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The physical world provides humans with continuous streams of experience in both space and time. The
human mind, however, can parse and organize this continuous input into discrete, individual units. In the
current work, we characterize the representational signatures of basic units of human experience across
the spatial (object) and temporal (event) domains. We propose that there are three shared, abstract signatures
of individuation underlying the basic units of representation across the two domains. Specifically, individ-
uated entities in both the spatial domain (objects) and temporal domain (bounded events) resist restructuring,
have distinct parts, and do not tolerate breaks; unindividuated entities in both the spatial domain (substances)
and the temporal domain (unbounded events) lack these features. In three experiments, we confirm these
principles and discuss their significance for cognitive and linguistic theories of objects and events.

Public Significance Statement
Humans are able to parse and organize continuous streams of experience into individual mental units,
such as objects (entities that extend over space) and events (entities that extend over time). The nature of
these basic units of human experience is a foundational topic for the sciences of the mind. This study
shows that mental units are connected across the spatial and temporal domains: Both objects and events
are represented in terms of their structure.
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The physical world provides humans with continuous streams of
experience in both space and time. The human mind, however, can
parse and organize this continuous input into discrete, individual
units. In the spatial domain, objects are understood as fundamental
units for many human cognitive processes from infancy to adulthood
(Piaget, 1955; Quine, 1960, Scholl, 2001, Spelke, 1988, 1994). In
the temporal domain, events are considered the foundational entities
for human perception and cognition across the human lifespan
(Baldwin et al., 2001; Zacks & Tversky, 2001).

Despite the rich tradition of research in both object and event cog-
nition, the nature of the basic units within each of these two
domains—the mental ontologies within space and time—are not
yet well understood: Indeed, there is no single precise definition of
what an object or an event is in the respective bodies of literature
(e.g., Scholl, 2001; Yates et al., 2023). In the current work, we
aim to characterize the representational signatures of basic units of
human experience across the spatial and temporal domains. We pro-
pose that there are similar, abstract considerations of individuation
underlying the basic units of representation across the two domains.
Moreover, these considerations allow natural connections to how
spatial and temporal entities of different types are encoded in lan-
guage. We begin by outlining the literature on ontological distinc-
tions within the domains of space and time before we propose an
account of the parallels between the two domains. We then turn to
a series of experiments that test our account (Experiment 1: No
Restructuring, Experiment 2: Distinct Parts, Experiment 3: No
Breaks).

Ontological Distinctions in the Spatial Domain

One of the most fundamental ontological distinctions that the
human mind makes of the physical world in space is that between
objects (e.g., table, ball) and substances (e.g., sand, water). This dis-
cussion originates back in Aristotle’s analysis of form and matter
(Aristotle, 350 B.C.E./1994)—we can say that objects have both
matter and form, while substances themselves are matter yet lack
an inherent form.
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Objects and substances differ in terms of infants and adults’ abil-
ity to track and quantify over them (e.g., Chiang & Wynn, 2000;
Hespos et al., 2009; Huntley-Fenner et al., 2002; Rosenberg &
Carey, 2006; Soja et al., 1991; van Marle & Scholl, 2003; van
Marle & Wynn, 2011). For instance, infants have different expecta-
tions for how solid objects and nonsolid substances behave; solid
objects often keep their shape over changes in position, but nonsol-
ids, such as water or sand, often deform as they move (e.g., Hespos et
al., 2009). Research also shows that quantificational abilities are
impaired in substances relative to objects, for both infants and adults
(e.g., Huntley-Fenner et al., 2002; van Marle & Scholl, 2003; van
Marle & Wynn, 2011). For example, at the same age that infants
can successfully represent the precise number of objects that appear
on a stage or that have disappeared behind an occluder, they fail to
represent the quantity of noncohesive substance (such as sand)
poured onto the display in tasks that are otherwise identical
(Huntley-Fenner et al., 2002; Rosenberg & Carey, 2006). In all,
this literature suggests that discrete objects are critical units of pro-
cessing for entity tracking and quantification.
Research in vision science also suggests that discrete objects are

critical units of processing in the domain of adult attention (object-
based attention; see Scholl, 2001, for a review). Within this research
tradition, objects are treated as a basic unit of visual attentional selec-
tion, giving rise to object-based attention effects; for instance, fea-
tures belonging to the same object are easier to respond to than
features belonging to two different objects (Duncan, 1984).
However, the precise definition of an “object” is still under debate
(Scholl, 2001).
Similar definitional questions emerge when one considers

whether or how the object–substance distinction is mapped onto
language. Many authors have proposed that count nouns denote
objects and mass nouns denote substances (e.g., Bloom, 1999;
Gordon, 1985; Link, 1983). In English, for example, objects are
usually denoted with count nouns (e.g., a table) and substances
are typically denoted with mass nouns (e.g., wood). However,
the count–mass linguistic distinction does not correlate perfectly
with the conceptual object–substance distinction; for example,
both the count noun cows and the mass noun cattle can be used
to refer to the same groups of objects. It appears, therefore, that
count nouns denote individuals but mass nouns are unspecified
for individuation (and could, under certain circumstances, individ-
uate). Indeed, studies of quantity judgments in 4-year-olds and
adults demonstrate that some mass nouns (furniture) do denote
individuals (Barner & Snedeker, 2005). These intuitions about
individuation are reflected in the fact that people rely on counting
to perform comparisons involving count but not mass nouns: A
question such as “Who owns more books?” is answered by simply
counting the books but a question such as “Who has more milk?” is
answered by checking the volume or weight of milk rather than
considering number (Barner et al., 2008).

Ontological Distinctions in the Temporal Domain

In the domain of temporal entities, there has been less focus on
what defines the basic unit of experience. Event cognition research
has placed emphasis on how people identify event boundaries
(Zacks et al., 2007), but less attention has been directed towards
the representational units within event boundaries, or the basic men-
tal ontology of events.

A recent proposal has addressed this gap by building on logico-
philosophical discussions of events going back to Aristotle (Ji &
Papafragou, 2020a). This proposal distinguishes between events
that are internally structured in terms of distinct temporal stages
and have a well-defined endpoint (bounded events; e.g., piling
up a deck of cards) and events that are internally unstructured
and lack an inherent endpoint (unbounded events; e.g., shuffling
a deck of cards). This proposed mental ontology is supported by
evidence that viewers extract boundedness information when pro-
cessing naturalistic visual events. In one demonstration (Ji &
Papafragou, 2020a), participants watched videos of a character per-
forming everyday actions; some videos were marked by a red frame
in a way that corresponded to either the bounded (e.g., dress a teddy
bear) or the unbounded event (e.g., pat a teddy bear) category. The
participants succeeded in identifying whether the red frame applied
to a new set of events. Furthermore, when asked to indicate what
kind of event was marked by a red frame, they were likely to men-
tion the structure and organization (or lack thereof) of the events,
thereby showing sensitivity to an essential dimension of the
bounded–unbounded distinction (cf., also Ji & Papafragou,
2020b). Further work has shown that boundedness affects how
people perceive events online, even when not required by the
task (Ji & Papafragou, 2022), and is therefore a spontaneous feature
of event apprehension. Moreover, boundedness is present in
4-year-olds’ nonlinguistic event construals (Ji & Papafragou,
2019, 2020b).

