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“I am not imposed upon by fine words; I can see what actions mean.”  

– George Eliot (1860) 

The Mill on the Floss 

 

 

 

“Beside being able to be mistaken and to make mistakes verbs can change to look like themselves 

or look like something else, they are, so to speak on the move and adverbs move with them and 

each of them find themselves not at all annoying but very often very much mistaken.  That is the 

reason any one can like what verbs can do.” 

– Gertrude Stein (1957) 

Lectures in America 
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The investigations included in this dissertation ask how young children learn to 

understand and communicate about events in their world.  Specifically, I consider the 

development of and relationship between children’s nonlinguistic event representation (i.e., one’s 

subjective conceptualization of experience corresponding to the physical world) and early verb 

learning ability using behavioral and electrophysiological methodologies in children (24- to 42-

months) and adults.  Chapter 1 takes the format of a review paper aimed at clarifying the role of 

spatial- and social-cognitive processes in two areas of development addressed in this dissertation: 

event representation and verb learning.  Understanding the relationship between these two areas 

of development provides a framework for the empirical investigations that follow.  The first set of 
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empirical studies investigate children’s nonlinguistic event representation.  Chapter 2 investigates 

neurophysiological responses to intact and disrupted actions embedded within a novel event in 

children and adults using event-related potentials (ERPs).  Chapter 3 extends these results to 

investigate the allocation of attention to two features within dynamic events – movement versus 

boundaries – in children and adults using a visual preference paradigm.  

The second set of studies explore children’s ability to learn novel verb labels for actions 

using behavioral and electrophysiological paradigms.  Chapter 4 investigates spatial- (i.e., 

perceptual) and social-cognitive (i.e., conceptual) processes in toddlers’ mapping of concepts to 

real-world events using a behavioral re-enactment paradigm.  Finally, to gain a better 

understanding of the neurophysiological changes that take place in the development of children’s 

verb-learning ability, Chapter 5 examines age-related changes in cortical processing of real and 

novel verb-to-action associations between 2.5- and 3.5-years of age.  This is a period that is 

pivotal for emerging verb usage, action understanding, and cognitive development, yet the 

maturational changes that support word learning in general, and verb-learning in particular, are 

poorly understood.  Together these investigations help to advance current understanding of 

behavioral and neurophysiological processes involved in children’s nonlinguistic event 

representation and subsequent verb learning abilities at a critical point in language acquisition.
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INTRODUCTION 

The events that unfold in our world are multifaceted and dynamic, yet we navigate this 

complexity with apparent ease from an early age.  As adults, we have the capacity to shift our 

perspective from a macroscopic lens through which we can understand events at a coarse-grained 

level – spanning centuries or even eons – to a microscopic perspective along the lines of 

milliseconds.  What’s more, we communicate about these events using language that conveys 

meaning even if personal experience differs from that of our interlocutors’.  In learning to 

understand and communicate about actions and events, how do we integrate information into a 

cohesive construct so that we can move flexibly and accurately between levels of interpretation?  

What information do we rely upon to help us construct rich, detailed representations of the human 

experience that can be shared across individuals, cultures, and contexts?  The investigations 

included in this dissertation ask how young children learn to understand and communicate about 

events in their world.  Specifically, I consider the development of and relationship between 

children’s nonlinguistic event representation and early verb learning ability using behavioral and 

electrophysiological methodologies.   

Well before learning the meaning of a novel verb, young children perceive and represent 

events of varying complexity.  Within the first year infants can parse continuous action into 

subcomponents (Hespos, Saylor, & Grossman, 2010), identify the disruption of biological motion 

(Marshall & Shipley, 2009), encode the outcomes of specific actions (Perone, Madole, & Oakes, 

2011), and recognize disruptions to perceived goal-directed activity (Reid, Csibra, Belsky, & 

Johnson, 2007).  What specific role does this precocity in nonlinguistic event representation play 

in children’s ability to map novel verb labels onto actions and action categories?  Learning the 

meaning of a novel verb may rely, in part, on the ability to extract relevant units from a complex 

event and map meaning to the appropriate unit of experience.  However, the mechanisms that 

facilitate this process in young children remain relatively obscure and we have a very tenuous 
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understanding of the complex relationship between verbs and their underlying conceptual 

representations, particularly as they are instantiated neurophysiologically.  Further, learning the 

essential meaning of a novel – or even familiar – verb has been shown to pose a unique set of 

challenges to children across languages.  A deeper understanding of the verb-action interface may 

provide information about shared mechanisms that support event concept formation and 

subsequent language development.  The goal of this dissertation is to address the way in which 

nonlinguistic event representation and children’s subsequent verb learning abilities may be 

interrelated.  With this aim, I describe experiments that use behavioral and electrophysiological 

methods to investigate these processes independently and in tandem in children at 24-, 30-, and 

42-months of age (Chapters 2, 3, 4, and 5) and in adults (Chapters 2 and 3). 

Chapter 1 takes the format of a review paper in which empirical evidence for two sources 

of information children use for verb learning (e.g., spatial and social cognition) is synthesized 

into a framework for understanding the relative difficulty that children face when acquiring and 

extending new verbs.  Across languages, verbs and other relational terms tend to be acquired later 

and have more protracted developmental trajectories than concrete nouns and other substantive 

terms (Imai, Haryu, Li, & Shigematsu, 2006; Kauschke, Lee, & Pae, 2007; Piccin & Waxman, 

2007; Saji, Imai, Saalbach, Zhang, Shu, & Okada, 2011).  What nonlinguistic skills do children 

bring to the task of verb learning?  How does knowledge about event structure interact with early 

verb learning abilities?  How can we account for children’s early precocity in representing 

nonlinguistic event components, yet relative delay in applying this ability to the task of verb-to-

action mapping?  A deeper understanding of the verb-action interface may provide information 

about shared mechanisms that support event concept formation and subsequent language 

development.  Further, this chapter will provide a framework for the empirical investigations that 

follow in the dissertation. 
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Chapter 2 considers how the brain integrates perceptual and conceptual information 

during the processing of nonlinguistic events that are relatively unfamiliar in children and adults.  

Converging behavioral and neural evidence has demonstrated that adults rapidly and 

automatically process everyday events at multiple levels, moving seamlessly between fine-and 

coarse-grained representations (Newtson, 1973; Newtson & Enquist, 1976; Zacks & Tversky, 

2001).  Indeed, the ability to perceive the hierarchical organization of an event within the first and 

second year of life may be an important precursor to more sophisticated action interpretation and 

subsequent language acquisition, yet this process is not thoroughly understood.  How do young 

children and adults process complex events comprised of relatively novel actions? What 

electrophysiological mechanisms support this processing and how do they change with 

development?  I address these questions in typically developing 24-month-olds and adults using 

an event-related potential (ERP) paradigm that presents dynamic action in a manner that 

facilitates time-locking to specific frames of the action for high temporal resolution.  Findings 

provide insight into the development of mechanisms that support the ability to organize and 

interpret unfamiliar events and suggest that generating meaning may rely on the integration of 

event knowledge from multiple levels of analysis. 

Chapter 3 extends these results to investigate the allocation of visual attention to 

movement versus boundaries as children and adults observed a relatively novel event.  Within the 

visual domain, multiple factors have been identified as potential sources of information for action 

interpretation.  In adults, segmenting the temporal stream into meaningful units of action may 

render complex input more manageable and facilitate interpretation and prediction.  Although 

recent research suggests that even very young children engage in event segmentation, this ability 

is not well understood.  In particular, little is known about whether this ability derives from 

familiarity with particular actions or from a generalized sensitivity to motion dynamics.  Which 

movement features recruit visual attention in children and adults? Can we identify differences in 
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patterns of visual preference at macroscopic versus microscopic temporal scales?  The present 

research investigated visual preference to intact and disrupted actions embedded within dynamic 

events in children and adults.  Visual fixations were recorded as 24-month-olds and adults 

observed relatively novel events comprised of three actions presented simultaneously within a 

preferential looking paradigm.  Findings clarify the role of two sources of information (movement 

kinematics and action boundaries) in recruiting visual attention to relatively novel events and 

provide a starting point for further investigation into the parameters that support event 

representation throughout development.  

Chapter 4 extends the results from Chapter 2 and 3 to investigate spatial- (i.e., perceptual) 

and social-cognitive (i.e., conceptual) processes in toddlers’ mapping of concepts to real-world 

events using a behavioral re-enactment paradigm.  Evidence suggests that both types of 

information work in tandem to facilitate verb learning, but the process of integration is relatively 

underspecified.  What sources of information do children rely upon when mapping a novel label 

to an unfamiliar action?  Are spatial-perceptual cues sufficient to help children identify the verb 

referent and map a label to a novel action within an ambiguous stream of events?  What role do 

social-pragmatic cues play in this process?  Two behavioral studies investigated how event 

segmentation might lay the groundwork for extracting actions from the event stream and 

conceptually mapping novel verbs to these actions at 24-months.  This investigation is one of the 

first to directly explore the relationship between event segmentation and verb learning.  Findings 

have implications for the role of prelinguistic knowledge that young children bring to the task of 

verb learning.  In addition, whereas each of these components has been studied in isolation, this 

research contributes to our overall understanding of the relationship between vocabulary 

knowledge, event representation and verb learning in early childhood.    

In Chapter 5, we return to the neurophysiological underpinnings that support the verb-to-

action mapping process.  It is well documented that children can rapidly learn labels for novel 
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objects within the second year of life (Speigel & Halberda, 2011) and this knowledge is reflected 

in neurophysiological indices (Friedrich & Friederici, 2008; Torkildsen et al., 2009).  In contrast, 

behavioral findings on children’s ability to fast-map novel labels onto action referents have been 

less consistent (Kersten & Smith, 2002; Imai, Haryu, Okada, Lianjing, & Shegematsu, 2006) and 

surprisingly little is known about how the developing brain processes verb-to-action associations. 

To date, there is very little evidence as to the brain processes that support children’s ability to 

rapidly learn a novel verb label for an unfamiliar action.  This is particularly relevant given 

research that suggests verb learning may pose a unique set of challenges for young children 

(Childers & Tomasello, 2002; Imai et al., 2006) and that verb concept formation may extend well 

into the school years (Saji, Imai, Saalbach, Zhang, Shu, & Okada, 2011; Seston, Golinkoff, Ma, 

& Hirsh-Pasek, 2009).  Do children show evidence of semantic processing of newly formed verb-

action associations?  Is behavioral performance (verb-to-action mapping) reflected in the brain 

after a relatively small number of exposures to the novel action referent?  How are overall 

productive vocabulary and specific verb vocabulary related to children’s brain processes and 

behavioral performance?  The present research investigated the neural correlates of familiar and 

novel action words in 2.5- to 3.5-year-old children using behavioral reenactment and event-

related potentials (ERPs).  Integrating brain and behavioral methodologies may help to clarify 

what is known about the challenges associated with verb learning in young children.  Findings 

reveal developmental changes in the neural mechanisms subserving verb knowledge at a critical 

period in language acquisition.  Expanding what we know about the neural correlates of word 

learning to verbs and actions will contribute to a greater understanding of language acquisition in 

the developing brain.  

Taken together, the investigations that comprise the dissertation explore the mechanisms 

that allow children to integrate multiple sources of information to carve up a complex world into 

meaningful units and how this ability, in turn, supports the process of mapping a novel verb label 
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to its referent.  This is a critical inquiry that seeks to integrate a growing body of literature across 

two diverse yet related fields of research.  My hope is that these findings will answer questions 

related to language acquisition in general and provide an opportunity to contribute to continuing 

research at the intersection of language and cognition.  An understanding of how children acquire 

verbs is fundamental to a comprehensive theory of word learning.  Studying how nonlinguistic 

abilities contribute to and interact with language acquisition may allow us to identify learning 

mechanisms that can be applied across cognitive domains.  Finally, studying both brain and 

behavioral development allows us to integrate observed responses and underlying substrates to 

make more accurate predictions about developmental processes that support cognitive 

development across diverse lines of research.   
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CHAPTER 1: SPATIAL AND SOCIAL COGNITION IN VERBS AND 
ACTION 

ABSTRACT 

Can infants flexibly integrate multiple sources of information when learning a novel 

action verb label?  Current evidence suggests that infants are sensitive to physical features of an 

action, such as path and manner (Pulverman, Hirsh-Pasek, Golinkoff, Pruden, & Salkind, 2006; 

Pruden, Göksun, Roseberry, Hirsh-Pasek, & Golinkoff, 2012), but are also capable of encoding 

abstract dimensions such as goals and causal relations within the first year of life (Sobel & 

Kirkham, 2006; Olofson & Baldwin, 2011; Reid, Csibra, Belsky, & Johnson, 2007; Woodward, 

Sommerville, Gerson, Henderson, & Buresh, 2009).  However, these early abilities develop well 

in advance of the ability to form complex verb representations and the way in which spatial- and 

social-cognitive sources of information are applied to verb learning is highly disputed.  By 

investigating the way infants construct nonlinguistic event representations, we can begin to 

clarify what they bring to the task of lexical acquisition and whether these skills are necessary and 

sufficient for verb learning.  The current review examines the role of spatial- and social-cognitive 

processes in event representation and verb learning. 

