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Abstract

At conceptual and linguistic levels of cognition, events are said to be represented in terms of abstract
categories, for example, the sentence Jackie cut the bagel with a knife encodes the categories Agent
(i.e., Jackie) and Patient (i.e., the bagel). In this paper, we ask whether entities such as the knife are also
represented in terms of such a category (often labeled “Instrument”) and, if so, whether this category
has a prototype structure. We hypothesized the Proto-instrument is a tool: a physical object manipulated
by an intentional agent to affect a change in another individual or object. To test this, we asked speakers
of English, Dutch, and German to complete an event description task and a sentence acceptability
judgment task in which events were viewed with more or less prototypical instruments. We found
broad similarities in how English, Dutch, and German partition the semantic space of instrumental
events, suggesting there is a shared concept of the Instrument category. However, there was no evidence
to support the specific hypothesis that tools are the core of the Instrument category—instead, our results
suggest the most prototypical Instrument is the direct extension of an intentional agent. This paper
supports theoretical frameworks where thematic roles are analyzed in terms of prototypes and suggests
new avenues of research on how instrumental category structure differs across linguistic and conceptual
domains.
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1. Introduction

When people witness events in the world, such as a baseball player hitting a ball, they
represent entities in the event in terms of abstract categories: the player is the one perform-
ing the action (often labeled the Agent) while the ball is the one being acted upon (often
labeled the Patient) (Hafri, Trueswell, & Strickland, 2018; Rissman & Lupyan, 2021; Riss-
man & Majid, 2019). These categories (sometimes called thematic roles) are encoded in lan-
guage through morphosyntactic structures, for example, in the English sentence the baseball
player hit the ball, the fact that the baseball player appears in Subject position indicates
this individual is the Agent (Dowty, 1989; Fillmore, 1968; Gruber, 1965; Jackendoff, 1987;
Levin & Rappaport-Hovav, 2005). Thematic roles are implicated in a variety of cognitive
processes, including learning, linguistic processing, and event interpretation (see Rissman &
Majid, 2019; Strickland, 2017 for review). Understanding the structure of thematic roles is
therefore essential for constructing theories of these cognitive processes. While the category
structure of Agent and Patient is fairly well understood, the structure of other thematic roles
is poorly understood—here we investigate one such role, a category often labeled Instrument
(e.g., the bat in the baseball player hit the ball with a bat).

Instrumental markers (e.g., the English preposition with) are well-documented descrip-
tively across languages and Instrument appears frequently on lists of proposed thematic roles.
Knowledge of instruments may also be part of core cognition, given infants’ early under-
standing of tool use and the importance of tool cognition in human evolution (Haidle, 2014;
Neldner et al., 2020; Stavans & Baillargeon, 2018). Instruments are often characterized as the
means of performing an action or an object that is used to perform an action, and in English,
Instrument is most commonly identified with the lexical items with and use. A range of the-
orists have proposed semantic features that delineate the structure of this category, such as
the importance of an Instrument being a causal intermediary (Croft, 1991; Koenig, Mauner,
Bienvenue, & Conklin, 2008; Rissman & Rawlins, 2017; Schlesinger, 1995; Talmy, 1976).
Nonetheless, these proposals leave a range of questions unanswered: if Instrument is a cat-
egory in conceptual representation, what semantic features determine whether an entity is
a better or worse example of an Instrument? Does this category have prototype structure
and if so, what is the prototypical Instrument? We address these questions using data from
an elicited language production task and a linguistic acceptability judgment task. We take a
cross-linguistic approach, comparing category structure across English, Dutch, and German.
Investigating multiple languages allows us to investigate the stability of the Instrument cate-
gory. For the remainder of this paper, we use capitalized “Instrument” to refer to a proposed
semantic/conceptual category, and lowercase “instrument” to refer to an individual in an event
or the complement of a lexical item such as with or use.

1.1. What is an Instrument?

For thematic roles such as Agent, Patient, and Goal (e.g., Jackie threw the ball into the net),
a wealth of empirical evidence points to their cognitive prominence. Infants represent events
in terms of these categories and use them to learn language (Carey, 2009; Lakusta, Spinelli,
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& Garcia, 2017; Tatone, Geraci, & Csibra, 2015; Yin & Csibra, 2015), adults activate them
when interpreting events (Hafri, Papafragou, & Trueswell, 2013; Hafri et al., 2018; Rissman
& Lupyan, 2021), deaf individuals creating new sign languages readily innovate morphosyn-
tactic devices for these categories (Ergin, Meir, Aran, Padden, & Jackendoff, 2018; Flaherty,
2014; Goldin-Meadow, Brentari, Coppola, Horton, & Senghas, 2015; Rissman & Goldin-
Meadow, 2017), and across the world’s languages, these categories are robustly encoded
through morphosyntactic structures (Comrie, 2013; Dryer, 2013; Hartmann, Haspelmath, &
Cysouw, 2014; Siewierska, 2013).

For the proposed thematic role of Instrument, by contrast, the cognitive prominence and
stability of the category is less clear. English-speaking adults often omit instruments when
describing instrumental events (e.g., saying the man cut the bread when the action was per-
formed with a knife) (Brown & Dell, 1987; Grigoroglou & Papafragou, 2019; Lockridge
& Brennan, 2002). When viewing events, English-speaking adults are also slower to rec-
ognize instruments than agents, patients, or goals, as revealed through patterns of eye-gaze
(Wilson, Papafragou, Bunger, & Trueswell, 2011). In addition, both English- and Turkish-
learning children are less likely to notice changes to an instrument than to a patient or goal in
a change-detection task (Ünal, Richards, Trueswell, & Papafragou, 2021).

With and use are thought to introduce the category Instrument—these lexical items, how-
ever, can introduce a range of event participant types which are intuitively more or less instru-
mental, such as in Jackie filled the glass with orange juice and Ross used his time wisely.
Instrumental participants can also be introduced through other morphosyntactic means, as in
the wrecking ball destroyed the building. It is unclear whether these event participants (e.g.,
orange juice, time, and wrecking ball) should be analyzed in terms of a category called Instru-
ment, or what the boundaries of this category might be (see Koenig et al., 2008; Nilsen, 1973;
Rissman & Rawlins, 2017; Schlesinger, 1995).

Attempts to define a category Instrument are further complicated by the fact that with and
use do not have identical meanings (Chomsky, 1972; Lakoff, 1968; Rissman, 2013; Rissman
& Rawlins, 2017). For example, Rissman and Rawlins (2017) propose that use but not with
requires an intentional agent, allowing Michelle bumped the statue with her purse but prohibit-
ing #Michelle used her purse to bump the statue in the same accidental context.1 Conversely,
with but not use requires the instrument be part of the causal force directed toward the patient,
allowing Jan used a cutting board to chop the carrots but prohibiting #Jan chopped the car-
rots with a cutting board in the same context. These data demonstrate that neither with nor use
denote a unitary concept of Instrument. In fact, Rissman and Rawlins (2017) employ Agent
and Patient, but not Instrument, as representational primitives in their analyses of with and
use. These authors characterize the role Instrument only in broad terms as “an entity, either
concrete or abstract, acted on by an agent as part of a larger event” (p. 509).

Across languages, the clusters of meaning expressed by individual instrumental markers
(e.g., with) are also diverse, spanning a wide range of event components such as location,
theme, and manner (Bickel, Zakharko, Bierkandt, & Witzlack-Makarevich, 2014; Luján &
Ruiz Abad, 2014; Narrog & Ito, 2007; Stolz, 2001). In Russian, for example, instrumental
case can be used for events such as slicing bread with a knife but can also mark a passive
agent (Janda, 2013). This extension is not possible for English with (e.g., the book was written
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by Tolstoy, not #the book was written with Tolstoy). The wide range of meanings encoded
by instrumental markers across languages raises further questions about the prominence and
coherence of the proposed category Instrument.

1.2. Is there a prototypical Instrument?

Variability within and across languages does not on its own rule out the possibility that
there is a conceptual category Instrument that is important in cognition and development,
a category that may even be universal and innate. It may be that people represent events
and sentences in terms of an Instrument category that has prototype structure: individual
instrumental markers may encode this shared prototype, even if they encode the periphery
of the category in different ways (see Rice, 1996; Rosch, 1978; Taylor, 2003).

According to classical theory, categories are defined in terms of necessary and sufficient
conditions, and no member of a category has a more prominent status than any other member
(see Taylor, 2003 for review). The categories delineated by natural language lexical items do
not appear to be structured in this way. In particular, natural language categories demonstrate
prototypicality effects: for example, people have gradient judgments about whether a particu-
lar animal is a good example of a bird, and when people are asked to list types of birds, some
members of this category are listed more quickly and consistently than others (see Geeraerts,
2010; Hampton, 2006; Murphy, 2002; Rosch, 1978 for review). Under a prototype model,
lexical categories such as bird are represented in terms of a set of attributes (e.g., having
feathers) that demarcate an abstract conceptual core.

Agents and Patients are often characterized as individuals who perform an action and indi-
viduals who are acted upon, respectively. Nonetheless, thematic roles are better characterized
as having prototype structure (Ackerman & Moore, 2001; Dowty, 1991; Gärdenfors, 2014;
Grimm, 2011; Hopper & Thompson, 1980; Lakoff & Johnson, 1980; Luraghi, 2003; Primus,
1999). Notably, Dowty (1991) invokes “Proto-Roles” to explain why the arguments of English
verbs surface in Subject versus Direct Object position. In Dowty’s framework, the proper-
ties characteristic of a Proto-Agent are: (1) being volitional, (2) being sentient, (3) playing a
causal role, (4) moving, and (5) existing independently of the event. This analysis has been
validated and extended in a variety of subsequent linguistic research (Ackerman & Moore,
2001; Grimm, 2011; Kako, 2006; Luraghi, 2003; Primus, 1999; Reisinger et al., 2015; White,
Rawlins, & Van Durme, 2017). Many of the Proto-Properties proposed by Dowty are also
constitutive of the Agent and Patient categories that English speakers extract from visually
presented events (Rissman & Lupyan, 2021).