In language, the bounded/unbounded event distinction is mapped
broadly speaking onto telicity (Binnick, 2012; Jackendoff, 1991;
Mourelatos, 1978; Parsons, 1990; Truswell, 2019; van Hout,
2016; Vendler, 1957). For instance, the telic sentence “Sam entered
the house” encodes an experience as a bounded event. By contrast,
the atelic sentence “Sam approached the house” encodes an experi-
ence as an unbounded event. Several studies have confirmed that
telicity conjures different cognitive perspectives on the temporal
structure of events during language comprehension (Barner et al.,
2008; Malaia et al., 2012; Strickland et al., 2015; Wagner &
Carey, 2003;Wellwood et al., 2018). Events denoted by telic phrases
can be counted and processed as discrete individuals while those
denoted by atelic phrases generally cannot. For instance, to answer
a question with a telic predicate such as “Who did more jumping?,”
people directly count how many jumps occurred but to answer a
question with an atelic predicate such as “Who did more running?,”
people use measurements such as the distance or time duration of
running as opposed to number (Barner et al., 2008; Wittenberg &
Levy, 2017; on individuation across linguistic and visual stimuli,
see also Malaia et al., 2012; Strickland et al., 2015; Wagner &
Carey, 2003; Wehry et al., 2019; Wellwood et al., 2018).

A Parallel Between Objects and Events as Mental
Individuals

As can be seen by the brief overview above, the object–substance
distinction in the object domain has parallels to the bounded–
unbounded distinction in the event domain. The idea that events
can be likened to objects is far from new (e.g., Bach, 1986; Casati
& Varzi, 2008; Davidson, 1970; De Freitas et al., 2014; Ji &
Papafragou, 2022; Miller & Johnson-Laird, 1976/2014; Quine,
1985/1996; Wellwood et al., 2018). Nevertheless, the nature of
this parallel and the conceptual organizational principles that support
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it remain underexplored, despite the foundational nature of this topic
for a number of disciplines within cognitive science.
Here we take the position that the crucial distinction between

objects and bounded events on one hand and substances and
unbounded events on the other is that objects and bounded events
qualify as individuals and that substances and unbounded events
are nonindividuals. Support for this proposal comes from a study
by Papafragou and Ji (2023) showing that there is a strong homology
between cognitive representations of events and objects. In that study,
after brief training, viewers were able to extend categories of bounded
or unbounded events to objects or substances, respectively. For exam-
ple, they were able to extend a category of bounded events (e.g., dress
a teddy bear) to also include novel objects (e.g., a solid, ring-like
entity), and a category of unbounded events (e.g., pat a teddy bear)
to also include novel substances (e.g., a white nonsolid mass).
Importantly, viewers were able to draw such connections between
events and objects even in the absence of prior training. Thus, the cog-
nitive representations of bounded/unbounded events and objects/sub-
stances seem to be strongly aligned. This is summarized in Table 1.
A similar parallel has been discussed in logico-semantic analyses,

according to which the count–mass distinction in the semantics of
nominals has a counterpart in the notion of telicity in the semantics
of verbal predicates (Bach, 1986; Jackendoff, 1991; Taylor, 1977;
c.f. Champollion, 2015, 2017; Filip, 2012; Truswell, 2019;
Wellwood et al., 2018). As mentioned already, the meaning contents
of both count nouns and telic phrases can be counted as individuals
and compared by their number but those of both mass nouns and
atelic phrases are better measured than counted (Barner et al.,
2008; Wittenberg & Levy, 2017).
If the strong alignment between construals of objects/sub-

stances and bounded/unbounded events is based on the notion
of individuation, what makes a good individual? In an obvious
sense, individuation in both domains is supported by the notion
of boundaries: While both objects and substances are spatially
extended, only objects are delimited by well-defined spatial
boundaries. Similarly, while both bounded and unbounded events
are temporally extended, only bounded events are delimited by
well-defined temporal boundaries. In the object domain, boundar-
ies, or contours, are central to object recognition and perception.
For example, it has been proposed that cohesion is one of the
most important principles of objecthood: An object must maintain
a single bounded contour over time (e.g., Bloom, 1999; Pinker,
1997; Spelke, 1990, 1994). Similarly, in the event domain, it
has been shown that identifying boundaries is a core component
of perception and has consequences for memory and learning
(Zacks & Swallow, 2007; see also: Ji & Papafragou, 2020b,
2022 for event boundedness). Bridging the two domains, a recent
study found that nonsigners were systematically more likely to
associate sign language signs that end with a gestural boundary
with either telic verbs (e.g., die, arrive) or count nouns (e.g.,
ball, coin) compared to atelic verbs or mass nouns (Kuhn et al.,
2021).

Despite its important role, the notion of boundarihood does not
connect individuation to the content of entities across the domains
of space and time. Any individual unit that humans perceive and
experience has internal representational content: Objects are not
empty shapes and events are not empty segments. We propose that
understanding what happens within entity boundaries is also funda-
mental to human experience. In order to better understand the nature
of individuals, or units of experience, we need to shift attention from
boundaries to properties of individuals themselves across domains.

Relevant work has addressed the conceptual principles that under-
pin either “objecthood” or “event boundedness” but typically not
both (e.g., Ji & Papafragou, 2020a, 2020b; Prasada et al., 2002;
Rips & Hespos, 2015). In one study, cues that indicate nonarbitrar-
iness of structure—regularity of structure, repetition of structure, and
the existence of structure-dependent functions—led participants to
describe novel entities using count syntax (“There is a blicket”) as
opposed to mass syntax (“There is blicket”), and therefore pointed
to objecthood (as opposed to substancehood; Prasada et al., 2002).
In another study, “naturalness of breaks” was found to encourage
individuation across domains: Observers tended to describe images
with “natural” spatial breaks and motions with “natural” temporal
breaks using plural count nouns and telic verb phrases respectively
but chose mass nouns and atelic verb phrases for unnaturally divided
images and motions (Wellwood et al., 2018). In the current study, we
present and test a set of signatures of individuation across spatial and
temporal entities using exclusively nonlinguistic tasks in order to
better understand nonlinguistic conceptual principles that support
individuation.

Signatures of Individuation Across Domains

We propose that individuated entities (objects and bounded
events) possess a well-defined internal structure. On the other
hand, unindividuated entities (substances and unbounded events)
do not have a structure that is as well-defined (and could be, in
some sense, “looser”). Structure refers to the way the parts are orga-
nized to make up the whole. Traditional semantics has captured the
contrast between objects and telic predicates on one hand versus
substances and atelic predicates on the other by mereological
(part-whole structure) notions. In our proposal, the nonlinguistic
conceptual structure of spatial and temporal entities can also be char-
acterized in terms of their part-whole structure.

Objects have parts with particular spatial configurations. A table,
for example, has parts like the tabletop and legs that are arranged in a
certain way. Bounded events also have parts with a particular tempo-
ral organization.1 An event of cracking an egg has a beginning, mid-
dle, and end. We hypothesize that the internal parts of structured
entities are organized in a predefined manner. We therefore posit
three principles that should apply to any structured entity across
domains.

Table 1
Individuation in the Spatial and the Temporal Domain

Domain Individuated entity Unindividuated entity

Spatial domain Object Substance
Temporal domain Bounded event Unbounded event

1 In viewing the representational structure of individuals in terms of
part-whole structure, one needs to consider what counts as a part. In linguis-
tics, a similar problem is known as the “minimal-parts problem”: although
water is a mass noun, water has minimal parts that are no longer water
(Quine, 1960) and although waltz is an atelic predicate, waltzing has minimal
parts that do not count as waltzing (Dowty, 1979). This issue is outside of the
scope of this article and the experiments reported in this work do not run into
this problem, but it is important to accurately characterize the granularity of
parts.