INTRODUCTION 

Objects and actions are primary perceptual and cognitive units of experience during 

infancy and early childhood (Baillargeon, 1994; Kelman & Spelke, 1983; Leslie et al. 1998; 

Spelke, Gutheil, & Van de Walle, 1995; Landau, 2004 (in Hall & Waxman eds.); Gentner, 1978; 

Baldwin, Baird, Saylor, & Clark, 2001; Zacks & Tversky, 2001; Rakison & Poulin-Dubois, 

2001).  Given that objects and actions are both highly salient to young infants, we might expect 

that labels for these entities would be acquired at comparable rates in the developing lexicon.  

However, in early vocabularies nouns predominate whereas verbs are underrepresented (Gentner 

& Boroditsky, 2001; Huttenlocher, 1974; Gentner 1978).  Even though children hear both nouns 
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and verbs from infancy, receptive and expressive vocabulary within the first 12- to 18-months is 

overwhelmingly nominal (Goldin-Meadow, Seligman, & Gelman, 1976; Bates, Dale, & Thal, 

1995), with very few true verbs.  In fact, verbs do not reach the proportion seen in adults until the 

child is approximately two and a half, or even older in many cases.  This pattern has been 

observed not only in languages like English (Brown, 1973; Bates et al., 1995) in which subjects 

and objects are mandatory and verbs are often buried in the middle of an utterance, but also in 

languages where verbs may be more salient such as: Italian (Caselli et al., 1995; Caselli, Casadio, 

& Bates, 1999); Chinese (Gelman & Tardiff, 1998); Korean (Au, Dapretto, & Song, 1994); and 

many others (Gentner, 1982). 

Although children’s receptive and expressive vocabularies contain a variety of verbs by 

the second year (Bates, Marchman, Thal & Fenson, 1994), research suggests that verb learning 

may pose a unique set of challenges for young children (Childers & Tomasello, 2002; Imai, 

Haryu, Okada, Lianjing, & Shegematsu, 2006; Kersten & Smith, 2002) and that verb concept 

formation may extend well into the school years (Saji, Imai, Saalbach, Zhang, Shu, & Okada, 

2011; Seston, Golinkoff, Ma, & Hirsh-Pasek, 2009).  One reason for this protracted acquisition 

may be that verbs conflate a number of semantic event components (e.g., path, manner, source, 

goal) and there is high variability in the way that verb referents can be carved up and labeled 

within a dynamic event (Göksun, Hirsh-Pasek, & Golinkoff, 2010).  The factors that guide 

children to link a novel verb label to an event that encodes an action, state, or relation have not 

been thoroughly explored, and less is known about the neurophysiological development that 

supports this process.  The current review argues for an account of verb learning grounded in the 

interaction between emerging event representation and verb-to-world mapping.  Toward this end, 

this chapter examines two types of foundational knowledge – spatial and social cognition – to 

characterize the factors that contribute to event representation and verb learning throughout early 

development in both brain and behavior.   



11 

 

I begin by reviewing theoretical positions for the event-verb relationship, with an 

excursion into what we know about this tightly coupled interaction in adults.  Next, I review 

children’s spatial-cognitive abilities and describe a number of empirical investigations that have 

attempted to explain how this information contributes to verb acquisition.  Following this, I 

discuss the role of children’s emerging social-cognitive abilities and examine how they may 

contribute to verb learning.  I argue that understanding how children represent events has 

important implications for they way in which verbs are acquired and generalized, and 

complementarily, how nascent verb knowledge aids in the construction of more sophisticated 

event representation.   

Findings within the developmental literature reveal two limitations:  First, the challenges 

associated with verb learning are inconsistent with evidence for children’s early emerging ability 

to represent events.  Considering this, the aim of the first set of empirical investigations that 

follow in this dissertation is to examine how children and adults integrate multiple sources of 

information to process complex action.  Second, acquiring a new verb does not sufficiently 

predict flexible generalization to the requisite category of events represented by a specific verb 

label.  Therefore, the aim of the second set of studies presented in this dissertation is to explore 

how children integrate multiple sources of information to support verb learning and to 

characterize this process neurophysiologically.  Investigating this process in terms of spatial- and 

social-cognitive development provides a framework for understanding how children extract 

relevant information to support event representation and verb learning.  

DEFINING THE EVENT-VERB RELATIONSHIP 

Before proceeding, it is useful to define the terms action and event for the purposes of 

this paper.  There is a rich philosophical debate as to the nature of these definitions (see Bach, 

1980).  Here, we consider actions and events to be distinct, yet hierarchically related, concepts 

(Casati & Varzi, 1996; Zacks & Tversky, 2001).  We use the term action to refer to the core unit 
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of activity itself, whereas the term event incorporates the set of interrelated agents, actions, and 

objects situated in a specific time and space.  Although verbs are not limited to action words, the 

nature of human action and children’s early verb representations are strongly connected.  Within 

a prototypical event, the verb encodes the action and expresses the relationship between the 

persons and objects involved.  Therefore, the way that children process and understand action will 

be central to our discussion on the relation between event representation and verb learning.  

Mature representations of complex events may eventually come to include multiple components, 

yet investigation of the developmental process that leads to this type of flexible conceptualization 

has just begun.  Thus, we focus on how children learn action-related words as a means of 

accessing the underlying conceptual system.  

How might the ability to represent real-world events and learn language to label the 

relations within these events be connected?  Several logical possibilities exist, ranging from 

virtually unrelated to highly coupled.  At one end of the continuum, theorists have proposed that 

the conceptual structure underlying event knowledge exists independent of linguistic input and 

that language acquisition consists mainly of mapping the correct word to its preformed, 

conceptual counterpart.  Versions of this perspective have been put forth by Brown (1973), Fodor 

(1986), Nelson (1973; 1974), Slobin (1973), and Mandler (2004).  More recently, attempts to 

delineate the event-verb relationship have moved away from strictly modular theories of domain-

specificity due to increasing evidence that there is at least some relation between event 

representation and language acquisition throughout development (Bedny, Caramazza, Grossman, 

Pascual-Leone, & Saxe, 2008; Hauk, Johnsrude, & Pulvermüller, 2004; Hirsh-Pasek & Golinkoff, 

2006).  However, it is far from clear whether children privilege perceptual or conceptual 

information when learning verbs for actions and how this relationship may change as children 

acquire more information about the categorical limits defining the usage of a particular verb.  
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Initially, children may come to learn the meaning of words by attending to the entities 

and events in the environment as they are paired with labels.  Indeed, research suggests that 

children acquire information from the extra-linguistic environment that allows them to make 

word-to-world connections (Waxman & Leddon, 2011).  However, in verb learning – as in most 

learning contexts – the sources of information that guide naïve observers to the correct mapping 

are rarely presented in isolation or with one-to-one correspondence.  In one of the first papers to 

explore the roots of children’s verb learning challenges, Gentner (1978) posited that verbs and 

other relational terms might be more difficult to package and lexicalize than substantive nouns 

because they have a less transparent relationship to the external world.  Whereas object-referents 

tend to have cohesive and stable physical manifestations, there is more variability in the way that 

verb referents can be carved up and labeled within an event.   

More recently, Hirsh-Pasek and Golinkoff (2006) have expanded upon this hypothesis to 

argue that young children must first isolate, extract, and categorize actions embedded within 

events before conceptually mapping verbs to their referents (Golinkoff et al., 2002).  This 

approach suggests that children rely on multiple inputs available for verb learning and that these 

inputs may be differently weighted over development.  Although traditional and contemporary 

research has continually demonstrated a relationship between emergent event representation and 

verb learning, we believe that the nature of this relationship remains unclear.  Specifically, 

current theoretical perspectives have not accounted for the mechanisms that allow children to 

recruit spatial and social-cognitive processes for the task of verb learning.  

The notion that the mental representation of event concepts is accessed during online 

language processing is supported by relatively recent behavioral and brain evidence.  For 

example, Pulvermüller and colleagues found that action verbs engaging the mouth (e.g., chew), 

leg (e.g., kick), and hand (e.g., grab) activated specific neural networks involved in actions 

produced with these body parts (Pulvermüller, 2012; Pulvermüller, Kherif, et al., 2009; Hauk & 
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Pulvermüller, 2004).  Converging evidence from eye-tracking indicates that adults rapidly and 

automatically integrate their understanding of real-world events with verb knowledge during 

online language comprehension (Altmann & Kamide, 1999; Bicknell, Elman, Hare, McRae, & 

Kutas, 2010; Elman, 2009; Metusalem et al., 2011; Shipley & Zacks, 2008).  For example, adults’ 

knowledge of typical events (e.g., the mechanic checked vs. the journalist checked) influenced 

their online comprehension of the upcoming patient (e.g., brakes or spelling) in congruous or 

incongruous contexts.  Thus in adults, event knowledge dynamically contributes to the mental 

representation of verbally described events, influences language processing, and plays a role in 

shaping linguistic expectancy.  

Correspondingly, functional changes in the brain’s motor system have been shown to 

influence the ability to comprehend or recognize action-based utterances (Papeo & Hochmann, 

2012).  In particular, developmental findings indicate that action observation may influence 

speech production (Gentilucci, Stefanini, Roy, & Santunione, 2004) and early action production 

may be correlated with comprehension and production of corresponding words (Caselli, Rinaldi, 

Stefanini, & Volterra, 2012).  Further, neuropsychological findings have suggested that action 

verb processing may be impaired in patients with degenerative brain diseases affecting the motor 

system (Boulenger, Roy, Paulignan, Deprez, Jeannerod, & Nazir, 2006; Cotelli, Borroni, 

Manenti, Zanetti, Arevalo, Cappa, et al., 2007; Kemmerer, Rudrauf, Manzel, & Tranel, 2013).  

Taken together this research provides evidence for the mutual influence of language processing 

and event representation, yet the nature of the relationship and its developmental origins have not 

been adequately defined.  In the sections that follow we explore how spatial and social cognition 

contribute to young children’s ability to understand observed actions and how this ability may 

interface with learning to communicate about these actions using verbs. 
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SPATIAL COGNITION AND ACTION  

In 2001, Zacks and Tversky published a landmark review paper showing that adults make 

use of multiple sources of information in perceiving and thinking about event structure both from 

bottom-up data driven and top-down concept-driven sources.  An increasing corpus of empirical 

research has shown that action is highly salient to very young children, yet it is unclear at what 

point in development infants begin to construct adult-like representations.  Indeed, before 

understanding the meaning of any verb infants perceive, segment, and categorize complex events 

consisting of multiple actions (Johnson, Amso, Frank, & Shuwairi, 2006).  We consider this 

ability to reflect spatial cognition.  That is, infants are sensitive to the physical properties of 

dynamic events.  In this section, we review the way in which children recruit spatial cognitive 

processes to perceive, segment, and categorize events and ask to what extent children’s early verb 

learning is rooted in their perceptual understanding of nonlinguistic event constructs.  We argue 

that there are many unanswered questions regarding the extent to which children are able to 

integrate multiple sources of information to understand action and events.  Furthermore, although 

event representations begin developing quite early there is a protracted period before clear 

evidence emerges for the ability to apply event representations to learn spatial terms such as 

action verbs.  

EVENT PERCEPTION 

Event perception refers to infants’ ability to attend to sensory information in the world, 

discriminate between salient features of the input, and synthesize the input in ways that guide 

behavioral responses (Johnson et al., 2006).  Attending to salient features within dynamic events 

requires sensitivity to the physical properties of motion-in-action.  Research suggests that this 

ability emerges quite early in development.  By 5-months, infants demonstrate bilateral cortical 

activation in response to visual motion that is similar to that observed in adults (Rosander, 

Nyström, Gredebäck, & von Hofsten, 2007).  Neurophysiological evidence has also shown that 5-
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month-olds can discriminate point-light displays of standard and scrambled patterns of biological 

motion such as running and jumping (Reid, Hoehl, & Striano, 2006).  Bahrick et al. (2002) found 

that 5.5-month-old infants discriminate changes in the physical properties of familiar action.  

After infants habituated to a repetitive activity performed by a single actor (e.g., brushing hair or 

brushing teeth), they showed a significant preference for novelty when presented with both the 

familiar and a novel action simultaneously.  