Is there a Proto-instrument role? If yes, what are the properties that determine whether an
individual is more or less prototypically instrumental? The literature on instrumental seman-
tics implicitly assumes some notion of a prototype. A long-utilized diagnostic for identify-
ing Instruments in English is the following: a noun phrase (NP) in a sentence is an Instru-
ment if the with- and use-variants of a sentence are both grammatical and have the same
meaning (Koenig et al., 2008; Lakoff, 1968; Nilsen, 1973). For example, the knife in Jayda
sliced the brisket with a knife would be an Instrument because Jayda used a knife to slice the
brisket is grammatical and has a comparable meaning to the with-version of the sentence. This
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diagnostic assumes a conceptual category Instrument with prototype structure: although with
and use do not directly denote the prototype, they jointly point toward what the prototype is.

Here we test the hypothesis that there is a Proto-instrument role organized around the proto-
type of a tool (the tool-prototype hypothesis). In studies of tool use among nonhuman animals,
a tool is typically defined as a physical object which is manipulated intentionally in order to
cause a change in another object or individual (Plotnik & Clayton, 2015; Seed & Byrne, 2010;
Vaesen, 2012). This definition aligns closely with how Instruments are characterized in the
linguistics literature. For example, Luraghi (2001, p. 388) characterizes an Instrument as “an
inanimate manipulable entity which occurs in a controlled state of affairs, where an agent acts
intentionally.” Tools are essential to building human civilization and culture, as they allow us
to manipulate and alter our environment in ways not possible through the affordances of our
physical bodies alone. Tool use is also culturally universal (Brown, 2004). As such, the con-
cept of a tool plausibly centers the proposed category Instrument.

Before we outline our research approach, we note that the relationship between prototype
analyses of thematic roles and prototype analyses of nouns such as bird is not entirely parallel.
For the latter type of category, it is the words themselves that are thought to be represented in
terms of prototypes. Thematic roles, by contrast, are typically linguistically encoded through
morphosyntactic structures (e.g., Subject, ergative case) rather than through lexical labels
(e.g., bird). Agent and patient are of course English words, but the common meanings of
these words do not closely correspond to the notions of Agent and Patient that we are inves-
tigating here. And although there is a mapping between Proto-Agent and Subject in English,
Subject is not itself a semantic category. For this reason, thematic roles are often assumed to
be categories in conceptual structure or categories at the semantic/conceptual interface, rather
than strictly linguistic categories (Dowty, 1991; Jackendoff, 1983, 1987). In other words, the
meanings of individual morphemes such as with are distinct from the representations of the
roles.

These assumptions about thematic role representation are informed by the semantic maps
approach to characterizing similarity in thematic role space (Croft, 2003; Haspelmath, 2003;
Luján, 2010; Malchukov, Haspelmath, & Comrie, 2010; Narrog & Ito, 2007; Rice & Kabata,
2007). For example, Haspelmath (2003) proposes a semantic/conceptual space in which the
instrumental role is most closely related to the comitative role (e.g., Crystal went to the store
with Michelle) and the passive role (e.g., the wig was stolen by Gigi). This similarity space
across roles is proposed to be universal, even if particular lexical items carve it up in different
ways.

1.3. Approach

We extended prototype analyses of thematic roles to the instrumental domain, hypothesiz-
ing that the prototypical Instrument is a tool. We tested this hypothesis through two studies:
an event description study and an acceptability judgment study. In the first study, participants
viewed videos and described them. In the second study, participants viewed a video and a
sentence and judged whether the sentence was a natural description of the video. The most
critical feature of our design was the range of videos that participants described and judged.
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Table 1 provides the 10 event conditions tested: one Tool condition, seven non-Tool condi-
tions, and two control conditions. The seven nontool event types differed from tool events by
one or more dimensions of event representation. Each of these dimensions has been argued
to be relevant to understanding Instrument category structure or has been shown to distin-
guish different instrumental markers within or across languages (see references in Table 1).
Rather than presuppose that each of these events has an Instrument, we refer to each event
as having a Target participant and we investigate how these Target participants are encoded
morphosyntactically.

Most prior studies on thematic role structure have used linguistic data as a window into
underlying conceptual structure. We follow the semantic maps literature (reviewed above)
in assuming that linguistic similarity reflects conceptual similarity in event representation
(see also Majid, Boster, & Bowerman, 2008). Although individual lexical items can have
broad extension (and some form ∼ meaning mappings are homonymous), we assume that
word meanings generally reflect coherent regions of conceptual space. If a Proto-Instrument
category constrains the meanings of instrumental markers in individual languages, then ana-
lyzing the distribution of these markers (i.e., whether two different events are described using
the same marker) sheds light on the conceptual similarity between events. We also adopt
a linguistic approach for the sake of comparison, as Dowty (1991) proposed Proto-Agent
and Proto-Patient categories based on linguistic data. We do not assume that linguistic and
nonlinguistic tasks (or different types of linguistic tasks for that matter) reflect conceptual
knowledge in identical ways, a point we return to in Section 4.

We made two additional assumptions in linking the data we collected in Study 1 on event
description and Study 2 on acceptability judgments to a hypothesized Proto-Instrument cat-
egory. First, following classic work by Brown and Lenneberg (1954), we assume that more
prototypical members of a Proto-Role will be described using a smaller range of lexical items
than less prototypical members of the Proto-Role. If an event participant is described using a
large number of lexical items, this may reflect that the participant is encoded in terms of mul-
tiple event schemas. For example, Targets in the Locatum category can be described using
either instrumental language (e.g., Gigi used icing to decorate the cake) or spatial, caused-
motion language (e.g., Jayda put icing onto the cake). Our second assumption follows the
work of Rosch (1975), where participants were asked to judge whether various entities were
good examples of categories such as birds, furniture, and toys—consistently affirmative judg-
ments were taken as evidence that an entity was a more prototypical example of a category.
Extending this logic to the domain of sentences, we assume if a particular lexical item � can
be used to describe members of a Proto-Role, then an utterance containing � will be most
acceptable for the most prototypical members of the Proto-Role. We collected both descrip-
tion (Study 1) and judgment (Study 2) data because productive and receptive tasks shed light
on speakers’ knowledge in different ways. We assume if a particular feature of event rep-
resentation is characteristic of Proto-Instruments, then events with these features will elicit
prototypical language behavior in both studies.

We conducted the two studies with adult speakers of British English, Dutch, and Ger-
man. These three Germanic languages of the Indo-European family are closely related to
each other. In addition, speakers from these populations have similar cultural and educational
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Table 1
Experimental conditions, example events, description, and motivation. The Target object in each video is under-
lined

Condition Example Event Description/Motivation

Tool A woman breaks a
plate with a
hammer

The Target is the tool.

Contact A woman taps a cat
on the head with a
cat toy

Identical to tool events except the patient
does not undergo a change of state.
Establishes whether causally changing
a participant is characteristic of
Proto-Instruments.

Body Part A man knocks over a
music stand with
his hand

Identical to tool events except the agent
performs the action with a part of their
own body. Establishes whether being a
discrete physical object is
characteristic of Proto-Instruments.

Accidental
Agent

A woman sweeps
with a broom,
accidentally
knocking over a
bottle

An agent intentionally performs one
action with the Target thereby
accidentally performing a second
action with the Target. Establishes
whether agent intentionality is
characteristic of Proto-Instruments
(see discussion of Rissman & Rawlins,
2017, above).

Means of
Transit

Planning a trip on
Google Maps from
Rome to Moscow
by plane

The Target is a mode of transportation
such as a train or plane. Establishes
whether being manipulable by hand is
characteristic of Proto-Instruments.

Locatum A woman fills a glass
with orange juice

The Target is a theme in a caused-motion
event. Iwata (2008), Jackendoff
(1990), and Pinker (1989) analyze
these events in terms of spatial
transfer; by contrast, Koenig et al.
(2008) analyze the Target in these
events as an Instrument, given the
felicity of both a woman filled the
glass with orange juice and a woman
used orange juice to fill the glass.
Establishes whether a spatial-theme
analysis conflicts with an instrumental
analysis.

Indirect Action A woman climbs a
ladder to open a
window

The Target is not a direct part of the force
exerted by the agent. Establishes
whether causal directness is
characteristic of Proto-Instruments
(see discussion of Rissman & Rawlins,
2017, above).

(Continued)
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Table 1
(Continued)

Condition Example Event Description/Motivation

Inanimate
Agent

A train rolls down a
track, which bumps
a red car, which
bumps a truck

The Target is an intermediary in a causal
chain from an agent to a patient but the
agent is not animate. Previous
researchers have defined an Instrument
as a causal intermediary, regardless of
the animacy of the agent (Croft, 1991;
Fillmore, 1968; Koenig & Davis,
2006; Talmy, 1976). For example,
Croft (1991, p. 178) characterizes an
Instrument as “intermediate in a causal
chain between the subject (initiator)
and the direct object (final affected
entity).” This condition establishes
whether agent animacy is
characteristic of Proto-Instruments.

Put-Theme
(control
condition)

A man puts a box on
a shelf

The Target is moved from one location to
another. These events involve three
central participants but have not been
characterized as instrumental,
delineating an outer boundary on a
possible Proto-Instrument category.

Give-Theme
(control
condition)

A woman gives a mug
to another person

The Target is transferred from one person
to another. As with Put-Theme events,
these events have not been
characterized as instrumental and
delineate an outer boundary on a
possible Proto-Instrument category.

backgrounds (relative to the full range of human culture). We tested English because most
previous studies of instrumental semantics are based on English—how English speakers
describe and evaluate events therefore provides the most direct test of previous hypotheses
about instrumental category structure that were derived primarily from this language. Studies
based on English are by and large intended to generalize beyond English—as a test of how
well previous hypotheses generalize, we included speakers of Dutch and German. It should
not be taken for granted that these three languages carve up instrumental event space in the
same way. These languages, in fact, diverge in how verbs lexicalize cutting and breaking
events (Majid, Gullberg, van Staden, & Bowerman, 2007), putting and taking events (Kopecka
& Narasimhan, 2012), giving events (Newman, 1998), and human locomotion events (God-
dard, Wierzbicka, & Wong, 2016; Malt et al., 2014). For example, using cluster analysis,
Majid et al. (2007) found different clusters of events of cutting: while German and English
had a single cluster of events involving cutting with a single blade (knife) and double blade
(scissors) (both be described with the same verb, schneiden and cut respectively), Dutch had
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two distinct clusters because it makes an obligatory distinction between single-blade cutting
(snijden) and double-blade cutting (knippen). Events of placement also show variation across
these closely related languages, but here German and Dutch pattern together using caused
posture verbs (e.g., to lay, to stand), rather than a general verb like English put (Kopecka &
Narasimhan, 2012). Similarities uncovered between these three languages—which diverged
around approximately 2000 years ago (Atkinson & Gray, 2006; Bouckaert et al., 2012)—
would shed light on the stability of the Instrument category.