INDIVIDUATION ACROSS OBJECTS AND EVENTS
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The first principle is that structured entities resist restructuring.
Objects are structured of spatial parts and these parts are organized
in a designated manner. That is, a table leg cannot be placed
above the tabletop and a shirt sleeve cannot be placed on the neck
opening of the shirt. However, sand can be mixed up and still
would count as sand and clay can be played around with and still
would be clay. What does this mean for events? Bounded events
are structured of temporal parts that are organized in a designated
temporal manner. That is, the temporal order of the internal parts
of bounded events cannot be rearranged—building a house proceeds
in steps that cannot arbitrarily be rearranged. On the other hand, this
is less of a problem for events likewalking, where a third step and the
fifth step can be switched and would not be a problem. This is sum-
marized in (1).

1. No restructuring: Individuated entities resist restructuring.
a. Objects (but not substances) resist spatial restructuring.
b. Bounded (but not unbounded) events resist temporal

restructuring.

Possessing internal structure also has consequences for the relation-
ship between subparts of the entity. A bit of sand and another bit of
sand are both sand, and therefore they are not understood to be dis-
tinct. Similarly, a part of walking and another part of walking are
both walking, and therefore would not be understood to be distinct.
On the other hand, we cannot say the same thing about two different
parts of a table (e.g., the table leg and the tabletop) or two different
parts of dressing a teddy bear (e.g., when putting on pants and
when putting on a bowtie). This principle is summarized in (2).

2. Distinct parts: Individuated entities have distinct parts.
a. Objects (but not substances) have distinct spatial parts.
b. Bounded (but not unbounded) events have distinct tem-

poral parts.

The last principle is that the internal organization of structured
entities cannot be interrupted. Breaking up (or “dividing”) individ-
uated and unindividuated entities has different consequences:
Dividing up individuated entities is more problematic than dividing
up unindividuated entities. This is summarized in (3).

3. No breaks: Individuated entities resist breaks.
a. Objects (but not substances) resist spatial breaks.
b. Bounded (but not unbounded) events resist temporal

breaks.

In the current study, we test these three principles in a series of
experiments using tasks that do not involve producing or compre-
hending linguistic descriptions of objects or events. We use every-
day, familiar objects and events in order to probe how the mind
applies such abstract considerations across the spatial and temporal
domains.

Transparency and Openness

We report how we determined the sample size. In all studies, sam-
ple sizes were determined a priori, without intermittent data analy-
ses. The studies were not preregistered. The data and analysis scripts
are available from the Open Science Framework (https://osf.io/
bwkdv/). Data were analyzed using R, Version 4.2.1 (R Core
Team, 2022).

Experiment 1: No Restructuring

In this experiment, we test the no restructuring principle in the
domain of objects (Experiment 1a) and events (Experiment 1b). If
individuated entities have a better-defined structural representation
than unindividuated entities and are thus subject to this principle,
observers should find restructurings to individuated entities (objects,
bounded events) more noticeable than those to unindividuated enti-
ties (substances, unbounded events). However, if this is not the case,
observers should find restructurings to individuated and unindivid-
uated entities to be equally noticeable.

Experiment 1a: Objects

Method

Participants. Data from 22 adult (11 female, 11 male, Mage=
35.55, age range= 25–55) native speakers of English residing in the
United States were obtained via Prolific. Detailed information about
the demographics of participants who participated in all experiments
in this study (including race/ethnicity) are reported in the online supple-
mental materials. A pilot with 10 participants indicated that a sample
size of at least 21 was needed to detect an effect of condition with
90% power at significance level α= .01 (pilot Cohen’s d= 0.909). In
order to obtain a sample size of at least 21, we planned to recruit 25 par-
ticipants on Prolific and exclude any participants who did not complete
the experiment. In Experiment 1a, three participants did not complete
the experiment, leaving us with 22 participants. Sample size and recruit-
ment procedure in subsequent studies were matched with Experiment
1a. Participants were compensated at an $8/hr rate for their participation.

Stimuli. We used 16 pairs of images, each depicting a familiar
object (e.g., vase) and substance (e.g., clay; see Table 2). In 10
pairs, the object was the artifact made from the substance counterpart
(e.g., vase–clay), and in two pairs, the object was a natural kind and the
substance was an artifact made from the object counterpart (e.g.,
onion–chopped onion). In the remaining four pairs, both the object
and the substance were artifacts (e.g., roll of toilet paper–toilet
paper). We created spatially restructured versions of each entity by
switching the positions of the second and third vertical strips of the
image (see Table 3). Images were edited using the Adobe Photoshop
2022 software. All images were in 400× 400 pixel dimensions.

Table 2
List of Image Stimuli in Experiment 1a

No. Objects (original) Substances (original)

1 Onigiri Rice
2 Concrete block Cement powder
3 Gold bracelet Gold nuggets
4 T-shirt Cotton wool
5 Ball of yarn Yarn threads
6 Vase Clay
7 Tomato Chopped tomatoes
8 Key Metal
9 Wooden bowl Chopped wood

10 Onion Chopped onions
11 Roll of toilet paper Toilet paper
12 Meatball Ground meat
13 Crystal swan Crystal
14 Sandcastle Sand
15 Pot Terra cotta clay
16 Lotion (bottle) Lotion (material)

LEE, JI, AND PAPAFRAGOU

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

Ps
yc
ho
lo
gi
ca
lA

ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
tt
o
be

di
ss
em

in
at
ed

br
oa
dl
y.

2000

https://osf.io/bwkdv/
https://osf.io/bwkdv/
https://osf.io/bwkdv/
https://osf.io/bwkdv/
https://doi.org/10.1037/xge0001581.supp
https://doi.org/10.1037/xge0001581.supp


The original stimuli came from a pool of images that were normed in
a manner similar to Li et al.’s (2009) Experiment 3, where participants
were asked to rate the entities in their original (not restructured) form on
a scale of 1–7, with 1 being a good object and 7 being a good sub-
stance. The stimuli were rated by 15 naïve native English speakers
who did not participate in any of the other experiments reported in
this study. Items categorized as objects had a mean rating of 2.62
(SD= 2.25), and items categorized as substances had a mean rating
of 4.81 (SD= 2.31), with people reasonably rating substances
higher than objects on our response scale, t(14)=−7.1, p, .001.
Following the rating scales in Li et al. (2009), we additionally tested
the stimuli on several features that have been associated with object-
hood or lack thereof (see Ontological Distinctions in the Spatial
Domain section): the complexity of their overall shape and outline
(1= not at all complex to 7= extremely complex), the degree to
which their function depended on their overall shape and outline
(1= not at all dependent to 7= extremely dependent), as well as
their cohesiveness/solidity (1= not at all cohesive/solid to 7=
extremely cohesive/solid). Complexity ratings were similar across
items categorized as objects (M= 4.12, SD= 1.95) and substances
(M= 3.34, SD= 1.90), t(14)= 1.8, p= .1. Object stimuli (M=
5.22, SD= 1.84) were rated higher than substance stimuli (M=
3.68, SD= 2.02) in terms of shape-dependent function, t(14)= 3.6,
p, .01. Similarly, object stimuli (M= 5.04, SD= 1.86) were rated
higher than substance stimuli (M= 3.81, SD= 2.03) in terms of cohe-
siveness, t(14)= 5.5, p, .001. These results are consistent with Li
et al.’s findings and confirm our choice of spatial entities.
In all experiments reported in this study, two lists were created and

presented to participants using a standard Latin Square design: Each par-
ticipant was presented with only one condition of each target item and
each of the two conditions appeared the same number of times on any
of the two lists. Both lists contained the same set of 12 filler items, pseu-
dorandomly distributed throughout the list. Six of the filler items were
identical image pairs and the other six filler items were image pairs
that differed in color only, where the color difference was very subtle.
Procedure. All experiments reported in this study were hosted

online on PennController IBEX (Zehr & Schwarz, 2018; https://
www.pcibex.net/), and participants completed them remotely via
the internet. At the beginning of each trial, a fixation cross was dis-
played for 1,000 ms. After the fixation cross, the original image was
displayed for 100 ms. Then, the screen was masked for 3,000 ms.