Central to event perception is the ability to identify changes within the features that are 

encoded by the child’s language (Clark, 2003).  Two frequently studied semantic features are 

path, which refers to a figure’s trajectory and is commonly encoded by prepositions in the 

English language, and manner, defined as the way in which an action is performed and encoded 

by the verb.  Pulverman and colleagues (Pulverman, Hirsh-Pasek, Golinkoff, Pruden, & Salkind, 

2006) explored 14- and 17-month-olds’ ability to detect changes in path and manner within 

animated motion events.  Infants were familiarized with a starfish performing an action in a 

particular manner (e.g., jumping, twisting) with a specific path (e.g., over or under a stationary 

ball).  Looking times during the test phase indicated that infants were sensitive to the perceptual 

discrepancies between event types and distinguished changes in both path and manner of motion 

around the first year.  However, they do not provide direct evidence about whether infants 

incorporate these nonlinguistic notions of path and manner into the meaning or reference for a 

novel verb, nor do they clarify specifically which spatial cues are most salient to the developing 

child (e.g., motion, trajectory, speed).  

In an extension of this paradigm, when a verb label was added to the habituation phase 

(“He’s jaiming! Wow! He’s jaiming! Oh boy!”), 14- and 17-month-olds’ attention to changes in 

manner – which is encoded by English verbs – was significantly increased relative to changes in 

path – which more often takes a preposition (Pulverman, Brandone, & Salkind, 2004).  It is 

important to emphasize that this was not a word-learning task because children were not asked to 
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acquire or extend the label.  However, it suggests that language heightens attention to visual 

events and specifically highlights aspects that are encoded linguistically by verbs such as manner 

of motion.  Furthermore, these findings imply a reciprocal relationship such that verb labels 

influence event processing and this shift in focus may go on to scaffold the infant’s ability to 

learn new verbs.   

By 14-months, Casasola and Cohen (2000) demonstrated that infants discriminate 

between the familiar actions of pushing and pulling.  Infants habituated to either an animated 

pushing or pulling event and were shown both events at test.  Results indicated a reliable increase 

in looking time toward the unfamiliar compared to the familiar event, suggesting that infants were 

sensitive to the perceptual discrepancies in each event.  What happens when language is added?  

Using the same paradigm, the authors explored 14- and 18-month-olds’ ability to associate a 

novel label with the actions that were easily distinguished non-linguistically.  Importantly, when a 

novel label was paired with the habituation event 18-month-olds, but not 14-month-olds, were 

able to associate the label with the action.  These results suggest that the precocious emergence of 

infants’ event perception may not lead directly and automatically to verb mapping.  Furthermore, 

we have limited evidence regarding how the infant brain may process these spatial concepts.    

EVENT SEGMENTATION 

Event segmentation refers to the ability to parse continuous, complex events into 

meaningful units.  Adults rapidly and automatically segment events at multiple levels, moving 

seamlessly between coarse-grained and fine-grained representations (Newtson, 1973; Zacks & 

Tversky, 2001).  Newtson (1973) referred to these instances of transition as breakpoints and 

argued that they play a role in recognition memory and semantic processing (Newtson & 

Engquist, 1976).  This reflects adults’ ability to simultaneously integrate perceptual cues to event 

structure (e.g., bottom-up processing) and conceptual knowledge about goals and intentions (e.g., 

top-down processing).  Importantly, adult event segmentation has been demonstrated in both 
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brain (Schubotz, Korb, Schiffer, Stadtler, & von Cramen, 2012; Zacks & Swallow, 2007; Zacks et 

al., 2001) and behavior (Tversky, Zacks, & Hard, 2008).  Spontaneous reorganization of event 

representation may be required to make sense of environmental stimuli that are constantly in flux, 

but this ability is not well understood early in development.  

By 6- to 8-months of age, infants can recognize units of motion within a continuous 

action sequence involving moving objects (Hespos, Grossman, & Saylor, 2010).  In a more 

naturalistic example, Baldwin and colleagues (2001) demonstrated that 10- and 11-month-old 

infants can segment activity at intentional boundaries by attending to patterns of physical motion 

(i.e., spatial and temporal cues) that reflect the agent’s intentions.  Infants watched videos of 

familiar events in which pauses were inserted at natural action boundaries or at intervals that 

interrupted ongoing intentional activity.  Infants looked longer at the intention-interrupting 

sequences, indicating that they had parsed the event structure into meaningful units.  Since fine- 

and coarse-grained boundaries frequently coincide in time and space, it is not clear if infants used 

lower-level sensitivities to the physical properties of motion-in-action or higher-level intentional 

inferences about the actor’s intentions to parse ongoing action.  This research indicates that 

infants are sensitive to boundaries within continuous events (Hespos et al., 2010; Saylor, 

Baldwin, Baird & LaBounty, 2007).  How they divide the flow of information into discrete units, 

however, remains unclear. 

One hypothesis proposes that sensitivity to statistical patterns within continuous motion 

acts as a general learning mechanism that allows young children to isolate discrete action units 

from dynamic events (Roseberry, Richie, Hirsh-Pasek, Golinkoff, & Shipley, 2011).  In this 

research, 7- to 9-month-old children were familiarized with a corpus of dynamic, continuous 

motion events and tested on their ability to differentiate units from part-units.  Results suggested 

that infants showed differential patterns of looking to units versus part-units with greater overall 

attention to the cohesive units of activity.  Arguably, a general-purpose learning mechanism such 
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as the one described in this study should be applicable to a range of event contexts and may help 

to explain how infants carve a world that unfolds continuously across time and space into 

coherent units that can be labeled linguistically, but evidence to support this idea is still 

inconclusive.  Further, we have limited evidence about the neural mechanisms that might support 

this process in children.  

EVENT CATEGORIZATION 

Categorization refers to the ability to group actions and events along shared features.  

Again, this nonlinguistic ability seems to develop relatively early in infancy, but it is not clear 

exactly how categorization contributes to verb learning.  New evidence suggests that infants as 

young as 4.5 months can use comparison to extract information about objects and their actions to 

form event categories (Wilcox, Smith, & Woods, 2010).  Infants demonstrated the ability to 

associate objects that varied in surface pattern only (e.g., striped vs. spotted) with the specific 

actions performed during pour and pound events, and were able to use this information in a 

subsequent object individuation task.  Rather than constructing event categories on the basis of 

perceptual similarities between the objects involved, the authors suggest that infants were able to 

extract the relational structure between objects and actions to form the basis of their 

representation.  These findings suggest that infants are able to use object-action relationships to 

categorize events.   

Recent findings have gone a step further to clarify how infants recruit spatial cognition to 

organize events in ways that may lend themselves to linguistically relevant categories.  Roseberry 

and colleagues (2012) investigated whether infants were sensitive to continuous information (e.g., 

distance  – how far an object moves) and categorical information (e.g., over, under – where an 

object moves) in a dynamic display.  In this study, 7- to 9-month-old infants were habituated to 

an animated starfish moving a fixed distance over or under a central ball (e.g., +5 centimeters or -

5 centimeters).  During test, infants watched the starfish perform the same motion in a different 
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location that maintained the absolute distance change (-10 centimeters, +10 centimeters), but 

either occurred within the same category (e.g., over) or across the category (e.g., under).  For 

example, an infant who was habituated with the starfish traveling over the ball (+5 centimeters) 

saw the starfish move +15 centimeters over the ball for a within-category trial and -5 centimeters 

under the ball for the across-category trial.  Results indicated that although infants attended to 

within-category distance changes (e.g., height of an object moving over a fixed source), they 

privileged between-category changes (e.g., over versus under) even when the absolute distance of 

the perceptual change was held constant.   

In a slightly older group of children, Olofson and Baldwin (2012) found that 10- to 12-

month old infants demonstrated the ability to recognize the similarity between observed and 

implied outcomes (e.g., opening an oven door) across perceptually dissimilar action features (e.g., 

hand position).  Critically, this suggests that infants can gloss over insignificant action details and 

extract meaning based on essential relations between categories that become encoded 

linguistically (e.g., open versus close).  These findings have implications for how children learn 

linguistic categories for spatial prepositions and motion verbs; candidate members necessarily 

have a certain level of variability within coordinate features while preserving the relational 

components that define them.  Results suggest that infants rely on early spatial cognitive abilities 

to form preliminary nonlinguistic categories for event components that come to be linguistically 

encoded (e.g., over versus under).  Still, it is unclear whether nonlinguistic categorization abilities 

contribute directly to the differential naming of the pour and pound, over or under, open versus 

close events.  Additional research is needed to clarify the link, in both brain and behavior.   

SUMMARY 

Since children recognize subtle perceptual differences between events and can segment 

events into relevant subcomponents, it might be expected that these abilities can be recruited 

when learning the meaning of a novel verb and generalizing newly learned verbs to different 
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contexts.  However, evidence for children’s ability to use this information during verb learning is 

still inconclusive.  Taken together, this research demonstrates that within the first year infants 

develop the ability to organize and interpret the constant influx of visual input, perhaps by relying 

upon spatial cognitive processes to carve the event stream into meaningful units.  It has been 

widely suggested that infants’ understanding of nonlinguistic events provides a critical building 

block that supports how children go on to acquire spatial language such as verbs and prepositions 

(Göksun et al., 2011; Lakusta, Wagner, Hearn, & Landau, 2007; Wagner & Lakusta, 2009; 

Pruden et al., 2004; Pulverman et al., 2008; Roseberry et al., 2012).  In the following section we 

outline the research that explores the role of spatial-cognition in verb learning to investigate the 

empirical foundations of this hypothesis.   

SPATIAL COGNITION AND VERBS  

How might early spatial cognition contribute to subsequent verb acquisition?  Since 

children recognize subtle perceptual differences between events and easily segment and 

categorize events into relevant subcomponents, it logically follows that these abilities may be 

recruited when learning the meaning of a novel verb or generalizing newly learned verbs to 

unfamiliar contexts.  Theories of language acquisition that rely primarily on perceptual accounts 

of verb learning, however, have recently been called into question as converging evidence 

suggests that the semantic definition of an action word – such as a verb – does not necessarily 

correspond to the representation of the most concrete, sensorimotor aspects of the implied motor 

act (for a review see Papeo & Hochmann, 2012).  Indeed, examining the research reveals that 

children’s spatial cognitive abilities cannot necessarily account for challenges children encounter 

when learning or extending new verbs.  When it comes to verb knowledge and verb learning, 

children tend to have difficulties directly applying their robust abilities to perceive, segment, and 

categorize actions even after their second birthdays.  Research suggests that there is a protracted 

pattern of development in the ability to apply spatial cognitive skills during verb learning.  Thus, 
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perceptual constructs may be necessary for action understanding, but not sufficient for complex 

verb representation. 

FAMILIAR VERB KNOWLEDGE  

What role does spatial cognition play in children’s ability to construct flexible verb 

knowledge?  Evidence suggests that even familiar verb extension may be relatively difficult in 

contexts that do not conform to children’s specific perceptual experience of an action verb.  In 

one study, children were asked to extend familiar verbs (e.g. kick and pick-up) to events that were 

perceptually dissimilar (Forbes & Poulin-Dubois, 1997).  Participants at 20- and 26-months 

observed videos of adults performing the target actions one at a time and heard the familiar verb 

label accompany the appropriate referent (e.g., “Watch! This is kicking. See? Kicking!”).  During 

the test phase, children were shown both event pairs (e.g., kick and pick-up) simultaneously.  The 

distractor event was identical to the familiarization event and the target event differed from the 

familiar event in either the agent performing the action, the manner the action was performed 

(e.g., ball kicked with heel), or the outcome of the action (e.g., ball bounces back to the kicker).  

Children were prompted to find the target action (e.g., “Look! Where’s kicking? Find kicking!”).  

Looking behavior revealed that at 20-months children generalized the familiar label to 

actions performed by different agents but not to actions that differed in manner or outcome.  By 

26-months, children extended familiar verbs to actions performed with new agents and actions 

performed in a different manner, but still did not generalize to different outcomes.  Importantly, 

when children’s word knowledge was taken into account, larger productive vocabularies were a 

better predictor of verb generalization than age alone.  These findings suggest that by 26-months 

– but perhaps no earlier – children have begun to understand that event components (e.g., agent, 

manner, or outcome) can change without altering overall verb meaning.  Further, the basis for 

verb extension seems to shift beyond purely perceptual features from 20- to 26-months, which 

may reflect a greater understanding of the way verbs and events are interconnected. 
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Cross-sectional data support the contention that children’s ability to understand a verb’s 

relation to event constituents may be directly related to the underlying spatial-perceptual features 

of these constituents.  In addition, the strength of children’s attachment to these particular features 

may change in significant ways in early development.  Participants at 18-, 24-, and 36-months 

were presented with familiar, transitive actions (e.g., eating) paired with a typical (e.g., apple) or 

atypical (e.g., houseplant) patient.  Children were expected to preferentially orient toward the 

scene that matched the auditory stimulus (e.g., “Look! Eating!”) depending on their spatial 

representation of eating events.  An interesting pattern emerged.  At 18-months, children seemed 

to accept both typical and atypical patients as potential referents.  By 24-months, children 

demonstrated adherence to the most strictly defined, rigid categories in which only typical action-

patient mappings were acceptable.  Thirty-six-month-olds demonstrated their willingness to 

extend familiar verb labels to both typical and atypical categorical exemplars in a way that 

paralleled adults’ verb generalizations.  The data outlined a U-shaped trajectory in which 24-

month-olds had narrowly defined event categories, while 18- and 36-month-olds demonstrated 

more flexible representations.  Taken together, these findings suggest that at 18-months, children 

may have formed loosely-defined, non-discriminative verb categories based on a range of 

perceptual roles that can be filled by virtually any candidate.  

