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 Verbs and prepositions encode relations within events, such as a child running 

towards the top of a hill or a second child pushing the first away from the top. These 

relational terms present significant challenges in language acquisition, requiring the 

mapping of the categorical system of language onto the continuous stream of information 

in events. This challenge is magnified when considering the complexities of events 

themselves. Events consist of part-whole relations, or partonomic hierarchies, in which 

events defined by smaller boundaries, such as the child running up the hill, can be 

integrated into broader categories, such as the second child preventing the first from 

reaching the top (Zacks & Tversky, 2001). This dissertation addresses how this 

partonomic hierarchy in events is paralleled in the structure of relational language. I 

examine the semantic category of force dynamics, or “how entities interact with respect 

to force” (Talmy, 1988, p. 49), which introduces broad categories (e.g., help, prevent) 

that incorporate previously independent relations in events, such as paths, goals, and 

causality. Two studies ask how children and adults navigate the tension between fine and 

broad categories in their nonlinguistic representations of force and motion events and 

whether language – in the form of both labels and syntactic cues – helps children to 

integrate previously independent relations into these higher order constructs. Participants 
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completed a novel task designed to assess the saliency of force dynamics relations across 

events. Participants viewed an animated event depicting a force dynamics relation (e.g., 

prevent, cause) and were asked to identify which of two perceptually varied events (i.e., 

different characters and setting) depicted the same relation. Study One extends previous 

research, showing that adults encode force dynamics relations in nonlinguistic contexts. 

Study Two examined these representations in 4-year-olds, both with and without 

linguistic cues. Absent linguistic cues, children showed no evidence of encoding force 

dynamics; however, the presence of language highlighted these relations, improving 

children’s attention to these broader categories in events. The results are the first to 

explore the problem of hierarchies in relational language and demonstrate a novel role for 

language in drawing children’s attention to the presence of relations between relations. 
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CHAPTER 1 

INTRODUCTION 

 Verbs are the centerpieces of sentences, connecting predicates like kicked to 

arguments like man and ball. Yet, these “hard words” (Gleitman, Cassidy, Papafragou, 

Nappa, & Trueswell, 2005) are notoriously difficult to learn, even in so-called “verb-

friendly” languages, which allow a verb to be presented alone or in the salient final 

position in a sentence (Bornstein et al., 2004; Gentner, 1982; Hirsh-Pasek & Golinkoff, 

2006; Imai et al., 2008; Waxman et al., 2013). Compared to nouns, verbs and other 

relational terms (e.g., prepositions) present unique challenges, demanding that we map a 

discrete representational system onto a continuous and dynamic representation of events 

that unfolds through space and time (Hespos, Grossman, & Saylor, 2010; Saylor, 

Baldwin, Baird, & LaBounty, 2007). When a child plays on the sliding board, he runs to 

the base, climbs the steps, sits down, descends the slide, and then repeats the whole 

process again. Although we use the verb slide to describe this scene, it is not clear where 

sliding begins and ends. Mapping between verb and referent is particularly difficult 

because actions are fluid and fleeting (Golinkoff, Jacquet, Hirsh-Pasek, & Nandakumar, 

1996; Hirsh-Pasek & Golinkoff, 2006). Moreover, relational terms label only part of a 

motion event and languages differ in the parts that are highlighted. For instance, English 

speakers use the verb cross to depict an object moving from one side of a surface to 

another, while Japanese verbs make finer distinctions between crossing a bounded 

surface (e.g., wataru for crossing a street) and an unbounded surface (e.g., tooru for 

crossing a field; Muehleisen & Imai, 1997). 
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Researchers at the nexus of linguistic theory and event processing are examining 

how children solve these complex problems en route to verb learning (see Carey, 2009; 

George, Göksun, Hirsh-Pasek, & Golinkoff, in press; George, Konishi, Hirsh-Pasek, & 

Golinkoff, in press; Gleitman & Papafragou, 2013; Göksun, Hirsh-Pasek, & Golinkoff, 

2010b; Golinkoff & Hirsh-Pasek, 2008; Hirsh-Pasek & Golinkoff, 2006; Mandler, 1992, 

2004, 2008, 2012; Parish-Morris, Pruden, Ma, Hirsh-Pasek, & Golinkoff, 2010 for 

reviews). To date, two areas of relational language have been extensively studied: motion 

verbs (e.g., running, entering) and spatial relations (e.g., in, towards). Research in these 

areas reveals that, over the first 2 years of life, infants learn to discriminate and 

categorize a wide array of semantic categories in events that provide them with the tools 

necessary to learn relational terms in any language they may encounter (e.g., Gentner & 

Bowerman, 2009; Göksun et al., 2011; Hirsh-Pasek & Golinkoff, 2006; Lakusta, Wagner, 

O’Hearn, & Landau, 2007; Pruden, Göksun, Roseberry, Hirsh-Pasek, & Golinkoff, 2012; 

Pruden, Roseberry, Göksun, Hirsh-Pasek, & Golinkoff, 2013; Pulverman, Song, Pruden, 

Golinkoff, & Hirsh-Pasek, 2013). What also emerges is a distinct, but varied role for 

language in bringing children from this broad base to language-specific lexicalization 

biases. Language draws our attention to commonalities in events (e.g., Gleitman & 

Papafragou, 2013; Pruden & Hirsh-Pasek, 2006), highlights those aspects of events that 

our language encodes, such as tight-fitting (e.g., ring on finger) and loose-fitting (e.g., 

ring on table) relations in Korean and relations of containment (e.g., in) and support (e.g., 

on) for English speakers (e.g., Choi, 2006; Göksun, 2010; Göksun et al., 2011; 

Pulverman, Sootsman, Golinkoff, & Hirsh-Pasek, 2003), and language even provides a 
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frame of reference with which to disambiguate complementary relations like chase and 

flee (Fisher, Hall, Rakowitz, & Gleitman, 1994). 

 While yielding a better understanding of the verb learning process, the research 

on the processing of semantic constructs in events to date has been conducted under the 

view that the relations in events that are encoded by language exist largely independent of 

one another. For instance, the manner in which a person moves (e.g., running) can be 

labeled irrespective of the path with which she travels (e.g., across the street) or the goal 

she approaches (e.g., to the house). However, events, and the relations within them, 

contain greater levels of complexity. Zacks and Tversky (2001) illustrate this point by 

way of analogy to object processing. Much like an object, such as a laptop, is comprised 

of parts, such as a keyboard, screen, and touchpad, an event can be thought of in terms of 

part-whole relations, or partonomic hierarchies. In other words, event units can be 

defined on several scales, with broader units composed of smaller events (e.g., Dickman, 

1963; Zacks & Tversky, 2001; Zacks, Tversky, & Iyer, 2001). For example, the event of 

stepping off of a curb is a component piece of the broader event of crossing the street, 

which is itself a component event of walking to school (Barker & Wright, 1954). An 

appreciation of this complexity of events reveals new insights into the relational 

constructs within them. Specifically, relational concepts, much like the events they 

represent, are comprised of partonomic hierarchies that require integrating relations 

previously thought to be independent into higher-order relations that carry new meaning. 

Consider the following scene: a child runs towards a busy street only to be pulled 

back to the sidewalk by his mother at the last second. Previous research has shown that 

children are well attuned to several of the semantic relations represented in this event. 
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Infants attend to goal paths, such as the boy’s motion towards the street (e.g., Lakusta, et 

al., 2007; Pruden, Roseberry, Göksun, Hirsh-Pasek, & Golinkoff, 2012; Pulverman, 

Golinkoff, Hirsh-Pasek, & Sootsman-Buresh, 2008). Infants also recognize that the 

contingency between the mother’s pull and the boy’s motion reflects a basic causal 

relation (e.g., Leslie & Keeble, 1987; Muentener & Carey, 2010) and can encode the 

direction of that force (Göksun, George, Hirsh-Pasek, & Golinkoff, 2013; Göksun, et al., 

2010). Finally, infants encode the endstates of motion, such as the boy’s position on the 

sidewalk at the end of the event (Lakusta & Carey, 2008; Lakusta, et al., 2007). While 

each of these relations are themselves packaged in language, they can also constitute the 

subparts of a broader relation in a partonomic hierarchy. For instance, piecing together 

the boy’s intention, the mother’s action, and the result yields a category of prevent, an 

instance of the “neglected semantic category” that Talmy (1988) called force dynamics (p. 

49). These higher-order relations encompass the same information represented in more 

basic semantic categories, while also adding valuable information regarding the 

concordance between the forces of the mother and the boy. 

The presence of partonomic hierarchies in relational language poses a new 

challenge in the study of the development of relational language, as children must learn 

that relations previously encoded as independent can be integrated into broader semantic 

categories. Surprisingly, we know relatively little about how children navigate this 

complex problem space in events. This dissertation broaches these issues through the 

examination of force dynamics, a semantic category composed of the relations of path, 

basic causality, and goal. Two studies are presented that examine the nature of children’s 

and adults’ nonlinguistic representations of force and motion, and how language may 
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scaffold these higher-order representations in children. I propose that while many 

semantic categories are learned within the first year of life, nonlinguistic categories of 

force dynamics take longer to fully develop, as children must first learn to attend to 

components such as path, goal, and basic causality independently, before shifting their 

attention to encode the relations between these relations. Further, I suggest that language 

itself serves as the integrator, unifying these components of events into new and 

meaningful patterns of force dynamics. This new role for linguistic input in directing 

children’s attention within events adds to our understanding of how children navigate the 

demands of learning relational language. 

Verb Learning: Reviewing the Evidence 

Cognitive Semantics in Linguistics 

Talmy (1988, 2000) created a dictionary of semantic components that languages 

express in their relational terms (see also Jackendoff, 1983, 1990; Lakoff, 1987; 

Langacker, 1987; Pinker, 1989). These include the figure, or movable entity within the 

scene, and its relation to the ground, or stationary setting. Figures travel along paths and 

do so using particular manners of motion (e.g., running versus crawling). Paths have 

sources, or starting points, and goals, or endpoints of motion. Events also often have 

causes, which bring action about. Finally, events contain spatial relations such as 

containment (e.g., putting things in a container) and support (e.g., putting things on a 

surface) among others. These semantic components may not constitute an exhaustive list 

or even a truly universal one. They have, however, proven a strong starting point for the 

study of semantic components in early language development (Gleitman & Papafragou, 
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2013; George et al., in press; George et al., in press; Göksun, et al., 2010b; Golinkoff & 

Hirsh-Pasek, 2008; Hirsh-Pasek & Golinkoff, 2006). 

Talmy’s linguistic analyses gave researchers a toehold into the study of relational 

constructs in events, one that has proven valuable for examining both non-verbal and 

verbal representations across development. A number of constraints were employed by 

those researchers bringing these semantic components into the study of event processing 

(Golinkoff & Hirsh-Pasek, 2008). First, researchers turned to semantic categories that are 

universally represented in relational terms across languages. Second, they focused on 

categories that are packaged differently in various languages. For instance, path and 

manner are represented in all languages studied to date; however, these constructs are 

encoded differently across languages. The child raised in the English-speaking household 

must learn that his language places manner information (i.e., how entities move) within 

the verb and path (i.e., the trajectory along which entities travel) in a “satellite” 

prepositional phrase (e.g., “He’s running around the barn”). In contrast, the child raised 

in a Spanish-speaking household learns to represent path information in his verbs, 

encoding manner in optional phrases, such as adverbs (e.g., “He’s circling the barn 

running;” Pulverman et al., 2008). Examining those constructs that vary across languages 

provides insight into the active debate regarding whether variations in language structure 

have any relevance to the processing of events (e.g., George et al., in press; Gleitman & 

Papafragou, 2013; Gentner & Bowerman, 2009; Wolff & Holmes, 2011). Finally, 

expressly for studying these in infants and young children, researchers looked for 

semantic categories that are perceptually salient. To this end, research has focused 

exclusively on motion events. Though some of the components of events studied can be 
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used metaphorically (e.g., supporting a graduate student in his goal of earning a Ph.D.) 

the domain of motion events serves as an accessible starting point for a young field. 

In examining the building blocks of relational language, research focuses 

specifically on two processes fundamental to processing events for language: 

discrimination and categorization (Golinkoff & Hirsh-Pasek, 2008; Pulverman, Hirsh-

Pasek, Golinkoff, Pruden, & Salkind, 2006). The study of discrimination (e.g., noticing 

running is different than jumping) provides insight into when infants learn to process 

“these constructs as independent units of events” that can then be extracted and packaged 

into language (Golinkoff & Hirsh-Pasek, 2008, p. 398). The study of categorization, on 

the other hand, isolates when infants can extract from events a common relation onto 

which language can be mapped. For instance, to learn the term jumping, infants must not 

only know that jumping is different from running (i.e., discrimination) constituting a new 

event unit, but must recognize the commonality across events that defines this relation 

(i.e., categorization). To date, the field has researched a number of these components – 

containment and support, figure and ground, path and manner, source and goal, and basic 

causality – in non-verbal tasks and have asked how these non-verbal representations are 

then mapped onto language. 

Nonlinguistic Event Processing 

Containment and Support 

Containment refers to “something in any fully or partially enclosed space” (e.g., 

apple in a bowl; Mandler, 2004, p.78), whereas a support relation refers to when 

something “is in contact with – typically supported by, attached to, or encircling – an 

external surface” (e.g., apple on a table; Choi et al., 1999, p. 247). English utilizes the 
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categories of in and on, however, Korean labels containment and support based on the 

degree of fit between objects. The verb kkita refers to a tight-fitting relation, collapsing 

across the English categories of put in and put on (Gentner & Bowerman, 2009). For 

instance, kkita could refer to a ring on a finger or an apple snuggly wedged into a cup. 

Surprisingly, even though children raised in an English-speaking home hear no 

language that supports the Korean distinctions, they nonetheless discriminate Korean 

degree-of-fit relations by 5 months of age (Hespos & Spelke, 2004). Though traditional 

discrimination studies have not been conducted with categories of in and on, infants also 

show an understanding of the physical properties of containment and support relations 

encoded in English as early as 2.5 months of age, discriminating between possible and 

impossible instances in both categories (e.g., Aguiar & Baillargeon, 1999; Baillargeon, 

2004; Baillargeon, Needham, & Devos, 1992; Baillargeon & Wang, 2002; Hespos & 

Baillargeon, 2001a, 2001b, Hespos & Baillargeon, 2008). 

Categories of containment relations appear around 6 months of age across a 

variety of exemplars (Casasola, Cohen, & Chiarello, 2003), but support relations are not 

categorized until 14 months (Casasola, 2005b). Both English- and Korean-reared infants 

form categories of tight-fitting (e.g., ring on finger, apple in cup) and loose-fitting (e.g., 

pen on table, pennies in bowl) relations by 9 months of age (McDonough, Choi, & 

Mandler, 2003; but see Casasola, Bhagwat, & Burke, 2009; Casasola & Cohen, 2002). 