Afterwards, the restructured image was displayed for 100 ms. There
was no postmask after the restructured image. At the end of each
trial, participants were asked to identify whether the two items they
saw were identical (“edited or identical?”; see Figure 1). The experi-
ment took approximately 4 min to complete.

Results and Discussion

Results from Experiment 1a are shown in Figure 2. The accuracy
of the participants’ responses was analyzed using generalized linear
mixed effects models (glmer). We coded condition (object vs. sub-
stance) using centered contrasts (object= 0.5, substance=−0.5)
and included it as the fixed effect. As random effects, we entered
intercepts for subjects and items, as well as by-subject and by-item
random slopes for the effects of condition. They were then reduced
(starting with by-item effects) via model comparison, wherein only
random effects that contributed significantly to the model (p, .05)
were included (Baayen et al., 2008). The reported model included
by-subject random slopes and intercepts, and by-item intercepts.

There was a main effect of condition (β= 2.45, SE= 0.55, z= 4.44,
p, .001), such that participantsweremore likely to accurately judge that

Table 3
Sample Images in Experiment 1a

Entity type Original Restructured

Object

Substance

Note. See the online article for the color version of this table.

Figure 1
Trial Structure in Experiment 1a

Note. += fixation cross. See the online article for the color version of this
figure.

Figure 2
Mean Accuracy by Condition in
Experiment 1a

Note. Error bars represent +SE.
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the original and the restructured images were different when pre-
sented with objects (M= 91.5%, SD= 0.28) than with substances
(M= 59.7%, SD= 0.49). (For filler items that were identical pairs,
29.5% [SD= 0.46] of the participants responded that they were dif-
ferent. The average accuracy for filler items that differed slightly in
color was 65.9% [SD= 0.48].) We take these results as support for
the no restructuring principle. Observers are better at detecting
structural changes to objects because objects possess a better-
defined internal structure and thus are more likely to resist res-
tructuring. However, structural changes to substances are less
noticeable because substances do not possess as well-defined an
internal structure and are less likely to resist restructuring.

Experiment 1b: Events

Method

Participants. Twenty-three (16 female, seven male, Mage=
38.05, age range= 21–59) new adult native speakers of English
residing in the United States participated via Prolific. Participants
were compensated at an $8/hr rate for their participation.
Stimuli. For target items, we used 16 pairs of videos from Ji and

Papafragou (2020a). All videos involved the same girl doing a familiar
everyday action in a lab room. Paired videos had the same duration and
showed a bounded and an unbounded event (see Table 4). For the 16
pairs used as target stimuli in Experiment 1b, we created temporally
restructured versions of each event by dividing each video into four tem-
poral segments of equal duration and switching the second and third seg-
ments. This mirrors the stimuli design in Experiment 1a, where each

entity was divided into four segments of equal widths and the second
and third segments were switched. Videos were edited using the
Adobe Premiere Pro 2022 software (for an example, see Table 5).

The original versions of these videos were drawn from a pool of
20 pairs of bounded–unbounded videos in the earlier study (duration
range= 4.5–13 s, M= 7.98 s). That set had been normed to ensure
that all video stimuli would illustrate the contrast in boundedness
(Ji & Papafragou, 2022): Participants (n= 40) judged videos of
bounded events as “something with a beginning, midpoint and spe-
cific endpoint” 87% of the time but said the same for videos of

Table 5
Sample Videos in Experiment 1b

Event type Video type Stimuli

Bounded event
(fold a handkerchief)

Original

Restructured

Unbounded event
(wave a handkerchief)

Original

Restructured

Note. See the online article for the color version of this table.

Table 4
List of Video Stimuli in Experiment 1b

No. Bounded events (original) Unbounded events (original)

1 Scoop up yogurt Stir yogurt
2 Fold a handkerchief Wave a handkerchief
3 Pile up a deck of cards Shuffle a deck of cards
4 Group pawns based on color Mix pawns of two colors
5 Roll up a towel Twist a towel
6 Dress a teddy bear Pat a teddy bear
7 Put up one’s hair Scratch one’s hair
8 Close a fan Use a fan
9 Eat a pretzel Eat cheerios

10 Peel a banana Crack peanuts
11 Stick a sticker Stick stickers
12 Tie a knot Tie knots
13 Tear up a tissue Tear slices off tissues
14 Cut a ribbon in half Cut pieces from a roll
15 Flip a postcard Flip pages
16 Blow a balloon Blow bubbles
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unbounded events only 21.5% of the time, a significant difference,
t(39)= 20.33, p, .001. Additional norming confirmed that the vid-
eos within each class were equivalent in other dimensions, including
intentionality (Ji & Papafragou, 2020a): On a scale from 1= totally
unintentional to 7= intentional, participants (n= 20) rated bounded
(M= 5.67) and unbounded events (M= 5.62) similarly, t(19)=
1.34, p= .195. It is of note that norming for event stimuli is parallel
in some respects to the norming previously reported for object
stimuli in Experiment 1a. For instance, the question about event
timepoints is related to the cohesiveness/solidity question in
Experiment 1a: Possessing a “beginning, midpoint and specific end-
point” in the event domain is similar to being a cohesive entity
(which has each of the parts in a specific place) in the object domain.
Similarly, the intentionality question about events is related in some
sense to the shape-dependent function question about objects, since
intentionality in the event domain can be likened to function in the
object domain—they both make reference to what needs to be
achieved in the real world.
In addition to the target items, we included twelve filler items. Six

of the filler items were identical video pairs, and the other six of the
filler items were video pairs where the edited version involved tem-
porally reversing segments of the video.
Procedure. At the beginning of each trial, a fixation cross was

displayed for 1,000 ms. Once the fixation cross disappeared, partici-
pants watched the original video. Then, the screen was masked for
1,500 ms. Afterwards, participants watched the restructured video.
At the end of each trial, participants were asked to identify whether
the two videos they watched were identical (“edited or identical?”;
see Figure 3). The experiment took approximately 13 min to complete.

Results and Discussion

Results fromExperiment 1b are shown in Figure 4. The accuracyof the
participants’ responses was analyzed in the same way as in Experiment
1a, with condition (bounded vs. unbounded; contrast-coded as bounded
= 0.5 and unbounded=−0.5) as a fixed effect. The reported model
included by-subject and by-item random slopes and intercepts.
There was an effect of condition (β= 1.38, SE= 0.72, z= 1.92,

p= .05), such that participants were more likely to accurately judge
the original video and the restructured video as different in the

bounded event condition (M= 85.33%, SD= 0.36) than in the
unbounded event condition (M= 67.93%, SD= 0.47). (For filler
items that were identical pairs of videos, 78.3% [SD= 0.41] of the
participants responded that they were different. For filler items that
were pairs of edited videos, 93.5% [SD= 0.25] of the participants
accurately responded that they were different.) As expected, then, par-
ticipants had more difficulty detecting structural changes to
unbounded events than to bounded events. We take these results to
again provide support for the no restructuring principle, now in the
event domain. Observers are better at detecting structural changes to
bounded events because bounded events possess a better-defined
internal structure and thus are more likely to resist restructuring.

Experiment 2: Distinct Parts

In Experiment 2, we test the principle of distinct parts in the
domain of objects (Experiment 2a) and events (Experiment 2b). If
this principle applies to individuated entities, observers should be
better at detecting the difference between two random subparts of
individuated entities (objects, bounded events) than the difference
between two random subparts of unindividuated entities (substances,
unbounded events). However, if there is no difference in the struc-
tural representation of individuated and unindividuated entities,
observers’ ability to detect differences between subparts of individ-
uated and unindividuated entities would not differ.