2. Study 1

2.1. Participants

One hundred and eighteen adults participated (43 British English speakers: Nfemale = 30,
Nmale = 13; age M = 22, range = 18–56; 39 Dutch speakers: Nfemale = 24, Nmale = 15, age
M = 27, range = 18–61; 36 German speakers: Nfemale = 19, Nmale = 17, age M = 22, range
= 19–26). An additional four participants were tested but excluded for being native speakers
of American English. Dutch and German speakers were tested at Radboud University in the
Netherlands. English speakers were tested at Radboud University and at University of York
in England. Participants received either course credit or £5/€5 for participating. Informed
consent was obtained for participants in Study 1 and Study 2.

2.2. Design and materials

Participants described five videos from each of 10 conditions. The Tool condition featured
events of canonical tool use. In an additional seven conditions, one of the event participants
had instrumental properties but was not a canonical tool. In two final conditions, the events
were noninstrumental; they instead featured transfer and caused motion. These 10 conditions
are shown in Table 1, along with example events. Each video included a Target object which
is underlined in the example videos in Table 1. See Appendix A for brief descriptions of all
videos, which can also be accessed at https://osf.io/3r28k/.

Events were live-action videos filmed in the lab and around campus, with the exception of
events in the Means of Transit condition. For this condition, the aim was to elicit descriptions
where mode of transit (e.g., train, bicycle) was construed as a means of getting from one place
to another. This construal is difficult to access if participants only see a live-action event of
someone riding on a train, for example. We therefore showed a video of someone planning a
trip on Google Maps, with screen capture showing someone typing in a starting point, then a
destination, then a means of travel (e.g., walking, driving).

As a validation of the videos that we selected for each condition, we separately collected
intention norms and change norms for all videos except Means of Transit videos. For the
intention norming task, 17 adult English speakers on Amazon Mechanical Turk rated the
degree of intentionality of the agent on a 1–5 scale (e.g., for the Tool video in Table 1, “To
what extent did the woman choose to smash the plate?”). For the change norming task, 18
adult English speakers on Amazon Mechanical Turk rated on a 1–5 scale whether the patient

https://osf.io/3r28k/
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Fig. 1. Initial freeze-frame image for the video of a woman wiping a table with a cloth (Contact condition).

underwent a change (e.g., for the Tool video in Table 1, “To what extent did the plate change
as a result of the action?”). Mean ratings are available in Appendix A.

We conducted a separate online task with 25 British English speakers where people typed a
description of what they saw happening in the videos without being prompted to mention any
of the entities in the video. When speakers described instrumental events, they often omitted
the Target (e.g., describing an event of a man cutting bread with a knife as a man was cutting
some bread) (see Grigoroglou & Papafragou, 2019).2 Given this, in Study 1 we highlighted
the event participants of interest by placing red circles around them, except for Means of
Transit events. Prior to each video, there was a two second freeze-frame in which three event
participants were circled in red. The circles then disappeared and the video began. Fig. 1
shows the freeze-frame image for the video of a woman wiping a table with a cloth. In the
Put-Theme and Give-Theme events, the circles were around the source, goal, and theme. In
all other events, the red circles were around the agent, patient, and instrument.3

2.3. Procedure

Participants viewed each of the 50 events on a computer screen and described the events
out loud, and descriptions were video- and audio-recorded for later transcription and coding.
Participants were told that they could describe the videos however they liked so long as they
mentioned the objects and individuals in red circles. Each participant saw the events in a
unique random order. We gave participants four practice videos to familiarize them with task
requirements, particularly the use of red circles, and the different format of the Means of
Transit events. If a participant failed to mention one of the objects in red circles during a
practice video, they were corrected and given another opportunity to describe the video. For
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the Means of Transit events, participants were told that they would see someone planning a
trip on Google Maps, and they should describe the trip as if they took it themselves, as if it
was something that actually happened.

2.4. Coding

The English, Dutch, and German descriptions were transcribed by native speakers. For
each description, we coded which lexical item introduced the Target DP as its syntactic com-
plement. We refer to this lexical item as the “term.” For example, one participant described
the Tool video in Table 1 saying: the woman smashed the plate using a hammer. Here the
term is using.4 When the Target was expressed through a denominal verb such as to bike or to
paint, we also coded the verb as a “term.” In all three languages, verb particle constructions
(e.g., hold out, knock over) were coded as being the same term as the bare verb (e.g., hold,
knock). Descriptively, the verb particle and bare verb variants do not appear to be distributed
differently across the videos (i.e., this distinction does not appear to capture semantic variance
in the stimuli).

By their nature, events can be construed and segmented in different ways. Therefore, if
a single description from a participant included multiple terms, each term was counted. For
example, one participant described the Tool video in Table 1 saying: she picks up the hammer
and smashes the plate with the hammer. Here both pick up and with were used to introduce
the Target (the hammer) and we included both terms in our analysis. Including multiple men-
tions of the Target allowed us to capture whether some events are more variable than others
in how they are segmented, and whether this variability itself varies across languages. At the
same time, we did not code terms that only conveyed the presence of the Target but were not
used to describe a component of the main action itself (for example, in English: be, have,
see; in Dutch: hebben, kijken; in German: sehen). For example, one participant described the
Tool video in Table 1 saying: I see a woman, a hammer and a plate. The woman smashes
the plate with the hammer. For this trial, the only coded term is with. In addition, we did
not code terms where the Target was mentioned in an action that was distinct from the main
action. For example, for the Accidental Agent video in Table 1, our purpose was to test how
speakers would describe the Target in the accidental segment of the event, where the woman
knocks over the bottle. So the description a woman used the brush to sweep and acciden-
tally knocked over a bottle was coded as lacking mention of the Target, because the broom
was not mentioned as part of the accidental event. Put another way, it would be misleading
to code use as the term for this description, as use characterizes the role of the Target in the
intentional segment of the event, not the accidental segment.

We excluded from analysis trials where: (1) the Target was not mentioned, or (2) the Target
only appeared as the Subject of a sentence, as in the wooden train tracks fell over (here the
Target is one of the train tracks). We excluded 7% (n = 167) of English, 8% (n = 168) of
Dutch, and 10% (n = 197) of German trials for these reasons. Appendix B lists the percentage
of included trials for each video for each language.
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Table 2
Distributions of most frequent terms in English, Dutch and German

English
terms

proportion
of total

Dutch
terms

English
gloss

proportion
of total

German
terms

English
gloss

proportion
of total

with 0.175 met with 0.370 mit with 0.409
use 0.110 op on 0.083 auf on 0.103
put 0.089 leggen put 0.073 nehmen take 0.074
pick up 0.070 pakken take 0.073 legen put 0.049
on 0.063 geven give 0.058 werfen throw 0.034
take 0.049 tegen against 0.057 in in 0.033
place 0.046 gooien throw 0.032 geben give 0.031
hit 0.040 stoppen put 0.025 packen grab 0.024
knock 0.038 in in 0.024 stellen put 0.024
using 0.036 zetten put 0.023 gegen against 0.023
drop 0.034 doen do 0.021 benutzen use 0.020
in 0.029 laten vallen drop 0.016 stoßen push 0.020
pass 0.029 gebruiken use 0.016 reichen hand 0.019
by 0.024 rollen roll 0.015 fallenlassen drop 0.016
into 0.024 opklimmen climb up 0.013 tun do 0.013
throw 0.021 in de hand

hebben
hold in the

hand
0.012 mit Hilfe with help 0.012

hand 0.016 omstoten knock over 0.010
onto 0.016
hold 0.015
climb 0.013
give 0.011

2.5. Results

2.5.1. Clustering analysis
For each language, we first analyzed the similarity structure of the events by clustering the

50 videos according to how often the same terms were used to describe each video. As is
typical of naming studies, responses showed a Zipfian distribution with a few high frequency
terms and a long tail of low frequency terms (overall across videos, English speakers produced
86 terms, Dutch 95 terms, and German 103 terms). Since the purpose of this initial analysis
was to quantify the similarity of videos relative to each other, we excluded terms used for
only a single video. Some singleton terms were produced only once across the entire dataset,
whereas others were common but appeared only for a single video (e.g., English fly, Dutch
vliegen, and German fliegen for the event of someone flying from Rome to Moscow). After
singleton terms were excluded, the English data contained 39 terms (85% of dataset where
a term was used to introduce the Target), Dutch 43 terms (90% of dataset) and German 44
terms (86% of dataset). We return to singleton terms in Section 2.5.2. Table 2 shows the most
common terms for each language (each term accounting for at least 1% of the dataset). Note
that these terms are a subset of the terms analyzed in the clustering analysis.
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We constructed a video-by-term matrix for each language such that each cell indicated
the frequency with which a term was used to describe a video. Data were analyzed using
Hierarchical Clustering on Principal Components (HCPC) through the FactoMineR package
(Husson, Lê, & Pagès, 2017; Lê, Josse, & Husson, 2008) in R (R Core Team, 2022). We first
conducted a correspondence analysis on each language matrix (Greenacre, 2007) using the
function CA(). Correspondence analysis is a dual factoring technique that takes the original
matrix and produces a reduced number of dimensions that capture a substantial proportion
of variance in the data. We then submitted the correspondence analysis for each language to
agglomerative hierarchical clustering on principal components using the function HCPC()
using Ward’s method for identifying optimal clusters. In this procedure, videos that load
most highly on dimensions capturing the most variance in the correspondence analysis are
clustered most distinctly in the clustering analysis. HCPC is particularly useful for visual-
izing data where a large number of dimensions in the correspondence analysis are needed
to adequately account for variability in the data. This was the case with our dataset: the 10
dimensions with the highest eigenvalues in the correspondence analysis accounted for 81%
of total variance in the English data, 82% for Dutch, and 83% for German. Whereas plotting
the correspondence analysis dimensions only depicts similarity for two dimensions at a time,
the clustering visualization depicts overall similarity (see Figs. 2, 3, and 4). Three hierarchi-
cal trees were produced, one for each language. In each tree, leaves correspond to videos,
referred to in shorthand and indicated with brackets, for example, [tool_break].

