suggest an interplay of event roles and animacy in Agent
preference.

Keywords: Event cognition; Thematic Hierarchy; Agent
prominence; animacy; eye tracking

Introduction

A central part of human cognition is the ability to understand
the events that unfold around us. When we view an event, we
have to rapidly determine the relations that exist between the
people, objects and entities involved in the event—in other
words the event participants. For example, when we see a
man knocking down some boxes, we need to conceptualize
the man as the causer of the action (or Agent) and the boxes
as the entities being affected by the action (or Patient).
Research with adults has shown that viewers are able to
rapidly extract event participants from briefly presented
event visuals (Hafri et al., 2013; 2018). Further work has
consistently shown that the ease with which different event
participants are extracted varies (Isasi-Isasmendi et al., 2023;
Unal et al., 2024). However, less is known about how
children extract event participants and whether they are also
sensitive to the asymmetries between the salience of event
participants. A further underexplored issue is how certain
conceptual and perceptual factors characterize such
asymmetries. Here, we investigate whether children show
role prominence asymmetries for Agents over Patients in
causative events and whether this asymmetry is modulated by
the animacy of the Patient.

Event Participants in Cognition

According to an influential proposal, event participants
closely correspond to the notion of thematic roles in language
(Dowty, 1991; Jackendoff, 1990; see also Rissman & Majid,
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2019). Thematic roles (e.g., Agent, Patient) capture the
relationship between a verb and its constituents and relational
information about event structure (i.e., ‘who-did-what-to
whom’) (Fillmore, 1968). Furthermore, thematic roles are
organized hierarchically: Agents are considered as the most
prominent, followed by Patients, and then more peripheral
roles (e.g., Goals, Sources, Instruments) (Baker, 1997;
Jackendoff, 1990). Even though this formulation is based on
linguistic behavior of thematic roles, there is growing
evidence for the idea that thematic roles have counterparts in
cognition and therefore role prominence asymmetries are
reflected in conceptual prominence of event participants
(Unal et al., 2021a; 2024; see Jackendoff, 1990 for the initial
formulation).

One line of support for this idea comes from studies
investigating the rapid identification of event participants
relevant for linguistic description of events (e.g., Griffin &
Bock, 2000). In one study, participants viewed a wide range
of two-participant events for 37 or 73 ms. After these brief
viewings, they could reliably recognize the event, as well as
who the Agent and the Patient were (Hafri et al., 2013). A
follow-up study showed that Agent and Patient roles can be
extracted spontaneously even when it is irrelevant to the task
(Hafri etal., 2018). Further, adults categorize events based on
who the Agent and the Patient is (Rissman & Lupyan, 2022).

Another class of studies revealed an asymmetry between
the identification of event participants. In one study,
participants saw briefly presented (100-300 ms) pictures of
possession-transfer events (Dobel et al., 2007). Participants
identified Agents with higher accuracy than the entities
receiving the action, but this asymmetry was reduced when
the coherence of the event was disrupted by mirroring the
actors in the pictures. A later study used an eye-tracking
paradigm to examine Agent prominence in Basque and
Spanish speakers (Isasi-Isasmendi et al., 2023). Participants
were briefly exposed to two-participant, Agent-Patient
causative events and either described the event or answered a
probe recognition question. Participants' first fixations were
more likely to land on the Agent than the Patient.
Furthermore, event descriptions were more specific and
probe recognition was faster for Agents as opposed to
Patients. These findings support the generalizability of Agent
prominence over different classes of events and speakers of
different languages.

Finally, a recent study investigated role prominence
asymmetries in more complex caused motion events that
involve additional roles (Unal et al., 2024). In a linguistic
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description task, participants mentioned (animate) Agents
most frequently, followed by Patients, then Goals, and finally
Instruments. This asymmetrical pattern was replicated in a
non-linguistic visual search task measuring how fast people
identified these event participants, showing evidence for
parallels between how salient event roles are in language and
cognition.