At 24-months, in contrast, verb representation is tightly bound by contextual and 

perceptual features and the permissible range of edible items is strictly defined; this renders 

children unwilling to extend familiar verbs to exemplars that do not fit within this narrow scope.  

By 36-months, children again demonstrated a willingness to accept both typical and atypical 

exemplars indicating that their event categories had developed to be sufficiently broad and 

inclusionary.  Just as adults would concede that eating a houseplant still constitutes an eating 

event, 3-year-olds were willing to accept atypical exemplars as plausible (although unlikely).  

Developmentally, this suggests that verb knowledge and event representation exert mutual 
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influence on each other and that development in each of these domains is intricately interwoven.  

We can argue that children’s underlying spatial-cognitive categories guide their flexible (or 

inflexible) verb extensions.   The ability to extend verb labels to typical and atypical exemplars 

may be related to the specific perceptual features of event constituents. 

Interestingly, this pattern can be observed well into the school years.  Even children with 

considerable verb knowledge have been shown to be conservative when extending verbs to novel 

contexts (Seston et al., 2009).  In this study, 6-year-old children who had previous experience 

using the particular verbs (e.g., vacuuming) were unlikely to demonstrate comprehension when 

the verbs were presented in unusual extensions that differed along perceptual parameters.  Thus, 

the fact that children productively use verbs may not mean that they appreciate the range of their 

meanings or the circumstances in which the can apply (Tomasello, 2000) and may be related to 

spatial-cognitive development.   In sum, though the research presented in this section suggests 

that infants are equipped with the ability to notice and discriminate actions within the first year of 

life, they tell us little about what sorts of information infants are using to carve up these events.  

Further, the ability to represent action components non-linguistically does not directly translate to 

labeling them with a verb (Plunkett, Hu, & Cohen, 2008).  Rather, it may be the interaction 

between knowledge of actions and knowledge about how verbs can label actions that supports 

conceptual development.  

NOVEL VERB LEARNING 

What role does spatial cognition play in children’s ability to acquire and extend novel 

verbs?  Verb-learning experiments in the laboratory tend to have contradictory results.  Some 

empirical investigations have shown that children as young at 24-months can demonstrate verb 

learning.  Others, however, have shown that children have limited success with verb learning in 

the laboratory.  It appears that spatial cognition plays a central role in distinguishing successful 

from unsuccessful verb-to-action mapping.  That is, children appear to be able to map novel verbs 
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to isolated actions that are clearly delimited (both temporally and spatially), but have difficulty 

when there are ambiguous referents or the action that needs to be labeled has multiple 

components and the event has to be carved up appropriately.  This research reveals that while 

children may apply their spatial cognitive skills to the process of learning verbs, the mechanisms 

that facilitate this process are underspecified. 

A standard paradigm for investigating verb learning consists of familiarizing participants 

with a specific verb-action pair, and then testing verb comprehension with measures of looking, 

pointing, or action reenactment.  In one recent study, Waxman and colleagues (2009) presented 

24-month-olds with dynamic scenes (e.g., a man waving a balloon) and asked whether children 

were able to learn a verb label for the action.  Children received four different examples of the 

same action (e.g., in each example, the same actor was waving one of four different balloons) in 

association with a novel verb in the familiarization phase.  In addition, the children were shown a 

completely different action (e.g., the same actor was playing a saxophone) and told that the verb 

should not be applied to the action (e.g., contrast).  At test, the spatial-perceptual features of the 

action itself were nearly identical to the familiarization phase.  With such rich scaffolding, 24-

month-olds could extend a novel verb to a very similar event in which the same actor was 

performing the same action with another object from the same basic-level object category (e.g., a 

new balloon that the child did not see in the familiarization phase).  These results suggest that 24-

month-olds can associate a novel verb label with an action that has clearly defined perceptual 

parameters.  

In another study, Childers and Tomasello (2002) taught children 6 novel verbs over a 

period of one month.  Again, the training consisted of explicit demonstrations labeled with a 

novel verb.  Children succeeded at mapping novel verb labels onto a series of trained actions, 

demonstrating successful verb with ample scaffolding and a rich, ostensive training context.  In 

other contexts, we see failures.  Maguire, Hirsh-Pasek, Golinkoff and Brandone (2008) examined 
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2.5 and 3- year-olds’ ability to learn and extend a novel verb.  During training, children were 

shown either one actor or four different actors performing a novel intransitive action, labeled by a 

novel verb (Look, she’s blicking!).  At test, children were shown two novel actors side-by-side, 

each performing a different action.  One actor performed the target action from the training, while 

the other performed a novel action.  Children were asked to find the target by pointing.  The 

results were striking.  Both 2.5 and 3-year-olds had difficulty extending the novel verb to a new 

agent when they were exposed to four different actions in the training, even if the agent is usually 

not the core semantic element that is essential to verb meaning.  In previous work (Maguire, 

Meyers, & Salkind, 2003) 24- and 26-month-olds completed the identical study within a 

preferential looking paradigm.  In this case, children were unable to extend the label in either the 

one actor or multiple actors condition.  The findings demonstrate that initially, focusing on fewer 

exemplars allows children to move beyond the specific entities involved to extract the salient 

spatial relation, but this ability may not be stable until the second or third year.   

The verb learning literature also reveals difficulties that may persist well into the 

preschool years.  A recent series of studies comparing noun- and verb learning serves to illustrate 

this point.  Kersten and Smith (2002) explored children’s ability to learn and extend novel nouns 

and verbs to objects and actions by systematically varying the cues available during a learning 

event.  Three-and-a-half to 4-year-old English-speaking children as well as adults were 

familiarized with two learning events and were taught novel nouns or novel verbs during each 

event (depending on condition).  Each event involved a bug-like creature (the object) moving in a 

particular manner toward a stationary bug-like creature.  Each event was labeled with a novel 

word (e.g., zeebee in the noun condition or morping in the verb condition) that represented the 

object-action pair, such that each word was equally associated with aspects of the object (bug) or 

action (manner).  Other attributes such as the starting location, body parts, and background scene 

varied randomly to simulate real word-learning situations.  There were four types of test events 
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that matched the learning events in (a) both object and motion, (b) object only, (c) motion only, 

(d) neither object nor motion.   

In the object condition, both children and adults successfully extended the newly 

acquired noun label to exemplars in which the object was consistent but the manner was not.  In 

the verb condition, adults extended the verb to novel exemplars based on similarities in manner of 

motion, but children were equally as likely to extend the verb label to events in which the object 

was the same as they were to extend the label to events in which the motion was the same.  That 

is, children failed to make any systematic verb extensions based on the action of the object in 

motion.  Children were unable to associate the newly acquired verb with novel exemplars based 

on similarities in manner of motion, fixating instead on the word-object association.  The authors 

interpret these findings as evidence that children attend to objects when they are presented with a 

novel verb because verb meaning may depend on the types of motion permissible for a particular 

object in the context of that verb.  Again, spatial cognition seems insufficient in this context:  

overlapping event components make it difficult for children to identify the intended verb referent.   

In Imai, Haryu, & Okada (2005), adults and children (3- and 5-year-olds) viewed a 

standard event, in which an actor performed a novel action with a novel object.  This event was 

labeled either with a novel noun (‘‘Look! There is an X!”) or a novel verb (‘‘Look! There is 

Xing!”).  At test, participants viewed two different events, one depicting the same action 

performed now on a new object, and the other depicting a new action performed on the familiar 

object.  Participants were instructed either to ‘‘Find the X” (noun condition) or ‘‘Find X’ing” 

(verb condition).  Perhaps not surprisingly, adults extended novel nouns to the ‘same object’ test 

event (successfully extending the noun to an event involving the familiar object even though it 

was involved in a new action).  Also not surprisingly, adults extended novel verbs to the ‘same 

action’ test event (successfully generalizing the verb to an event involving the familiar action 

even though it now involved a new participant). Clearly, then, adults successfully extended novel 
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nouns and verbs beyond the particular events in which they had been introduced.  Five-year-olds 

did the same.  However, 3-year-olds revealed a different pattern.  They extended novel nouns to 

the ‘same object’ test event, but performed at chance when asked to extend the novel verbs.  

The authors interpret these findings as evidence that 3-year-olds correctly generalize 

nouns to novel objects based on object similarities that are independent of the action performed, 

but they associate newly learned verbs with the specific action-object interaction.  Thus, in 

children’s initial verb representation, the core meaning (action) is not yet separated from the 

specific object involved so they tend to be overly conservative in their extensions.  The 5-year-

olds, however, did not associate the specific object involved in the event with the meaning of the 

verb and were able to reliably generalize the newly learned verb to actions performed with novel 

objects.  This is a robust finding, and one that has been observed in a range of languages, 

including English, Mandarin, and Japanese (Imai et al., 2008).  Again, it may be the ability to 

extract correct spatial relationships between event components (e.g., agent-action-object), rather 

than the components themselves that form the basis for children’s initial verb extensions.  In the 

context of more complex events, children may have difficulty overcoming spatial-perceptual 

saliency to identify the correct feature for verb extension.   

Additional support for this idea comes from research showing that children’s initial verb 

representations seem to be tightly bound to the perceptual features of the particular training 

context.  In addition to actions performed on objects, research has shown that event outcome can 

attract spatial attention and direct perceptual salience.  In a series of experiments, preschool 

children were taught novel verbs that labeled events that included both an action and a result 

(Behrend, 1990; Forbes & Farrar, 1993).  Children between 2 and 5 years of age were least likely 

to extend a newly learned verb to an event in which the result was different from the event 

originally used to teach the verb, but were generally successful at extending verbs along variant 

actors, instruments, and manners of motion.  This may be due, at least in part, to increased 
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attention to perceptually salient results in an action.  Verb learning requires more than default 

perceptual biases since the meaning of a verb depends upon more than its appearance.  Children 

need to learn not only where to attend, but also how to package different elements into the verb 

referent. 

A classic study conducted by Forbes and Farrar (1995) reveals how reliance upon 

perceptually salient event features during verb learning shifts with development.  Three-year-

olds, 10-year-olds, and adults were shown videotaped novel events that had agent, instrument, 

manner, and outcome components.  Participants then saw the same event repeated three times 

(same condition), they saw three different versions of the event (different condition) with a 

change in a single component (e.g., agent change), or they saw three versions of the event in 

which every component was changed (mixed condition) except a single component (e.g., only the 

agent held constant).  At test, participants were asked whether the new verb could be generalized 

(e.g., ‘Was that verbing or was that something else?’) to an event with a particular change (e.g., 

agent change).  In this study, 3-year-olds in the same and different conditions were highly 

influenced by the training conditions and were less likely to extend the novel verb to perceptually 

distinct events than children in the other age group.   

To summarize, infants are sensitive to perceptual discrepancies between events, capable 

of segmenting complex events into relevant subcomponents, and can construct categories based 

on shared event features all within the first 12 to 14 months of life.  However, this knowledge 

does not seem to translate automatically into flexible event representations that adequately define 

the features of an acceptable event exemplar, constrain the limits of an unacceptable exemplar, 

and allow verb extension to a plausible (yet unlikely) exemplar.  Instead, this research suggests 

that initial event representations are fragile and that protracted development occurs between 12 

and 36 months.  This reveals a contradiction:  similar event components (e.g., people, objects, and 

actions) might yield more cohesive verb categories but make it more difficult to learn the 
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permissible limits of verb extension.  Thus, in order to form the type of flexible representations 

that come to be labeled by verbs, as with other word classes, infants must construct 

representations on the basis of essential meaning despite variations in the features of the action or 

event that constitutes the referent.    

This section has suggested that despite early-emerging sensitivity to the physical (e.g., 

spatial and temporal) properties of motion and action, the ability to construct robust event 

representations and flexibly extend newly acquired verbs to novel contexts may require infants to 

tap into additional sources of information.  Although there is evidence to suggest that 

nonlinguistic representations of actions appear to provide some of the distinctions children need 

to learn action labels, spatial cognitive abilities may not fully account for this process.  In many 

cases, it is difficult to know exactly how to package the continuous flow of information into the 

discrete actions that are labeled in the lexicon.  One core area that has been explored is infants’ 

ability to process the psychological motivations behind an actor’s behaviors as cues to verb 

meaning within events (Csibra, 2010; Tomasello, 2000).  Adults, for example, frequently rely on 

information about the intentions of an actor to help them determine the starting and ending points 

of an action (Graziano, Moore, & Collins, 1988; Hanson & Hirst, 1989; Newtson, 1973).  In the 

following section we explore children’s social cognitive abilities in relation to action and verbs.   