Experiment 2a: Objects

Method

Participants. Twenty-four (15 female, nine male, Mage=
40.33, age range= 25–70) new adult native speakers of English
residing in the United States participated via Prolific. Participants
were compensated at an $8/hr rate for their participation.

Stimuli. Using the 16 original images used in Experiment 1,
we extracted two different 80× 80 pixel parts from each image,
using the Figma editor. One part was extracted from the center of
each entity (middle part), and another part from the top right corner
of each entity (edge part). See Table 6 for examples. We selected
the center and edge parts of each entity to make the parts maximally

Figure 3
Trial Structure in Experiment 1b

Note. += fixation cross. See the online article for the color version of this
figure.

Figure 4
Mean Accuracy by Condition in
Experiment 1b

Note. Error bars represent +SE.
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distinct from each other, for both objects and substances.
Moreover, our selection of center and edge parts of spatial entities
mirrors our selection of middle and end segments of temporal enti-
ties in Experiment 2b. In addition to target stimuli, we included
twelve filler items. Six of the filler items were identical image
pairs. The other six were middle and edge parts of filler images
such as a car or a bowl of colorful marbles.
Procedure. The trial structure of Experiment 2a was similar to

that of Experiment 1a. At the beginning of each trial, a fixation
cross was displayed for 1,000 ms. After the fixation cross, one part
of an entity was displayed for 100 ms. Then, the screen was masked
for 3,000 ms. Afterwards, the other part of the entity was displayed
for 100 ms. There was no postmask after the other part of the entity.
At the end of each trial, participants were simply asked, “Different
or Identical?” (see Figure 5). The ordering of the segments was coun-
terbalanced so that in one half of the trials, participants saw the middle
segment first, and in the other half, they saw the edge segment first.
The experiment took approximately 4 min to complete.

Results and Discussion

Results from Experiment 2a are shown in Figure 6. Participants’
responses were analyzed in the same way as in Experiment 1a. The
reported model included by-subject and by-item random slopes and
intercepts.

There was a main effect of condition (β= 1.89, SE= 0.57, z=
3.29, p, .001), such that participants were more likely to accurately
identify the two parts as distinct in the object condition (M=
81.25%, SD= 0.39) than in the substance condition (M= 59.38%,
SD= 0.49). (For filler items that were identical pairs of images,
79.2% [SD= 0.41] of the participants responded that they were dif-
ferent. For filler items that were distinct parts of an entity, 84.7%
[SD= 0.36] of the participants accurately identified them as differ-
ent.) As the principle of distinct parts predicted, objects are more
likely to have distinguishable parts than substances.

Experiment 2b: Events

Method

Participants. Twenty-one (11 female, 10 male, Mage= 39.24,
age range= 20–79) new adult native speakers of English residing
in the United States participated via Prolific. Participants were com-
pensated at an $8/hr rate for their participation.

Stimuli. We segmented each original video from Experiment 1b
into nine temporal segments, and used the fifth (middle) and the eighth
segments (see Table 7). This mirrors the stimuli design in Experiment
2a, where the middle and edge parts of spatial entities were selected.

Procedure. The trial structure of Experiment 2b was similar to
that of Experiment 1b. At the beginning of each trial, a fixation
cross was displayed for 1,000 ms. Once the fixation cross disap-
peared, participants watched a video segment. Then, the screen
was masked for 1,500 ms. Afterwards, participants watched the
other video segment. At the end of each trial, participants were sim-
ply asked, “different or identical?” (see Figure 7). The ordering of
the segments was counterbalanced so that in half of the trials, par-
ticipants saw the middle segment first, and in the other half, they
saw the end segment first. The experiment took approximately
9 min to complete.

Table 6
Sample Image Stimuli in Experiment 2a

Entity type Middle part Edge part

Object

Substance

Note. From Adobe Stock, 2024 (https://stock.adobe.com/in). In the public
domain. See the online article for the color version of this table.

Figure 5
Trial Structure in Experiment 2a

Note. += fixation cross. See the online article for the color version of this
figure.

Figure 6
Mean Accuracy by Condition in
Experiment 2a

Note. Error bars represent +SE.
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Results and Discussion

Results from Experiment 2b are shown in Figure 8. Participants’
responses were analyzed in the same way as in Experiment 1b. The
reported model included by-subject random slopes and intercepts,
and by-item intercepts.

There was a main effect of condition (β= 3.70, SE= 0.85, z=
4.36, p, .001), such that participants were more likely to accu-
rately identify the two segments as distinct for bounded (M=
88.69%, SD= 0.32) than for unbounded events (M= 45.83%,
SD= 0.50). (For filler items that were identical pairs of videos,
78.6% [SD= 0.41] of the participants responded that they were dif-
ferent. For filler items that were different pairs of videos, 94.4%
[SD= 0.23] of the participants accurately responded that they
were different.) Again, as the principle of distinct parts would pre-
dict, bounded events are more likely than unbounded events to have
distinguishable parts.

Experiment 3: No Breaks

In the present experiment, we test the no breaks principle in the
domain of objects (Experiment 3a) and events (Experiment 3b). If
individuated entities have a better-defined internal structural repre-
sentation and are thus subject to this principle, observers should
find breaks to individuated entities (objects, bounded events)
more problematic than those to unindividuated entities (sub-
stances, unbounded events). However, if there is no difference in
the structural representation of individuated and unindividuated
entities, observers would find breaks to individuated and unindi-
viduated entities equally problematic. Notice that Experiment 3
asks participants directly to assess the gravity of structural disrup-
tions to real-world entities corresponding to the contents of images
or videos (as opposed to assessing the images and videos them-
selves, and thus by inference their contents, as in Experiments 1
and 2).

Table 7
Sample Video Stimuli in Experiment 2b

Event type Middle segment End segment

Bounded event

Unbounded event

Note. See the online article for the color version of this table.

Figure 7
Trial Structure in Experiment 2b

Note. += fixation cross. See the online article for the color version of this
figure.

Figure 8
Mean Accuracy by Condition in
Experiment 2b

Note. Error bars represent +SE.
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Experiment 3a: Objects

Method

Participants. Twenty-one (six female, 15 male, Mage= 39.62,
age range= 20–67) new adult native speakers of English residing
in the United States participated via Prolific. Participants were com-
pensated at an $8/hr rate for their participation.
Stimuli. Using the 16 pairs of object and substance images from

Experiment 1a, we created “disrupted” (broken/discontinuous) ver-
sions of each entity by inserting blank (white) vertical gaps in between
four vertical strips of equal widths. As in Experiment 1a, we used four
segments (see Table 8). In addition to the target items, we also
included twelve filler items. In six filler items, the entities shown
before and after the monster’s break-in were identical. In the other
six items, the entities shown before and after the monster’s break-in
differed in color.
Procedure. Participants were provided with the following story:

A monster broke into Alessandra’s house and messed up her posses-
sions! We will first show you what the item originally looked like.
Next, we will show you what it looks like after the monster broke
in. Your task is to help Alessandra assess the damage done to her pos-
sessions! For each item, how much of a problem is what the monster
did?

(Here, participants saw a picture of a monster, but not of
Alessandra.) At the beginning of each trial, a fixation cross was dis-
played for 1,000 ms. After the fixation cross, the original image was
displayed for 500 ms. Then, for 3,000 ms, participants saw a mes-
sage saying, “Now look what the monster did!” Afterwards, the dis-
rupted version of the entity was displayed for 500 ms. Then,
participants were asked, “How much of a problem is this?”, and
were given a 7-point scale, where 1 indicated no problem at all
and 7 indicated a serious problem (Figure 9). The experiment took
approximately 4 min to complete.