Developmental Evidence These correspondences between
linguistic and conceptual organization of the internal
structure of events raise questions about the developmental
continuity of these correspondences. In fact, a number of
studies inspired by the linguistic organization of events
showed evidence for developmental origins of these
correspondences in young infants (Goksun et al., 2008;
Wagner & Lakusta, 2009). For instance, 7-month-old infants
who habituated to two participant Agent-Patient events
dishabituated when the roles of Agent and Patient were
reversed (Leslie & Keeble, 1987). A recent study replicated
these results using pupil dilation (Papeo et al., 2024). These
findings suggest that some sensitivity to the internal structure
of events and their participants is present by 7 months. Note
that these studies indicate that infants have some
understanding of Agent and Patient roles, not necessarily
demonstrate a higher salience of Agents over Patients.

A recent study tested role prominence asymmetries among
learners of English and Turkish (Unal et al., 2021b). Children
saw pictures of events depicting an animate Agent moving an
object (Patient) to a Goal endpoint using an Instrument and
were asked to indicate which event participant changed color.
In both language groups, changes to both Patients and Goals
were detected more accurately than changes to Instruments.
Changes to Agents were also detected equally accurately in
both language groups. Importantly, children did not have
high levels of accuracy for Agent changes. This may not be
completely unexpected given that for Agents only a part of
the entity (i.e., clothes) changed color, whereas for the
remaining participants the whole object changed color (see
Unal et al., 2024 for similar findings with adults). However,
due to this difference in the nature of the color change and
the difference in the animacy status, the salience of Agents
was not compared to the remaining event participants. Even
though these findings reveal some insights into the
developmental continuity of role prominence asymmetries,
both the nature of the color change and the difference in the
animacy status of Agents vs. other roles introduce limitations
to the study.

The Present Study

The work reviewed above leaves open several questions. One
issue is the differences in the animacy status of event
participants. In everyday events, Agents are usually animate,
whereas Patients can be animate or inanimate. The visual
system is attuned to this distinction (Konkle & Caramazza,
2013), prioritizing animate over inanimate entities (Thorpe et
al., 2001). It is important to consider this factor given that
previous evidence on the role of animacy on Agent
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prominence is mixed (Brocard et al., 2024; Isasi-lsasmendi et
al., 2023).

A second issue concerns methodological factors. Recall
that in previous work, the nature of the color changes in the
change detection tasks was different for Agents (i.e., parts of
objects) and Patients (i.e., whole objects). Given that this
factor prevented previous work from making secure
inferences about Agent prominence in children (and to some
extent in adults), it is essential to use comparable color
changes for Agents and Patients.

Finally, it is important to ensure that the asymmetries in the
relative salience of event participants are indeed driven by the
conceptual role they play in the event and not due to the visual
features (e.g., shape, color, complexity, size) of the people or
objects that fill these roles. A promising method to explore
this issue involves disrupting event coherence by mirroring
the people or objects in the events and using these back-to-
back (hon-)event versions as controls (cf. Dobel et al., 2007).
Previous work shows that these back-to-back (non-)event
versions indeed have lower dyadic coherence compared to
their face-to-face counterparts (Goupil et al., 2023; Papeo et
al., 2017), highlighting the potential of this method to rule out
visual features as confounds.

In the present study, we address the open questions on
Agent preference. We ask whether preschool-aged children
show prominence asymmetries for Agents over Patients in
causative scenes and whether this is modulated by the
animacy of the Patients. We also ask if any difference we find
in saliency is indeed due to the conceptual roles of event
participants and cannot be attributed to other (low-level)
visual features.

We used an eye-tracked change detection paradigm. Our
stimuli were composed of two-participant event depictions
with either an animate or an inanimate Patient. New versions
of these depictions were created by applying a color change
to either the Agent or the Patient. The stimuli set also
included ‘non-event’ wversions for which each event
participant’s vertically symmetrical image was used so they
were back-to-back (see Figure 1). We measured both the
accuracy of change detection and recorded children’s eye
movements as an index of the time course of the
identification of the changing participant. We aimed to
determine whether change detection accuracy and fixations
to the changing participant varied based on event role,
animacy of the Patient, and event coherence.