Finally, we compared the three language trees (i.e., dendrograms) to one another using the
dendextend package for R and the tanglegram() function (Galili, 2015). Three comparisons
are shown: English versus Dutch (Fig. 2), English versus German (Fig. 3), and Dutch versus
German (Fig. 4). Colors indicate which videos cluster together in the HCPC analysis for each
language. Critically, colors should be interpreted language internally. In Fig. 2, for example,
the purple clusters in English versus Dutch are assigned arbitrarily—what matters is that
events are coded the same color within a language dendrogram. In each figure, videos are
linked across dendrograms by a solid line: lines that have a steeper angle indicate videos that
cluster differently across languages.

In hierarchical dendrograms, the order of branches can be rearranged at junctions, just like
a baby cot mobile, and still preserve the critical relational information between nodes. We
used the functions entanglement() and untangle() in the dendextend package to identify trees
where the arrangement of branches minimized the discrepancy between each language pair,
resulting in straighter lines in Figs. 2–4 where such correspondences could be found across
the trees. Entanglement() calculates the degree of crossover for a pair of trees; untangle()
uses multiple methods to find alternate trees that reduce the entanglement value. For each
pair of trees, we used the method that resulted in the lowest entanglement value (this was the
“step2side” method).

Figs. 2–4 revealed broad similarities across languages, as well as places where the lan-
guages were semantically distinct. First, each language is characterized by a large cluster
composed primarily of Tool, Contact, and Body Part videos (we will refer to this cluster as
the “central cluster”). In each language, speakers largely used the same terms to describe
these three types of events. In English, the most frequently used terms for central cluster
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Fig. 2. Dendrogram correspondence between English and Dutch. Straighter lines indicate closer correspondences
between the position of each video acrossdendrograms.

videos were (in descending order): with, use, pick up, and using; in Dutch these were met
(‘with’) and pakken (‘grab’), and in German, mit (‘with’) and nehmen (‘take’).

A second similarity across the three languages was that Inanimate Agent events were the
most distant from the central cluster in all three languages. We included these events in our
study to test whether being a causal intermediary is characteristic of Proto-Instruments. Our
results suggest that this event property on its own is not sufficient for Instrumenthood, as the
Inanimate Agent events were more distant from the central cluster than the Put-Theme and
Give-Theme events. This suggests that Targets in the Inanimate Agent events are not even
atypical Instruments. Apparently, being acted on by an agent is more a defining property of
Instrumenthood then causal directness, at least in English, Dutch, and German.

Cross-linguistic differences emerged in the six other event conditions and were most pro-
nounced for the Indirect Action and Means of Transit conditions. In English and Dutch, Indi-
rect Action events occupied an intermediate position outside the central cluster, but not as
distant from the central cluster as Inanimate Agent events. For example, English participants
sometimes used with, use, and using to describe Indirect Action videos (e.g., a woman uses a
chair to grab a plant pot out of her reach; [indirect_chair]). By contrast, in German, Indirect
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Fig. 3. Dendrogram correspondence between English and German. Straighter lines indicate closer correspondences
between the position of each video across dendrograms.

Action events were relatively distant from the central cluster. Another cross-linguistic differ-
ence emerged for Means of Transit videos: these were part of the central cluster in Dutch and
German, but not in English. Dutch met and German mit were frequently used to describe the
means of transit, as in the Dutch response Ik ga met een ferry van Port Angeles naar Victoria
(‘I go by ferry from Port Angeles to Victoria’; [transit_boat]). English responses, by contrast,
never featured with and rarely featured using and use for Means of Transit videos.

As a group, the five Accidental Agent videos did not cluster together. In all three languages,
the videos of a man accidentally knocking over a music stand with a wand [accid_wand] and
a woman accidentally knocking over a plastic bottle with a broom [accid_broom] were in
the central cluster. As described in Section 1.2, each of these videos had an intentional phase
(e.g., sweeping the floor) and an accidental phase (e.g., knocking over the bottle). We only
coded terms that described the role of the instrument in the accidental phase, so it is notable
that these two Accidental Agent videos clustered with Tool videos.

The clustering analysis suggests that in all three languages, there is an Instrument pro-
totype with a shared central focus, although there were cross-linguistic differences at the
periphery. Most of the Tool, Contact, and Body Part videos were in a central cluster in all
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Fig. 4. Dendrogram correspondence between Dutch and German. Straighter lines indicate closer correspondences
between the position of each video across dendrograms.

three languages—this cluster likely reflects prototypical qualities of Instrumenthood. While
the tool-prototype hypothesis predicts the Tool condition is most prototypical, the results from
how people describe events suggests that the Instrument prototype is in fact broader than Tool
alone.

2.5.2. Central cluster naming agreement
If this central cluster of videos reflects a prototype across English, Dutch, and German, then

this could be because (1) some central cluster videos are more prototypical than others but
the three languages agree regarding the typicality structure across videos, or (2) the central
cluster videos are all equally prototypical. The tool-prototype hypothesis predicts the first sit-
uation, specifically that Tool videos will be most prototypical. In the analysis that follows, we
used term diversity as a diagnostic of prototypicality. As described in Section 1.2, we assume
that events described using more consistent language are more prototypical. We used Simp-
son’s diversity index (D) to calculate term diversity for each video in each language (Simpson,
1949). This metric takes into account both number of term types and overall number of tokens
per video and has been used in previous comparative linguistic studies (Kim, Elli, & Bedny,
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Fig. 5. Distribution of terms across central cluster videos in English. The modal term for each video is listed to the
right of the plot. Videos are ordered by D-value, from highest (most naming agreement) to lowest (least naming
agreement). Terms are ordered in the legend from most to least frequent across all central cluster videos. Terms
that were produced only once or twice in total are not shown.

2019; Majid & Burenhult, 2014; Majid et al., 2007; Majid et al., 2018). D-values range from
0 to 1, where 0 corresponds to low naming agreement (i.e., no consistency in video descrip-
tions) and 1 corresponds to high naming agreement. For this analysis, singleton terms were
included to capture the full range of responses.

Figs. 5–7 show the distribution of terms for the central cluster in each language. It is appar-
ent that once singleton terms are included, some videos have markedly different term distri-
butions from other central cluster videos. In all three languages, speakers predominantly used
singleton terms to describe [locatum_fill] and [locatum_paint]. German speakers overwhelm-
ingly used singleton terms for [give_ball] and never used mit for [give_soda]. In addition, two
of the Means of Transit videos elicited modality-specific terms in Dutch (for [transit_bike]:
fietsen “bike”) and in German (for [transit_fly]: fliegen “fly”). These videos suggest within-
cluster variability not captured in the earlier analyses.

Table 3 shows the average D-values for central cluster videos in each condition in each
language. We predicted that if Tool events are most prototypical, D-values would be highest
for Tool videos. We found instead that in all three languages, naming agreement was compa-
rable between Tool and Contact videos and was higher for Accidental Agent videos. In Dutch
and German, Body Part videos had higher naming agreement than Tool videos. As there were
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Fig. 6. Distribution of terms across central cluster videos in Dutch. The modal term for each video is listed to the
right of the plot. Videos are ordered by D-value, from highest (most naming agreement) to lowest (least naming
agreement). Terms are ordered in the legend from most to least frequent across all central cluster videos. Terms
that were produced only once or twice in total are not shown.

five or fewer videos in each condition in Table 3, we were not able to use inferential statis-
tics to analyze whether the conditions vary with respect to naming agreement. Nonetheless,
descriptively we did not find that naming agreement was highest among Tool videos.

To formally test the similarity across languages, we calculated the correlations between
the D-values for the 18 videos5 that were part of the central cluster in all three languages
and found the languages were positively correlated: English and Dutch, r(16) = .66, p < .01,
Dutch and German, r(16) = .80, p < .001). The correlation between English and German
was marginally significant: r(16) = .41, p = .09. This suggests that similar features of event
representation influenced diversity of linguistic encoding in the three languages, although
English and German are most dissimilar.

Counter to our predictions, naming agreement among central cluster videos was not highest
for Tool videos. As a further test of the tool-prototype hypothesis, we analyzed the use of
“core” instrumental terms across central cluster videos. As described earlier (Section 2.4),
we coded multiple terms when participants mentioned the Target in multiple ways (e.g., the
woman picked up the hammer and broke the plate with it). Figs. 5–7 show terms such as pick
up and German nehmen (“take”), which encode instrumentality only indirectly, were used for
some videos more often than others, leading to different D-values. Figs. 5–7 do not show,
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Fig. 7. Distribution of terms across central cluster videos in German. The modal term for each video is listed to the
right of the plot. Videos are ordered by D-value, from highest (most naming agreement) to lowest (least naming
agreement). Terms are ordered in the legend from most to least frequent across all central cluster videos. Terms
that were produced only once or twice in total are not shown.

however, the proportion of descriptions for which indirect-instrumental terms such as pick up
were the only way the Target was mentioned. It is possible that when only core instrumental
terms are considered, Tool videos are more likely to elicit these core terms than other videos.
We operationalized core instrumental terms as the dominant terms used for the central cluster:
English with, use and using, Dutch met, and German mit. To maintain comparability across
the three languages, we also treated as core instrumental terms the translational equivalents
of use in Dutch and German, gebruiken and benutzen. Dutch and German lack an equivalent
of using in this data (see Table 2).

For the central cluster videos in each language, we analyzed whether or not speakers pro-
duced a core instrumental term on each trial using mixed-effects logistic regression and the
lme4 package for R (Bates, Maechler, Bolker, & Walker, 2014). Models included Subject and
Video random intercepts and the fixed effect Condition, with Tool as the reference level of
Condition (models with by-subject random slopes failed to converge). In English and Dutch,
core instrumental terms were used less often in the Locatum condition than the Tool condition
(English Locatum: β = −3.43, SE = 1.21, p < .01; Dutch Locatum: β = −2.88, SE = .98,
p < .01). The Tool condition did not differ significantly from any other conditions in Table 3.
In German, core instrumental terms were used less often in the Locatum than Tool condition
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Table 3
Mean D-values and mean proportion of trials where a core instrumental term was used by condition for central
cluster videos in each language

English Dutch German

Condition D

Proportion
of Trials

with Core
Terms Condition D

Proportion
of Trials

with Core
Terms Condition D

Proportion
of Trials

with Core
Terms

Tool 0.27 0.81 Tool 0.55 0.78 Tool 0.50 0.77
Contact 0.32 0.82 Contact 0.50 0.84 Contact 0.54 0.89
Body 0.25 0.81 Body 0.60 0.83 Body 0.75 0.95
Accidental 0.71 0.94 Accidental 1.00 1.00 Accidental 0.69 0.93
Transit NA NA Transit 0.45 0.65 Transit 0.62 0.72
Locatum 0.31 0.29 Locatum 0.24 0.27 Locatum 0.31 0.50

Note. Means of Transit videos were not in the central cluster in English.