SOCIAL COGNITION AND ACTION 

Whereas attending to the spatial and temporal properties of action may facilitate the 

constraint of verb meaning to relevant action features, attending to goal-directed behavior and 

intention-in-action (Rakison et al., 2001) may facilitate a deeper and more flexible understanding 

of the meaning of actions embedded within complex events.  To illustrate the role that social and 

pragmatic sources of information play in event representation and verb learning, this section 

summarizes evidence for the development of infants’ ability to understand psychological 

causality, including goals and intentions.  There is evidence – as is the case for the spatial and 
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temporal properties of actions and events – that within the first year of life, infants pay attention 

to the desires and motivations that influence everyday actions.  We consider these skills to be 

relevant to social cognition.  Can these early abilities facilitate the formation of event 

representations and the acquisition of verbs given that verb learning, as we have shown, is such a 

protracted process?  The forthcoming sections focus on children’s ability to access social and 

pragmatic information within events as cues to verb meaning and reference.  

In the context of this review, psychological causality refers to an appreciation for the 

goals and intentions motivating human behavior.  It is important to briefly clarify the distinction 

between goals and intentions:  for the purposes of this paper, goals refer to the purpose or 

outcome of the action, while intentions refer to the mental states that motivate the action, and as 

such, can be considered independent of the action itself (Baron-Cohen, 1993).  Events frequently 

include both of these features:  the cat is thirsty (intentionality) and gets a drink (goal state) 

(Rakison et al., 2001).  It is possible, however, for an event to involve an observable goal-state or 

outcome, without any explicit intention.  For example, deciduous trees lose their leaves as the 

season changes, but they have no overt desire to engage in the process of abscission.  Thus, in 

exploring infants’ ability to represent psychological causality, we must differentiate their 

representation of causal consequences in the world and their ability to understand the relationship 

between mental states and individuals’ actions, which may not occur until well into the preschool 

years (Porath, 2003). 

CAUSAL PERCEPTION 

One of the central questions is how to tease apart infants’ sensitivity to the patterns of 

contingency within causal events from a true representation of the mental states that motivate 

intentional behavior.  A common method for investigating the origins of causal perception is to 

show infants launching events in which Object A approaches Object B, sending Object B into 

motion.  Leslie (1984) reported that 6-months-old infants respond to the spatial and temporal 
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changes occurring within launching events but are not capable of organizing these events based 

on causality.  That is, they do not discriminate causal from non-causal events and cannot yet 

assign causal roles (agent vs. patient) to the entities involved.  By 10 months of age, however, 

infants begin to process this type of launching event in terms of the relationship between the 

objects and they organize these events based on causality (Cohen & Oakes, 1993).  In particular, 

when single objects were used as an “agent” and a “recipient” in launching events, the infants 

were able to distinguish causal from non-causal events.  However, when multiple different 

objects were used during each habituation trial, infants no longer encoded the causal relationship 

(Cohen & Oakes, 1993).  This suggests that by 10 months, infants can extract the relation 

between objects and actions in order to construct an event representation based on causally 

related interaction, but the nature of their representations are tightly bound to the specific agent 

and action pair.  

COMMUNICATIVE INTENT 

Research has established that children make use of the richly textured social environment 

when reasoning about human actions in events (Tomasello, 1992, 1995).  Within the first year, 

there is evidence for the brain and behavioral basis of infants’ ability to detect communicative 

signals and recognize communicative intentions directed toward them (Csibra, 2010; Grossman, 

Parise, & Friederici, 2010).  Further, infants have demonstrated that they can attend to the 

relationships between actions and the end-state or outcome of events (Sommerville & Woodward, 

2005; Woodward & Sommerville, 2000).  This may be important because complex events tend to 

have subgoals (e.g., grasp the cup) embedded within the overarching purpose (e.g., sip the juice) 

and the ability to form a link between the actions that bring about the ultimate end-state may have 

implications for intentional understanding and language learning (Carey & Wagner, 2004).   

Woodward (1998), for example, found that at 5- and 9-months, infants preferentially 

attended to changes in the goal state of an adult’s reach (e.g., grasping an object) than to the path 
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of the reach, which may not be central to the event.  A recent study measured prefrontal cortex 

responses in 5-month-olds using near-infrared spectroscopy (NIRS) to examine the neural basis 

of detecting communicative signals across modalities in early development (Grossman et al., 

2010).  Infants watched human faces that either signaled eye contact or directed their gaze away 

from the infant, and they also listened to voices that addressed them with their own name or 

another name.  Results indicated that infants selectively processed and attended to communicative 

signals directed at them at this early age.  Between 9 and 12 months, infants were able to 

distinguish goal-directed paths from unmotivated trajectories while observing computer generated 

displays of geometric forms moving and interacting in various configurations (Csibra, Gergely, 

Biró, Koós, & Brockbank, 1999).  Other evidence suggests that goal-related features within an 

event continue to guide attention in children (Elsner & Pfeifer, 2012) and adults (Douglas & 

Sutton, 2003; Papafragou, 2010).  

Additional neural evidence supports the contention that infants have begun to analyze 

events in terms of underlying intentional information.  Electrophysiological data suggests that by 

8-months, infants are sensitive to perceptual discrepancies between complete and incomplete 

goal-directed action (Reid, Csibra, Belsky, & Johnson, 2007).  By 9 months, infants have at least 

some understanding of goal-directed behavior in familiar event contexts and use this information 

to make predictions about event outcomes (Reid et al., 2009).  In this study, EEG data was 

recorded while infants and adults observed simple action sequences (e.g., eating) in which the 

conclusion was either anticipated (e.g., pretzel in mouth) or unanticipated (e.g., pretzel to ear).  

Larger N400 components were found in response to the unanticipated conclusions to the action 

sequences suggesting that by 9 months, infants pay attention to goal-directed behavior and 

anticipate the outcome.  It is not clear from this research, however, whether infants’ ability to 

distinguish anticipated from unanticipated goal-states reflects early spatial cognition (e.g., 
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expecting a particular motion trajectory to the mouth) or social cognition (i.e., understanding the 

agent’s intended outcome).   

During the second year, research has demonstrated that children can analyze others’ 

actions in order to make intentional inferences about the underlying motivation.  In a now classic 

demonstration, 18-month-olds observed an experimenter attempt (but fail) to remove the ends 

from a dumbbell (Meltzoff, 1995).  Results showed that children imitated the intended rather than 

the executed action despite never having seen the action successfully completed.  Extending this 

finding, in Carpenter, Ahktar, and Tomasello (2000) an experimenter completed the same action 

distinguished only by the vocalization “There!” to indicate intent or “Whoops!” to indicate an 

unintentional result.  Fourteen and 18-month-old children more frequently imitated the intended 

rather than the unintended action based on social and pragmatic sources of information within the 

observed events.   

In sum, there is ample evidence for children’s ability to recognize intentions within a 

variety of pragmatic contexts emerging in the first year of life.  One question that remains is 

whether children’s ability to apply social and pragmatic sources of information lies in their 

sensitivity to perceptual differences in intentional behavior or in the appreciation of what these 

cues to behavior imply about the underlying motivations of the actor.  For example, it is possible 

that children are sensitive to the physical properties inherent in subtle social cues (e.g., eye gaze, 

facial expression, body motion), or that they actually understand more about the contexts for 

extending novel verbs based on others’ behaviors and incorporate this social and pragmatic 

information into their representations of novel verb meaning.  Regardless of the mechanism, it 

seems as though by 14 to 18 months, children have the conceptual foundations to support the 

acquisition of many verbs that encode causal relations between entities (e.g., chase, catch), 

outcomes or goals of causal sequences (e.g., open, break), and intentional vs. unintentional 

actions (e.g., pour vs. spill). 
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Can children use social and pragmatic sources of information within event structure to 

extract the meaning of a novel verb and attach a verb label?  In the following section, we explore 

research that has directly investigated the way in which children apply social cognitive processes 

to verb learning.   

SOCIAL COGNITION AND VERBS  

Prior to the time when they start adding verbs to their lexicon, young children already 

have an extensive understanding of social-pragmatics (Carpenter, Akhtar, & Tomasello, 1998; 

Gergely, Nadasdy, & Csibra, 1995; Leslie & Keeble, 1987; Meltzoff, 1995; Woodward, 1998). 

Some have argued that children are able to apply social cognitive abilities as they learn novel 

verbs.  In particular, children have been shown to infer the speaker’s attentional focus and 

communicative intent (Baldwin, 2000; Childers & Tomasello, 2002, 2006; Tomasello 1995; 

Tomasello, Strosberg, & Akhtar, 1996), as well as the intent of the actor (Behrend & Scofield, 

2006; Poulin-Dubois & Forbes, 2002).  Although such cues constrain possible verb meanings, we 

observe a similar pattern to that described in our exploration of spatial cognition.  Namely, the 

ability to apply social cognitive strategies depends largely upon the complexity of the verb-

learning context.  In particular, situations that have conflicting information (spatial versus social) 

reveal real-world limitations in verb learning.  

It has been hypothesized that social and pragmatic cues to intentional behavior act as 

organizing principles which scaffold infants’ ability to represent events involving human action 

and learn verb labels for the action encoded by these events.  However, there is still a significant 

delay before children can demonstrate their ability to apply these abilities to novel verb learning 

contexts.  Akhtar and Tomasello (1996) demonstrated that by 24 months of age, children are able 

to infer the intent of a speaker to name a novel action, even when they have never seen that action 

performed in the presence of that label.  Here the experimenter told children that they were going 

to “meek” Big Bird.  After searching, the experimenter informed the child that she could not find 
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Big Bird.  The target action was then performed with other objects but never labeled.  As a test, 

children were asked to “meek” a new character, Cookie Monster.  Two-year-old children were 

able to produce the action with the novel object at the same rate as a group of children who heard 

the label while the action was performed.  These results demonstrate children’s ability to use their 

understanding of a speaker’s communicated intent to resolve the problem of referential ambiguity 

and interpret the meaning of a novel verb by the second year.  However, in this context the action 

was highly salient and unambiguous: children were not required to carve up the extra-linguistic 

environment to determine the particular verb referent.  In contexts that require more sophisticated 

inferences (e.g., when perceptual information may conflict with intentional cues), children’s 

ability to integrate this information is not well understood.     

Indeed, applying social-cognition to disambiguate the intended referent for verb learning 

may be a more difficult process.  Picture a scenario in which a person is holding a pitcher and 

water is coming out.  Depending on the intention of the agent, this action may be an example of 

pour or spill.  Poulin-Dubois and Forbes (2002) explored whether access to actors’ intentions in 

21- and 27-month-olds could help them learn a novel verb.  Children were familiarized with 

novel verb labels for pairs of events.  Some pairs had different appearances and different 

outcomes as in align vs. insert.  Other pairs looked similar in appearance (e.g., same manner and 

outcome), but differed in the actor’s intentions.  For example, one pair of events included 

knocking over in which the actor watched his arm move an object (intentional), and toppling in 

which the actor was looking away when his arm moved the object (accidental). 

Looking times indicated that both groups of children were able to associate the novel 

verb labels with events that differed in both physical appearance and actors’ intentions and they 

could extend the verb labels to new exemplars of the align and insert events.  However, only the 

27-month-olds attended to the subtle differences between events that varied on intention alone 

(e.g., via behavioral cues such as eye gaze and hand gesture) and were able to learn the novel 
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verb labels for these events (e.g., topple and knock over).  Thus, they relied on intentional cues to 

interpret the meaning of a novel verb.  Although sensitivity to social and pragmatic information 

emerges quite early, the ability to apply this information to learn new verb labels and extend them 

to novel event exemplars may be a protracted process emerging around 27-months.  Importantly, 

the relation between spatial- and social-cognitive processes may be more significant than 

previously thought.  How these sources of information work independently and in conjunction is 

not well understood.  Further, we have little to no evidence for the neural mechanisms that 

support children’s ability to use this type of information for verb learning.   

Directly exploring the relation between these sources of information will be important for 

future research.  One study evaluated the relative contribution of spatial (i.e., perceptual salience) 

and social (i.e., communicative intent) sources of information within a verb-learning paradigm 

(Brandone, Pence, Golinkoff, & Hirsh-Pasek, 2007).  Twenty-two and 34-month-old children 

learned a pair of actions and an associated label for one of the actions.  Cues to the referent were 

either aligned (perceptual outcome plus communicative intent) or were put into conflict (the 

target action had no salient perceptual outcome).  Results demonstrated that younger children 

were successful in learning a novel verb only in the condition in which perceptual cues coincided 

with intentional cues to the verb’s meaning.  When presented with conflicting information, 

children failed.  Young 2-year-olds could not override the perceptual salience of a competing 

action’s results in order to attach a label to an action without a result.  That children failed this 

transparent task suggests that the appealing result of an action (or actions) that the child could 

produce apparently disrupted attention to verb learning.  By 34-months, however, children were 

able to set aside their preference for action salience and attend to important social cues to the 

verb’s meaning.  
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SUMMARY 

We have reviewed evidence suggesting that children have access to social and pragmatic 

sources of information within the first year of life and can apply this information to begin to 

process several kinds of intentional relations within prototypical events.  The ability to 

incorporate psychological causality into early event representations may provide the cognitive 

foundation for the acquisition of many types of verbs.  However, we observe a similarly 

protracted period of development before children seem proficient at accessing this information for 

verb learning.  Thus, we propose that future research will need to investigate how children 

integrate diverse (and frequently conflicting) information across situational contexts in support of 

verb learning.   