The gradual emergence of these constructs (e.g., containment before support) is a 

common finding in the study of event perception and raises issues concerning the origins 

of these trajectories. In the study of containment and support, some have argued for roles 

of parental input, both in speech (e.g., using in more often than on) and behavior (e.g., 



 

9 

showing in more often than on), with mixed results (e.g., Casasola, Bhagwat, Cavaluzzi, 

& Fojas, 2006). Others point to the potential that some constructs may be more “natural” 

than others, leading to their earlier emergence in perception (Gentner & Bowerman, 

2009) 

Figure and Ground 

The figure in an event is “a moving or conceptually moveable entity whose path, 

site, or orientation is conceived as a variable” (Talmy, 2000, p. 312). The ground is “a 

reference entity, one that has a stationary setting relative to a reference frame” (Talmy, 

2000, p. 312). In the sentence “John is walking across the street,” John is the figure and 

the street is the ground. English uses a single category to refer to movement from one 

side of a surface to another (i.e., crossing). Japanese marks finer-grained distinctions 

based on the type of surface traversed creating what Muehleisen and Imai (1997) call 

ground verbs. The verb wataru (i.e., go across), for example, implies two things: (a) 

there is both a starting point and a goal, and (b) the ground is a flat extended surface. The 

typical grounds for wataru are railroads, roads, or bridges. When the ground does not 

contain a physical barrier between two sides (e.g., a tennis court or grassy field), the verb 

tooru (i.e., go through) is used (Göksun, et al., 2011). Even though these verbs 

incorporate path information with the ground, the distinctions between the verbs are 

made based on the nature of the grounds. 

 Research shows that English-reared infants distinguish figures (e.g., man vs. 

woman) in dynamic events by 11 months of age (Göksun et al., 2011). English-reared 

infants also differentiate between the Japanese ground categories (e.g., crossing a railroad 

vs. a grassy field) by 14 months of age (Göksun, Hirsh-Pasek, & Golinkoff, 2008, 2009; 
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Göksun et al., 2011) and form categories of these relations by 14 months (Göksun, 2010). 

The encoding of figures before grounds has been hypothesized to be the result of 

perceptual saliency, with moving figures attracting more attention than stationary 

grounds (Göksun et al., 2011). 

Path and Manner 

Path refers to the trajectory of a figure in an event (e.g., into, away from), whereas 

manner refers to the way in which an action is performed (e.g., running, bending; Talmy, 

2000). In English, manner information typically appears in the verb, while path 

information is encoded in the prepositional phrase (e.g., “John ran out of the house”). 

Spanish and Greek, however, typically encode path in the verb and depict manner via an 

optional adverbial phrase (e.g., “John exited the house running”), if at all (Allen et al., 

2007; Özçaliskan & Slobin, 1999; Papafragou, Hulbert, & Trueswell, 2008; Papafragou, 

Massey, & Gleitman, 2006; Pulverman et al., 2008; Slobin, 1996, 2003). 

 English- and Spanish-reared 7-month-olds attend to changes in path and manner 

in dynamic events (Pulverman, et al., 2013; Pulverman et al., 2008). When habituated to 

an animated starfish traveling on a specific path with respect to a ball (e.g., over the ball) 

and with a specific manner (e.g., twisting), infants renew their visual attention when there 

is a change in either the path (e.g., under the ball) or manner (e.g., jumping). Further, 

when 10-month-olds view a common path (e.g., over the ball) paired with a variety of 

manners (e.g., twisting, bending), they show preference for novel events that maintain the 

common path, showing evidence of categories (Pruden, et al., 2012). It is not until 13 

months of age that infants categorize a consistent manner performed over a variety of 

paths (see also Pruden, Roseberry, Göksun, Hirsh-Pasek, & Golinkoff, 2013). The early 



 

11 

emergence of path relative to manner may relate to its privileged status a spatial primitive, 

and is thought to be the product of the saliency of this information early in the 

development of infants’ visual acuity (e.g., Mandler, 1992, 2004, 2008, 2012). 

Source and Goal 

The source of motion is a location or reference object from which a figure moves, 

while the goal of motion is a location or reference object towards which the figure moves. 

Source and goal manifest themselves as both source paths (e.g., from, flee) and goal paths 

(e.g., to, approach; Lakusta & Landau, 2005, 2012). Source and goal provide an 

interesting exception to the pattern observed with previous constructs. While they are still 

perceptually salient and encoded in all languages studied to date, these components 

appear to be packaged in similar ways. Specifically, languages encode goals more often 

than sources for both the movements of intentional and inanimate figures (e.g., Lakusta & 

Landau, 2005, 2012; Regier & Zheng, 2007). One language-specific aspect is that some 

languages like Japanese differentiate source and goal with specific morphemes (e.g., ni 

and kara) attached to the noun (Tsujimura, 1996). 

  Research shows that infants discriminate between goals in motion events (e.g., 

movement to a box compared to a bowl) by 12 months of age (Lakusta, et al., 2007; but 

see Woodward, 1998). Twelve-month-olds also identify source changes in events; 

however, they only do so when sources are made extremely salient (e.g., decorated with 

sparkles; Lakusta, et al., 2007). By 14 months, infants form categories of goals across 

different objects, spatial relations, and agents (Lakusta & Carey, 2008). The preference 

for goals over sources has been linked to the bias in cognition to engage in forward 

thinking (Lakusta, et al., 2007), which supports the planning of future action. Indeed, 
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both children and adults appear to rely heavily on goal information when segmenting and 

organizing events (e.g., Saylor et al., 2007; Zacks & Tversky, 2001).  

Basic Causality 

“The basic causative situation consists of three main components: a simple event 

(that is, one that would otherwise be considered autonomous), something that 

immediately causes the event, and the causal relation between the two” (Talmy, 2000, 

p.480). In the sentence, “John broke the vase,” the transitive verb broke encodes the 

causal relation between the simple event (i.e., the vase breaking) and the event that 

immediately caused it (i.e., John’s action). While basic causality is expressed in 

languages across the world (Wolff, Klettke, Ventura, & Song, 2005), languages have 

different restrictions on the agents that can act as subjects in causal constructions (Wolff, 

Jeon, Klettke, & Yi, 2010). Languages with fixed word orders, such as English, allow a 

wide range of agents in the subject position of transitive sentences, including both 

intentional beings and tools (e.g., “The person cut the bread” or “The knife cut the 

bread”). On the other hand, languages with variable word order, such as Korean, restrict 

their category of what can be a causal agent to exclude tools (e.g., knife) as viable agents. 

For instance, in describing an event in which a person slices a loaf of bread, both Korean 

and English permit the phrase, “The person cut the bread,” but only English permits the 

use of the tool as a subject, as in the sentence, “The knife cut the bread” (Kanero, et al., 

2014; Wolff et al., 2010). 

 Even infants discriminate causal from non-causal relations in events. Habituated 

to Michotte’s (1963/1946) traditional causal collision event, infants as young as 6 months 

of age will not increase attention to another causal event; however, they recover attention 
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when presented with a non-causal event, such as when an effect occurs even though the 

agent (i.e., the initiator of action) does not contact the patient (i.e., the recipient of action), 

or when the patient does not continue along the trajectory initiated by the agent (e.g., 

Carey, 2009; Cohen & Amsel, 1998; Cohen & Oakes, 1993; Göksun, et al., 2010; Leslie 

& Keeble, 1987; Muentener & Carey, 2010; Oakes, 1994; Shultz, 1982; see also Rakison 

& Krogh, 2012). By 8 months of age, infants also differentiate between causal and non-

causal events in which the effect is a change of state (e.g., breaking) as opposed to the 

traditional launching event (Muentener & Carey, 2010). Finally, infants as young as 7 

months of age expect caused motion to be initiated by animate agents, as opposed to 

inanimate objects, mirroring what is seen in some languages (Saxe, Tenenbaum, & Carey, 

2005; Saxe, Tzelnic, & Carey, 2007; see also Kanero, et al., 2014). 

To date, no study has examined infants’ categorization of basic causality across 

these varying types of causal events (e.g., motion vs. change of state effects, inanimate vs. 

animate figures). 

Summary 

Taken together, this body of research demonstrates that infants are keenly aware 

of a common set of event components that will become the semantic categories encoded 

by verbs and other relational terms (see Table 1 for a summary). Critically, not all 

constructs emerge at the same time (e.g., figure before ground, path before manner). 

Differences in developmental trajectories might reflect the perceptual saliency of some 

components over others (Regier & Zheng, 2007). For example, goals of actions are more 

recent and arguably more salient than sources of action, which may lead to a later 

formation of source categories. The nature of the input may also play a role in the 
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emergence of these categories, as parents and other individuals may differentially 

highlight some categories over others in their speech (e.g., Casasola, 2005a; Casasola et 

al., 2009). In their Typological Prevalence Hypotheses, Gentner and Bowerman (2009) 

highlight both possibilities, suggesting that these differing timelines may also reflect 

variations in the “naturalness” of event components, with categories appearing with 

greater cross-linguistic frequency (e.g., English category of crossing) across languages 

being those that are driven more from perceptual predispositions, and less frequent 

categories (e.g., Japanese distinctions between crossing bounded and unbounded 

surfaces) requiring more input from language to emerge. 

 

Table 1 

Summary of evidence regarding infants’ discrimination and categorization of 

nonlinguistic event components^ 

Event Component Discrimination Categorization 

Path 7 months 10-12 months 

Manner 7 months 13-15 months 

Tight-fit 5 months 9 months 

Loose-fit 5 months 9 months 

Containment (in) - 6 months 

Support (on) - 14 months 

Figure 10 months - 

Ground 14 months 14 months 

Source 12 months* - 

Goal 12 months 14 months 

Basic Causality 6 months - 

^ The absence of an age means that there is no data on this question as of yet  

*Sources are only distinguished when made artificially salient 
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How Language Highlights Semantic Relations 

The literature on event perception suggests that over the first year and a half of 

life infants learn to carve events into a universal set of categories that are the basis for 

later language. Regardless of their language community, infants learn to detect the same 

array of nonlinguistic components of events, including fine-grained distinctions that are 

not encoded in their language. The way in which infants parse the world prepares them to 

learn any language. The central question then is how “children from an initially 

equivalent base, end up controlling often very differently structured languages” 

(Bowerman & Levinson, 2001, p. 10). 

As children gain experience with language, tracking statistical regularities in how 

their native language encodes events likely allows children to “infer how new words and 

sentences will relate to new objects and events” (Li, Abarbanell, Gleitman, & Papafragou, 

2011, p. 51). With enough data, infants can note distinctions made in their native tongue, 

effectively learning to think for speaking (e.g., Slobin, 1996, 2001). The importance of 

language in learning to think for speaking is supported by a body of research that 

documents the various roles that language plays in this process. 

First, the presence of language often allows infants to form categories of these 

relations sooner than is seen in the nonlinguistic processing of events. For instance, when 

presented a novel verb (e.g., javing) accompanying videos of a single path performed 

over varying manners or a single manner performed over varying paths, 7-month-olds 

now formed categories of path, while manner categories were now generally available to 

infants by 10 months (Pruden & Hirsh-Pasek, 2006). Similarly, labels can facilitate more 

abstract (e.g., resistant to surface features such as objects) categories of support (Casasola, 
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2005a) and degree-of-fit (Casasola et al., 2009) relations. Though not specifically 

addressed in the study of relational language, research in the formation of object 

categories suggests that these effects are specific to words, as opposed to other sounds 

such as tones (Ferry, Hespos, & Waxman, 2010; Fulkerson & Waxman, 2007). Thus, 

given a linguistic cue, infants perceive commonalities in events that would otherwise go 

unnoticed until a later age. 

Second, language serves as a spotlight that can direct infants’ attention to the 

event components relevant for their native language. This effect is underscored by studies 

examining relations between vocabulary development and children’s nonlinguistic 

representations of events. Choi (2006) found that English-speaking 29-month-olds with 

larger vocabularies, or who knew the word in were less likely than their lower-vocabulary 

counterparts to distinguish the degree-of-fit relations encoded in Korean. Korean children 

maintained these distinctions regardless of vocabulary level. Similarly, Göksun and 

colleagues (2011) show that at 19 months of age, Japanese infants continue to attend to 

the Japanese ground distinction between waturu and tooru, whereas English infants, 

especially those with larger vocabularies, now ignore it (see also Göksun, 2010). Finally, 

while English-speaking 14- to 17-month-olds with higher vocabularies are more sensitive 

to manner changes than those with lower vocabularies, high vocabulary Spanish-speaking 

infants of the same age are less sensitive to manner changes than their lower vocabulary 

peers (Pulverman, et al., 2003; see also Maguire et al., 2010). These relations not only 

point to the heightening of native distinctions with vocabulary development, but also the 

dampening of non-native relations. 
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Language can also serve to disambiguate events that carry multiple 

complementary meanings, such as give/receive and buy/sell. Take the classic example of 

chase and flee. These two complementary concepts are often both present within a single 

event. For example, when a fox chases a rabbit, the rabbit also flees the fox. How might 

children learn these two tightly tied but distinct concepts? Fisher and colleagues (1994) 

showed that children are able to track the relation between a novel verb and the 

accompanying noun phrases to disambiguate the meanings of verbs. When viewing the 

aforementioned event, children who hear, “the fox is glorping the rabbit” attribute a 

meaning of chasing to the novel verb, while children who hear, “the rabbit is glorping the 

fox” attribute a meaning of fleeing. This role for language represents an instance of 

syntactic bootstrapping, in which the verb’s relation to other grammatical structures 

serves as a cue for meaning (Landau & Gleitman, 1985).1 

Trading Spaces: A Theoretical Framework for Verb Learning 

The process through which infants progress from a universal base of relational 

distinctions to language-specific representations of events roughly parallels the process 

through which infants come to discern a set of language-specific phonemic distinctions. 

At the start of the language learning process, infants have the capacity to distinguish 

amongst the phonemes in all the world’s languages (e.g., Eimas, Miller, & Jusczyk, 1987; 

Kuhl et al., 1997; Werker & Lalonde, 1988; Werker & Tees, 1984). However, as infants 

receive input in their native tongue, there occurs a perceptual reorganization of these 

initial phonemic contrasts: infants’ ability to perceive foreign phonemic distinctions 

                                                 
1 These roles for language in thinking for speaking are not an exhaustive list, but rather represent those 

most central to the study of relational language. Other influences of language on perception are observed in 

areas such as number and color (see Gleitman & Papafragou, 2013; Wolff & Holmes, 2011). 
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lessens as they reorganize their perceptual world to package the phonemes of their own 

language into words (e.g., Galles-Sebastian, 2006; Kuhl, 2004; Werker & Tees, 1984). 