(β = −1.76, SE = 0.85, p < .05), and were used more often in the Body Part than Tool
condition (β = 2.04, SE = 0.88, p < .05). No other contrasts were significantly different.
These results show that, once singleton terms have been included, Locatum videos in the cen-
tral cluster were less likely to be described with core instrumental terms than Tool videos.
Nonetheless, we did not find support for the tool-prototype hypothesis. Tool videos were
not more likely than central cluster videos in the Contact, Body Part, Accidental Agent, and
Means of Transit conditions to elicit core instrumental terms.

2.6. Discussion

In Study 1, we found strong evidence for a shared semantic space influencing linguistic
encoding across English, Dutch, and German. Each language clustered the videos in simi-
lar ways. Specifically, Contact and Body Part events clustered with Tool events in all three
languages. Inanimate Agent events were more dissimilar from Tool events than Put-Theme
and Give-Theme events were from Tool events in all three languages. At the same time, there
were some differences between languages too: Indirect Action events were more dissimilar
from Tool events in German than in English and Dutch. In addition, Means of Transit events
were in the central cluster in Dutch and German but not in English.

As far as diagnostics of prototypicality, however, our analysis of the central cluster videos
did not provide evidence for the tool-prototype hypothesis. Naming agreement among cen-
tral cluster videos was not numerically highest for videos in the Tool condition. In addi-
tion, Tool events were not most likely to elicit core instrumental terms. Across the cen-
tral cluster videos, no one event condition emerges as a clear prototype. As far as the high
naming agreement for Accidental Agent events, two factors are worth noting: first, speak-
ers often failed to mention the role of the Target in the accidental component of the event
(see Appendix B), suggesting the Target had low prominence in speakers’ representations
of accidental events. Second, Accidental Agent events had high naming agreement in part



L. Rissman, S. van Putten, A. Majid / Cognitive Science 46 (2022) 21 of 42

because use/using/gebruiken/benutzen are infelicitous for these videos and were never pro-
duced. Naming agreement should, therefore, not be taken on its own to indicate that Acci-
dental Agent events are prototypical. This has to be contextualized with respect to the actual
descriptions given.

Language production results provide one window on category structure within and across
languages. In Study 2, we report a complementary source of evidence: participants’ judg-
ments about whether a particular instrumental sentence is a felicitous description of an event.
We tested sentences with the preposition with and the periphrastic verb use and their trans-
lational equivalents in Dutch and German because these terms were frequently produced by
participants in Study 1 and these terms have been argued to specifically lexicalize instrumen-
tal meaning.

3. Study 2

3.1. Participants

One hundred and eighty-seven adults participated (61 British English speakers: Nfemale

= 33, Nmale = 28, age M = 33, range = 18–82; 64 Dutch speakers: Nfemale = 51, Nmale

= 13, age M = 24, range = 18–66; and 62 German speakers: Nfemale = 57, Nmale = 5, age M
= 21, range = 18 – 31). An additional 17 adults were tested but were excluded either due to
failure on control trials (six English, three Dutch and six German speakers) or problems with
video playback (one English and one Dutch speaker). We tested roughly double the number
of participants as in Study 1 because in Study 2, each participant saw only half of the full set
of video-sentence pairs (see Section 3.2). British English speakers were tested on the crowd-
sourcing platform Prolific. Dutch and German speakers were recruited at Radboud University
in the Netherlands. Participants received either course credit or £5/€5 for participating.

3.2. Design and materials

Participants viewed each of the 50 videos from Study 1. Each video was paired with a sin-
gle written sentence in English, Dutch or German and participants were asked to judge on a
6-point scale how natural the sentence was as a description of the video (see Simms, Zelazny,
Williams, & Bernstein, 2019 for an empirical assessment of the benefits of 5- vs. 6- vs.
7-point scales). We tested two types of syntactic frames: a prepositional frame and a
periphrastic verb frame. Across languages, the prepositional frame sentences featured with
(English), met (Dutch), or mit (German). The periphrastic verb sentences featured use
(English), gebruiken (Dutch) or benutzen (German). With respect to frame type, sentences
were presented in a within-subject Latin-square design, with participants judging 25 preposi-
tional sentences and 25 periphrastic verb sentences. Frame type was balanced across condi-
tions.

In addition to these 50 video-sentence pairs, participants also completed eight positive
control and eight negative control trials. To be included in the study, participants needed
to distinguish the positive and negative control trials by at least three points on the 6-point
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Table 4
Syntactic frames and example sentences used in Study 2

Prepositional Frame Periphrastic Frame

example video: [tool_cut] example video: [indirect_board]

A N1 V+INFL the N2 with a N3 English A N1 used a N3 to V the N2
A woman sliced the baguette with a

knife.
A woman used a chopping board to cut up

the carrot.

Een N1 V+INFL de N2 met een N3 Dutch Een N1 gebruikt een N3 om de/het N2 te
V+INFL

Een vrouw snijdt het stokbrood met een
mes.

Een vrouw gebruikt een snijplank om de
wortel te snijden.

Ein(e) N1 V+INFL der/die/das N2 mit
einem/einer N3

German Ein(e) N1 benutzt ein/eine/einen N3 um
ein/eine/einen N2 zu V+INFL

Eine Frau scheidet das Baguette mit dem
Messer.

Eine Frau benutzt ein Schneidebrett, um
eine Karotte zu schneiden.

scale. The function of these control trials was to assess participants were using the scale
appropriately and not responding at random.

Each frame in each language had a default syntactic form. Table 4 shows the prepositional
frames with example sentences from the [tool_cut] video and the periphrastic frames with
example sentences from the [indirect_board] video. The Target was mentioned in the N3 slot.
N1 corresponded to the agent and N2 to the patient/goal, depending on the video.

We selected open-class words in the NPs by choosing frequent nouns from descriptions
speakers produced in Study 1. For example, for the video of a woman wiping a table, English-
speaking participants used the lexical item cloth more often than rag. When only the hand of
the agent was visible in the video, N1 was someone/iemand/eine person. For some videos, the
sentences had different determiners than in the standard syntactic form in Table 4. When the
Target was a body part, we used the possessive determiner, for example a man smashed the
cupcake with his elbow. For mass nouns, we used the bare plural form, for example, socks,
orange juice, blue paint, rope. Parallel adjustments were made in Dutch and German. For a
few Dutch sentences, a preposition was inserted before NP2 to improve the felicity of the
sentence: Een man schopt naar een andere man met een bal, “a man kicks to another man
with a ball.”

We selected the verbs for each sentence in a two-step process. First, if speakers in Study
1 ever used a with/met/mit or use/gebruiken/benutzen description for a particular video, we
selected a verb that was frequently used in those descriptions. For example, for the video of a
woman putting a towel on a doll, English speakers sometimes produced the woman covered
the baby doll with the towel; so cover was the verb for this video, even though put and place
were more frequently produced for this video. Second, if with/use descriptions were never
produced for a video, we selected a verb that made the sentence as felicitous as possible as
a description of the video. For example, for the video of a man putting a box on a shelf, the
sentence a man put the shelf with a box is fairly unacceptable in English. We therefore chose
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a more felicitous English verb for this video, load, that is, a man loaded the shelf with a box.
We used the list of English verbs in Levin (1993) to help select English verbs. We also favored
basic level verbs over more specific verbs (e.g., fill over infuse).

We used sentences with on/op/auf for the control trials. For example, for a video of a
woman putting a mug on a table, the sentence a woman put a mug on the table was a positive
English control. By contrast, for a video of someone taking chips out of a bag, the sentence
someone put the crisps on the bag was a negative English control. The same videos were used
for positive and negative control trials across the three languages. Including the control trials,
participants were tested on 66 video-sentence pairs. These pairs were presented in a random
order. Sentence stimuli may be accessed at https://osf.io/3r28k/.

3.3. Procedure

Participants completed the study online. They were instructed they would watch short video
clips and read sentences describing videos. Their task was to judge how natural the sentence
was as a description of what was happening in the video. Participants were given examples
of natural and unnatural video descriptions prior to the experimental trials. Participants also
received specialized instruction and an example for the Google Maps videos (Means of Tran-
sit condition).

In each trial, a video and a sentence description were displayed at the same time. There was
a one-second lag before the video began, allowing participants to read the sentences. The sen-
tence remained visible after the video completed playing. Participants then used the numbers
1 through 6 on the keyboard to rate the naturalness of the match between the video and the
sentence. We showed them a visual to help them remember the directionality of the scale. The
endpoints of the scale were labeled completely unnatural/completely natural in English, hele-
maal niet natuurlijk/helemaal natuurlijk in Dutch, and vollkommen unnatürlich/vollkommen
natürlich in German. Participants had the option of pressing the 0 key on the keyboard if they
had problems with video playback.

3.4. Results

3.4.1. Acceptability across conditions
Naturalness ratings spanned the full range of the scale in each language, providing evi-

dence on which events correspond to the core uses of each term. The three languages were
in strong agreement as to which videos were more or less compatible with prepositional and
periphrastic terms (see Fig. 8). For prepositional terms, the average ratings across all 50 videos
were significantly positively correlated (English with and Dutch met, r(48) = .78, p < .001,
English with and German mit, r(48) = .73, p < .001, Dutch met and German mit, r(48) = .95,
p < .001). Cross-language correlations were also high for the periphrastic terms: English use
and Dutch gebruiken, r(48) = .89, p < .001, English use and German benutzen, r(48) = .84,
p < .001, Dutch gebruiken and German benutzen, r(48) = .95, p < .001). This is consistent
with Study 1 suggesting a shared semantic space across languages.

The tool-prototype hypothesis predicts that naturalness ratings will be highest for the Tool
videos. To test this, we conducted a mixed-effects ordinal regression analysis using the brms
package for R (Bürkner, 2017, 2018), which uses Bayesian statistics to estimate the thresholds

https://osf.io/3r28k/
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Fig. 8. Mean naturalness ratings for each condition,sentence frame, and language (prepositional terms: English
with, Dutch met, German mit; periphrastic terms: English use, Dutch gebruiken, German benutzen). Error bars
show 95% confidence intervals of the mean.

for each of the levels of an ordinal variable. Models included random intercepts for Subject
and Video and the fixed effect Condition, with Tool as the reference level. We fit models for
each of the six terms tested (three prepositional and three periphrastic). Table 5(a and b) shows
the coefficient estimates and 95% confidence intervals for each of the individual conditions
relative to Tool for each term. Conditions where the confidence interval does not include zero
are in bold, demonstrating ratings in this condition were significantly different from Tool.