CONCLUSION 

Emerging accounts of verb learning suggest that children must integrate myriad cues as 

they acquire new words (Hills, Maouene, Maouene, & Smith, 2009).  Indeed, word-learning 

behaviors may emerge from the moment-to-moment interaction of the infant’s previous 

experience, immediate word-learning context, and the extralinguistic environment (Smith & 

Samuelson, 2003; Samuelson & Perone, 2010).  We have argued that investigating spatial- and 

social-cognition provides an inclusionary framework for understanding event representation and 

verb learning in early childhood.  Our review of the literature reveals that in some cases spatial 

and social representations provide a firm ground on which action words can be mapped.  In other 

cases, spatial and social information may be less informative.  In either case, the mapping 

between verbs and actions is complex. 

Since children recognize subtle perceptual differences between events, segment events 

into relevant subcomponents, and categorize events along non-obvious features, it might be 

expected that these abilities can be recruited when learning the meaning of a novel verb and 

generalizing newly learned verbs to different contexts.  However, evidence for children’s ability 
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to use this information during verb learning is still inconclusive.  Similarly, since children are 

privy to a range of social cues that support communicative inference, it might be expected that 

these abilities lead directly to verb learning even in situations with relative referential ambiguity.  

However, it is unclear whether and to what extent children can integrate sources of information 

across multiple levels of analysis.  We propose that children must integrate information across 

spatial and social cognition to build connections between verb and event knowledge.   

In sum, the research presented here indicates that acquiring the meaning of words 

denoting simple motor events (i.e., verbs) is a complex process that brings together conceptual 

information beyond the perceptual and sensorimotor information related to the physical 

characteristics of the event.  Thus, although evidence exists for children’s use of preferences 

based on perceptual or social salience to determine the referential focus of a novel verb, research 

also suggests that these preferences are not sufficient.  In order to successfully map an action or 

event onto a verb, children must rely on some combination of perceptual cues, linguistic 

information, and social intent.  As of yet, it is unclear how young children coordinate these cues. 

The issues outlined above motivate a series of investigations that examine the state of children’s 

event representation and its influence on verb-to-action mapping.  Specifically, we have 

examined empirical evidence for children’s ability to apply this information to the dual task of 

event representation and verb learning.  However, this research leaves open questions as to which 

sources of information are most informative what types of mechanisms support the ability to 

recruit these sources of information for verb learning.  It is therefore a major goal of this 

dissertation to investigate the sources of information that contribute to early action processing 

(Chapters 2 and 3) and explore how this information may contribute to verb-to-action mapping 

(Chapters 4 and 5) within brain and behavior.   
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CHAPTER 2: EVENT-RELATED POTENTIALS TO INTACT AND 
DISRUPTED EVENTS IN CHILDREN AND ADULTS 

ABSTRACT 

The present research utilized event-related potentials (ERPs) to investigate neural 

responses to intact and disrupted actions embedded within an event in children and adults.  

Electrophysiological responses were recorded as 24-month-olds and adults observed a relatively 

novel event comprised of three actions.  In one condition, pauses were inserted at intact 

boundaries (i.e., at the end-point of each action), whereas in the other condition they occurred at 

disrupted breakpoints (i.e., in the middle of each action).  Evoked responses revealed differences 

in both groups:  disrupted actions elicited a prolonged negative slow wave from 100 to 700 ms in 

children, whereas adults demonstrated two distinct negative peaks between 50–150 and 250–350 

ms.  These findings contribute the first electrophysiological evidence that children readily detect 

disruptions to ongoing events by the end of the second year, even with limited exposure to the 

event itself.  Further, they suggest that adults rely on two distinct mechanisms when processing 

novel events.  Results are discussed in relation to the role of perceptual and conceptual levels of 

analysis in the development of action processing. 

INTRODUCTION 

From the very beginning, human action unfolds around infants and young children.  The 

temporal and hierarchical organization of these actions is a crucial component of event meaning.  

Take, for example, the busy parent who is simultaneously preparing for work and getting her 

children ready for school.  Mother’s dressing and collecting of her documents is distinct from 

dressing her children and preparing breakfast.  Each event is comprised of action units that, in 

sum, distinguish it from simultaneously occurring events as well as from events that have 

occurred in the past or may occur in the future.  The ability to detect relevant action units within 

the event stream may serve as a foundation for forming logical conclusions about observed 
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behaviors, planning and executing appropriate responses within a dynamic environment, and 

developing an understanding of what people do and why they do it.  To date, however, we have 

very little evidence as to how children process unfamiliar events, and we know even less about 

the development of neural mechanisms that subserve this ability.  The present paper contributes 

to the field by bringing neurophysiological evidence to bear on the question of whether observed 

human action is processed meaningfully from early in life.  

Multiple sources of information operating in tandem facilitate adults’ ability to process 

(Raisig, Welke, Hagendorf, & van Der Meer, 2010; Zacks & Swallow, 2007) and evaluate the 

rationality of actions (Jastorff, Clavagnier, Gergely, & Orban, 2011) with bottom-up perceptual 

cues complementing top-down conceptual knowledge (Zacks & Tversky, 2001).  Whereas a 

substantial body of literature suggests that children also exhibit at least some ability to evaluate 

the rationality of observed actions within the first and second years (Biró, Csibra, & Gergely, 

2007; Klossek & Dickinson, 2012; Király, Jovanovic, Prinz, Aschersleben, & Gergely, 2003), 

greater uncertainty surrounds the mechanisms that subserve this developing capacity.  According 

to the ‘teleological’ stance, 12-month-olds evaluate action as it pertains to the intended goal and 

situational constraints (Gergely & Csibra, 2003); adults rely on the same trichotomy (i.e., action, 

goal, constraints) but extend their representations by attributing mental intentional states to the 

agent.  Alternatively, it has been suggested infants’ ability to evaluate others’ actions may reflect 

a statistical learning mechanism (Cicchino, Aslin, & Rakison, 2011; Kirkham, Slemmer, & 

Johnson, 2002; Olofson & Baldwin, 2011).  In one recent study, adults rapidly modified their 

expectations whereas 9-month-olds continued to predict an inefficient action based on frequency 

of exposure (Paulus et al., 2011).  Whether and to what extent action processing in children is 

similarly governed by perceptual versus conceptual processes, and whether the two systems are 

both activated in response to relatively novel events is currently unknown.   
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To address this issue, the present study utilized event-related potentials (ERPs: electrical 

activity time-locked to the presentation of a stimulus and recorded at the scalp) to measure neural 

responses as children and adults observed a relatively novel event comprised of three actions in 

which an agent manipulated objects.  For the purpose of this paper, we consider an “event” to be 

a set of interrelated agents, actions, and objects situated in a specific time and space.  Importantly, 

in the present research, there are temporal contingencies between actions within the larger event 

such that the completion of each action leads logically and proximally to the beginning of the 

next.  This is consonant with usage in developmental literature focusing on event perception 

(Baillargeon & Wang, 2002; Johnson, Amso, Frank, & Shuwairi, 2008), event segmentation 

(Baldwin, Baird, Saylor, & Clark, 2001; Friend & Pace, 2011), and event memory (Bauer et al., 

2006; Carver, Bauer, & Nelson, 2000).  The event was relatively novel in the sense that 

participants had not previously observed this particular sequence of actions involving this unique 

combination of objects.  Thus, we could be sure that participants had not established any a priori 

expectations about the event.  We emphasize novelty to contrast with previous research that has 

focused on familiar, everyday events such as eating or washing the dishes (Baldwin et al., 2001; 

Meints, Plunkett, & Harris, 2008; Reid et al., 2009).  The increased processing of unexpected 

variations in familiar events suggests early sensitivity to violations of rationality.  In the present 

study, we ask whether children evince similar sensitivity in unfamiliar events. 

Several questions regarding the development of early rationality emerge from the 

literature on action perception and comprehension in young children.  Foremost is how observers 

construct accurate representations of events, especially when they are initially encountered.  

Developing the ability to perceive the hierarchical organization of an event may lay the 

groundwork for more sophisticated action interpretation (Reid, Hoel, Landt, & Striano, 2008). 

Converging behavioral and neural evidence has demonstrated that adults rapidly and 

automatically process events at multiple levels, moving seamlessly between fine-and coarse-
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grained representations (Newtson, 1973; Newtson & Enquist, 1976; Zacks & Tversky, 2001).  

Fine- and coarse-grained representations, in turn, correspond to distinct levels of analysis.  For 

example, even an everyday event such as making a sandwich can be divided in myriad ways.  

Segments of action such as opening the refrigerator and selecting the ingredients can be further 

dissassembled at fine-grained breakpoints that tend to coincide with perceptual changes in 

velocity or trajectory (e.g., grabbing the handle, swinging the door open, bending down to peruse 

the shelves, etc.).  Linking these segments together at a coarse-grained level allows the event to 

be characterized conceptually in terms of goals (e.g, she is preparing lunch) and intentions (e.g., 

because she is hungry).  Although these processes have been studied extensively in adults, much 

less is known about their development in young children.  

The present paper explores the neurocognitive mechanisms that subserve children’s 

developing capacity for action processing, with specific interest in the role of perceptual and 

conceptual levels of analysis.  Here, we define perceptual levels as based on observable features 

of dynamic motion (e.g., trajectory and velocity) and conceptual levels as based on nonobservable 

features related to psychological attributes abstracted from the event context (e.g., goals and 

intentions).  It is important to emphasize that these levels of analysis are not mutually exclusive:  

event representations constructed from observable, perceptual features may overlap in many ways 

with those constructed from conceptual inferences.  Moreover, the rationality of many actions can 

be readily evaluated from information that is perceptually available.  For example, take the case 

of a woman reaching for a glass of water.  We can determine that she extends her arm across the 

shortest distance with acceleration early in the reach and deceleration as she approaches the glass 

using perceptual cues to velocity, trajectory and spatial location.  Conceptually, we can infer that 

she is thirsty or that she needs to put out a fire depending on the context.  What if she fails to 

reach the glass or pauses inexplicably in her reach?  These are deviations in the expected course 

of the event that can be detected perceptually but may be understood perhaps only by conceptual 
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inference.  As this example illustrates, multiple levels of analysis contribute to understanding 

observed human action.  Whether young children spontaneously process novel events at both 

perceptual and conceptual levels remains a pressing question in the literature on how children 

develop an understanding of rational actions. 

Behavioral evidence suggests that infants develop early and robust sensitivity to 

perceptual information, rooted in their proclivity to attend to spatial and temporal properties of 

motion within dynamic events.  Fourteen- and 17-month-old infants, for example, were able to 

discriminate both path (i.e., the trajectory of a figure) and manner (i.e., the way in which an 

action was performed) in a nonlinguistic animated motion event (Pulverman, Golinkoff, Hirsh-

Pasek, & Sootsman-Buresh, 2008).  The ability to parse continuous action into discrete units may 

arise within a similar time frame.  For example, infants have been shown to individuate different 

actions from a heterogeneous sequence (Sharon & Wynn, 1998; Wynn, 1996), recognize a 

familiar pattern of motion embedded within a more complex event (Hespos, Saylor, & Grossman, 

2010), and develop explicit memory for a novel multi-step event within the first and second year 

(Bauer et al., 2006; Carver et al., 2000).  By 24-months, infants are able to spontaneously 

segment a sequence of three relatively novel actions and isolate the specific actions at coarse 

action boundaries (Friend & Pace, 2011).  Discriminating action steps using perceptual 

information may be a precursor for efficient action perception.    

Do infants also represent the conceptual structure of an event or, alternatively, can early 

rationality be explained primarily in terms of surface-level features such as patterns of motion in 

human action?  Behavioral evidence suggests that infants begin to interpret observed action in 

terms of goals by the end of the first year (Csibra, Bíró, Koós, & Gergely, 2003; Csibra & 

Gergely, 2007; Csibra, Gergely, Bíró, Koós, & Brockbank, 1999; Lakusta, Wagner, Hearn, & 

Landau, 2007).  In one study, Baldwin et al. (2001) demonstrated that 10- and 11-month-old 

infants segment events at intentional boundaries by attending to patterns of spatial and temporal 
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motion that reflect the agent’s intentions.  Infants were habituated to videos of everyday events 

(e.g., washing dishes).  At test, they showed renewed interest in these videos when pauses were 

inserted at intervals that interrupted ongoing activity, but not when pauses were inserted at natural 

action boundaries.  These findings indicate that infants can detect disruptions within familiar 

events.  The authors interpret these results to suggest that infants are sensitive to the abundance 

and redundancy of cues at multiple levels and that they use this information to make sense of 

event structure and interpret others’ actions.  However, since fine- and coarse-grained boundaries 

frequently coincide in time and space (Zacks & Swallow, 2007), it is not clear whether 

participants used bottom-up perceptual properties of motion-in-action or top-down conceptual 

inferences about the actor’s intentions to parse ongoing action.  