We hypothesized that children would demonstrate a
stronger Agent-Patient asymmetry in face-to-face events that
include inanimate Patients, but this asymmetry should
diminish or disappear in face-to-face events that include
animate Patients. Thus, changes to Agents should be detected
more accurately than changes to (inanimate) Patients.
Further, fixations to the changing participant should differ
across Agents and (inanimate) Patients. Finally, we expected
these Agent-Patient asymmetries to completely disappear for
back-to-back (non-)events regardless of the animacy of the
Patient.
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Figure 1: Examples of stimuli.

Method

Participants

Data were collected from preschoolers (n = 33, 25 females,
Mage = 4.67 years, SDage = 0.56, range = 3.49 — 5.42). All were
native speakers of Turkish. Participants were recruited from
various preschools in Istanbul, Turkey. Fourteen additional
preschoolers were tested but excluded from the analysis due
to not following the instructions (n = 2), not completing the
experiment (n = 1), having less than 50% accuracy (n = 4), or
being older than 5.5 years (n = 7). The sample size was
determined based on power analysis.

Materials

Stimuli were created using Procreate and edited using Adobe
Photoshop. Target stimuli consisted of 12 illustrations that
depicted midpoints of causative events in which an Agent
acted on a Patient on a white background (see Figure 1). The
Agent was always human. The Patient was human in half of
the target events and an inanimate object in the other half.
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. Female-male status of the Agents and Patients was
equally distributed and counterbalanced across items. Agents
and Patients faced each other in all the illustrations. We
created new versions of the images, in which part of the
Agent’s clothing color was different. The same was done for
the Patients (for inanimate Patients, parts of the objects
changed color).

We used back-to-back (non-)event versions to disrupt the
event coherence while keeping the visual features such as
body posture, size, and relative complexity the same. Since
the back-to-back (non-)event versions do not depict coherent
events, the entities in them are not event participants.
Nevertheless, for ease of reference, we will refer to them as
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Agents or Patients. A pilot study confirmed that face-to-face
events were rated significantly higher as depicting coherent
events than back-to-back (hon-)events (1(30.765) = -8.493, p
<.001).

Procedure

Participants were tested individually in a quiet room in their
preschool. Participants were seated approximately 60 c¢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 each 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 either category. The side of the
color change was counterbalanced within events. Due to an
error in counterbalancing lists, face-to-face and back-to-back
(non-)events were distributed unevenly across participants,
but the other variable levels were distributed evenly. Each
participant saw a total of 12 trials and 6 filler (noncausative)
trials. The trials were presented in a single randomized order.

The change blindness procedure was adapted from Rensink
and colleagues (1997) (for studies with children see Unal et
al., 2021b; 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.
This loop was repeated 7 times based on a pilot study. Thus,
each trial lasted 4.48 seconds. At the end of each trial,
participants were asked on which side the color change was.
They were instructed to raise their left or right hand based on
the color change side. This procedure was also tested in a
pilot study.
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Figure 2: The height of the bars depicts average accuracy across changing role and animacy of the Patient in (A) face-to-
face events and (B) back-to-back (non-)events. Error bars indicate standard error.

The experiment began with two practice trials, which
depicted two cartoon animals standing opposite each other,
one of which changed color. 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. The entire task took 10 minutes.

Results

We first examined whether accuracy varied based on the
changing role and animacy of the Patient. We then examined
the variation in participants’ target fixations depending on the
changing role and animacy of the Patient.

Accuracy Data

Four participants had less than 50% accuracy throughout the
entire task and were excluded from further analyses. All
exclusions were done prior to data analysis. Accuracy data
were analyzed using generalized binomial linear mixed
effects models. Models were fit using the glmer function in
the Ime4 package (version 1.1.33; Bates et al., 2015) in R
(version 4.2.3; R Core Team, 2023).