Much like infants’ phonemic repertoire undergoes perceptual reorganization, the 

space of semantic distinctions that develops over the first two years of life undergoes 

semantic reorganization, in which attention to semantic categories is heightened or 

dampened to meet the demands of a particular language (George et al., in press, George 

et al., in press; Göksun, et al., 2010b). Over the first year and a half of life, infants notice 

a common set of foundational components of events regardless of the language they are 

learning. Then, influenced by distinctions encoded in the native language, infants appear 

to focus on a subset of these categories that are relevant to their native language. 

Importantly, this argument is not equivalent to Whorf’s (1956) linguistic relativity, in 

which language itself determines our categories of events. Language, in this case, has the 

function of orienting infants’ attention to some relations in events over others. Thus, 

language does not restrict the contents of thought, but rather infants develop new 

perspectives in their interpretations of event categories, effectively trading spaces as they 

develop (Göksun et al., 2010b). 

There remains debate regarding the scope of semantic reorganization. Some 

accounts suggest that the heightening and dampening of event categories is specific to 

tasks in which language is recruited (e.g., Gleitman & Papafragou, 2013). Such theories 

hold that adults’ nonlinguistic representations of events, as measured through tasks such 

as memorization, do not reflect native lexicalization biases (Munnich, Landau, & Dosher, 

2001; Papafragou et al., 2008; Papafragou, et al., 2006). Other accounts provide evidence 

that semantic reorganization affects event categories in both linguistic and nonlinguistic 
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contexts (e.g., Choi & Hattrup, 2012; McDonough et al., 2003), but that, unlike non-

native phonemic distinctions, these categories can be flexibly reallocated in certain 

contexts (Choi & Hattrup, 2012; Hespos & Spelke, 2004). These two possibilities merit 

further investigation. 

Forging Forward: Force Dynamics 

 The event components studied to date provide children and adults great flexibility 

in describing relations in events. One can isolate single relations, such as manner of 

motion (e.g., “Ken jumped”), or string together several relations for a richer description, 

capturing additional components of events such as path, ground, and goal (e.g., “Ken ran 

across the field to the house”). Yet, language is not restricted to describing events as a 

chain of independent relations. Much like objects and events (Zacks & Tversky, 2001), 

relational language contains partonomic hierarchies, or part-whole structures, that allow 

for the use of previously independent relations as sub-parts to broader categories. For 

instance, in the phrase, “Ray prevented Arthur from entering the house,” the relation 

prevent is a combination of (1) Arthur’s path towards a goal (i.e., the house), (2) the 

direction, relative to the goal, of the force imparted by Ray via a basic causal relation, 

and (3) Arthur’s resultant path away from the goal. Prevent is an instance of force 

dynamics, a “previously neglected semantic category,” (Talmy, 1988, p. 49) that presents 

a case of partonomies (i.e., part-whole relations) in relational language (Zacks & Tversky, 

2001). Understanding how children learn to navigate these hierarchies provides a fuller 

picture of the challenges and processes underlying the acquisition of relational language. 
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Force Dynamics Theory 

Force dynamics2 encodes “how entities interact with respect to force” (Talmy, 

1988, p. 49), making up semantic categories such as cause,3 prevent, help,4 and despite 

(Note: the category of despite is often neglected in this literature). With the exception of 

despite, these semantic categories are expressed as matrix verbs in periphrastic causatives, 

which “express causal relationships (sic)…with two or more predicate terms, one each 

associated with the cause and result” (e.g., “Alison caused the door to open;” Wolff, et al., 

2005, p. 36). A myriad of theories have attempted to explain how these relations are 

distinguished in events including those dependent upon statistical mechanisms (e.g., 

Gopnik et al., 2004; Sloman, Barbey, & Hotaling, 2009) and those grounded more in 

perception (e.g., Mandler, 1992, 2004, 2008, 2012; Talmy, 1988, 2000; Wolff, 2003, 

2007). 

I focus here on Wolff’s (2007, 2008) Force Dynamics Theory, a modification of 

Talmy’s linguistic theory, for two reasons. First, this perceptual theory, as opposed to 

statistical approaches (i.e., counterfactuals, Bayesian models), supports single-instance 

identification of these categories in events (see Wolff, 2007 for a further review). In other 

words, upon viewing a completely novel event, we can identify force dynamics relations 

                                                 
2 Note that force dynamics refers to the categorical encoding of force interactions in language.  This use of 

the term should be distinguished from the precise, quantitative representations of force that are discussed in 

fields such as physics or engineering. 

 
3 Note that the semantic notion of cause as defined by force dynamics is different from the semantic notion 

of basic causality as defined as one event bringing about a second.  Cause here represents a specific 

subtype of basic causality, the latter of which encompasses, but does not differentiate between all force 

dynamics relations. 

 
4 Traditionally, this category has been labeled as enable, encompassing both enablement through the 

addition of a force (helping) and enablement based on the removal of a barrier (letting, allowing). Since the 

focus of this and most previous research has lied more heavily on the former, I have renamed the category 

as help.  
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without reference to previous knowledge regarding the probabilities of an observed result. 

Second, among those theories grounded in perception, Force Dynamics Theory has 

received the most empirical support with respect to the discussion of representations of 

force and motion (e.g., Wolff, 2007; Wolff & Song, 2003; Wolff & Ventura, 2009). 

Force Dynamics Theory contends that the semantic categories of cause, help, 

prevent, and despite can be defined through reference to the unique pattern of forces 

underlying each event (Wolff, 2007, 2008). Specifically, these categories are defined by 

three components: (1) the patient’s tendency (e.g., motion or intention) with respect to a 

particular goal (i.e., endstate), (2) the concordance between the tendency of the patient 

and the tendency of the agent acting upon it, and (3) the patient’s success or failure in 

reaching the goal (see Table 2). 

 

Table 2 

Semantic categories of force dynamics as defined by Wolff (2007) 

Concept Patient Tendency for 

Endstate 

Agent-Patient 

Concordance 

Result: Endstate 

Approached 

Cause No No Yes 

Help Yes Yes Yes 

Prevent Yes No No 

Despite Yes No Yes 

 

To clarify the theory, take a simple example from Wolff (2007). Imagine steering 

a boat (patient) towards a dock (goal). The wind (agent) picks up, and the boat is blown 

back out to sea, away from the dock. In this scenario, the patient has a tendency for the 

goal, the agent has a non-concordant tendency, and the goal is not reached. The wind 

prevented the boat from reaching the dock. Now imagine the same scenario, however this 
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time, the wind picks up, but the boat powers through it, safely arriving at the dock. This 

scenario is the same as the last on two dimensions (i.e., patient tendency, agent-patient 

concordance), but this time the goal is reached despite the wind’s force. Similar scenarios 

could be constructed for help and cause. Importantly, there are other configurations of 

these elements beyond those that underlie these four categories; however, no other 

configuration is represented by a single term. For instance, if the boat were traveling 

away from the dock and the wind propelled it out to sea faster, there is no single term 

describing the event relative to the dock as an endstate. We could say that the wind 

helped the boat get away from the dock, but note that this resets the goal location to be 

away from the dock, conforming to the initial representation of help. 

Force dynamics is not restricted to simple motion events. Part of the appeal of the 

theory has been its applicability to both static and social scenes (Talmy, 1988, 2000; 

Wolff, 2007). In everyday speech, we often discuss static events causally, such as a 

doorstop keeping the door from closing, or a tent pole helping a tent to stand. While no 

motion is visible, using force allows us to account for these steady-state events. In 

addition, force dynamics can handle social causality, such as when a mother helps her 

child solve a puzzle through verbal direction. Social events often lack surface physical 

forces. By analogy from physical force to social intent, however, one can understand the 

effects of complex social forces in a way that is comparable to those using physical 

forces. In the puzzle example, for instance, the child has an intention to complete the 

puzzle, which is shared by the mother, leading to the solution of the puzzle. Such a 

pattern is consistent with help. 
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Force Dynamics in Psychology 

The study of force dynamics is a relatively young area in psychology, with the 

majority of work centering on testing the theory’s merits in adults’ linguistic categories 

(e.g., Wolff, 2007; Wolff et al. 2005; Wolff & Song, 2003; Wolff & Ventura, 2009). 

What is virtually non-existent is research that tackles important developmental questions 

regarding how the semantic constructs of force dynamics, as they are defined in this 

literature, might be learned. Understanding how these categories develop informs the 

potential challenges posed by partonomic hierarchies in relational language and how 

children learn to combine sub-relations into high-order categories. 

Fortunately, much like path and manner, source and goal, figure and ground, 

containment and support, and basic causality, force dynamics shares the three 

characteristics that have underscored successful developmental research in cognitive 

semantics. Specifically, force dynamics is universally encoded in the world’s languages, 

shows cross-linguistic variation, and is perceptually available (Golinkoff & Hirsh-Pasek, 

2008). 

Encoded in All Languages 

 Early studies with English speakers support the four category model of force 

dynamics, though most experiments have focused only on the three categories of verbs 

(i.e., cause, help, prevent). Wolff and Song (2003) asked participants to sort force 

dynamics verbs (e.g., make, force, hinder, thwart, enable, help), using multidimensional 

scaling to identify clusters of common meanings. The results suggest three distinct 

categories of verbs, corresponding to the categories of cause, help, and prevent (see also 

Sloman, et al., 2009; Wolff et al., 2005). Extending this work, Wolff and colleagues 
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(2005) also found evidence for these categories across other languages, including German, 

Russian, Spanish, and Arabic. While the concept of despite remains largely neglected in 

these studies, these results support the notion that force dynamics is central to many, if 

not all languages of the world. 

Represented Differently Across Languages 

Though force dynamics is encoded across languages, the way in which each 

language packages interactions between forces is not universal. Wolff and Ventura 

(2009) provide evidence to this effect, showing that Russian speakers’ semantic category 

of help is broader that of English speakers. Consider the events of Figure 1. In each 

image, the man holding the rope, the agent, pulls the man on the dolly, the patient, across 

the white line. In the left most image, the man on the dolly attempts to push himself away 

from the white line. Speakers of both languages would describe this event as, “The agent 

caused the patient to cross the line.” In the right most image, the man on the dolly 

attempts to push himself towards the white line. Speakers of both languages would 

describe this event as, “The agent helped the patient to cross the line.” 

 

 
Figure 1. Cross-linguistic differences in categories of cause and help. Recreated with 

permission (Wolff & Ventura, 2009). 
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In the center image, the man on the dolly sits facing the line, but does not attempt 

to push himself in that direction. According to their Tendency Hypothesis, Wolff and 

Ventura (2009) claim that Russian speakers’ restriction of causal subjects to those objects 

that can initiate events (e.g., people, animals, fire; Wolff et al., 2010) attunes their 

attention towards the internal forces of these objects. Thus, Russian speakers view the 

direction the patient faces as a sign of intent, leading to the description, “The agent 

helped the patient to cross the line.” In contrast, English speakers are more lax in their 

restrictions of causal subjects, leading to more variability in whether they attend to the 

intent of the patient, or external forces such as friction that must be overcome for him to 

move. Thus, English speakers may use either cause or help to describe the event, 

depending on their focus. Importantly, these differences are not due to differences in the 

defining criteria of force dynamics, but rather are a consequence of how each language 

encodes the objects in a causal relation. 

Perceptually Available 

Having examined force dynamics in language, what remains to be determined is 

whether the categories are perceptually salient. Research with adults suggests that they 

are. In a series of studies, Wolff (2007) asked adults to categorize animations involving a 

motor boat (patient), a fan (agent), and a cone (goal). Animations either depicted a force 

dynamics verb (e.g., cause, help, prevent) or configurations not represented in a single 

verb (e.g., despite, relations that cannot be reduced to a single term). For instance, in the 

prevent scenario, the boat would be shown moving towards the cone, after which the fan 

would switch on and blow the boat away from the cone. Adults categorized the events 
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according to the predictions of Force Dynamics Theory, and did not incorrectly extend 

any category to events not represented by a force dynamics term. 

 An open question remains regarding adults nonlinguistic representations of events. 

While Wolff’s (2007) results show that adult possess semantic categories of force 

dynamics and can process this information in events, they are inconclusive regarding 

whether or not they do so absent linguistic cues. In this respect, partonomies present an 

interesting tension in the processing of events. Both force dynamics, and the sub-relations 

of path, basic causality, and goal, represent similar information in events and may be 

perceptually salient. While adults may process the broader categories of force dynamics, 

they might also revert to focusing on some combination of sub-relations in which some 

relations have precedence over others (e.g., goal bias). Importantly, these two 

possibilities may not be mutually exclusive. In studying partonomic hierarchies in event 

structure, Zacks and Tversky (2001) show that adults often use broader segments (e.g., 

making a sandwich) to organize finer segments (e.g., slicing bread; Zacks & Tversky, 

2001), encoding how sub-events relate to a broader goal. Similarly, adults may process 

the sub-relations of path, basic causality, and goal with reference to how they relate to 

broader categories of force dynamics. 

Developmental Questions of Force Dynamics 

 Force dynamics is universally encoded in language, shows variation across 

languages, and is perceptually available to adults, at least in linguistic contexts. These 

features suggest that the force dynamics is amenable to study in early childhood, and has 

promise for informing how children progress from equivalent bases to language-specific 

representations. In bringing force dynamics into the study of verb learning, we face the 
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familiar questions that drove forward research on previous components of events. When 

do children learn to attend to these categories in events? What role might language play 

in the packaging of force dynamics in events? 

Encoding Force Dynamics 

 Before considering the question of when children attend to force dynamics in 

events, I must first define exactly how these relations are partonomically related to 

components of events already studied in the literature. The defining criterion of Force 

Dynamics Theory can be readily redescribed in terms of the relational constructs 

underlying them. The first criterion, the patient’s tendency (e.g., motion or intention) 

with respect to a particular goal, is analogous to a goal path. The second criterion, the 

concordance between the tendency of the patient and the tendency of the agent acting 

upon it, requires encoding both the direction of the patient’s goal path as well as the 

direction of the agent’s force in the basic causal relation. The third criterion, the patient’s 

success or failure in reaching the goal, is transparent with the semantic category of a goal 

path. Table 3 presents a revised account of Force Dynamics Theory that strips force 

dynamics categories down to three basic sub-relations. 

 

Table 3 

Semantic categories of force dynamics as defined by partonomic hierarchies 

Concept Patient Goal Path Agent Force 

Promotes Goal 

Resultant Goal Path 

Cause No Yes Yes 

Help Yes Yes Yes 

Prevent Yes No No 

Despite Yes No Yes 
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 To illustrate the partonomic hierarchy, consider how the event depicted in Figure 

2 would be described differently when encoded as a chain of relations as compared to the 

higher-order categories of force dynamics. Encoding the event according to sub-relations 

requires three statements representing (1) the patient’s path (e.g., “The circle tried to go 

to the house”), (2) the direction of the force imparted by the agent (e.g., “Then the 

diamond pushed the circle towards the house”), and (3) the resultant path of the patient 

(e.g., “The circle got to the house”). These statements describe the interaction, but divide 

it into three separate relations, neglecting important information regarding how each 

relation relates to those surrounding it. Using force dynamics (e.g., “The diamond helped 

the circle go to the house.”) emphasizes how the action or intent of the diamond relates to 

the action or intent of the circle with respect to a goal, adding meaning beyond what is 

possible through the parsing of this event on the level of the sub-relations. In this way, it 

can be said that force dynamics introduces a partonomic hierarchy by moving us to 

encode how the relations between relations carry meaning. 