The method of ERPs is particularly suited to explore bottom-up versus top-down 

processing in children’s action perception for two principal reasons.  First, it affords a 

noninvasive, online measure of the way in which a stimulus is processed without the requirement 

of a behavioral response (Männel, 2008).  Second, previous research involving adults has 

suggested that perceptual and conceptual processes may be dissociable on the basis of ERP 

measurements that differ in latency and amplitude (Federmeier & Kutas, 2001).  This 

methodology is guided theoretically by an interest in identifying, at the neurophysiological level, 

the mechanisms that support toddlers’ analysis of events and the actions of which they are 

comprised.  To this end, differences in the amplitude of components between conditions can be 

used to infer the extent to which neural activity is generated in response to disrupted, relative to 

intact, actions within a novel event (Luck, 2005).  Differences in latency from stimulus onset 

reflect relative processing speed:  in general, earlier components are associated with perceptual 

processing whereas later components are associated with conceptual processing (Thierry, 2005).  

Finally, scalp distribution provides gross spatial information about the underlying neural 

networks that may be involved in processing and evaluating observed human action.  Differences 
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in neurophysiological responses to intact and disrupted actions permit exploration of whether 

novel events are processed at both perceptual and conceptual levels by 24 months of age.  

Two previous studies have explored the neural correlates of everyday event processing in 

children.  Reid, Csibra, Belsky, and Johnson (2007) identified increased gamma-band oscillations 

in response to incomplete compared to completed familiar action (e.g., pouring) at 8-months, 

suggesting that infants detected the interruption of observed goal-directed activity.  In another 

collaboration, Reid et al. (2009) investigated electrophysiological responses in adults and infants 

at 7- and 9-months to anticipated and unanticipated outcomes.  Participants observed an everyday 

event (e.g., eating) in which three images were presented onscreen consecutively.  The first image 

displayed the general context of the action (e.g., a man holding a bagel); the second displayed the 

action initiation (e.g., the man opens his mouth and moves the bagel closer); the third displayed 

either an anticipated conclusion (e.g., the man eats the bagel) or an unanticipated conclusion to 

the sequence (e.g., the man puts the bagel to his ear).  ERPs revealed differential processing of 

anticipated versus unanticipated final images by 9-months, suggesting that infants develop early 

sensitivity to incongruous conclusions in familiar contexts and that this information influences 

expectations about outcomes.  Until now, however, there has been no neurophysiological 

investigation into the way in which children process novel events.  

Of interest in this paper is whether the ability to detect event disruptions is realized in 

response to unfamiliar events.  To address this question, we presented 24-month-old children and 

adults with a relatively novel, three action event in which pauses were inserted at intact action 

boundaries (i.e., at the end-point of each action) or disrupted breakpoints within the action (i.e., in 

the middle of each action) and measured the neurophysiological response using event-related 

potentials.  Components within two distinct time windows are of interest.  First, early-latency 

components identified in the first ~100-200 ms are thought to reflect brain activity governed by 

perceptual analyses of the input in adults and children (Fonaryova Key, Dove, & Maguire, 2005; 
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Hillyard, Teder-Sälejärvi, & Münte, 1998; Holcomb, Coffey, & Neville, 1992; Kutas & 

Federmeier, 2011; Thierry, 2005).  This early time window is expected to capture components 

that may reflect sensitivity to perceptual disruptions within the novel event (e.g., violations of the 

expected spatial and temporal pattern).   

Second, mid-latency components identified after ~200 ms are thought to reflect 

conceptual processing of event meaning using goal-related or intentional information.  In adults, 

previous research on how meaning is gleaned from nonlinguistic events has identified larger 

negative deflections between 250 and 500 ms to images that were incongruent with the event 

context than to those that were congruent (Bach, Gunter, Knoblich, Prinz, & Friederici, 2009; 

Hamm, Johnson, & Kirk, 2002; Sitnikova, Kuperberg, & Holcomb, 2003; West & Holcomb, 

2002).  Peaks within the early portion of this time window tend to display a fronto-central 

maximum at approximately ~325 ms and are thought to reflect modality-specific conceptual 

processing that is particular to pictorial stimuli and is not based on linguistic mediation (N300;  

Federmeier & Kutas, 2001; Hamm et al., 2002; McPherson & Holcomb, 1999; West & Holcomb, 

2002).  Peaks within the later portion of this time window tend to display more widespread 

negativities maximal at approximately ~450 ms (N400; Barrett & Rugg, 1990; Federmeier & 

Kutas, 2001; see also Kutas & Federmeier, 2011), and are thought to reflect a “unification” 

process in which meaning is extracted from the observed event and integrated with stored multi-

modal (i.e., linguistic and nonlinguistic) event knowledge (Hagoort, Baggio, & Willems, 2009; 

Kutas & Federmeier, 2011; West & Holcomb, 2002).  Relative to adults, these mid-latency 

components have a tendency to occur at a delay of approximately 50-100 ms in young children 

(Friedrich & Friederici, 2005; Männel, 2008). 

The hypothesis that young children and adults are sensitive to both perceptual and 

conceptual information within nonlinguistic motion events leads to several predictions.  For 

adults, we expect a clearly discernible peak in response to the disrupted relative to intact actions, 
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reflecting the detection of perceptual discrepancies between conditions within ~200 ms of 

stimulus onset.  For 24-month-olds, we expect that disrupted actions will generate significant 

differences between conditions within this early time window (~0-200 ms).  The presence of an 

early-latency effect in children’s waveforms would be consistent with the interpretation that 

toddlers initially process new events at a perceptual level, perhaps relying on spatial and temporal 

information.    

If young children and adults attach meaning to novel events, we would expect enhanced 

activation of mid-latency components in response to disrupted actions within our second window 

of interest.  For both children and adults, we expect disrupted actions to elicit enhanced 

processing (i.e., greater negative amplitudes) within the mid-latency window (~200-500 ms in 

adults; ~300-600 ms in children).  It is as yet unknown whether event disruptions elicit effects 

characteristic of the modality-specific N300 component, or the modality-independent N400 

component.  A main effect of condition within this mid-latency window would be consistent with 

the interpretation that young children and adults activate conceptual processing to evaluate 

observed human action, even in the context of novel events.  

METHOD 

PARTICIPANTS  

Twenty (N = 20) undergraduates (15 females and 5 males) received course credit for their 

participation.  These numbers reflect the gender distribution of our participant pool.  Eleven 

additional participants were not analyzed due to excessive noise or motion artifact (N = 4), or to 

equipment failure or experimental error (N = 7).  Fourteen 24-month-olds (6 girls and 8 boys) 

were also tested (Mean age = 23.2 months; range 22.9 - 26.7 months).  Additional toddlers were 

tested but were excluded due to fussiness (N = 2), equipment failure or experimenter error (N  = 

11); or excessive noise or motion artifact (N = 7).  All toddlers were recruited from a city in 

Southern California and were born full-term (37-41 weeks).  For inclusion in the grand average, 
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adults were required to have at least 20 artifact-free trials in each condition and toddlers were 

required to have at least 15.  

MATERIALS 

Toddlers were shown a video of a female agent performing a sequence of three, relatively 

novel actions involving unfamiliar objects.  The three actions were constructed into an activity 

station to facilitate a single, fluid event following Friend & Pace (2011).  In the first action, the 

agent placed a clown in a truck and pushed a button causing the truck to move along a track.  

Next, she removed the clown from the truck, placed it in a basket and hoisted it up to the top of a 

frame using a pulley.  In the final action, she placed the clown into a car and pushed the car down 

a curved ramp.  The activity station was organized so that each action led logically and 

proximally to the next.  For example, in Action 1, the truck moved along a track until it stopped 

below the pulley; in Action 2, hoisting the clown with the pulley brought it to the top of the 

platform above the curved ramp where the car for Action 3 awaits.  The duration of the completed 

event was 13 seconds; the video was looped 12 times so that the entire video lasted for 

approximately 2 minutes and 36 seconds.  All participants included in the sample attended to the 

video for at least 50% of the duration as noted by the experimenter with a stopwatch (M = 2:05; 

range: 1:19-2:30) and were required to watch at least one full loop including the three actions.  

The video phase served to introduce toddlers to the uninterrupted event.   

This particular event was selected for three reasons.  First, it is a relatively novel, yet 

sensible sequence of three actions.  This allowed us to control exposure to the event to assess 

children’s perception of actions that had not been encountered previously and to determine 

whether children’s ability to process observed human action is grounded in event familiarity or 

can be applied to relatively novel contexts.  Second, action processing in adults is guided by both 

perceptual and conceptual information (Baldwin et al., 2008; Tversky et al., 2008; Zacks & 

Swallow, 2007).  The use of a relatively novel event provided means for exploring the way in 
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which toddlers and adults use multiple sources of information to process unfamiliar events.  

Finally, in previous research (Friend & Pace, 2011), toddlers spontaneously segmented an 

unfamiliar event into three discrete actions at coarse-grained boundaries (i.e., Action 1, 2, and 3) 

in the absence of communicative intent demarcating action boundaries.  The current study allows 

us to extend these findings to explore the neurocognitive mechanisms underlying the process of 

event representation.   

For ERP testing, adult and toddler stimuli were identical.  The event was filmed using a 

Canon ZR45 MC Hi-8 digital Camcorder and the video was digitized using iMovie into 260 still 

frames (at 20 fps).  Stimuli consisted of a sequence of 30 still images selected by the authors that 

captured the defining structure of the event.  Thus, each Action (1, 2, 3) was represented by ten 

still frames.  Presentation of still frames in lieu of video has been used in to study gesture 

(Sheehan, Namy, & Mills, 2007; Stürmer, Aschersleben, & Prinz, 2000), sign language (Neville 

et al., 1997), action perception (Kourtzi & Kanwisher, 2000), event representation (Reid et al., 

2009), and the effect of visually depicted actions (e.g., punching, applauding) on language 

comprehension (Knoeferle et al., 2011).  Static frames were chosen because they provide a clear 

onset for time-locking the ERP stimuli and research indicates that they are processed in ways 

similar to dynamic events (Bach et al., 2009).  

ERP DESIGN & PROCEDURE 

Participants were seated in a dimly lit room approximately 30 inches away from a 

computer monitor.  Adult participants were instructed to pay attention for the duration of the 

experiment and to blink when they saw the blank screen between trials; they were not required to 

make any overt responses or perform a task during observation.  This paradigm was selected for 

four reasons: 1) Previous research has shown similar neural activation during both passive 

observation (i.e., no overt response required) and active observation such as participants pressing 

a button to indicate action boundaries (Zacks & Swallow, 2007); 2) The presentation of stimuli 
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was of short enough duration (4 minutes) that adults could attend without external reminders; 3) 

We wanted to facilitate comparison with children’s ERP responses; and finally, 4) In some cases, 

overt responses have been shown to obscure effects in the 300–500 ms latency window (Kutas & 

Hillyard, 1989; Kutas & Van Petten, 1994; Picton et al., 2000).  Toddlers viewed the stimuli 

while seated on their parent’s lap.  In child-directed speech, the experimenter instructed toddlers 

to pay attention while they watched a movie.  

Presentation of the visual stimuli lasted for approximately 4.5 minutes and consisted of a 

single block of 100 trials.  Each trial consisted of the presentation of the still frames representing 

Action 1, 2, and 3.  Frames remained on screen for 150 ms each and were presented in rapid 

succession (<10ms ISI) to preserve temporal dependencies within the event.  There were two 

within-subjects conditions: Intact and Disrupted.  In the Intact condition, the final frame of each 

action was repeated three times creating a 450ms ‘pause‘ that marked the naturally occurring 

boundary between actions (Figure 2.1).  In the Disrupted condition, the frame that interrupted the 

action of both the agent (i.e., experimenter) and the object (i.e., the clown) was repeated to create 

a 450ms ‘pause’ that interrupted the action at an unnatural location (Figure 2.2).   

 
Figure 2.1. Still frame depicting the completion of Action 2 in the Intact Condition. 
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Figure 2.2. Still frame depicting the interruption of Action 2 in the Disrupted Condition. 

Controls were implemented to ensure that any effect of condition would be attributable 

solely to the position of the temporal violation either at the natural action boundary or in the 

midst of the action: (1) Identical frames occurred in both conditions; the only difference was the 

location of the simulated pause; (2) Each still frame appeared an equal number of times in both 

conditions for a total of 100 trials; and (3) Conditions were randomized so that no more than two 

presentations of either condition occurred consecutively.  The ERP recording epoch was time-

locked to the onset of the final presentation of the repeated frame and continuous EEG was 

recorded for an epoch of 700ms after each pause.  There was a randomized ITI of 700-1100ms 

between each consecutive presentation to avoid expectancy effects due to the repetition of stimuli 

(Picton et al., 2000; Figure 2.3).  