Results and Discussion

Results from Experiment 3a are shown in Figure 10. Participants’
responses were analyzed using linear mixed effects models (lmer).
We coded condition (object vs. substance) using centered contrasts
(0.5, −0.5) and included it as the fixed effect. As random effects,
we entered intercepts for subjects and items, as well as by-subject
and by-item random slopes for the effects of condition. Model com-
parison and selection were conducted in the same way as in
Experiments 1 and 2. The reported model included by-subject and
by-item random slopes and intercepts.

There was a main effect of condition (β= 1.26, SE= 0.37, t=
3.38, p, .01), such that participants judged structural breaks to
objects as more problematic (M= 5.56, SD= 1.71) than structural
breaks to substances (M= 4.28, SD= 2.20). (The mean response to
filler items that were identical pairs was 1.58 [SD= 1.34], and the
mean response to filler items that differed in color was 2.57 [SD=
1.89].) As expected by the no breaks principle, structural breaks do,
in fact, affect how one evaluates real-world spatial entities (and not
just images that depict these entities).

Experiment 3b: Events

Method

Participants. Twenty-five (12 female, 13 male, Mage= 36.2,
age range= 21–75) new adult native speakers of English residing
in the United States participated via Prolific. Participants were com-
pensated at an $8/hr rate for their participation.

Table 8
Sample “Disrupted” Entities in Experiment 3a

Object Substance

Note. From Adobe Stock, 2024 (https://stock.adobe.com/in). In the public
domain. See the online article for the color version of this table.

Figure 9
Trial Structure in Experiment 3a

Note. From Adobe Stock, 2024 (https://stock.adobe.com/in). In the public
domain. += fixation cross. See the online article for the color version of
this figure.

Figure 10
Mean Rating by Condition in
Experiment 3a

Note. Error bars represent +SE.
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Stimuli. Using the original 16 videos from Experiment 1b, we
created videos in which breaks were inserted between each quarter of
the video. As in Experiment 1b, we used four segments. Between
each of the four segments, we inserted breaks (three breaks in
total) that interrupted the action itself (as opposed to editorial breaks
in the video only). During each break, the screen turned entirely
black and participants heard sounds of the light switch turning off,
the girl walking over to the monster and telling them off (“What
are you doing!,” “Stop!,” “Stop it!”), the monster screeching back
at the girl, the girl coming back to the chair, and the light switch turn-
ing back on (Table 9).
Procedure. Participants were provided with the following

context:

A monster breaks into Alessandra’s room and messes up what she’s
doing by switching the lights on and off! Alessandra can’t see what
she’s doing in the dark so she stops her actions when the lights are
off. Your task is to determine how much of a problem is what the mon-
ster did to Alessandra’s actions.

On each trial, participants saw a screen showing amonster and a light
switch, along with the message, “Look what the monster did! He
switched the lights on and off and messed up Alessandra’s actions!”.
They then watched the video with breaks.2 Afterwards, they were
asked, “How much of a problem is it that the girl had to stop

what she was doing?”, and were asked to respond on a 7-point
scale, where 1= no problem at all and 7= a serious problem
(Figure 11). The experiment took approximately 16 min to complete.

Results and Discussion

Results from Experiment 3b are shown in Figure 12. Participants’
responses were analyzed in the same way as in Experiment 3a, with
condition (bounded vs. unbounded; contrast-coded as 0.5 and−0.5)
as a fixed effect. The reported model included by-subject and
by-item random intercepts.

There was a main effect of condition (β= 0.31, SE= 0.12, t=
2.45, p= .01), such that participants judged temporal breaks to
bounded events as more problematic (M= 3.73, SD= 1.71) than
temporal breaks to unbounded events (M= 3.43, SD= 1.86).
These results are consistent with the no breaks principle in the
domain of events. Again, these results support the claim that struc-
tural principles affect how one evaluates real-world events (and
not just videos that depict events.)

We do, however, note that the numerical difference is not as great
as in Experiment 3a. This may be due to the fact that participants saw
that the girl was still able to go through and finish the action even in
the bounded event condition, and therefore found such disruptions
less problematic than disruptions to spatial entities that would be
less likely to function in the same way once they were “broken.”
Thus, temporal breaks to events may be understood as less problem-
atic than spatial breaks to objects. Indeed, our everyday experience
always consists of events and actions that get interrupted. Our
naps get interrupted by construction noise and our meetings get
interrupted by phone calls. We switch back and forth between differ-
ent events like baking a cake and doing laundry. Despite such inter-
ruptions, we still manage to understand and track events as
individual units. It would be interesting to ask whether a stronger

Table 9
Sample Video Stimuli in Experiment 3b

Event type Stimuli

Bounded event

Unbounded event

Note. See the online article for the color version of this table.

Figure 11
Trial Structure in Experiment 3b

Note. From Adobe Stock, 2024 (https://stock.adobe.com/in). In the public
domain. See the online article for the color version of this figure.

2 Unlike Experiment 3a, participants only watched the video with breaks
(and not the “original” video) because the provided contexts were different.
In Experiment 3a, a monster caused damages to spatial entities in a way that it
was possible to show the “before/intact” and “after/damaged” versions of the
entity. In Experiment 3b, however, the temporal nature of events did not
allow for this type of design: the monster interrupted the action in a way
that there were no “before/intact” and “after/interrupted” versions of the
events. Notice also that, unlike Experiment 2a, the form of the question is
more specific so as to clarify that participants were being asked to evaluate
how problematic the presence of the breaks was for the actual action.
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asymmetry would have been observed if the interrupted event had
not terminated, that is, if the disruption had more lasting effects in
ways comparable to the spatial disruptions in Experiment 3a.
Summarizing all of our findings, viewers process perceptual

changes (restructuring, part extraction, breaks) across both images
and videos in systematically different ways depending on whether
the stimuli are taken to depict an individual or not.

General Discussion

What are the basic units of human experience across space and
time? And are there connections among these mental units across
the two domains? This is a foundational topic for cognitive science,
with clear implications for the way humans organize their represen-
tation of objects and events and encode these mental particulars in
language. In this paper, we investigated the units of human cognition
across the spatial and the temporal domain, with an eye towards
cross-domain similarities.
We began with the assumption that ontological distinctions within

each domain align in terms of an underlying notion of individuation
(Papafragou & Ji, 2023; see also Bach, 1986; Davidson, 1970; Ji &
Papafragou, 2022; Kuhn et al., 2021; Quine, 1985/1996; Wagner &
Carey, 2003;Wellwood et al., 2018). Specifically, within the domain
of spatial entities, objects qualify as individuals while substances do
not; similarly, in the event domain, bounded events count as individ-
uals while unbounded events do not. We proposed that the common
abstract signature of individuation that crosscuts the two domains is
the presence of a well-defined internal structure—that is, a princi-
pled, nonarbitrary way that parts are organized to make up a (spatial
or temporal) whole. In a series of experiments, we tested and con-
firmed three principles that follow from this proposal. First, individ-
uated entities across the object and event domains obey the no
restructuring principle: Objects and bounded events are more likely
to resist restructuring of their parts but substances and unbounded
events are less likely to do so. Second, individuated entities submit
to the distinct parts principle: Objects and bounded events are more
likely to be understood as possessing distinct parts but substances
and unbounded events are less likely to. Third, individuated entities
follow the no breaks principle: Objects and bounded events are more

likely to resist spatial and temporal breaks, respectively, but sub-
stances and unbounded events are less likely to. Together, these
data support the idea that there is a conceptual difference between
mental individuals and nonindividuals in both space and time (see
Papafragou & Ji, 2023), and offer the first evidence in support of
common nonlinguistic signatures of conceptual individuation across
the domains of objects and events.