Table 5(a and b) shows that across languages and terms, ratings for the Tool videos were
not significantly higher than ratings for all the other conditions, contrary to the tool-prototype
hypothesis. For all six terms, ratings for Contact videos were similar to ratings for Tool videos,
and for all terms except German benutzen, Body Part ratings were as high as Tool ratings. For
the prepositional variants in all three languages, the Locatum and Accidental Agent conditions
did not differ significantly from the Tool condition.

This analysis does not take into account the similarity structure revealed by participants’
descriptions in Study 1, specifically whether Tool videos have higher ratings than other videos
in the central cluster. As a more direct test of the tool-prototype hypothesis, we conducted an
additional set of ordinal regressions, including only those videos that were part of the central
cluster in each language.6 For each term, we tested whether ratings were higher for Tool
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Table 5
(a and b) coefficient estimates and 95% confidence intervals for each level of the condition fixed effect for each
term, with Tool videos as the reference level

Prepositional Frame

English with Dutch met German mit

Reference Level = tool Estimate 95% CI Estimate 95% CI Estimate 95% CI

Contact 0.33 −0.70 to 1.39 −0.54 −1.39 to 0.30 −0.13 −0.99 to 0.69
Body −0.17 −1.13 to 0.83 −0.51 −1.40 to 0.36 −0.41 −1.24 to 0.40
Locatum −0.12 −1.09 to 0.86 −0.5 −1.37 to 0.37 −0.54 −1.40 to 0.29
Transit −1.41 −2.38 to −0.42 −0.73 −1.56 to 0.17 −0.8 −1.64 to 0.03
Accidental 0.06 −0.91 to 1.07 −0.77 −1.62 to 0.08 −0.49 −1.36 to 0.32
Inanimate −1.47 −2.49 to −0.48 −2.5 −3.38 to −1.63 −1.8 −2.64 to −1.00
Indirect −2.35 −3.37 to −1.38 −3.03 −3.91 to −2.22 −2.68 −3.53 to −1.84
Put −1.88 −2.85 to −0.87 −2.78 −3.69 to −1.95 −2 −2.86 to −1.18
Give −2.7 −3.69 to −1.72 −3.59 −4.47 to −2.75 −2.73 −3.57 to −1.90

Periphrastic Frame

English use Dutch gebruiken German benutzen

Reference Level = tool Estimate 95% CI Estimate 95% CI Estimate 95% CI

Contact −0.4 −1.28 to 0.49 −0.06 −0.83 to 0.79 −0.38 −1.11 to 0.35
Body −0.58 −1.48 to 0.31 −0.35 −1.18 to 0.51 −0.76 −1.51 to −0.03
Locatum −1.57 −2.49 to −0.71 −1.26 −2.07 to −0.45 −1.55 −2.30 to −0.86
Transit −1.01 −1.92 to −0.09 −0.38 −1.19 to 0.45 −1.22 −1.97 to −0.48
Accidental −2.15 −3.02 to −1.28 −2.33 −3.14 to −1.45 −2.87 −3.60 to −2.14
Inanimate −1.89 −2.83 to −1.03 −2.06 −2.90 to −1.26 −2.58 −3.30 to −1.86
Indirect −1.64 −2.58 to −0.76 −1.1 −1.91 to −0.28 −1.61 −2.35 to −0.88
Put −2.43 −3.32 to −1.57 −2.56 −3.37 to −1.72 −2.84 −3.57 to −2.13
Give −4.13 −5.04 to −3.25 −3.17 −4.00 to −2.33 −3.45 −4.16 to −2.70

Note. Bolded entries indicate conditions where the confidence interval does not include zero—these conditions
are significantly different from the Tool condition.

videos than non-Tool videos. For German benutzen, Tool videos were rated higher than the
other central cluster videos (β = 1.17, 95% CI = .21–2.13). Nonetheless, for the five other
terms, ratings for these two groups of videos did not differ significantly (English with: β =
−.12, 95% CI = −.83 – .55; Dutch met: β = .54, 95% CI = −.09 – 1.16; German mit: β

= .36, 95% CI = −.11 – .85; English use: β = .87, 95% CI = -.19–2.04; Dutch gebruiken:
β = .44, 95% CI = −.42–1.26). These results show that among videos that elicited similar
descriptions in Study 1, instances of these descriptions in Study 2 were not rated as more
natural for Tool videos than the other conditions (with the exception of German benutzen-
descriptions).

3.5. Discussion

Study 2 demonstrated broad semantic similarity across the three languages: ratings were
highly correlated for the three prepositional variants and for the three periphrastic variants. At
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the same time, we did not find support for the tool-prototype hypothesis: for each of the six
terms, ratings were comparable between Tool videos and videos from at least one other condi-
tion. In Section 1.1 we described the English diagnostic than an Instrument can be identified
by considering the intersection of acceptable with-sentences and acceptable use-sentences.
This criterion can be extended to the current experiment: prototypical members of the Instru-
ment category will elicit high ratings for both prepositional and periphrastic variants of the
test sentences. Assuming this criterion, we found the three languages differed as to which con-
ditions were most prototypical. In English, Tool, Contact and Body Part videos received the
highest ratings; by contrast, in Dutch, ratings for the Tool, Contact, Body Part, and Means of
Transit conditions were equally high; and in German, ratings for the Tool and Contact condi-
tions were equally high. This suggests that despite broad overall similarity, the characteristics
of Proto-Instruments differ in subtle ways across these languages.

Speakers in Study 2 evaluated the prompt descriptions globally, and we assume that all
aspects of these descriptions influenced speakers’ judgments (e.g., sentence frame, choice of
verb, choice of determiner). The descriptions necessarily contained different nouns and verbs
across videos, and it is possible that some of the variation in judgments was influenced by
specific nouns and verbs (e.g., if the nouns used to label Body Part Targets in German were
slightly less felicitous than the nouns used for Body Part Targets in English and Dutch). We
think it is unlikely, however, that this can account for the contrasts we see in Table 5(a and
b), as we selected nouns and verbs based on what was most common in the descriptions from
Study 1.

4. General discussion

Event categories such as Agent, Patient, and Goal have been shown to play an important
role in shaping event perception, language learning, and language processing; they have also
been argued to be part of core cognition. Many thematic roles beyond these three have been
proposed to be part of linguistic and conceptual representation, however, and testing the the-
oretical relevance of thematic roles requires investigating the structure of a wider range of
roles. In this paper, we examined the proposed Instrument role, asking whether this category
has prototype structure and if so, what the prototype is. Specifically, we hypothesized the pro-
totypical Instrument is a tool: a physical object which is manipulated intentionally in order
to cause a change in some other object or individual. Our results suggest that instrumental
events are represented in terms of a conceptual core that is shared across English, Dutch, and
German. While this conceptual core includes tool events, it is broader than predicted by the
tool-prototype hypothesis. The consistency of the category structure revealed across English,
Dutch, and German may indicate that Instrument is a prominent and stable category, despite
previous suggestions to the contrary (see Section 1.1). The consistency of the category struc-
ture also supports the theoretical approach of analyzing thematic roles in terms of prototypes
(see Dowty, 1991)

For semantic domains such as color, it is well understood how languages impose different
categories on conceptual-perceptual space, and the causes and consequences of linguistic vari-
ability have been extensively investigated (Abbott, Griffiths, & Regier, 2016; Berlin & Kay,
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1969; Davidoff, Davies, & Roberson, 1999; Gibson et al., 2017; Heider, 1972; Josserand,
Meeussen, Majid, & Dediu, 2021; Regier, Kay, & Cook, 2005; Skelton, Catchpole, Abbott,
Bosten, & Franklin, 2017; Winawer et al., 2007). By comparison, little psycholinguistic
research has addressed whether thematic role markers in different languages impose differ-
ent category structures on the space of event participants, or how linguistic categories shed
light on underlying conceptual structure. One possible reason for this gap is that event par-
ticipants are not typically “labeled” through open class words but rather are marked through
morphosyntactic devices that are distributed across the utterance. Our study demonstrates an
empirical framework for investigating cross-linguistic encoding of thematic role space, open-
ing up new pathways of research on what is variable, what is universal (if anything), and what
the cognitive consequences are of cross-linguistic variability in encoding of event participant
categories.

4.1. What is an Instrument? Revisited

In previous studies of instrumental semantics, a variety of event features have been pro-
posed to be definitive of Instrumentality—that an Instrument is a causal intermediary in an
event, for example (see Table 1). In our studies, Tool, Contact, and Body Part videos emerged
as prototypical in all three languages: they clustered together and were likely to be described
using core instrumental terms. Instrumental descriptions of these videos also elicited high
acceptability ratings in all three languages (both prepositional and periphrastic variants of the
descriptions). These results suggest the following characterization of the prototypical Instru-
ment in English, Dutch, and German: as the direct extension of an intentional agent. This
finding supports previous accounts in which the Instrument role is inextricably linked to the
Agent role (Dowty, 1991; Rissman, Rawlins, & Landau, 2015; Schlesinger, 1989).

Whether or not an instrument causes a change of state in a patient does not appear to
be a definitive feature of Instrumenthood, as we found no evidence across tasks, measures,
or languages that Tool videos are more prototypical than Contact videos. This is consistent
with linguistic proposals in which affectedness is a matter of degree (Beavers, 2011)—in the
examples of a plate being smashed (Tool condition) versus a cat being tapped on the head
(Contact condition), the plate and cat are both affected and the difference between them is
only in the end state. In addition, being a causal intermediary in the absence of an intentional
agent does not appear to be sufficient for Instrumental prototypicality, for two reasons: in all
three languages, Inanimate Agent events were in the furthest cluster from Tool events, and for
Accidental Agent events, periphrastic instrumental sentences were rated as fairly infelicitous.