 

 
Figure 2. Graphical depiction of the partonomic structure of force dynamics. 
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 When might children learn to attend to force dynamics in events? This question is 

linked to the idea of determining which level of partonomic hierarchy is “privileged” in 

perception (see Rosch, 1978; Rosch & et al., 1976 for parallels in object perception). One 

possibility is that force dynamics categories are perceived first, only later to be broken 

down into the sub-relations of path, basic causation, and goal. Given that the encoding of 

these sub-relations develop from 6 to 14 months of age (e.g., Lakusta et al., 2007; 

Göksun et al., 2010; Leslie & Keeble,1987; Pulverman et al., 2013), an account in which 

force dynamics is privileged would require evidence of these categories prior to the end 

of the first year of life. 

 There is some evidence to support the early emergence of force dynamics. Hamlin, 

Wynn, and Bloom (2007, 2010) employed concepts of helping and hindering (i.e., 

preventing) in assessing the nature of social valuations in infants as young as 3 months of 

age. Infants were shown two events in which a circle tries to climb a hill. In one event, a 

square aids the circle by pushing it over the hill. In another a triangle hinders the circle by 

pushing it down the hill. Following exposure to these events, infants demonstrated a 

stable preference for the helper over the hinderer (but see Scarf, Imuta, Colombo, & 

Hayne, 2012; see also Hamlin, Wynn, & Bloom, 2012). Further studies extend this result 

to other types of events (e.g., opening a suitcase; Hamlin & Wynn, 2011), and show that 

10-month-olds base their evaluations of agents on whether or not these agents have prior 

knowledge of the intent of the patient (Hamlin, Ullman, Tenenbaum, Goodman, & Baker, 

2013). While it is unclear whether these valuations are based on categories of force 

dynamics, or whether these representations extend to encompass other force dynamics 
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relations such as cause and despite, the evidence presents the possibility that force 

dynamics is a privileged level of this partonomic hierarchy.  

 Research on children’s speech, however, casts doubt on this interpretation. By 3 

years of age, children are not only utilizing path information in their speech, but are 

already doing so using the lexicalization biases of their native tongue (e.g., English 

speakers placing path information in prepositional phrases; Allen et al., 2007; Özçaliskan 

& Slobin, 1999). In contrast, children’s representations of force dynamics are less 

developed. Bowerman (1978) reports that children as old as 3 years of age conflate verbs 

belonging to the categories of cause and help. For instance, in describing an interaction 

between a mother and her child who wants to go outside and play, a 3-year-old might say, 

“The mom let (made) the child stay inside.” The later differentiation among force 

dynamics relations relative to the strong representations of path, basic causality, and goal 

seen in children’s speech likely reflects the earlier development of sub-relations relative 

to force dynamics, and calls into question the presence of a tight link between the social 

valuations of young infants and the representations that support semantic concepts. 

 A more likely alternative to force dynamics being a privileged level of 

representation, is that children build categories of force dynamics from the sub-relations 

of path, basic causation, and goal. Indeed, the literature on event segmentation gives this 

level of the partonomic hierarchy a privileged status. Building from Talmy (1988, 2000), 

Zacks & Tversky (2001) suggest that “the building-blocks of events should be temporal 

units in which the figure, motion, path and ground are constant.” In other words, changes 

in path, as is often the case within a relation such as prevent, is a perceptual marker that 

signals a transition between events. Similarly, basic causal relations can also often occur 
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in the midst of a force dynamics relation, and are thought to be markers that signify the 

start of a new event (Zacks & Tversky, 2001). If these bottom-up perceptual processes 

drive infants’ interpretations of events, sub-relations such as path, basic causality, and 

goal should precede the higher-order relations of force dynamics. This account is loosely 

analogous to Mandler’s Perceptual Meaning Analysis in which spatial primitives such as 

path can be built into more complex concepts (Mandler, 1992, 2004, 2008, 2012). 

 Under this account, categories of force dynamics should emerge relatively late in 

development, as children must first learn to attend to the components of path, basic 

causality, and goal before integrating them into these higher-order relations. Further 

developmental research is needed to determine exactly when this transition takes place, 

and perhaps more importantly the potential stages through which these categories are 

formed from the sub-relations. These categories might not emerge all at once, but rather 

reflect the stepwise integration of sub-relations. For example, given the well-documented 

bias for endstate information in events (Lakusta & Landau, 2005, 2012; Lakusta et al., 

2007; Regier & Zheng, 2007), the relation of prevent might be easily differentiated from 

the categories of cause, help, and despite on this basis alone. Incorporating the direction 

of the agent’s force on the patient would further allow for the differentiation of despite 

from these other categories, leaving only cause and help conflated. Indeed, the confusions 

between cause and help verbs in children’s speech might reflect that children have 

difficulty integrating the patient’s intent into their representations of force dynamics. 

Through understanding how and when mature concepts of force dynamics emerge, we 

gain insights into how children begin to make sense of partonomic hierarchies in 

relational terms. 
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Language as an Integrator 

 Beyond understanding when children are able to process force dynamics in events, 

there remains the question of how children learn to navigate this partonomic hierarchy. If 

children initially focus on the sub-relations of path, basic causation, and goal, how do 

they learn to attend to the relations between these relations that constitute force 

dynamics? This problem is a novel one in the study of relational language,5 but can be 

informed by our understanding of how children come to acquire other relational terms. 

 Gentner and Bowerman (2009) describe two extreme views that have claimed to 

explain the development of concepts, including those underlying relational terms: “At 

one extreme is the view that children come pre equipped with linguistically relevant 

categories…At the other extreme is the view that children learn the semantic 

categories…strictly from the input language itself” (p. 477). In their Typological 

Prevalence Hypothesis, they seek to reconcile these two polarizing perspectives. The 

theory takes a middle ground approach, stating that, “semantic categories whose 

members share cognitive and perceptual commonalities that are salient for humans - as 

signaled by their cross-linguistic frequency - can be acquired with little or no prompting 

from the input language, while those that are less natural - as indexed by their cross-

linguistic rarity - will require more language experience to be learned” (Gentner & 

Bowerman, 2009, p. 478). For example, the English support category of on is frequent 

across the world’s languages and appears early in nonlinguistic representations. 

Categories such as this are thought to be driven largely by bottom-up perceptual 

                                                 
5 This is not to say that previous components of events are always isolated. Ground path and goal path 

terms in particular involve multiple semantic components of events.  However, these distinctions do not 

exist without path information, and thus cannot stand alone as is the case for the sub-relations of force 

dynamics 
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processes. In contrast, Dutch support categories of solid support (e.g., support from 

beneath; op), tenuous support (i.e., hanging, joining by screws; aan), and encirclement 

with contact (e.g., ring on finger; om) appear rarely across languages. These relations are 

thus hypothesized to require more input from language, leading to their later development 

in childhood (Gentner & Bowerman, 2009). 

 Where do the semantic concepts of force dynamics fall along this spectrum? 

While we do not yet know when in development these categories typically emerge, 

examining the landscape of causal language reveals that constructions that maintain 

distinct boundaries between the semantic categories of force dynamics are relatively rare 

compared to the variety of other ways to express causation. In a thorough cross-linguistic 

investigation of causal language, Wolff and colleagues (2005) characterize how six types 

of causative constructions relate to the semantic categories of force dynamics (see Table 

4). Three of these constructions, affect verbs (e.g., affect, influence), link verbs (e.g., lead, 

depend), and causal conjunctives and prepositions (e.g., because of, since) regularly 

conflate two or all three force dynamics verbs (i.e., cause, help, prevent; despite was not 

examined). Two other constructions, lexical causatives (e.g., break, open) and 

resultatives (e.g., “The baker pounded the dough flat”), can only express relations that 

correspond to the force dynamics category of cause. Only one type of causal construction, 

periphrastic verbs, explicitly encode the distinctions between all three categories of force 

dynamics verbs. 
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Table 4 

Ways of expressing causation across languages with associated semantic senses. Used 

with permission (Wolff et al., 2005) 

 

 

 According to the Typological Prevalence hypothesis, the fact that force dynamics 

verbs are fully delineated in only a small portion of causal constructions could reflect that 

these categories are “less natural” than other alternatives. Indeed, Gentner and Bowerman 

(2009) argue that children’s conflations of cause and help verbs suggest that the most 

natural conception of causation may be one that does not mark these boundaries, as in 

affect verbs, link verbs, and causal conjunctives and prepositions (Comrie, 1981; Wolff et 

al., 2005). Much like language is hypothesized to play a greater role in carving the 

infrequent Dutch distinctions of solid support, tenuous support, and encirclement with 

contact from the more frequent, concept-driven category of on, language may also play a 

more significant role in delineating the differential boundaries between the concepts of 

cause and help from the more frequent concept of generative causation reflected in words 

like because. Further, the variation in boundaries between concepts of cause and help 

across languages may also point to a larger influence of language in teasing apart these 

relations, as conceptual predispositions for these semantic constructs would likely yield 

more similar categories. 
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Given the rarity of force dynamics categories in language and their proposed late 

development relative to their more perceptually driven sub-relations, I propose that 

language may play a greater, though not essential role in the formation of these 

distinctions. While the field has already outlined several ways in which language 

contributes to conceptual development (e.g., spotlight, disambiguation; Choi, 2006, 

Fisher et al., 1994; Pruden & Hirsh-Pasek, 2006), I contend language must take on a new 

role to aid children in navigating the hierarchical structure of causal events. Specifically, 

language serves as an integrator, unifying the components of path, basic causality, and 

goal into the patterns that underlie force dynamics relations. Consider the phrase, 

“Andrew blicked Sierra go home.” Simply using any transitive verb, such as pushed and 

pulled, does not fulfill what is required of the verb blicked. What is necessary is a 

periphrastic verb, such as helped or made, that does not merely encode Andrew’s action 

upon Sierra, but how this action relates to Sierra’s intent (or lack thereof) to go home, as 

represented by a goal path in an event. 

It is important to embed language’s role as an integrator in the context of previous 

research on thinking for speaking. Research documents effects of language on thinking 

for speaking both on the word level, highlighting commonalities in events (e.g., Pruden & 

Hirsh-Pasek, 2006), and at the level of syntax, providing cues to word meaning based on 

the relation to other grammatical notions (e.g., Fisher et al., 1994; Landau & Gleitman, 

1985). Language’s proposed role as an integrator incorporates aspects of both processes. 

Using syntactic bootstrapping, children learn that periphrastic verbs, such as help and 

prevent, must encode the higher-order relations between relations that define the semantic 

categories force dynamics. Syntactic structure also provides cues to differentiate force 
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dynamics relations, with different terms requiring different syntactical frames. For 

instance, one can help another to achieve a goal, but one prevents another from achieving 

a goal. However, categories of force dynamics cannot be fully delineated based on syntax 

alone. Indeed, cause and help verbs often use the same syntactical frame (e.g., “The 

mother made/helped the boy clean his room”). Thus, children likely also utilize statistical 

regularities between words and events to pull apart these relations. Importantly, this 

account of language as an integrator may further explain the late development of the 

distinction between cause and help verbs, as children cannot rely as heavily on syntactic 

cues to differentiate these two concepts. 

 Finally, it is important to distinguish the idea from linguistic relativity (Whorf, 

1956). I am in no way suggesting that language is necessary for these categories to 

emerge. Rather, the fact the categories of force dynamics are harder to learn than 

components of events such as path, basic causality, and goal means that language is more 

likely to serve a role in directing children’s attention to them before they would be 

acquired otherwise. In other words, language may mediate the construction of these 

categories, though is not required for their formation. 

The Current Studies 

 The study of force dynamics introduces a new problem in the study of semantic 

development: the problem of partonomic hierarchies in relational language. Better 

understanding how children navigate these hierarchies en route to mature semantic 

representations of force dynamics and how these mature representations are encoded by 

adults stands to further inform our understanding of the complex interplay between 
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language and concepts that underlies the development of relational language. This 

dissertation breaks ground in this investigation by asking four questions. 

First, how do adults navigate this space in nonlinguistic contexts? Hierarchical 

structure in events provides several ways of interpreting causal interactions even for 

mature language speakers. Specifically, adults may encode force dynamics relations in 

these contexts, or revert to simpler chains of structure that may or may not incorporate 

the defining relations of force dynamics (e.g., focusing on goal information at the 

expense of the patient’s intent). Understanding how adults navigate these events will 

further inform the scope of language’s role in highlighting these relations and provide a 

baseline for interpreting the development of nonlinguistic representations in childhood. 

Second, what is the nature of children’s representations of force dynamics? Given 

the documented development of causal language over the preschool years (Göksun, 

Hirsh-Pasek, & Golinkoff, 2010a; Tomasello, 2000), the current study focuses on 4-year-

olds’ representations of force dynamics. Identifying which semantic categories children 

encode and which categories they still conflate will inform our understanding of which 

sub-relations children do and do not incorporate at this age (e.g., attention to patient 

intent and goal, but not agent intent). 

Third, does language assist children in unifying the components of path, basic 

causality, and goal into force dynamics categories? If 4-year-olds’ nonlinguistic 

representations of force dynamics do not fully incorporate all of the relevant sub-relations, 

the presence of linguistic cues, both word and syntax, should facilitate more complete 

representations. 
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 Finally, the hierarchical account of force dynamics and the proposed role for 

language in drawing children’s attention to relations between relations also provide 

insight into the factors that should predict the maturity of children’s representations. As 

with previous research in cognitive semantics (Choi, 2006; Göksun, 2010, Pulverman et 

al., 2003), I predict that the role language plays in highlighting force dynamics categories 

will be underscored by a positive relation between children’s vocabulary and the maturity 

of their representations of force dynamics. That is, children with greater vocabulary are 

more likely to have encountered and processed language, both words and syntactic 

frames that draw their attention to these higher-order relations. Similarly, I examine what 

role visual-spatial working memory may play in the formation of these representations. 

Though mature representations of force dynamics likely encode these relations as wholes, 

rather than the sum of parts, children who are still forming these representations may rely 

more on visual-spatial working memory to hold each component in mind as they 

construct these complex categories. Thus, I predict that visual-spatial working memory 

will be positively related to the ability of children, but not adults, to sort events according 

to force dynamics. 