Face-to-Face Events We first analyzed the face-to-face trials
to determine whether Agent preference emerged when there
was a coherent event. The model tested the fixed effects of
changing role and animacy of the Patient on the binary
dependent variable of accuracy (1=correct, O=incorrect) at the
trial level (see Figure 2A). Fixed effects were tested with
sum-to-zero contrasts (-0.5, 0.5) (Schad et al., 2020). The
model included random intercepts for Subjects (Baayen et al.,
2008). The inclusion of random intercepts for Items produced
a singular fit error, hence, this term was excluded from the
model.

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 than Patients (p = 1.2743, SE =
0.6158, z = 2.069, p = .04). However, in the animate Patient
condition they were equally accurate in detecting changes to
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Agents and Patients (p =-0.8977, SE = 0.5445, z = -1.649, p
=.10).

Back-to-Back (non-)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. The
model tested the fixed effects of changing role and animacy
of the Patient on the binary dependent variable of accuracy at
the trial level (see Figure 2B). Fixed effects 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 et al., 2008).

No fixed effects or interactions were statistically
significant. Participants were equally accurate at detecting
changes to Agents and Patients in back-to-back (non-)events
both with an animate or an inanimate Patient.

Eye Gaze Data

Participants’ fixations to Agent and Patient areas of interest
(Aol) were computed using the SMI BeGaze software. We
analyzed eye gaze data only for accurate trials (81% of the
data). No participant had more than 45% trackloss across all
trials. 15% of the accurate trials had more than 50% trackloss
and were excluded from further analysis. All exclusions were
done prior to data analysis.

We then computed the proportion of fixations to changing
event participant (target) out of all fixations to the screen.
From this, we aggregated the proportion of target fixations in
1000 ms time windows for the first 2000 ms of the trial. We
reasoned 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) and children fixate
on a changing target in 1000 ms (e.g., Hirose & Hancock,
2007). Eye gaze data were analyzed using linear mixed
effects models. Models were fit using the Imer function in the
Ime4 package (version 1.1.33; Bates et al., 2015) in R
(version 4.2.3; R Core Team, 2023). As in the analysis of the
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accuracy data, data from face-to-face events and back-to-
back (non-)events were analyzed separately.

Face-to-Face Events The model tested the fixed effects of
changing role, animacy of the Patient and time window (O-
1000 ms, 1000-2000 ms) on the dependent variable of
proportion of target fixationsat the trial level (see Figure 3A).
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 (Baayen et al., 2008). The inclusion of
random intercepts for Items produced a singular fit error,
hence, this term was excluded from the model.

The model revealed only a significant main effect of
changing role on the proportion of target fixations (3=10.117,
SE = 0.053, t = 2.181, p = .03). Participants fixated more on
the target when detecting changes to Patients compared to
when detecting changes to Agents, regardless of Patient
animacy.

Back-to-Back (non-)Events The model tested the fixed
effect of changing role, animacy of the Patient and time
window on the dependent variable of proportion of target
fixations at the trial level (see Figure 3B). 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 et al., 2008).

There were no main effects of changing role or Patient
animacy, nor any interactions. Participants fixated on the
target equally when they were detecting changes to Agents
and Patients in back-to-back (non-)events, both with an
animate or an inanimate Patient.

Discussion

In the present study, our main goal was to assess whether
there was an asymmetry between the relative salience of
Agents and Patients in causative events and whether this
asymmetry was modulated by the animacy of the Patient. We
also explored whether this asymmetry was indeed due to the
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presence of a coherent event and could not be attributed to
variations in the low-level visual features of the people or
objects filling these event roles. To do so, we used the same
type of color change for Agents and Patients and manipulated
the presence of a coherent event while controlling for visual
complexity.

In line with our expectations, when there was a coherent
event, children were more accurate in detecting changes to
Agents as opposed to inanimate Patients. However, the
asymmetry between Agents and Patients disappeared when
the Patient was animate and when there was no coherent
event. These findings are consistent with previous work with
adults showing a higher relative salience of Agents over
Patients (Dobel et al., 2007; Isasi-Isasmendi et al., 2023; Unal
et al., 2024). Importantly, current results point to an effect of
animacy in the relative salience of Agents and Patients. It is
possible that an event with one animate and one inanimate
entity provides an easier frame to assign Agent/Patient roles
through animacy signaling agency.