The results for Body Part videos support the idea that prototypical Instruments are direct
extensions of intentional agents. In Study 1, Body Part videos elicited core instrumental terms
to a comparable degree as Tool videos did, and in Study 2, it was only for German benutzen
that Tool ratings were higher than Body Part ratings. This finding is noteworthy, as in the
animal literature, an animal being able to manipulate an object outside the scope of their
own body is thought to be definitive of tool use. In addition, human material culture is due
in large part to our ability to manipulate external objects to overcome the limitations of our
bodies. Nonetheless, the speakers we tested appeared to readily categorize a subpart of the
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body as an instrument, at least for the purposes of language. Construing body parts as Instru-
ments is natural perhaps because body parts are quintessentially embedded within an animate
agent.

Beyond pointing toward the prototypical Instrument, our results suggest an Instrumental
category with gradient structure—for some events, the Target shares some but not all instru-
mental properties. Means of Transit, Locatum, and Accidental Agent events demonstrated
some similarity with Tool videos but were also encoded relatively variably across languages
and across terms. In Dutch and German, Means of Transit videos clustered with Tool videos
and also elicited high ratings for sentences with met and mit. These patterns were not observed
in English, suggesting that a means of transit is a more atypical member of an instrumental
category in English than it is in Dutch or German. For Locatum events, we observed instru-
mental construals of events in conflict with spatially-oriented construals: in all three lan-
guages, many of the Locatum videos clustered with Put-Theme videos. For example, Fig. 5
shows that English speakers often used with and use for [locatum_paint] (e.g., the person
is painting on a piece of paper, covering it entirely with blue paint). At the same time, the
spatially-oriented terms in and into were also well-attested for this video (e.g., a woman
picked up a paintbrush and dipped it into some blue paint and then painted a plain piece of
paper). Speaking also to the ambiguous status of Locatum videos, in all three languages, these
videos elicited high ratings for prepositional sentences but not for periphrastic ones. Turning
to Accidental Agent videos, a perhaps surprising result is that in all three languages, these
videos had high naming agreement (see Table 3) and ratings for prepositional sentences were
as high as ratings for Tool videos. These results suggest that for events where the agent is act-
ing unintentionally, with/met/mit are not marginal but entirely felicitous. As described in Sec-
tion 2.6, we interpret the high naming agreement for Accidental Agent events with caution,
as speakers frequently omitted the Target in their descriptions and periphrastic instrumental
sentences were not highly rated for these events.

Indirect Action events were a step further away from Tool events: they clustered relatively
distantly from Tool events in all three languages, and ratings for Indirect Action videos were
lower than ratings for Tool videos for all six terms. This finding highlights the importance of
being a direct part of the causal force exerted by the agent for Instrumental categorization, as
far as English, Dutch, and German are concerned. The videos that patterned most distantly
from Tool events in the semantic space were Inanimate Agent, Put-Theme, and Give-Theme
events. In Study 2, ratings for Put-Theme and Give-Theme videos were among the lowest, for
all six terms. These results confirm our expectation that Put-Theme and Give-Theme events
would serve as an outer boundary on the Instrument category. People appear to represent such
events in terms of abstract schemas that are fundamentally different from our representation
of instrumental events: the schema of caused change of location for Put-Theme events and the
schema of transfer between two individuals for Give-Theme events (Jackendoff, 1983, 1990).

A major outstanding question is whether the Proto-Instrument core that emerged for
English, Dutch, and German (Tool, Contact, and Body Part events) is shared across a wide
range of genetically diverse languages. While Instrument may not be needed as a semantic
primitive to account for the meanings of instrumental markers such as with and use (see Sec-
tion 1.1), Instrument may still have broad relevance as a linguistic category if instrumental
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markers universally encode the same prototype. By contrast, the subtle differences in Instru-
ment category structure that we observed across English, Dutch, and German may be just
the tip of the iceberg once a larger and more diverse set of languages has been tested. We
can envisage, for example, languages where instrumentality is largely mechanistic rather than
agent-oriented—in such languages, the Targets in the Inanimate Agent events might be fairly
prototypical. If the languages of the world carve up instrumental conceptual space in radically
different ways, this would suggest that Instrument lacks the broad explanatory value of event
categories such as Agent.

We also note that we probed only part of the instrumental conceptual space, and that greater
cross-variability might be revealed once a larger range of event types has been tested. Studies
such as ours require striking a balance between number of conditions and number of items per
condition. Although we tested 10 conditions in this study, we did not test all dimensions of
potential relevance to understanding similarity structure in instrumental events. For example,
we did not test whether physical concreteness (compare Jayda used provocative language to
get the judges’ attention) or being inanimate (compare Gigi used her supermodel boyfriend
to get into clubs) is characteristic of Proto-Instruments. Another relevant dimension of con-
ceptual space that is worth testing in future studies is typicality—either the typicality of the
Target with respect to the event (e.g., cutting bread with a knife vs. cutting bread with a pair
of scissors) or the familiarity of the event as a whole (e.g., cutting bread with a knife is fairly
familiar but tapping a box with a pen is fairly unfamiliar). Investigating additional dimensions
is important to comprehensively account for instrumental categorization across languages.

To further confirm our observations, future studies could also explore a wider range of
events for the conditions tested herein. Our design featured five videos from each condition—
it is possible that if we had chosen different sets of five videos (e.g., someone cutting paper
with scissors rather than someone slicing bread with a knife), we would have found that Tool
videos were more prototypical than Contact videos (or vice versa). In practice, however, we
have no reason to think that the videos we tested are a nonrepresentative sample of each type
of event, but this is something that could be explored in more detail. For example, a future
study could test for prototypicality structure focusing on the Tool, Contact, and Body Part
conditions, including a wider range of items.

4.2. The Instrument category in language versus conceptual representation

Thematic roles have been argued to be part of innate core knowledge due to the impor-
tance of these categories in shaping cognitive development, language development, language
emergence, and spontaneous event interpretation, as described in the Introduction. Thematic
roles are also argued to be domain-general, with homologous structure across linguistic and
conceptual domains (see Rissman & Majid, 2019; Ünal, Ji, & Papafragou, 2020 for review).
In our studies, we used linguistic data—that is, whether a particular lexical item can be used
in a description of an event—to make inferences about conceptual structure. Further studies
are needed to test whether the category structure that emerged from this linguistic evidence
parallels category structure as demonstrated in other, nonlinguistic measures.
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One source of evidence is behavior in tasks probing event cognition. For example, change-
detection studies have demonstrated a conceptual asymmetry between Goals and Sources
(Lakusta & Landau, 2012; Regier & Zheng, 2007) and between Goals and Instruments (Ünal
et al., 2021). Individuals that constitute more prototypical agents given linguistic diagnos-
tics have been shown to be more prototypical agents in nonlinguistic categorization tasks
(Rissman & Lupyan, 2021). Similar methods could be used to assess whether the Instru-
mental category structure observed here is domain-general—for example, whether memory
is more robust for the Targets in Tool events than for the Targets in Indirect Action events.
Another option is to ask participants to read sentences with Targets filling different roles (e.g.,
the chef used a knife to cut the bread vs. the worker used a ladder to paint the ceiling) and
ask whether recognition of pictures of the Targets is more robust when the Target is a tool.

An additional source of evidence about the status of instruments in conceptual represen-
tation is whether speakers spontaneously mention the instrument in event descriptions. In
the current study, we asked how lexical items partition the space of instrumental events—
answering this question required eliciting descriptions of the Targets. Studying whether peo-
ple spontaneously mention the Target provides a window into the conceptual prominence of
the Target (or, at least, whether the speaker thinks their addressee needs to know about the Tar-
get). As noted in footnote 2 and shown in Appendix B, when English speakers described the
videos without being prompted with red circles, they frequently omitted the Target for some
events. For the video of a woman eating broccoli with a fork, for example, 52% of participants
did not mention the fork. Such data can reflect whether people represent the instrument as an
integral part of the event.

Studies examining child cognitive and linguistic development could provide further insight
as to the prominence and stability of an Instrument category. Infants as young as four months
are sensitive to the functions of tools in events (Stavans & Baillargeon, 2018). This finding is
consistent with the tool-prototype hypothesis but also allows the possibility that other types
of instruments, such as body parts, are equally prototypical. Additional research is needed to
distinguish these possibilities.

5. Conclusion

Previous studies testing prototype theories of thematic roles have largely focused on Agent
and Patient roles. This is the first study to our knowledge that tests whether the Instrumental
role also has prototype structure, and systematically examines the nature of that prototype.
Across English, Dutch, and German, despite small differences, we found strong evidence for
an underlying conceptual structure that is shared across languages, supporting prototype anal-
yses of thematic roles. We found the prototypes in each language were largely overlapping,
although not identical. We suggest the prototypical Instrument in English, Dutch, and Ger-
man is the direct extension of an intentional agent, supporting the idea that instrumentality is
inextricably linked to agency. Our results are compatible with the hypothesis that there is a
universal Proto-Instrument role and sets the stage for testing this hypothesis across a larger,
more diverse set of languages
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Notes

1 The notation “#’”indicates that a sentence does not felicitously convey a specific intended
meaning. Sentences marked with “#” are not necessarily ill-formed syntactically.

2 In this online study, the mean rate of producing the Target was 81% across the eight
instrumental conditions (i.e., excluding the Put-Theme and Give-Theme conditions).
Mean rates of producing the target were low in some crucial conditions (76% in the
Tool condition and 66% in the Body condition).

3 It is possible the inclusion of red circles biased participants’ descriptions, for example,
the red circles may have encouraged participants to describe the Target entities through
nominal phrases rather than denominal verbs (e.g., she broke the plate with a hammer vs.
she hammered the plate). To test this possibility, we compared the English descriptions
from Study 1 to the descriptions from the English task described in footnote 2, where
there were no red circles in the stimuli. To test whether red circles influenced descrip-
tions, we analyzed the data from the “no circles” study using correspondence analysis
and hierarchical clustering as described in Section 2.5.1. The resulting clustering of the
videos was parallel to what we find in the original English dataset reported in Study
1 (for a side-by-side comparison of the clustering solutions for these two studies, see
Supporting Information at https://osf.io/3r28k/). This suggests the red circles do not bias
participants to describe videos in a systematically different way than if there had been
no circles. We also tested the specific hypothesis that the red circles discouraged the use
of denominal verbs such as hammer. Across the 45 videos with red circles, we judged
that in English it is possible to describe the Target through a denominal verb for three
videos: hammer for [tool_break], paint for [locatum_paint] and elbow for [body_elbow].
Comparing the percentage of trials where these verbs were produced between Study 1
versus the “no circles” study, we found denominal verbs were used at comparable rates
([tool_break]: 0% versus 0%; [locatum_paint]: 88% versus 92%; [body_elbow]: 5% ver-
sus 0%). This also confirms the red circles did not bias descriptions. No red circles were
present for Means of Transit videos.