Implications for Theories of Object and Event Cognition

In the literature, it is widely assumed that individuation across
the spatial and temporal domains is supported by the presence of
boundaries. Within the spatial domain, while both objects and sub-
stances are spatially extended, only objects are clearly spatially
delimited (Bloom, 1999; Kuhn et al., 2021; Pinker, 1997;
Spelke, 1990, 1994). Similarly, within the temporal domain,
while both bounded and unbounded events are temporally
extended, only bounded events are clearly temporally delimited
(Ji & Papafragou, 2020b, 2022; Kuhn et al., 2021; Strickland et
al., 2015; Zacks & Swallow, 2007). Despite the uncontroversial
role of boundaries in the processing of objects and events, here
we have argued that the deeper internal structure of entities, rather
than a mere notion of boundaries or contours, is fundamental for
characterizing conceptual individuation across objects and events.
For example, results from Experiment 2 (distinct parts), where
external boundaries were not at all relevant, would not predicted
by an account that solely focuses on boundaries. Our proposal is
consistent with the possibility that an entity’s boundaries are a sec-
ondary property that follows from how the entity is internally struc-
tured. Thus, even though we have been using the terms bounded
and unbounded events, the relevant categorization does not just
concern event boundaries themselves but the internal structure
(or the lack thereof) of temporal entities. Our perspective requires
shifting the theoretical emphasis away from a sole focus on seg-
mentation or boundarihood and calls for theories of object and
event cognition that properly account for the internal architecture
of individual units.3

In the spatial domain, the idea that objects have structure and dis-
tinct parts is not new (Biederman, 1987; Blum, 1973; Hoffman &
Richards, 1984; Hummel & Biederman, 1992; Marr & Nishihara,
1978). For example, in Biederman’s (1987) theory of human visual
object recognition, objects are recognized as an arrangement of sim-
ple geometric components, such as blocks, cylinders, wedges, and
cones. However, this view has mainly focused on how objects are
recognized in the visual world and has not generalized the idea of
partonomic structure to the domain-independent notion of a

Figure 12
Mean Rating by Condition in
Experiment 3b

Note. Error bars represent +SE.

3 One way of conceptualizing viewers’ commitments to the internal struc-
ture of units across the object and event domains is reminiscent of Aristotle’s
analysis of form and matter that we have already alluded to (Aristotle, 350
B.C.E/1994). Objects have both matter and form, while substances them-
selves are matter yet lack an inherent form. For example, objects such as
wooden chairs have both matter (wood) and form (chair form); substances
such as wood are themselves matter and lack an inherent form. In a similar
way, we have proposed that unbounded events such as walking are the
“event matter” themselves yet lack an inherent event form (temporal structure
and resulting boundaries). Bounded events such as a walk to the store, on the
other hand, have both “event matter” and “event form.”We stress that, on our
account, substances and unbounded events have independent status as enti-
ties and are not simply properties of other (individuated) entities.
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cognitive individual. Similarly, in the temporal domain, the idea that
events can have parts has been around for some time but has been
used so far in limited ways. According to the best-known version
of this idea, finer grained events make up coarser grained, larger
events (Zacks & Tversky, 2001); for example, an event of making
coffee has subparts such as grinding coffee beans, picking up the
coffee cup, and pouring coffee into the cup. Our study suggests
that it is also crucial to study how smaller scale events are internally
structured: Picking up the coffee cup has a well-defined internal
structure to it—including a beginning, middle, and end—but not
all events have such structure. A unique feature of our account is
the suggestion that a proper theory of events should be able to
account for the part-whole structure of events in a manner similar
to the part-whole structure of objects. By contrast, on the above the-
ories of objects and events, there is no expectation that objects and
events should behave identically, and therefore no way of explaining
the line of results in the present paper without additional theoretical
machinery.4

The present perspective highlights the notion of structure as the
crucial conceptual signature of individuals. What, then, does it spe-
cifically mean for an entity to possess a well-defined structure? Put
differently: What cues lead us to think of an entity as having a well-
defined structure? Recall that, in an earlier study, regularity of
structure, repetition of structure, and the existence of structure-
dependent functions led participants to describe novel entities
using count syntax (“There is an X”) as opposed to mass syntax
(“There is X”), and therefore pointed to objecthood as opposed to sub-
stancehood (Prasada et al., 2002). For instance, entities that had “reg-
ular” shapes (straight edges and curves with constant or smoothly
changing curvature) were more likely to be described with count
nouns. In this sense, Prasada et al.’s (2002) notion of “regularity of
structure” refers to “regularity of boundaries/contours” as opposed
to an entity’s internal structure. Prasada et al. (2002) also showed
that possessing (nonarbitrary) structure implicates existence of a
structure-generating process and a structure-dependent function.
While the function proposal makes sense for artifacts like tables or
keys, it is less straightforward for natural kinds such as apples and
giraffes. It is also unclear whether and how such cues would general-
ize to the event domain.
Relatedly, naturalness of spatial or temporal breaks has been

found to encourage linguistic individuation across the static and
dynamic domains (Wellwood et al., 2018). Even though our stim-
uli did not probe the same idea, it is clear that entities that have a
well-defined internal structure are likely to have more natural divi-
sions. For example, a wooden ladder comes with very regular, nat-
ural divisions and patterns between each wooden step, whereas a
pile of firewood is arranged in a random, arbitrary way such that
the “divisions” between each wood piece are not regular.
Similarly, in the domain of events, closing a fan comes with
clear steps that have a beginning, middle, and end, whereas using
a fan can involve more random movements that can be arranged
in an arbitrary way.
Summarizing, the current study asked: Once an entity is con-

strued as having a well-defined structure, what predictions follow?
We found that the presence of well-defined structure has real cog-
nitive consequences for entity perception and processing.
Naturally, the cues that signal individuation and the structural
consequences of individuation are two sides of the same coin.
As discussed above, entities that follow our three principles are

likely to have regular structure, a significant function, a desig-
nated shape/boundary, and natural breaks, among other things,
although our tasks do not directly probe these properties. Our
study was the first to reveal that a fundamental set of structural
principles underlies object and event construals in a series of non-
linguistic tasks.

Implications for the Language–Cognition Interface

Understanding object and event structure in terms of individuation
allows for meaningful links to linguistic semantic theories. As men-
tioned already, such theories have long noted the contrast between
objects and telic verb phrases on one hand versus substances and
atelic verb phrases on the other (Bach, 1986; Jackendoff, 1991;
Taylor, 1977; cf. Barner et al., 2008; Champollion, 2015, 2017;
Filip, 2012; Kuhn et al., 2021; Truswell, 2019; Wellwood et al.,
2018; Wittenberg & Levy, 2017). Our study shows that the nonlin-
guistic structure of spatial and temporal entities can be characterized
in terms of similar individuation profiles. This in turn supports the
conclusion that an analysis of natural language can reveal meaning
distinctions that characterize conceptual systems beyond language;
furthermore, it suggests that the explanatory scope of linguistic theory
should adjust accordingly so that it is not called upon to explain
phenomena that could be in part explained by broader cognitive
architecture.