 Two studies take aim at these questions. Study One examines adults’ 

nonlinguistic representations of partonomic relations via a novel matching task that 

requires the matching of events based on the relations of force dynamics. Study Two 

employs the same task to examine children’s nonlinguistic and linguistic representations 

of the same events. The results begin to flesh out this complicated area of semantic 

development. 
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CHAPTER 2 

STUDY ONE: ADULT CONCEPTIONS OF FORCE DYNAMICS 

 Study One investigates adults’ conceptions of force dynamics in nonlinguistic 

contexts. Adults were presented with a novel task, requiring that they match events 

depicting force dynamics relations by identifying which two events maintain the same 

relation despite changes in surface features (e.g., characters, setting). Assessing adults’ 

ability to match events according to force dynamics serves two purposes. First, it informs 

us regarding how mature language speakers approach hierarchical information in events. 

I predict that force dynamics will prove to be salient to adults, even in this nonlinguistic 

context, resulting in near ceiling performance across all trials. Alternatively, adults may 

revert to processing events according to sub-relations such as path, basic causality, or 

goal, suggesting that force dynamics relations are not salient in nonlinguistic contexts. 

Adults’ performance on the matching task will also serve the second function of 

providing context with which to interpret children’s representations of the same events. 

Adults should both have the full range of these terms in their vocabulary and 

process these relations as integrated wholes, as opposed to an amalgam of sub-relations. 

Thus, neither vocabulary nor visual-spatial working memory are predicted to explain 

variance in adults’ ability to match events according to force dynamics, as adults should 

perform near ceiling on the task. 

Method 

Participants 

Participants consisted of 30 monolingual undergraduate students (15 male; mean 

age 22.04 years; range 18.92 – 33.52 years) from psychology courses in a university in a 
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major northeastern city, who participated in exchange for research credit. An additional 

four students were excluded due to bilingual status (3) or experimenter error (1). 

Stimuli 

In an effort to make the matching task engaging for both adults and children, 

animations depicting social motion events were developed based on similar work by 

Hamlin and colleagues (2007, 2010), with three major changes. First, a salient goal object 

(i.e., a house) was added to the scenes in order to anchor the interactions. Second, the 

characters’ eyes were oriented straight ahead for all trials, requiring that participants rely 

on path information to gauge intent. Finally, unlike Hamlin and colleagues (2007, 2010), 

no emotional cues were provided (Scarf et al., 2012). That is, the patient behaved 

similarly (i.e., remained still) at the end of events regardless of whether or not it achieved 

the goal. 

Some argue that eye-gaze and emotional cues are pivotal to establishing an 

intentional stance in the patient, which in turn facilitates the differentiation between 

helping and hindering in infants (Hamlin et al., 2007, 2010).  However, both Force 

Dynamics Theory (Wolff, 2007) and the hierarchical account of these categories 

presented here assert that these distinctions arise from motion cues (e.g., paths, goals) 

irrespective of additional social cues. Thus, removing these social cues provides a stricter 

test of these accounts, requiring participants to match events according to motion cues, 

also eliminating the matching of events according to simpler perceptual differences (e.g., 

patient happy vs. unhappy). 

 

 



 

41 

Training Events 

Training events were set on a background of a grassy plain. Two characters, either 

a red square and blue triangle or a green circle and a yellow diamond, engaged in 

simultaneous action, either rolling or jumping. Each event was bracketed by a half second 

of black screen and lasted 4 seconds in total. 

Slope Events 

Slope events were set upon a background of a grassy hill. A red house sat at the 

top of the slope, serving as the goal location. Four different interactions (i.e., cause, help, 

prevent, and despite) were displayed between two characters, the patient (i.e., a green 

circle) and the agent (i.e., a yellow diamond). Both characters were given eyes to depict 

animacy. 

In the cause event, the circle began at the bottom of the slope. After a 1 second 

pause, the yellow diamond entered and pushed the circle up the slope to the house via 

three equally spaced hits. 

In the help event, the circle began at the bottom of the slope. The green circle 

traveled half-way up the slope twice, falling back both times. On the circle’s third attempt, 

the yellow diamond entered at the bottom of the slope and pushed the circle up the slope 

to the house via three equally spaced hits. 

In the prevent event, the green circle began at bottom of the slope. The circle 

climbed the slope, and upon reaching the peak, the yellow diamond entered from the top 

of the slope and pushed the circle down the slope via three equally spaced hits. 

In the despite event, the green circle began at the bottom of the slope. The circle 

climbed the slope, and upon reaching the peak, the yellow diamond entered from the top 
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of the slope, hitting the circle and causing it to fall halfway down the slope. The circle 

ascended to the peak again and was hit halfway back down the slope again. On the third 

attempt, the circle gained speed and pushed the diamond back, reaching the house (see 

Figure 3 for depictions of each event). 

 

 

 
 

Figure 3. Graphical depictions of slope events. 

 

In order to allow for orientation of attention at the beginning of each event, all 

clips began with a 1 second pause. In addition, each clip ended with a one second pause 

to allow for easier encoding of the endstate of the event. Each clip was also bracketed by 

a half second of a black screen in order to prevent participants from making judgments 

based solely on the similarities of the characters’ starting or ending positions. Finally, 

each event was mirrored so that the interaction unfolded in the opposite direction of 

motion, yielding two clips for each category. 

 



 

43 

Sand Events 

Sand events were set upon a background of a grassy plain with a sand pit in the 

center. A yellow house served as the goal and was situated to one side of the sand. Four 

different interactions (i.e., cause, help, prevent, and despite) were displayed between two 

characters, the patient (i.e., a red square) and the agent (i.e., a blue triangle). Both 

characters were given eyes to depict animacy. 

In the cause event, the red square sat on the grass beside the sand pit, opposite the 

house. After a 1 second pause, the blue triangle entered from the same side and pushed 

the square across the sand to the house via three equally spaced hits. 

In the help event, the red square again sat on the grass beside the sand pit, 

opposite the house. The red square attempted to approach the house, gradually slowing as 

it entered the sand pit. When the square is halfway across the sand, the blue triangle 

entered from the side of the scene opposite the house and pushed the square across the 

remainder of the terrain to the house, via three equally spaced hits. 

In the prevent event, the red square began on the grass beside the sand, opposite 

the house. The square attempted to approach the house, gradually slowing as it entered 

the sand pit. When the square reached the end of the pit, the blue triangle entered by the 

house and pushed the square back across the sand, away from the house via three equally 

spaced hits. 

In the despite event, the red square began on the grass beside the sand, opposite 

the house. The square attempted to approach the house, gradually slowing as it entered 

the sand pit. When the square reached the end of the pit, the blue triangle entered by the 

house and hit the square halfway across the pit, away from the house. The square 
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attempted to reach the house a second time and again was hit back halfway across the pit 

by the triangle. On the third attempt, the square picked up speed and knocked the triangle 

back, reaching the house (see Figure 4 for depictions of each event). 

 

 

Figure 4. Graphical depictions of sand events. 

 

In order to allow for orientation of attention at the beginning of each event, all 

clips began with a 1 second pause. In addition, each clip ended with a one second pause 

to allow for easier encoding of the endstate of the event. Each clip was also bracketed by 

a half second of a black screen in order to prevent children from making judgments based 

solely on the similarities of the characters’ starting or ending positions. Finally, each 
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event was mirrored so that the interaction unfolded in the opposite direction of motion, 

yielding two clips for each category.6 

Measures 

Background Survey 

A short background survey was created to collect demographic information. 

Participants provided their birthdate, gender, and ethnicity. For exclusionary purposes, 

participants were also asked to report any vision impairments, as well as the extent to 

which they are fluent in languages other than English (see Appendix A). 

Causal Matching Task 

In order to assess adults’ perceptions of force dynamics, a novel matching task 

was developed using the stimuli described above. The task was created in PowerPoint 

and run on a touch-screen laptop. The task was comprised of three phases: training, 

familiarization, and test. 

Training phase. There were four training trials. Each trial consisted of three 

movies arranged in a pyramid formation (see Figure 5). The top movie was the target 

movie, while the bottom movies consisted of a match event and a distractor event. Two 

blue answer buttons were positioned below the match and distractor events. 

                                                 
6 Note about confounds: Clips across both contexts varied in their overall length (range: 6.12 to 9.25 

seconds. However, clip lengths do not vary systematically and are thus not a cue to the correct answer. For 

example, the shortest overall clip in the slope scenario is the prevent event, while the shortest clip in the 

sand scenario is the help event. 
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Figure 5. Layout of training and test trials. 

 

For the training trials, the target movie was a short clip of a green circle and 

yellow diamond synchronously jumping. The match movie was a clip of a red square and 

blue triangle synchronously jumping, while the distractor movie consisted of these 

characters synchronously rolling. The location of the correct answer alternated between 

trials. 

Familiarization trials. Following training, there were four familiarization trials. 

Each trial consisted of a slope event from one of the four categories of force dynamics 

presented in isolation. All events unfold from left to right. 

Test trials. After familiarization, twenty-four test trials followed the same format 

as the training trials. The video presented at the top was the target video, which always 

consisted of a slope event. On the bottom, two sand events were shown, each with a blue 

answer button below. The match event consisted of the same force dynamics relation as 

the target event. The distractor event consisted of an interaction from one of the 
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remaining force dynamics categories. In both bottom videos, the characters moved in the 

opposite direction as the characters in the target video. The use of different characters, 

different backgrounds, and differing directions of movement required that participants 

move beyond mere perceptual matching to abstract the relations of interest. The position 

of the correct answer (left or right) as well as the direction of motion of the target video 

were also counterbalanced. 

Scoring. Scoring was broken down by target-distractor pair, with two trials for 

each comparison. For example, for cases in which a cause event was the target, there 

were two of each of the following trials: cause v. help, cause v. prevent, and cause v. 

despite. A score of 0 indicated that the participant failed to extend the target relation to a 

new event, consistently conflating the target relation with the distractor relation. A score 

of .5 indicated that participants were at chance in extending the target relation to a new 

event. Finally, a score of 1 indicated perfect performance on those trials, with the 

participant consistently extending the target relation to a new event. 

Receptive Vocabulary 

Adult vocabulary was assessed via the Peabody Picture Vocabulary Test (PPVT; 

Dunn & Dunn, 2007). The measure asked participants to identify the meanings of nouns, 

verbs, and adjectives by selecting the representative picture among four possible choices. 

Participants began with two training trials in order to verify an understanding of the task. 

Test trials then started with an age specific starting point and concluded after the 

establishment of a basal set (i.e., the highest level at which participants made one or 

fewer errors) and ceiling set (i.e., the lowest level at which the participant made 8 or 

more errors). Average internal consistency reliability is .94.  
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Visual-spatial Working Memory 

Adult visual-spatial working memory was assessed via the Corsi Blocks Test 

(Corsi, 1972). The procedure was loosely based off that of Pagulayan, Busch, Medina, 

Bartok, and Krikorian (2006), who present the most formalized administration of the task 

to date. The apparatus consisted of nine wooden blocks fixed to an 8 by 10 in. black, 

wooden board (see Figure 6). The blocks were 1.25 inch cubes roughly placed as 

depicted in Figure 6, though exact locations have never been specified. Each cube was 

numbered on one side so to be visible to the experimenter but not the participant. A pen 

was used by the examiner as a pointing tool. Block-tapping sequences were generated in 

quasi-random fashion with the provision that no block was repeated in any sequence (See 

Appendix B for exact sequences). Sequences ranged from one to nine items, with five 

sequences presented at each level. 

 

 
Figure 6. Spatial arrangement of blocks in the Corsi Block Task as seen from the view of 

the experimenter (Pagulayan et al., 2006). 

 

 

The experimenter demonstrated each sequence by tapping the blocks in the 

correct order at a rate of one block per second. After the demonstration, the participant 
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was asked to replicate the sequence. The experimenter began at level four, establishing a 

basal set (i.e., the highest level at which no errors were made) and a ceiling set (i.e., the 

lowest level at which no item was answered correctly). Scores consisted of the total 

number of items answered correctly, plus any items below the basal set, with possible 

scores ranging from 0 to 45.  

Procedure 

Matching Task 

The matching task consisted of four phases: training, familiarization, test, and 

descriptions. 

Training phase. The training phase began with the experimenter directing the 

participant’s attention to the screen, saying, “This is our matching game! These three 

black squares are movies waiting to be played. In the top movie, we are going to see what 

a circle and diamond are doing. In the bottom movies, a square and a triangle are going to 

try to do the same thing as the circle and the diamond. Could you help me find the movie 

where they are doing the same thing as the circle and the diamond?” 

The task then began with the administration of the first training trial. The 

experimenter played the target movie, saying “Look at what the circle and diamond are 

doing!” Following the viewing of the target movie, the experimenter asked “Can you help 

me find where the square and the triangle are doing the same thing as the circle and the 

diamond?” Both bottom movies were then played in succession, counterbalanced for 

order of play. The participant indicated their choice by clicking the answer button below 

the movie. 
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Training ended when the participant answered two consecutive trials correctly. If 

the participant failed to answer two consecutive trials consecutively by the end of five 

trials, the data was discarded. 

Familiarization phase. The experimenter then introduced the familiarization 

phase by saying, “Let me show you some of the other things the circle and diamond like 

to do!” The participant then viewed one slope event from each category in a randomized 

order. 

Testing phase. Before the testing phase began, participants were given the 

following instructions. First, they were informed that they could view any movie as many 

times as they wished. Second, they were informed to watch all three videos before 

making a choice, even if the answer was obvious after viewing only a single option.  

The testing phase then proceeded exactly as the training phase, continuing without 

corrections. If the participant failed to respond, indicated that there is no match, or 

answered that both movies matched the target, the experimenter encouraged him to find 

the best match. 

Descriptions. Following the completion of the matching task, the experimenter 

returned to the familiarization trials and asked participants to describe each interaction. 

Participants’ descriptions were audio recorded for later transcription. 

Receptive Vocabulary Task 

The receptive vocabulary task proceeded as described in the measures section 

above. 
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Visual-Spatial Working Memory Task 

The spatial working memory task proceeded as described in the measures section 

above. 

Design 

All participants began by filling out the background survey. Order of the 

remaining tasks was counterbalanced. With three tasks (Receptive Vocabulary, Visual-

Spatial Working Memory, Causal Matching), counterbalancing required six different task 

orders. Each participant was randomly assigned to a task order. 

 Both the order of the familiarization trials and the order of the test trials were 

randomized using a random number generator for each participant. All of the following 

were counterbalanced within the matching task: the location of the correct answer, the 

direction of motion in the clips, and the order in which choices are presented. 

Results 

Nonlinguistic Condition 

The distribution of scores on the matching task were non-normal, so 

nonparametric tests were used. A Wilcoxon Mann-Whitney U test revealed no significant 

differences in performance based on sex, U = 87.500, p = .305. All analyses thus 

collapsed across sex. 