4 We coded the periphrastic verb use (e.g., the woman used a hammer to smash the plate)
as a distinct term from the adverbial modifier using, as these terms appear to be felicitous
for different sets of events. For example, Max wrote a letter using the hour before lunch
appears degraded in its felicity relative to Max used the hour before lunch to write a
letter. Use and using have different syntactic positions — if the description were the
woman was using a hammer to smash the plate, the term would be use.

https://osf.io/3r28k/
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5 These 18 videos were: [tool_break], [tool_cut], [tool_eat], [tool_grind], [tool_kill] , [con-
tact_beat], [contact_tap], [contact_tie], [contact_touch], [contact_wipe], [body_foot],
[body_hand], [body_hands], [body_elbow], [accid_broom], [accid_wand], [loca-
tum_fill], and [locatum_paint].

6 We excluded [locatum_fill] from this analysis in each language and excluded [give_soda]
and [give_ball] from the German analysis (see Section 2.5.2).
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Appendix A

Condition Video Video Description Target

Video
Length

(s)

Intention
Norm

Score (M)

Change
Norm
Score
(M)

Tool tool_break A woman breaking a plate
with a hammer

Hammer 3 4.9 4.9

tool_cut A woman slicing a
baguette with a knife

Knife 9 4.8 4.7

tool_eat A woman eating broccoli
with a fork

Fork 8 4.7 4.7

tool_grind A woman grinding
pumpkin seeds with
mortar & pestle

Mortar and/or
pestle

9 4.9 4.9

tool_kill A woman killing a
ladybug with a shoe

Shoe 8 4.8 5.0

Contact contact_beat A woman beats a towel
laid over a rope with a
plastic dustpan

Dustpan 6 4.9 2.2

contact_tap A woman taps a small
metal box with a pen

Pen 2 4.8 1.2

contact_tie A woman ties another
woman to a tree using
rope

Rope 17 4.9 2.1

contact_touch A woman touches a cat on
its head with a stick

Stick 5 4.7 1.8

contact_wipe A woman wipes a table
with a yellow rag

Rag 4 4.7 1.8

Body Part body_elbow A man intentionally
smashes a small
cupcake with his elbow

Elbow 2 4.8 4.8

body_foot A man passes a scarf to
another woman using
his foot

Foot 5 4.5 2.9

body_hand A man intentionally
knocks over a music
stand with his hand

Hand 3 4.8 3.9

body_hands A woman intentionally
knocks over a stack of
cups with her hands

Hands 3 4.5 4.3

body_leg A man breaks a stick over
his leg

Leg/thigh 2 5.0 4.6
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Condition Video Video Description Target

Video
Length

(s)

Intention
Norm

Score (M)

Change
Norm
Score
(M)

Accidental
Agent

accid_balls A woman tries to juggle
three balls, she fails to
catch one, which then
knocks over a plastic
bottle

Balls 3 1.4 3.0

accid_broom A woman is sweeping the
floor with a broom, she
accidentally knocks
over a plastic bottle
with the broom

Broom 8 1.4 2.8

accid_cake A man is drinking from a
mug, he accidentally
places the mug down
on top of a small
cupcake which is in
front of him

Mug 6 1.2 4.7

accid_matzah A woman is tossing a ball
back and forth between
her hands, she drops it
and it falls and smashes
a piece of cracker in
front of her

Ball 6 1.2 4.7

accid_wand A man is conducting with
a wand, he accidentally
knocks over a music
stand with the wand

Wand 5 1.1 3.6

Means of
Transit

transit_bike Someone bikes from
Antwerp to Brussels

Bike/cycling 20 NA NA

transit_boat Someone takes a ferry
from Port Angeles to
Victoria, Canada

Ferry 20 NA NA

transit_car Someone drives from
Amsterdam to Paris

Car/driving 23 NA NA

transit_fly Someone flies from Rome
to Moscow

Plane/flying 17 NA NA

transit_train Someone takes a train
from London to
Edinburgh

Train 18 NA NA
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Condition Video Video Description Target

Video
Length

(s)

Intention
Norm

Score (M)

Change
Norm
Score
(M)

Locatum locatum_cover A woman covering a baby
doll with a towel

Towel 4 4.8 2.2

locatum_cram A woman stuffing balled
up socks into a travel
accessories case

Socks 11 4.5 2.8

locatum_fill A woman pouring orange
juice from a pitcher
into a glass, filling up
the glass

Orange juice 11 4.8 2.4

locatum_load A woman loading
groceries into a plastic
groceries cart

Groceries 11 4.6 2.8

locatum_paint A woman painting a
white sheet of paper
completely blue

Blue paint 28 4.9 4.6

Indirect
Action

indirect_board A woman chops a carrot
on a chopping board

Chopping
board

8 4.8 4.9

indirect_chair A woman climbs on a
chair in order to reach a
plant on top of a
bookshelf

Chair 4 4.9 2.5

indirect_ladder A woman climbs a ladder
in order to open a
window

Ladder 9 4.8 2.8

indirect_notepad A woman draws a heart
on a notepad with a pen

Notepad 12 4.9 3.3

indirect_wash A woman washes spinach
in a colander under a
faucet

Colander 5 4.7 2.9

Inanimate
Agent

inanim_ball A piece of train track falls
over, which hits a blue
cylinder, which falls
and hits a blue ball,
which rolls

Blue cylinder 2 1.2 2.9

inanim_blocks A large piece of train
track falls, which hits a
medium piece of train
track, which hits a
small piece of train
track that falls, in a
domino effect

Medium piece
of track

2 1.4 3.4

inanim_chain A blue object swings back
and forth on a chain,
ultimately hitting a
block, which falls and
hits a red car, which
rolls forward

Block 3 1.4 2.8
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Condition Video Video Description Target

Video
Length

(s)

Intention
Norm

Score (M)

Change
Norm
Score
(M)

inanim_train A white train rolls down a
ramp, hitting a red car,
which rolls forward and
hits an orange car,
which rolls forward

Red car 2 2.4 2.8

inanim_tree A white train rolls down a
ramp, hitting a red van,
which rolls forward and
hits a toy tree, which
falls

Red van 2 1.9 3.4

Put-Theme put_ball A man drops an apple into
a black bag

Apple 2 4.8 2.4

put_block A woman pushes a ball
against a wooden block

Ball 1 4.8 1.0

put_box A man puts a box on a
bookshelf

Box 3 4.8 1.7

put_chips A woman moves a bag of
chips from a table to a
chair

Chips 2 4.8 1.4

put_rope A woman puts some rope
over the branch of a
tree

Rope 2 4.8 1.4

Give-Theme give_apple A woman throws an apple
to a man

Apple 1 4.7 1.8

give_ball A man kicks a ball to
another man

Ball 2 4.8 2.1

give_mug A woman gives a mug to
another woman

Mug 3 4.8 1.8

give_rag A man gives a rag to a
woman

Rag 4 4.5 2.0

give_soda A man takes a soda from
a woman

Soda 3 4.6 1.8

Note. For the intention norm, participants rated the extent to which the agent chose to perform the action. For
the change norm, participants rated the extent to which the patient changed as a result of the action.
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Appendix B

Mean percentage of included trials in Study 1 for each video for each language

Condition Video English Dutch German English (No Circles)

Tool tool_break 1.00 1.00 1.00 1.00
tool_cut 0.95 0.95 0.92 0.48
tool_eat 1.00 0.97 0.97 0.48
tool_grind 0.95 0.87 0.92 0.84
tool_kill 1.00 1.00 0.97 1.00

Contact contact_beat 1.00 0.97 1.00 1.00
contact_tap 1.00 0.97 1.00 0.96
contact_tie 0.91 0.95 0.89 0.68
contact_touch 1.00 1.00 1.00 0.88
contact_wipe 0.98 0.97 1.00 0.72

Body Part body_elbow 1.00 1.00 0.94 1.00
body_foot 1.00 1.00 1.00 1.00
body_hand 0.81 0.79 0.89 0.36
body_hands 0.72 0.69 0.78 0
body_leg 0.95 0.90 0.94 0.92

Accidental Agent accid_balls 0.33 0.26 0.19 0.36
accid_broom 0.26 0.21 0.17 0.24
accid_cake 0.93 0.97 0.83 0.88
accid_matzah 0.60 0.59 0.27 0.60
accid_wand 0.47 0.64 0.43 0.28

Means of Transit transit_bike 1.00 1.00 0.97 1.00
transit_boat 0.88 1.00 0.89 0.88
transit_car 1.00 0.92 0.94 0.96
transit_fly 0.98 1.00 0.94 0.92
transit_train 1.00 1.00 0.97 0.96

Locatum locatum_cover 1.00 1.00 1.00 0.96
locatum_cram 1.00 1.00 1.00 1.00
locatum_fill 0.95 0.97 0.97 1.00
locatum_load 1.00 1.00 1.00 1.00
locatum_paint 1.00 1.00 0.97 1.00

Indirect Action indirect_board 0.74 0.79 0.72 0.40
indirect_chair 1.00 1.00 1.00 1.00
indirect_ladder 1.00 1.00 1.00 1.00
indirect_notepad 0.98 0.98 0.92 0.88
indirect_wash 0.88 0.90 0.92 0.68

Inanimate Agent inanim_ball 0.91 0.82 0.86 0.80
inanim_blocks 0.93 0.64 0.42 0.80
inanim_chain 1.00 1.00 0.97 0.92
inanim_train 1.00 1.00 0.97 0.96
inanim_tree 1.00 0.97 1.00 1.00
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Condition Video English Dutch German English (No Circles)

Put-Theme put_ball 1.00 1.00 1.00 1.00
put_block 1.00 1.00 1.00 1.00
put_box 1.00 1.00 1.00 1.00
put_chips 1.00 1.00 1.00 1.00
put_rope 1.00 1.00 1.00 1.00

Give-Theme give_apple 1.00 1.00 1.00 0.96
give_ball 1.00 0.97 1.00 1.00
give_mug 1.00 1.00 1.00 1.00
give_rag 1.00 1.00 1.00 1.00
give_soda 1.00 1.00 1.00 1.00

Note. The column “English (no circles)” refers to an additional study (described in Section 2.2) where English
speakers described the videos without red circle prompts.