Specifically, our proposal that underscores objects’ and events’
part-whole structure obviously converges in part with linguistic
analyses of the semantics of nouns and predicates in terms of their
mereological (part-whole) structure. In semantic theories, mass
nouns and atelic predicates are theorized to have cumulative refer-
ence: If two things are wood, then their sum is also wood, and if
two things are walking, then their sum is also walking (e.g., Bach,
1986; Link, 1983). They also have divisive reference: Any part of
anything that is wood is also wood, and the same applies to walking.
We can understand cumulativity as looking upward from part to
whole, and divisiveness as looking downward from whole to part.
What semantic theories do not explicitly discuss is looking side-
ward. That is, linguistic representations do not specify the way the
parts are arranged to form a whole. However, our results—in partic-
ular results from Experiment 1—strongly suggest that the manner in
which the parts are arranged to form a whole is crucial in humans’
conceptual representations of individuated entities. This suggests
that the cognitive system is attuned to structural aspects of physical
entities that language and linguistic theory do not make reference to.
This is not unreasonable, given that language does not name parts of
individuals in the same way that the cognitive system can perceive
and experience them.

For purposes of the current study, we focused on structure-
related principles that apply once an entity is construed as an

4 The current proposal nicely links to other properties of objecthood that
have been discussed in the literature. For instance, cohesion (and similarly,
solidity) can be understood as a feature that follows from a certain type of
relationship that holds among the parts of an object. Because the parts of
objects, but not of substances, are spatially arranged in a designated way,
they need to cohere in a certain way. If the parts do not cohere with each
other and are thus susceptible to restructuring, the whole entity would violate
the no restructuring principle. Indeed, the object stimuli used in our experi-
ment were rated higher than substances in terms of cohesion (see norming
data of Experiment 1; cf. also Li et al., 2009).
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individual, and indeed, we intentionally used image and video
stimuli that are likely to be construed as individuals or not (see
the norming reported in Experiment 1). However, both spatial
and temporal stimuli are often multiply interpretable. The same
static entity in the physical world can either be construed as an
object (e.g., a meatball) or a substance (e.g., meat). Similarly,
one may construe the same perceptual happening as an individu-
ated bounded event (e.g., running across the finish line) or as an
unbounded event (e.g., running). That is, in the same way that sub-
stances provide the material for objects, unbounded events provide
the “material” for bounded events (see also Footnote 3). How one
labels the very same entity can have consequences for whether the
viewer individuates it or not. For example, an entity referred to as a
meatball can be thought of as an individual but the same entity
labeled as meat might be represented differently; similarly, an
eventuality referred to as drawing a balloon can be thought of as
an individual but the same eventuality described as drawing
might lose its individuated nature (Barner et al., 2008; Vurgun et
al., 2022; Wellwood et al., 2018). Measure phrases and temporally
delimiting phrases can have similar consequences for construal.
While an entity referred to as sand is likely to be construed as a non-
individual, adding a measure phrase to the noun as in a pile of sand
signals an individuated entity; similarly, a drawing eventuality
referred to with a bounded temporal phrase as in drawing for an
hour can be thought of as an individual.5 It is an interesting ques-
tion whether count/mass syntax (for objects) or telic/atelic syntax
(for events) would cross-cut the nonlinguistic construal of the
same entity in our probes, and would do so across languages that
encode such nominal and verbal distinctions differently (as in clas-
sifier languages; Li et al., 2009).
The issue of construal becomes even trickier by the fact that what

counts as an individual has been shown to differ across adults and chil-
dren: When children are asked to count labeled entities such as
“forks,” they count even a detached part of a fork as a separate entity,
unlike adults who count only whole forks (Shipley & Shepperson,
1990). Furthermore, beyond considerations already discussed earlier,
individuation can be subject to contextual factors for both children
(e.g., Srinivasan et al., 2013) and adults (Syrett & Aravind, 2022).
For example, in some cases, even adults might include partial forks
in their count of “forks” (Syrett & Aravind, 2022). It remains to be
seen whether these contextual factors affect the signatures of individ-
uation discussed in our study, especially since our data show that indi-
viduals otherwise resist restructuring and breaks. It also remains to be
seen whether such contextual factors extend beyond partial objects to
partial events (see Mathis & Papafragou, 2022).

Extensions (Constraints on Generality)

Ourmain findings can be extended in several ways. First, it is impor-
tant to test our proposed account on a greater variety of spatial and tem-
poral entities. While we used stimuli that were controlled for
complexity, it is important to note that even within canonical individ-
uals (e.g., objects), there are degrees to the complexity of structure:
Some entities have a well-defined and complex structure (e.g., consist-
ing ofmultiple distinct parts) and others have awell-defined but simpler
or coarser structure. Awooden block, or a rock, for example, seemingly
has a simpler structure than awooden figurine or a statue. Nevertheless,
blocks and rocks are still governed by structural principles whereby
their parts are held together in a certain manner, and such entities

would be considered to have been destroyed if this arrangement was
lost. Simple structure in objects is confusable with a less well-defined
structure, which could lead to borderline effects (rock, rope, and
string are such simple-structure cases that readily accept either
count or mass syntax in English). Similarly, in the event domain,
events such as clapping (encoded by semelfactives) involve a sim-
ple, binary change scale (a before and after frame that defines the
event endpoint) and thus a minimal temporal structure. This min-
imal temporal structure is nevertheless still distinct from the lack
of a well-defined structure. Future work may test how the degree
of complexity contributes to structural representations. We expect
our account to generalize to the cognitive profile of a broader set
of entities across a wider range of complexity.

Second, even though our experimental stimuli were presented in
an isolated form (objects/substances were each introduced against
a white background and events were already cleanly parsed out
into short video clips), our account raises the question of how they
would get segmented from the continuous stream of input during
our natural perception of the world. One could hypothesize that
the internal structure of entities affects the viewer’s predictions
about the input (in ways that bear on prediction-driven theories of
event segmentation; Zacks et al., 2007). We know that boundedness
can be computed online: Viewers’ attention allocation during
bounded and unbounded events differs even when boundedness is
not relevant to the task (Ji & Papafragou, 2022). Specifically, atten-
tion to endpoints soars for bounded but not for unbounded events.
Similarly, we know from the object literature that substances behave
differently from objects in tracking tasks (vanMarle & Scholl, 2003;
van Marle & Wynn, 2011). One could therefore extend our current
findings by embedding our current stimuli into a continuous stream
of activity using explicit event segmentation tasks or by probing
indirect behavioral or neurophysiological markers.

Finally, our results indicate that there is a conceptual difference
between individuals and nonindividuals across the object and event
domains, and that this difference is supported by similar structural
properties that characterize individuation broadly construed. It
remains to be seen how individuation across domains interfaces
with various types of cognitive processes. Asmentioned already, indi-
viduals such as objects are privileged in certain cognitive operations
such as counting and tracking (e.g., Chiang & Wynn, 2000; Hespos
et al., 2009; Huntley-Fenner et al., 2002; Rosenberg & Carey, 2006;
Soja et al., 1991; van Marle & Scholl, 2003; van Marle & Wynn,
2011). Nevertheless, nonindividuals alongside individuals can be
identified, named, listed, remembered, measured (timed), and entered
into causal relations:We can pick out and talk about sand at the beach;
we can list substances such as wood, metal, and concrete as stuff
needed to build a house; we can remember a baby crying on the air-
plane; and we can blame the baby’s crying for the postflight fatigue.
Future work can usefully link signatures of individuation across
domains to how spatial and temporal entities are recognized, tracked,
named, remembered, counted, and connected through a variety of
relations to other mental entities.

5 Overriding the default temporal interpretation of an event in language is
known as aspectual coercion, a phenomenon associated with processing costs
(Brennan & Pylkkänen, 2008; Husband et al., 2006; Piñango et al., 1999;
Todorova et al., 2000; see, e.g., Bott, 2010 for other types of coercion).
We believe that language reveals shifts in entity construal because it probably
reflects preexisting flexibility in underlying conceptualization.
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