Chance Performance 

In addition to examining overall performance, analyses were broken down by 

target-distractor pair, because performance was hypothesized to differ based on the 

comparison. The distribution of residuals within each trial type were also non-normal, so 

nonparametric tests were used. A set of Bonferroni corrected (p < .003) Wilcoxon signed 
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rank tests revealed that adults were above chance overall, Z = 4.829, p < .001, r = .882, 

and across all target-distractor pairings, ps < .001 (see Table 5). 

 

Table 5 

Adult’s performance on the matching task by target-distractor pair: comparisons

 to chance 

Target Distractor Z p r 

Cause Help 4.491 < .001* .820 

 Prevent 4.811 < .001* .878 

 Despite 5.477 < .001* 1.000 

     

Help Cause 4.899 < .001* .894 

 Prevent 5.000 < .001* .913 

 Despite 5.385 < .001* .983 

     

Prevent Cause 5.292 < .001* .966 

 Help 4.914 < .001* .897 

 Despite 5.385 < .001* .983 

     

Despite Cause 5.196 < .001* .949 

 Help 5.385 < .001* .983 

 Prevent 5.099 < .001* .931 

 * All significance values refer to above chance performance 

 

Trial Effects 

Four Friedman tests were run to examine whether adults’ ability to characterize 

each of the four force dynamics categories varied as a function of the distractors. 

When a cause event was the target, performance differed as a function of the 

distractor, χ2(2) = 7.400, p < .05, W = .123. Bonferroni corrected (p < .016) post-hoc 

contrasts reveal that adults were significantly worse at identifying the cause event when a 

help event was the distractor as compared to a despite event, Z = -2.530, p < .016,             

r = .327. 
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When a help, prevent or despite event was the target, performance did not differ 

as a function of the distractor, χ2
help (2) = 4.667, p = .097, W = .078, χ2

prevent (2) = 2.000,  

p = .368, W = .033, χ2
despite (2) = 2.000, p = .368, W = .033, respectively. 

 

 
Figure 7. Adults’ performance on the matching task by target-distractor pair. 

 

 

 

Learning Effects 

No correlation was found between trial order and performance, p = .241. 

Predictors of Performance 

A multiple regression found that age, receptive vocabulary, and visual-spatial 

working memory explained 35.0% of the variance in scores on the matching task (see 

Table 6), F(3, 26) = 4.676, p < .05. Only visual-spatial working memory had a significant 

partial effect in the full model; however, the partial effect for receptive vocabulary was 

marginally significant. 
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Table 6 

Regression predicting adults’ scores on the matching task 

Variable  B (SE) Β p 

Age (months) .000 (.000) -.231 .192 

Receptive Vocabulary .002 (.001) .359 .050 

Visual-Spatial Working Memory .006 (.002) .426 .014 

Note: Model R2 = .350, p < .05 

 

 

Descriptions 

Descriptions of the events from 29 adults were coded for force dynamics terms 

(one adult missing due to technical difficulties). For cause events, the only term used was 

help, which appeared in six descriptions. For help events, again only terms synonymous 

with help (e.g., help, assist) were used, but they were used with greater frequency, 

appearing in 20 descriptions. For prevent events, six adults utilized a term synonymous 

with prevent (e.g., prevent, stopped, deterred, rejected) and two adults made reference to 

the agent “not letting” the patient reach a goal. Finally, for despite events, only one adult 

used the term despite. Three adults used terms synonymous with prevent (e.g., rejected, 

stopped) and a single individual described the event as the agent letting the patient 

achieve a goal. Several others used force dynamics terms to describe the intent of the 

agent, describing it as “not letting” (2 adults) or “trying to stop” (5 adults) the patient. 

 Even when force dynamics terms were not utilized, many descriptions made 

reference to the defining criterion of these categories. For cause events, 23 descriptions 

used no force dynamics language. Twelve of these referenced the tendency of the patient, 

19 descriptions referenced the direction of the agent force, and ten descriptions made 

reference to the endstate. For help events, nine descriptions used no force dynamics 

language. Eight of the referenced the tendency of the patient, eight descriptions 
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referenced the direction of the agent force, and six descriptions made reference to the 

endstate. For prevent events, 21 descriptions used no force dynamics language. Seventeen 

of the descriptions referenced the tendency of the patient, 20 descriptions referenced the 

direction of the agent force, and seven descriptions made reference to the endstate. For 

despite events, 20 descriptions used no force dynamics language. Seventeen of the 

descriptions referenced the tendency of the patient, 17 descriptions referenced the 

direction of the agent force, and six descriptions made reference to the endstate. 

Discussion 

 Adults are able to match events according to the relations of force dynamics in 

nonlinguistic contexts. The results suggest that either (1) force dynamics represent a 

salient component of events, (2) adults encode the relations of path, basic causality, and 

goal separately, and are able to maintain all components in memory to match events, or 

(3) adults process events on both levels, interpreting the sub-relations in light of the 

broader categories of force dynamics. While the saliency of force dynamics is the 

simplest explanation, the relative lack of force dynamics terms in adults’ descriptions 

speaks more to the attention to sub-relations either independent of, or in conjunction with 

the processing of force dynamics. The unanticipated relation between performance on the 

matching task and visual-spatial working memory may also reflect the significant 

memory load required to maintain separate, rather than integrated, representations of 

these events. 
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CHAPTER 3 

STUDY TWO: CHILDREN’S CONCEPTIONS OF FORCE DYNAMICS 

 Study Two breaks ground in the developmental study of children’s 

representations of the four categories of force dynamics. The first aim of the study is to 

characterize children’s nonlinguistic representations of events in light of the mature 

semantic categories observed in adults. Four-year-olds completed the same task as adults. 

Four-year-olds were chosen for the study given research documenting the blossoming of 

causal language over the preschool years (Bowerman, 1978; Göksun, et al., 2010a; 

Tomasello, 2000). I hypothesize that children at this age will not yet show evidence of 

mature representations of force dynamics, instead processing these events according to 

simpler sub-relations. The processing of sub-relations will be reflected in differential 

performance based on the categories of force dynamics involved. For instance, a focus 

solely on endstates of motion would yield successful performance in trials that involve 

differentiating prevent relations from other categories of force dynamics, but would yield 

poor performance in categories that cannot be distinguished by attention to the endstate 

of motion (e.g., cause vs. despite). 

The second aim is to determine what role language plays in drawing children’s 

attention to the higher-order relations of force dynamics. An additional sample of 4-year-

olds completed the task with the addition of rich linguistic cues. Specifically, each 

category of force dynamics was labeled with a novel word (e.g., helping = blicking, 

causing = frepping, etc.) presented in a syntactical frame that requires these words be 

interpreted as a force dynamics relation. Thus, in this study, I used two language cues – 

labels and syntax – to prompt children to attend to force dynamics relations in events. I 
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predict that the provision of these linguistic cues should highlight these relations in 

events, leading children in this condition to perform better in the categorization task as 

compared to children in the nonlinguistic condition. 

The third aim is to probe for the mechanisms underlying individual differences in 

representations. As with the study of previous event components (Choi, 2006; Göksun, 

2010; Pulverman et al., 2003), I hypothesize that children’s language ability will be 

positively related to their performance on the task. Children with more language will be 

more likely to know terms and syntactic frames that refer to force dynamics relations. In 

addition, if children do form force dynamics categories through integrating the 

components of path, basic causality, and goal, children with better visual-spatial memory 

should be better able to hold these components in memory to synthesize these novel 

relations. Thus, I predict that children with better visual-spatial working memory will 

perform better on the matching task. 

Method 

Participants 

 Fifty-four typically developing 4-year-olds from monolingual, upper-middle-class 

households in the northern suburbs of a major northeastern city participated in this study. 

The sample size lies at the upper end of those typically used in studies of causal language 

with preschool children (e.g., Göksun, et al., 2010a; Muentener & Lakusta, 2011). 

Children were randomly assigned to either the linguistic or nonlinguistic condition. 

 Twenty-seven children were assigned to the nonlinguistic condition (mean age 

4.41 years; range 4.01-4.99 years; 15 male). An additional 16 children were excluded for 

not understanding the task (9), inattention (6), and experimenter error (1). 
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 Twenty-seven children were assigned to the linguistic condition (mean age 4.33 

years; range 4.01-4.93 years; 14 male). An additional 10 children were excluded for not 

understanding the task (6), inattention (2), technical difficulties (1), and crying (1). 

Following completion of the study, all children received a small toy and 

certificate for participation. 

Stimuli 

 Stimuli are identical to those in Study One. 

Measures 

Causal Matching Task 

The structure and scoring of the causal matching task was identical to Study One. 

Receptive Vocabulary 

Children’s receptive vocabulary was measured with the Receptive Vocabulary 

measure of the Wechsler Preschool and Primary Scale of Intelligence – Fourth Edition 

(WPPSI-IV; Wechsler, 2012). Children were presented with displays containing four 

images. The experimenter presented the child with a word and asked her to indicate the 

image to which the word refers. The child began on the fifth item and proceeded until she 

answered three consecutive items incorrectly or reached the end of the task. If the child 

failed on the first two items, the experimenter proceeded in reverse until a basal set of 

two consecutive correct answers was established or until the beginning of the task was 

reached. Scores consist of the number of items answered correctly plus any items below 

the basal set. Possible scores range from 0 to 31. Average internal consistency reliability 

is .90. 

 



 

59 

Visual-Spatial Working Memory 

Children’s visual-spatial working memory was assessed with the Zoo Locations 

task of the WPPSI-IV (Wechsler, 2012). In this task, children viewed animal cards 

arranged on a gridded zoo for a specified time (3-5 seconds) and were asked to reproduce 

the arrangement (see Figure 8). The test began with a sample item and proceeded until 

the child answered incorrectly on two consecutive trials. Zoo layouts increased from two 

to nine squares with the number of cards placed ranging from one to seven. Children 

were corrected and given a second chance through the second trial and then received only 

one attempt on subsequent trials. Children received one point for each correct response, 

with scores ranging from 0 to 20. Average internal consistency reliability is .84. 

 

 

Figure 8. Example layout from the WPPSI-IV Zoo Locations task. 
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Procedure 

Nonlinguistic Causal Matching Task 

The nonlinguistic matching task was identical to Study One with two changes 

designed to increase children’s engagement. 

First, an instrumental piece, Water Music, Suite No.1 in F, Passepied, 

accompanied the task. This song was shown to be neutral in emotion and thus should not 

affect children’s interpretations of the intents of the characters depicted 

(Mitterschiffthaler, Fu, Dalton, Andrew & Williams, 2007). 

Second, a reward system was implemented. Children were given a sticker sheet. 

After every fourth trial, the screen displayed a congratulatory message. Children paused 

to select a sticker for their sticker sheet and then returned to the task. The sticker sheet 

was always removed from view during test trials, to avoid distraction. 

Linguistic Causal Matching Task 

The procedure for the linguistic causal matching task mirrored the changes used 

in the nonlinguistic causal matching task, with the addition of instructions that provided 

linguistic cues to categorization. 

Training phase. To begin the training phase, the experimenter directed the child’s 

attention to the screen, saying, “Look, these three black squares are movies waiting to be 

played. In the top movie, we are going to see a circle and diamond doing something. In 

the bottom movies, a square and a triangle are going to be trying to do the same thing as 

the circle and the diamond. Could you help me find the movie where they are doing the 

same thing as the circle and the diamond?” 
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The task then began with the administration of the first training trial. The 

experimenter played the target movie, saying, “Look the circle and the diamond are 

wezzling!” Following the trial the child was asked, “Can you help me find where the 

square and the triangle are wezzling?” Both bottom movies were played in succession. 

The child then indicated her choice by touching the button under the corresponding 

movie. The success and discard criterion are identical to the nonlinguistic matching task. 

Familiarization phase. The experimenter introduced the familiarization phase by 

telling the child, “Let me show you some of the other things the circle and diamond like 

to do!” The child then viewed a single instance of each slope event. After each event, the 

experimenter provided a corresponding novel word provided embedded in an appropriate 

syntax. This timing ensures that children have access to all of the component pieces of 

these relations prior to attempting to map the novel term. The words blicking, glorping, 

frepping, and hirshing were randomly assigned to a specific relation. For cause and help 

trials, the syntax was, “The diamond blicked (i.e., made, helped) the circle go to the 

house!” For prevent trials, the syntax was, “The diamond blicked (i.e., prevented) the 

circle from going to the house!” Finally, for despite trials, the syntax was, “The circle got 

to the house blick (i.e., despite) the diamond!” This phase ensures that children have 

some contrasting information with which to determine the meaning of the labels. 

Testing phase. Before the testing phase began, children were informed that they 

could replay any movie as many times as they wished, and to watch all movies before 

making a choice. The testing phase then proceeded exactly as the training phase, without 

correction, and maintaining the syntax and labels from the familiarization phase. If the 



 

62 

participant failed to respond, indicated that there is no match, or answered that both 

movies matched the target, the experimenter encouraged her to find the best match. 

 If the child asked for the meaning of the word, the experimenter encouraged the 

child to take her best guess as to what the word means. 

Descriptions. Following the completion of the matching task, the experimenter 

returned to the familiarization trials and asked participants to describe each interaction. 

Unlike children in the nonlinguistic condition, children in the linguistic condition were 

specifically encouraged to use their own words. This additional instruction was designed 

to discourage children from trying to remember the novel language used in the task, in 

order to elicit more natural descriptions that reflect children’s attention to various aspects 

of the events. 

Receptive Vocabulary Task 

The receptive vocabulary task proceeded as described in the measures section 

above. Children received a sticker following the completion of the game. 

Visual-spatial Working Memory Task 

The visual-spatial working memory task proceeded as described in the measures 

section above. Children received a sticker following the completion of the game. 

Design 

Order of tasks was counterbalanced. With three tasks (Receptive Vocabulary, 

Visual-spatial Working Memory, Causal Matching), counterbalancing required six 

different conditions. Children were randomly assigned to a condition prior to the 

experiment. 
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 Both the order of the familiarization trials and the order of the test trials were 

randomized using a random number generator for each participant. All of the following 

were counterbalanced within the matching task: the location of the correct answer, the 

direction of motion in the clips, and the order in which choices are presented. 

For children in the linguistic condition, the assignment of words to their referents 

was also randomly assigned. 

Results 

Nonlinguistic Condition 

An independent samples t-test revealed no significant differences in performance 

based on sex, t(25) = .782, p = .441. Thus, all analyses were collapsed across sex. 