Turning to the eye gaze data, when there was a coherent
event, children had more target fixations and hence took
longer to accurately detect changes to Patients as opposed to
changes to Agents. This suggests that children needed to
glean more information from Patients or to process them for
longer to be able to accurately detect the changes to them,
presumably because they were less salient. This is in line with
our prediction that target fixations would differ when
detecting changes to Agents versus Patients. This
interpretation of the eye gaze data is also consistent with
previous developmental studies using eye gaze based
measures that have interpreted increased looking times as an
indicator of longer cognitive processing (e.g., Birulés et al.,
2024; Candan et al., 2012). Together with the accuracy
results, these findings suggest that the difference in salience
of Agents and Patients is modulated by the animacy status of
the Patient but not driven by low-level visual features.

One might think that the direction of the difference
between Agents and inanimate Patients in the eye gaze data



is at odds with the findings of previous work with adults
relying on eye gaze measures as an index of relative salience
of event participants (e.g., Griffin & Bock, 2000; Unal et al.,
2024). In that work, more salient entities were allocated more
visual attention. Nevertheless, these studies have used visual
search paradigms, instructing participants to find an event
component (e.g., the object affected by the action) and keep
looking at it until a button press response. Because we did not
instruct our participants to keep looking at the changing
component, they were free to look at other parts of the visual
stimuli once they detected which person or object was
changing color. This methodological difference might
explain the two sets of seemingly conflicting findings. On the
other hand, our findings are consistent with previous work
using change detection tasks, showing that accurate detection
of changes to less salient event participants was associated
with longer reaction times (Unal et al., 2024; see also Rensink
et al., 1997). This suggests that combining eye tracking with
change detection paradigms might be a promising approach
to gain insights into the temporal dynamics of change
detection in preschool-aged children. Nevertheless, data from
adults from similar paradigms is needed both to complete the
developmental picture and to establish the validity of eye
gaze based measures of change detection. We are currently
addressing this in ongoing work.

A notable difference between the accuracy and eye gaze
data concerns the effect of the animacy of the Patient. As
previously discussed, the accuracy results indicated higher
salience of Agents compared to inanimate Patients but not
compared to animate Patients. In contrast, the eye gaze data
showed a consistent Agent prominence over Patients
regardless of animacy. This discrepancy suggests that
animacy may not be a reliable cue for agency in the early
stages of children's event processing. Instead, the link
between animacy and agency may emerge through
experience during development, being applicable only at later
stages of processing in preschool-aged children. Work with
older children or adults can help evaluate this explanation
more directly.

Viewed from a broader perspective, our findings are
consistent with the view that linguistic organization of events
builds on the structure offered by cognition to capture the
internal representation of events (Jackendoff, 1990, cf.
Rissman & Majid, 2019; Unal et al., 2021a). From a
developmental perspective, our findings connect to a larger
literature on how children learn verbs labelling different
types of events (e.g., Gleitman, 1990; Pinker, 1989;
Tomasello & Merriman, 2014). This work has shown that
children are able to keep track of the connections between
verb meanings and event structure, the number of event
participants, and the relations that exist between them
(Arunachalam & Waxman, 2010). Further, studies show that
2-year-olds can resolve ambiguous pronouns by favoring
subjects over objects as referents (Song & Fisher, 2005;
2007). This linguistic subject preference may reflect an
underlying cognitive bias for Agents, as observed in the
present study. Nevertheless, a large portion of this work
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includes children who are younger than the present age group
of preschoolers. One challenge for future work is bridging the
gap between the work with infants and preschoolers to be
better able to characterize how verbs are mapped onto event
referents in language acquisition and how this might be
shaped by cognitive biases such as the salience of Agents.

In conclusion, the current study highlights the interplay of
event roles and animacy in Agent prominence. By examining
Agent-Patient asymmetries in a non-Indo-European language
that allows omission of subjects and with preschool-aged
children, our findings contribute to the cross-linguistic and
developmental continuity of Agent prominence.
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