Chance Performance 

In addition to overall scores, analyses were broken down by target-distractor pair, 

because performance was hypothesized to differ based on the comparison. The 

distribution of residuals within each trial type were non-normal, so nonparametric tests 

were used. A series of Bonferroni corrected (p < .003) Wilcoxon signed rank tests 

revealed that children in the nonlinguistic condition did not perform above chance overall, 

Z = 2.099, p = .036, r = .404, nor for any target-distractor pair (see Table 7). 
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Table 7 

Children’s performance on the nonlinguistic matching task by target-distractor

 pair: comparisons to chance 

Target Distractor Z p-value r 

Cause Help -1.604 .109 0.315 

 Prevent 1.000 .317 0.200 

 Despite 2.000 .046 0.392 
     

Help Cause 1.508 .132 0.290 

 Prevent 1.414 .157 0.277 

 Despite 1.698 .090 0.327 
     

Prevent Cause .302 .763 0.058 

 Help 1.000 .317 0.192 

 Despite 1.155 .248 0.227 
     

Despite Cause -.243 .808 0.047 

 Help .728 .467 0.140 

 Prevent 1.508 .132 0.296 

 

Trial Effects 

Four Friedman tests were run to examine whether children’s ability to 

characterize each of the four force dynamics categories varied as a function of the 

distractors. 

When a cause event was the target, performance differed as a function of the 

distractor, χ2(2) = 7.618, p < .050, W = .152. Bonferroni corrected post-hoc contrasts     

(p < .016) reveal that children were significantly worse at identifying the cause event 

when paired with a help event than when paired with a despite event, Z = -2.595, p < .016, 

r = .353. 

When a help, prevent or despite event was the target, performance did not differ 

as a function of the distractor, χ2
help (2) = .189, p = .910, W = .004; χ2

prevent (2) = .358,       

p = .836, W = .007; χ2
despite (2) = .273, p = .873, W = .005, respectively. 
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Figure 9. Children’s performance on the nonlinguistic matching task by target-distractor 

pair. 

 

 

 

Learning Effects 

No correlation was found between trial order and performance, p = .881. 

Predictors of Performance 

A multiple regression revealed that neither age, receptive vocabulary, nor visual-

spatial working memory were significant predictors of children’s nonlinguistic matching 

score (see Table 8), F(3, 23) = .844, p = .484. 

 

Table 8 

Regression predicting children’s scores on the nonlinguistic matching task  

Variable  B (SE) β p 

Age .001 (.007) .018 .932 

Receptive Vocabulary -.003 (.007) -.098 .626 

Visual-Spatial Working Memory .024 (.016) .301 .163 

Note: Model R2 = .099, p = .484 
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Descriptions 

Descriptions of the slope events were collected from 17 children. Force dynamics 

terms were used only for help events, with two children using the term help. 

 When force dynamics terms were not utilized, children focused mainly on the 

actions of the agent.  For cause events, 17 descriptions used no force dynamics language.  

Ten of these descriptions referenced the direction of the agent force, but none referenced 

the tendency of the patient and only two made reference to the endstate. For help events, 

15 descriptions used no force dynamics language. Seven of these descriptions referenced 

the direction of the agent force, but only one referenced the tendency of the patient and 

only one made reference to the endstate. For prevent events, 17 descriptions used no 

force dynamics language. Ten of these descriptions referenced the direction of the agent 

force, but only two referenced the tendency of the patient and only one made reference to 

the endstate. For despite events, 17 descriptions used no force dynamics language. Eight 

of these descriptions referenced the direction of the agent force, but only one referenced 

the tendency of the patient and only one made reference to the endstate. 

Linguistic Condition 

The distribution of residuals for the matching score were non-normal. A 

Wilcoxon Mann-Whitney U test revealed no significant differences in performance based 

on sex, U = 68.000, p = .259. All analyses thus collapsed across sex. 

Chance Performance 

The distribution of residuals within each trial type were also non-normal, so 

nonparametric tests were used. A series of Bonferroni corrected (p < .003) Wilcoxon 
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signed rank tests revealed that children were above chance overall, Z = 4.187, p<.001,     

r = .806, and for many of the presented contrasts (see Table 9). 

 

Table 9 

Children’s performance on the linguistic matching task by target-distractor

 pair: comparisons to chance 

Target Distractor Z p-value r 

Cause Help -1.000 .371 0.192 

 Prevent 3.962 < .001* 0.762 

 Despite 4.146 < .001* 0.798 
     

Help Cause .632 .527 0.122 

 Prevent 3.578 < .001* 0.689 

 Despite 4.600 < .001* 0.885 
     

Prevent Cause 1.964 .050 0.378 

 Help 2.558 .011 0.492 

 Despite 2.500 .012 0.481 
     

Despite Cause 1.789 .074 0.344 

 Help 3.153 < .004* 0.607 

 Prevent 4.146 < .001* 0.798 

 * All significance values refer to above chance performance 

 

Trial Effects 

Four Friedman tests were run to examine whether children’s ability to 

characterize each of the four force dynamics categories varied as a function of the 

distractors. 

When a cause event was the target, performance differed as a function of the 

distractor, χ2(2) = 23.014, p < .001, W = .426. Bonferroni corrected post-hoc contrasts    

(p < .016) reveal that children were significantly worse at identifying the cause event 
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when paired with a help event than when paired with a prevent event, Z = -3.539,             

p < .001, r = .482, or despite event, Z = =3.513, p < .001, r = .478. 

When a help event was the target, performance differed as a function of the 

distractor, χ2(2) = 19.753, p < .001, W = .366. Bonferroni corrected post-hoc contrasts   

(p < .016) reveal that children were significantly worse at identifying the help event when 

paired with a cause event than when paired with a prevent event, Z = -2.738, p < .01,         

r = .373, or despite event, Z = -3.356, p < .01, r = .457. 

When a despite event was the target, performance differed as a function of the 

distractor, χ2(2) = 8.895, p < .05, W = .165. Bonferroni corrected post-hoc contrasts 

reveal that children in the linguistic condition were significantly worse at identifying the 

despite event when a cause event was the distractor as compared to a prevent event,        

Z = -2.495, p < .016, r = .340. 

When a prevent event was the target, performance did not differ as a function of 

the distractor, χ2(2) = 1.087, p = .581, W = .020. 
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Figure 10. Children’s performance on the linguistic matching task by target-distractor 

pair. 

 

Learning Effects 

No correlation was found between trial order and performance, p = .887. 

Predictors of Performance 

A multiple regression found that age, receptive vocabulary, and visual-spatial 

working memory explained 49.9% of the variance in children’s matching scores in the 

linguistic condition (see Table 10), F(3, 23) = 7.632, p < .01. Only age had a significant 

partial effect in the full model. 

 

Table 10 

Regression predicting children’s scores on the linguistic matching task 

Variable  B (SE) β p 

Age (months) -.032 (.007) -.709 .000 

Receptive Vocabulary .009 (.009) .138 .363 

Visual-Spatial Working Memory .012 (.016) .110 .471 

Note: Model R2 = .499, p < .01 
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Descriptions 

Descriptions of the slope events were collected from 16 children. Despite the 

instructions, some children attempted to remember and use the novel terms in describing 

some of the events.  These trials were discarded (two cause trials, four help trials, one 

despite trial). For cause events, one child used the term help, while three used the term let. 

For help events, one child used the term help, while two used the term let. For prevent 

events, three children use terms synonymous with prevent (two stop, one block), and two 

children referenced the agent not letting the patient go to the house. For despite events, 

one child used the term stop, while two referenced the agent letting the patient reach the 

house. 

 When force dynamics terms were not utilized, children focused mainly on the 

actions of the agent. For cause events, 11 descriptions used no force dynamics language.  

Five of these descriptions referenced the direction of the agent force, but only one 

referenced the tendency of the patient and only two made reference to the endstate. For 

help events, nine descriptions used no force dynamics language. Four of these 

descriptions referenced the direction of the agent force, but only one referenced the 

tendency of the patient and only two made reference to the endstate. For prevent events, 

11 descriptions used no force dynamics language. Five of these descriptions referenced 

the direction of the agent force, but only one referenced the tendency of the patient and 

only one made reference to the endstate. For despite events, 12 descriptions used no force 

dynamics language. Three of these descriptions referenced the direction of the agent 

force and four made reference to the endstate, but only one referenced the tendency of the 

patient. 
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Effect of Language 

A Mann Whitney U test revealed a significant effect of condition on children’s 

overall performance in the matching task, such that children in the linguistic condition 

outperformed those in the nonlinguistic condition, U = 569.000, p < .001, r = .483. 
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CHAPTER 4 

GENERAL DISCUSSION 

 Since being declared a “neglected semantic category” by Talmy (1988), a 

growing body of empirical work has focused on better understanding how adults process 

force dynamics in events (e.g., Wolff, 2007; Wolff & Song, 2003; Wolff & Ventura, 

2009), yet pressing developmental questions have gone unstudied. This dissertation is the 

first to examine the state of children’s representations of all four force dynamics 

categories and introduces the possibility that the partonomic structure of relational 

concepts may pose challenges for the learning of relational language. Four main 

questions were addressed. First, do adults attend to force dynamics relations in 

nonlinguistic contexts? Second, what is the state of 4-year-old children’s nonlinguistic 

representations of force dynamics? Specifically, do they reflect the mature understanding 

of adults, or do they suggest a more basic encoding of these events? Third, might the 

presence of linguistic cues help children of this age to attend to these relations? Finally, 

what characteristics of the participants predict their ability to categorize events according 

to force dynamics? 

Adults Nonlinguistic Representations 

 Previous research shows that adults are able to accurately sort events into the 

categories of cause, help, prevent, and despite when provided with these guiding labels 

(Wolff, 2007). While these results show that adults can attend to these relations, there 

remained a need to identify whether or not these relations are a salient component of 

events absent linguistic guidance. Study One confirmed and extended these findings by 



 

73 

demonstrating that adults categorize events according to force dynamics relations even in 

nonlinguistic contexts. 

The results likely suggest that force dynamics relations are salient components of 

events for adults. Force dynamics concepts unify the pieces of the event into a more 

integrated whole, facilitating the success of adults in this task. Indeed, several, though not 

the majority of adults utilized force dynamics terms in their descriptions. However, the 

possibility remains that adults may have succeeded by parsing the interactions as a list of 

sub-relations (e.g., the patient’s tendency for the goal, the intent of the agent acting upon 

the patient, and the endstate), identifying the event that shared all three of these relations. 

Though some adults used force dynamics language in their descriptions, the majority of 

adults described these events using simpler language that encodes the components of path, 

basic causality, and goal in isolation (e.g., “The circle climbs the hill, and then is 

knocked back down, but then gets to the top”). Adults may also be processing events on 

both levels, relating the relations of path, basic causality, and goal to the overarching 

force dynamics relation. This explanation my best reflect the variation in descriptions 

observed in the study, though caution should be use when drawing conclusions about the 

nonlinguistic processing of events from linguistic data. 

Regardless of the means, the results show that adults have access to the defining 

components of force dynamics categories, if not the categories themselves, when 

processing events in nonlinguistic contexts. Importantly, this result is consistent both 

with theories that posit a role for language on event perception in nonlinguistic contexts 

(e.g., Choi & Hattrup, 2012; McDonough et al., 2003) and those that claim that 

language’s role on perception is specific to linguistic contexts (e.g., Gleitman & 
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Papafragou, 2013). That is, while I claim that language may play a role in highlighting 

this level of the partonomic structure in relational language, I do not claim that it is 

necessary to attend to these relations. However, evidence of language-specific categories 

of force dynamics in nonlinguistic contexts, such as the cross-linguistic variation between 

the categories of cause and help, is an important avenue for future research that speaks 

directly into this ongoing debate. 

 Even though adults were close to ceiling in their ability to categorize force 

dynamics relations, performance did differ slightly based on the comparison involved. 

Specifically, adults more often confused cause and help events than they did cause and 

despite events. One potential explanation is that poorer performance on these trials 

reflects the well-documented fluidity of this distinction both within and across languages 

(Comrie, 1981; Gentner & Bowerman, 2009; Wolff & Ventura, 2009). However, with 

reference to the Tendency Hypothesis (Wolff & Ventura, 2009), the cause event should 

yield similar interpretations from both languages that do and do not place restrictions on 

the subjects of causal sentences. Specifically, the patients in cause events neither move 

towards the goal nor face that direction. Thus, speakers of both types of languages should 

not attribute intent to these figures, which would have explained the poorer performance. 

 Alternatively, the context of the experiment may have influenced the way in 

which adults processed the tendency of the patient in cause events. In three out of four 

events (i.e., help, prevent, despite), the patient shows a tendency for the goal. Given that 

the characters remain consistent across the events, some adults may have viewed a 

tendency for the goal as a stable characteristic of the patient, erroneously extending it to 

cause events, in which the patient’s intent is more ambiguous (i.e., remaining still). 
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Indeed, one participant stated, “I don’t really know what the circle wanted to do,” 

reflecting the ambiguity of the patient’s intent in these events. Further study should 

examine whether adults perform better when shown events in which the patient actively 

moves away from the goal prior to being pushed back towards it by the agent. 

Development of Nonlinguistic Representations 

 How do children’s representations of events differ from those of adults? Four-

year-olds showed a remarkable lack of ability to categorize force dynamics relations in 

events absent linguistic cues. Regardless of the contrast, very few children were able to 

consistently identify the events that maintained a specific force dynamics relation. These 

results suggest that children do not attend to this level of partonomy even late into the 

preschool years. 

Children’s struggles to match events according to force dynamics is consistent 

with a hierarchical account of these relations in which the sub-relations of path, basic 

causality, and goal are privileged (Zacks & Tversky, 2001). Specifically, much like the 

ability to attend to the relations between objects, the ability to attend to the relations 

between relations takes time to develop. However, children’s lack of success in the task 

across all contrasts was surprising. Even absent mature representations of force dynamics, 

many of the sub-relations present in these events, such as path and goal are categorized 

by infants by the second year of life. So why were children unable to at least match 

events based on one of these simpler relations? 

One likely explanation is that children attempted to match events according to 

sub-relations, but did so differently than predicted. For instance, many of the descriptions 

provided by children focused solely agent-patient relations and direction of movement 
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(e.g., “The diamond pushed the circle up!”) without anchoring this path information to 

the goal provided (i.e., the house). Given that the characters change between target and 

choice events, matching events according to agent-patient relations (e.g., who is pushing 

who) is fruitless. Similarly, focusing on the direction of motion, without reference to the 

goal object is at best uninformative, and at worst leads children to the incorrect answer, 

since the direction of motion varied between the target and choice events. However, 

characterizing events in this way is consistent with the suggestion of Gentner and 

Bowerman (2009) that the category of basic causation, in this case exemplified in the 

verb push, may be more natural, with greater linguistic input required to achieve the less 

frequently encoded distinctions of force dynamics. 

 Another possible explanation for the current results is that children’s lack of 

success is related to the difficulty of the task more than the state of their representations. 

Pilot data suggests that children were not entirely insensitive to the nature of these 

interactions in other tasks. Eight children in the nonlinguistic condition were asked a 

follow-up question regarding the valence of the slope events they saw during 

familiarization. Pilot data from these children reveal that they consistently identify the 

agent as a “nice” character in the cause (8 out of 8 children) and help (8 out of 8 children) 

events, but a “mean” character in the prevent (7 out of 8 children) and despite (7 out of 8 

children) events. Such interpretations reflect that children do process the relation between 

the character’s intents on some level, although whether they did so during the task itself 

remains an open question. Children may have only encoded these relations when 

prompted by the experimenter. 
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Further, the relatively high rate of children that failed to pass the training trials 

also points to the difficulty of the task. Specifically, 15% of children in this condition 

were unable to match events that varied only in the manner of motion involved (e.g., 

jumping vs. spinning), a task infants are successful at by 13 months of age. An additional 

15% were able to match events according to manner of motion, but reverted to matching 

scenes when presented with the more difficult force dynamics categorization task. It 

should be noted that using a matching task such as the one employed here is unusual in 

the study of semantic development. First, given the early development of many relational 

concepts, research examining categorization has relied primarily on looking time 

measures to assess children’s representations of the semantic components of events that 

underlie later language (Golinkoff, Ma, Song, & Hirsh-Pasek, 2013). These tasks often 

utilize exposures that provide infants the opportunity to extract a common relation from a 

variety of exemplars prior to test (e.g., Casasola, 2005b; Casasola, et al., 2003; Pruden & 

Hirsh-Pasek, 2006). The task presented here did not provide that opportunity, requiring 

that children recognize the relation from a single example, which may present a more 

stringent test of categorization. The task also utilized a more active response format, 

which previous developmental research suggests is not always in line with the findings of 

looking-time studies (e.g., Keen, 2003). Further research should manipulate the features 

of the task to confirm the results observed in the current study. 

Role of Language 

 Though children did not show evidence of force dynamics representations in 

nonlinguistic conditions, children who received linguistic cues did. Not only did children 

in this condition perform better on the matching task overall, but their descriptions made 
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more use of force dynamics terms. Language appears to highlight the need to encode, and 

potentially integrate components of events that may have previously been viewed as 

separate entities. This finding suggests that language may play a significant role in the 

structuring of relational language according to partonomic hierarchies, adding depth to 

our understanding of the varied mechanisms through which language facilitates attention 

to events en route to acquiring relational language. 

There are several possible explanations underlying language’s effectiveness in 

highlighting force dynamics. As with previous studies in cognitive semantics, the mere 

presence of consistent terms may have highlighted the commonalities in events, leading 

children to succeed in the task (Pruden & Hirsh-Pasek, 2006). Alternatively, the 

provision of syntactic cues may have allowed children to use syntactic bootstrapping to 

determine the meaning of these novel terms (e.g., Fisher, et al., 1994; Landau & Gleitman, 

1985). Further research is needed to determine whether one or both of these explanations 

are responsible for the improved performance. 

Even with the presence of linguistic cues, however, children’s representations of 

force dynamics were not perfect. In line with the documented conflations between cause 

and help in children’ speech (Bowerman, 1978), children were unable to successfully 

tease apart these distinctions even with linguistic cues. Similar to adults, children’s 

difficulties in this distinction might originate from the attributing a stable intent for the 

house to the patient. Alternatively, it may be the case that while language draws children 

attention towards the presence of higher-order relations, children’s early representations 

might weight the agent’s causal force and the endstate more heavily than they do the 

patient’s intent. 
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Children’s conflations of cause and help events may also reflect the nature of 

language’s effect in drawing their attention to these higher-order relations. The current 

study employed both contrasting terms and syntactic structure as cues to force dynamics 

relations. If children relied more heavily on the contrasting terms, language should 

highlight all four categories equally. In contrast, an interesting consequence of the 

syntactical cues used was the redundancy in cues between the categories of cause and 

help (e.g., “The diamond made/helped the circle go to the house!”). If children relied 

more on syntactic cues to meaning, the distinction between the categories of cause and 

help would remain cloudy, while others become clearer. Importantly, similar mechanisms 

might underlie the continued confusion of these categories in children’s speech across 

development, as children receive more syntactic cues as to how these categories differ 

from prevent and despite, though not from one another. 

While confusions between the concepts of cause and help were expected given 

previous research and adult data, children’s failure to extend the category of prevent to 

new events was surprising. Given that goal information appears to be uniquely salient 

across development (Lakusta & Carey, 2008; Lakusta & Landau, 2005, 2012; Lakusta et 

al., 2007; Regier & Zheng, 2007), the differentiation of prevent from the other categories 

of force dynamics was hypothesized to be one of the strongest distinctions in children of 

this age. However, even with the benefit of linguistic cues, children failed to categorize 

prevent regardless of the distractor. One potential interpretation is that children fail to 

incorporate goal information into their representations at this age. Such a conclusion is 

not wholly supported by the data. Children are able to successfully categorize despite 
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events when the prevent event serves as a distractor, even though these events differ only 

in the attainment of the goal. 

Why might children perform well when prevent was a distractor but not when 

prevent was the target? It is possible that the category of prevent may develop later than 

other categories of force dynamics. Indeed, prevent provides the unique challenge of 

framing an interaction around an unfulfilled goal. For instance, rather than saying, “The 

diamond prevented the circle from going to the house” it may be easier to frame the 

interaction in terms of the observed endstate, as in the sentence, “The diamond made the 

circle go to the bottom of the hill.” While children are capable in reasoning about 

unfulfilled goals (e.g., Brandone & Wellman, 2009; Hamlin, Newman, & Wynn, 2009; 

Woodward, 1998), the bias for endstates in both perceiving and describing motion events 

(e.g., Lakusta & Landau, 2005, 2012; Lakusta et al., 2007; Regier & Zheng, 2007) may 

lead children to favor semantic categories that are framed around this component of 

events. Such a bias might not only cause the category of prevent to develop later, but may 

also have added difficulty to the interpretation of the syntactic cues in the study, as they 

would conflict with children’s preferred framing of the event. These claims merit further 

evaluation. 

Individual Differences 

 The final aim of this research was to identify the potential mechanisms that 

underlie children’s ability to attend to force dynamics in events. Given the relatively 

restricted age range used in this study, no predictions were made regarding relations 

between age and performance on the matching task; however, a surprising relation 

emerged between age and performance, but only for children in the linguistic condition. 
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Specifically, younger children performed better than older children in matching events 

according to force dynamics. One potential explanation is that younger children were 

more receptive to the use of nonsense verbs. Older children may have instead relied more 

heavily on their own interpretations of the events, rather than trying to use the novel word 

as a cue to meaning. These speculations merit replication and further study with a wider 

range of ages. 

The study of visual-spatial working memory also provided an unexpected result, 

showing a positive effect on performance in the matching task, but only for adults. At the 

most basic level, visual-spatial working memory may have been related to performance 

in that success was dependent upon remembering the contents of all three videos 

following all three fading to black. However, if this aspect of the task underlies the 

relation between visual-spatial working memory and performance, it should have held 

true also for children, particularly in the linguistic condition in which successful levels of 

performance were observed. 

Alternatively, the relation between visual-spatial working memory and success 

might reflect that adults were parsing these interactions as a sequence of separate events, 

increasing the demands on visual-spatial working memory as adults had to identify the 

event that shared three relations as opposed to a single integrated representation. In this 

scenario, the performance of children in the nonlinguistic condition is not dependent 

upon visual-spatial working memory as children likely reverted to matching events based 

on a single uninformative relation, such as the direction (e.g., up) or manner (e.g., 

pushing) of motion. Similarly, visual-spatial working memory would not predict 
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performance for children in the linguistic condition, as the language used facilitated 

attention to these events as wholes, rather than the sum of parts. 

Finally, receptive vocabulary unexpectedly played no role in children’s ability to 

represent force dynamics relations, though it had a marginal effect for adults. For 

children in the nonlinguistic condition, the lack of relation may suggest that no, or very 

few children have yet benefited from a large enough corpus of input to begin to 

differentiate these higher-order relations. Alternatively, children may have some 

understanding of force dynamics, but did not apply this knowledge to the current task, 

instead matching events on simpler relations. Finally, for children in the linguistic 

condition, the lack of relation to receptive vocabulary may reflect that children relied 

more on the syntactical and label cues provided in the study as opposed to their own 

vocabulary. Future research might utilize receptive vocabulary measures that explicitly 

test force dynamics terms to more strongly explore the possibility of a link to children’s 

perceptions of causal events. 

Future Directions 

 These studies not only provide a first glimpse into the development of force 

dynamics categories in childhood, but also lay the foundation for the investigation of 

many related developmental questions. First, the results suggest that language serves a 

significant role in helping children navigate partonomic hierarchies in relational language. 

Given that the current research contrasted both novel words and syntax across categories, 

future work must isolate the source of this effect. If the presence of a novel term helps 

children to isolate commonalities in events, as has been seen previously with other 

relational concepts (Pruden & Hirsh-Pasek, 2006), then using a word alone should be 
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sufficient to draw children’s attention to force dynamics. Alternatively, if children rely on 

syntactic bootstrapping (Fisher, et al., 1994; Landau & Gleitman, 1985) to identify the 

need to process higher-order relations, then using a word in isolation, or providing 

children with syntax that focuses on simpler relations (e.g., “The diamond blicked the 

circle up the hill”) should have little effect in drawing children’s attention to force 

dynamics. 

 A critical lingering question is when children are able to process force dynamics 

in nonlinguistic contexts. In addition to determining the age at which children develop the 

mature representations seen in adults, more traditional looking time measures may reveal 

the presence of some categories of force dynamics prior to the age of four. Tracking how 

these representations change over time will also better inform developmental trends in 

production, such as the confusions of cause and help terms. Relatedly, these 

representations need to be assessed across a wider variety of events. For instance, force 

dynamics concepts extend beyond motion events to encompass steady-state events (e.g., 

“The tent pole prevents the tent from falling”) and non-physical social interactions (e.g., 

“The mother made her son clean his room”; Talmy, 1988, 2000; Wolff, 2007, 2008). 

Examining the robustness of force dynamics relations across all of these events is an 

essential component to better understanding both adult representations, and the origins of 

children’s concepts (e.g., perceptual, social). 

 As in previous research in cognitive semantics, cross-linguistic studies will be 

pivotal for understanding the relations between language and the concepts of force 

dynamics. Wolff and Ventura (2009) observe that cross-linguistic differences between 

the semantic categories of cause and help appear to be a function of differences in the 
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attribution of intent, not the way in which these categories are defined. If this holds to be 

true, the study of force dynamics may be unique in that the formation of these categories 

across cultures may follow very similar patterns, as speakers of each language assemble 

the component relations in the same manner, with differences emerging at the level of the 

sub-relations (i.e., attribution of intent). 

 Finally, the examination of goals will play an important role in this research 

moving forward. These concepts are highly dependent upon the selection of a goal, which 

is not always as clearly defined as in the current research. For instance, by causing the 

circle to go to the house, the diamond also prevents the circle from staying at the bottom 

of the hill. These descriptions depict the same event differentially by highlighting 

different goals, and this complementarity may have played a role in children’s difficulty 

in categorizing prevent relations. Future research should examine how cues such as the 

intent of the patient (i.e., direction of movement) or the valence (e.g., house vs. scary 

dragon) and saliency (e.g., colorful house vs. arbitrary spot in a field) of a goal affect how 

children and adults anchor these events. 

Conclusion 

 Learning relational terms is a complicated endeavor that requires children to 

attend to a wide array of components of events and discover how these components are 

packaged in their native language. Research has shown that language is a pivotal tool in 

this process, drawing the child’s attention to relations in events, attuning her attention to 

those distinctions utilized by her language, and providing clarity to what is often an 

ambiguous environment. This dissertation adds to this substantial literature through 

examining a previously understudied component of events: force dynamics. The study of 
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force dynamics highlights the presence of partonomic hierarchies in events, requiring 

children to move beyond the encoding of events as a sequence of isolated relations to 

recognize the new meaning in the relations between these relations. 

The results show that while force dynamics is a salient component of events for 

adults, preschool children struggle to identify these relations, reflecting the difficulty in 

learning to encode the relations between relations. The studies further reveal a significant 

and novel role for language in the development of these concepts. Specifically, language 

appears to provide children with cues, both on the level of the word and the level of 

syntax, that signal the need to integrate chains of simple relations into more complex 

patterns that carry new meaning. The results provide a new perspective on how children 

and adults navigate these partonomic hierarchies en route to mature representations of 

force dynamics, further informing our understanding of the complex interplay between 

language and concepts that underlies the development of relational language. 
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APPENDIX A 

 

BACKGROUND QUESTIONNAIRE  

  

 The purpose of the following questions is to help us better understand the results of our studies 

and to account for differences in responses between participants. Your answers will not affect your 

participation in the study. All answers will be kept confidential. 

 

 

What is your birthdate? __________________________________________________ 

 

 Gender:  M F Prefer not to answer 

 

Do you have any significant health problems, including hearing or vision impairment? If so, 

please describe_________________________________________________ 

  

What is your ethnic background (please circle all that apply): 

a. American Indian or Alaskan Native 

b. Asian 

c. Black or African American (not of Hispanic Origin) 

d. Hispanic or Latino 

e. Native Hawaiian or Other Pacific Islander 

f. White or Caucasian (not of Hispanic origin) 

g. Prefer not to answer 

 

 Primary Language(s): ____________________________________________________ 

 

Other Language(s): ____________________________________________________ 

  If more than one, what percentage of the time do you speak each language? 

  ______________________________________________________________________ 

 

If you are open to further contact regarding this study, please include your email address here: 

 

___________________________________________ 
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APPENDIX B 

CORSI BLOCK TASK SEQUENCES 

 

Level Sequence  Level Sequence 

One 1  Six 5 6 8 1 9 4 

 9   4 1 6 7 8 2 

 6   2 5 9 6 3 1 

 3   7 9 2 5 1 3 

 (4)   (8 6 1 4 3 9) 

     

Two 5 7  Seven 5 4 1 6 3 9 7 

 2 1   7 1 9 3 4 6 2 

 8 2   9 5 3 6 8 1 7 

 3 7   2 6 8 1 4 9 5 

 (6 4)   (2 9 1 7 4 8 3) 

     

Three 4 3 6  Eight 1 4 6 2 8 3 6 9 

 3 8 1   5 9 3 7 2 1 8 4 

 5 2 7   7 6 9 3 1 5 4 8 

 6 1 4   4 2 1 3 9 5 7 8 

 (1 8 3)   (9 3 1 4 2 6 5 7) 

     

Four 3 2 4 9  Nine 3 7 4 1 9 2 5 6 8 

 1 7 6 5   7 5 2 8 6 4 1 9 3 

 3 5 7 1   9 5 3 7 1 2 6 4 8 

 6 8 4 9   6 3 7 4 2 5 1 9 8 

 (5 2 6 4)   (5 8 6 2 9 1 4 3 7) 

     

Five 3 4 8 7 5    

 8 1 5 3 6    

 6 4 5 2 9    

 3 1 7 2 4    

 (4 9 3 6 2)    

 

Note: Items in parentheses were skipped if the first four items were answered correctly. 