60 

 

 

Figure 2.3. Timing of stimulus presentation for Disrupted Actions. 

ERP RECORDING & ANALYSES  

Adults and children wore a standard, fitted cap (Electrocap International, Eaton, OH) 

with electrodes placed according to the international 10-20 system.  Continuous EEG was 

recorded with a NeuroScan 4.4 System (Compumedics, Charlotte, NC, USA) with a reference 

electrode at Cz and re-referenced offline to the average activity at left and right mastoids.  ERPs 

were recorded at 33 scalp locations using silver/silver-chloride (Ag/AgCl) electrodes at standard 

sites (Pz, Fz, O1, O2, P3, P4, T3, T4, T5, T6, C3, C4, Cz, F3, F4, F7, F8, A1, A2) and additional 

sites (CPz, FCz, CP5, CP6, CP1, CP2, FC1, FC2, FC5, FC6, FP1, FP2, AF7, AF8).  Electrode 

resistance was kept under 10kOhms.  Continuous EEG was amplified with a lowpass filter 

(70Hz), a directly coupled highpass filter (DC), and a notch filter (60Hz).  The signal was 

digitized at a rate of 500 samples per second via an Analog-to-Digital converter.  Eye movement 

artifacts and blinks were monitored via horizontal electrooculogram (EOG) placed at the outer 

canthi of each eye and vertical EOG placed above and below the left eye.   

All trials were scanned offline for artifacts; trials containing eye blinks–characterized by 

amplitude greater than 150mV resolving within 150 ms over frontal and EOG electrodes–were 

excluded from the data.  In addition, trials in which the amplitude of the activity deviated more 
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than 200mV from the baseline were excluded from further analyses.  Brain activity for both Intact 

and Disrupted conditions was averaged across multiple stimulus presentations.  After artifact 

rejection, adult participants provided an average of 32 trials in the Intact condition (SD: 6.06; 

range: 20-43) and 32 trials in the Disrupted condition (SD: 6.63; range: 21-42); toddlers provided 

26 in the Intact condition (SD: 6.07; range: 17-35) and 28 trials in the Disrupted condition (SD: 

5.76; range: 18-36).  There were no significant differences in the number of trials analyzed 

between groups, t(33) = 1.096, p = .281, and no significant differences in the number of trials 

analyzed by condition in children, t(13) = 1.660, p = .121, or adults, t(19) = .100, p = .921.  The 

ERP data were then averaged across conditions at electrodes of interest, creating grand-averaged 

waveforms.  To compare the effects elicited by the different conditions (Intact; Disrupted), 

average ERPs were quantified by calculating the peak amplitudes within time windows of interest 

for adults and mean amplitudes within consecutive time windows of 100 ms duration for children. 

Selection of specific electrodes within our regions of interest was guided primarily by the 

only previous study that has compared ERP components associated with action processing in 

young children and adults (Reid et al., 2009).  Findings from this research identified activation at 

broad scalp locations including frontal, central, and parietal sites.  Mean amplitudes for children 

were calculated for consecutive time windows of 100 ms duration between 100 and 700 ms 

following stimulus onset since no clear peaks were identified, as is standard in the developmental 

literature (Friedrich & Friederici, 2005).  For adults, peak amplitudes were calculated for time 

windows with discernible peaks (50-150 ms and 250-350 ms); and mean amplitudes were 

calculated for additional windows of interest (350-500 ms and 500-700 ms).   

Planned analyses were guided by previous ERP research that has identified components 

associated with nonlinguistic action processing (Reid et al., 2009; Sitnikova, Holcomb, Kiyonaga, 

& Kuperberg, 2008; West & Holcomb, 2002).  The resulting data in each time window were 

analyzed via two separate ANOVAs for repeated measures in order to examine significant 
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differences occurring between hemispheres and at the midline.  For lateral sites, three-way 

ANOVAs with condition (Intact versus Disrupted), hemisphere (left versus right), and region 

[frontal (F3/F4), central (C3/C4), parietal (P3/P4), and occipital (O1/O2)] as within-subjects 

factors were conducted for each group separately.  For midline sites, two-way ANOVAs with 

condition (Intact versus Disrupted) and region [frontal (Fz), central (Cz), and parietal (Pz)] as 

within-subjects factors were performed.  Greenhouse-Geisser adjustments to degrees of freedom 

were applied to correct for violation of the assumption of sphericity; the reported numbers reflect 

the original degrees of freedom with the corrected p-values.  Paired-samples t-tests were 

conducted to follow-up significant effects; reported p-values reflect Bonferroni adjustments for 

multiple comparisons.  

RESULTS 

ADULT RESULTS 

Figure 2.4 displays the adult grand average ERP waveforms (N = 20) for Intact and 

Disrupted conditions at our electrodes of interest.  The waveforms reveal differential processing 

of intact and disrupted events at central and parietal sites.  No significant effects were found at 

occipital leads so this region was excluded from additional analyses (p > .05 for all time 

windows).  Waveforms for disrupted events are more negative than those for intact events.  The 

ERPs elicited by intact actions display two small negative peaks at ~120 ms and ~286 ms, 

followed by an extended positivity.  The ERPs elicited by disrupted actions display enhanced 

peak negativities at ~110 ms and ~287 ms, followed by a long slow positivity similar to that 

observed for intact events.    
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Figure 2.4. Grand average ERPs for adults (N = 20) in response to Intact and Disrupted 
Events at frontal, central, and parietal sites. 

50-150 ms Window 

A clear negative-going peak was observed during this time window (50-150 ms) in adult 

waveforms.  A repeated measures ANOVA at midline sites reveals a main effect of condition, 

F(1,19) = 5.118, p = .036.  The amplitude of this component showed greater negativity in 

response to disrupted relative to intact actions.  An Region X Condition interaction was also 

observed, F(2, 38) = 4.713, p = .015.  Planned comparisons indicate that this effect was driven by 

significant differences at central and parietal midline sites: Cz, t(19) = 2.192, p = .041 and Pz, 

t(19) = 3.218, p = .005.  There were no significant effects at lateral electrode sites within this time 

window. 

250-350 ms Window 

During this window (250-350 ms), a second negative-going peak was observed in adult 

waveforms.  Disrupted actions elicited greater negative peaks than intact actions at the midline.  

Midline analyses reveal a main effect of Region, F(2, 38) = 5.879, p = .011 and a main effect of 
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Condition, F(1, 19) = 6.090, p = .023, with a Condition X Region interaction, F(2, 38) = 6.897, p 

= .011.  Planned comparisons reveal that amplitudes were consistently more negative in response 

to disrupted when compared with intact actions and that central and parietal midline sites 

continued to drive this effect: Cz, t(19) = 2.550, p = .020 and Pz, t(19) = 4.184, p = .001.  In 

addition, analyses of lateral sites reveal a main effect of Condition, F(1, 19) = 7.235, p = .015.  

Pairwise comparisons show that this effect was driven by central and parietal sites in the left and 

right hemisphere: C4, t(19) = 2.293, p = .033; P3, t(19) = 3.242, p = .004; and P4, t (19) = 2.086, 

p = .050.  

350-500 ms and 500-700 ms Windows 

Analyses of mean amplitudes from 350–500 ms reveal a significant effect of Region at 

midline sites: F(2, 38) = 9.410, p = .003.  In addition, a main effect of Condition and a Region X 

Condition interaction approached conventional significance, F(1, 19) = 4.164, p = .055 and F(2, 

38) = 3.788, p = .053.  Pairwise comparisons indicate that this marginal effect was driven by 

significant differences at Cz,  t(19) = 2.140, p = .046 and Pz, t(19) = 3.296, p = .004.  Analyses of 

mean amplitudes from 500–700 ms reveal a main effect of Region at midline sites, F(2, 38) = 

12.918, p = .001.  Post-hoc estimated marginal means indicate that amplitudes were greater in the 

frontal and central as compared to parietal regions across conditions during this time window.  

There were no significant effects at lateral sites in the frontal, central, parietal, or occipital regions 

(F3/F4, C3/C4, P3/P4, O1/O2) during either time window.  

CHILD RESULTS 

Figure 2.5 displays the grand average ERP waveforms of 24-month-olds (N = 14) in 

response to the Intact and Disrupted conditions.  The waveforms reveal a prolonged negativity in 

response to disrupted versus intact actions distributed broadly across midline and lateral sites.  

Waveforms for disrupted actions are more negative than those for intact actions throughout the 

duration of the recording epoch, with our windows of interest differing primarily in the 
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distribution of activation across sites.  To preserve this dynamic aspect of the child waveform 

data we report effects across the entire recording epoch with a particular focus on characterizing 

changes in the distribution of activity over time.   

 

Figure 2.5. Grand average ERPs for children (N = 14) in response to Intact and 
Disrupted Events at frontal, central, and parietal sites.  

Repeated measures ANOVAs reveal significant effects of condition at midline sites (Fz, 

Cz, Pz) from 100 to 700 ms and lateral sites (F3/F4, C3/C4, P3/P4) from 300 to 600 ms (Table 

2.1).  No significant effects were found at occipital leads so this region was excluded from 

additional analyses (p > .05 for all time windows).  Pairwise comparisons reveal that differential 

activation at midline sites began centrally from 100–200 ms (Cz, p = .019), spread frontally from 

200–300 ms (Fz, p < .034), recruited parietal regions from 300–400 ms, (Fz, p = .023; Cz, p = 

.004; and Pz, p = .044), and shifted to primarily fronto-central activation from 400–700 ms (400–

500 ms: Fz, p = .002 and Cz, p = .007; 500–600 ms: Fz, p = .002 and Cz, p = .019; 600–700 ms: 

Fz, p = .044 and Cz, p = .031; Table 2.2).   
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Table 2.1. Condition effects (F statistics) in 24-month-olds (N = 14).  

 

Subsequent analyses of electrodes at lateral sites reveal that significant differences 

between intact and disrupted conditions were located at frontal (F3/F4, p = .042) and parietal 

(P3/P4, p = .015) brain regions from 300–600 ms, but only approached conventional significance 

at central sites (C3/C4, p = .068).  Follow-up comparisons between specific lateral electrodes 

reveal activation at primarily left frontal and right parietal electrodes within this time window 

(Table 2.2).  

Table 2.2. Pairwise comparisons (t statistics) for mean amplitudes in response to intact 
versus disrupted events at frontal, central, and parietal electrodes in children (N = 14). 

  

This pattern suggests that differences were consistent in broadly distributed midline brain 

regions from 100-700 ms, with recruitment of additional frontal and parietal regions from 300-

600 ms. 

DISCUSSION 

The main goal of the current research was to characterize the neurophysiological activity 

associated with children’s and adults’ processing of a relatively novel event.  In particular, the 

experiment was designed to explore whether the novel event elicited distinct components within 

the waveforms that index perceptual and conceptual levels of action processing in both adults and 
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children.  Event-related potentials were recorded as adults and 24-month-old children viewed a 

relatively novel event in which interruptions either coincided with the completion of coarse 

actions or disrupted the flow of the event stream at unexpected points within each action.  We 

hypothesized that adults would show enhanced neural responses to disrupted action in early-

latency windows (~0-200 ms) associated with detection of perceptual (i.e., spatial and temporal) 

information in the event stream as well as responses in mid-latency windows (~200-500 ms) 

associated with conceptual processing of event meaning.  To the extent that children process 

novel events in the same way as adults, we expected children to show increased activation in 

response to disrupted action in roughly the same early- and mid-latency windows (~0-200 ms; 

~300-600 ms). 

CHARACTERIZATION OF ADULT ERPS 

In Adult ERPs, disrupted actions elicited more negative waveforms than intact actions 

within a relatively novel event.  Importantly, average waveforms contained two distinct peaks 

that were more negative for disrupted than intact actions.  A significant effect of condition was 

evident in an early negative deflection that peaked at approximately ~110 ms after stimulus onset 

in response to disrupted actions.  This effect was most prominent at central and parietal midline 

leads with no significant differences at frontal or lateral sites.  A second negativity peaking at 

~286 ms in response to disrupted actions was also present.  This effect had a more widespread 

spatial distribution: whereas the effect was still focused around central and parietal sites, it 

extended to central and parietal sites in the left and right hemisphere (C4; P3/P4) rather than 

remaining restricted to the midline.  In sum, the unique spatio-temporal patterns of activation for 

these two negative peaks suggests that they may, in fact, reflect distinct neural mechanisms 

associated with different levels of action processing.   

Given its early latency, the first negative deflection is consistent with enhanced visual 

attention to disrupted actions (Hillyard et al., 1998; Mangun, 1995).  The observed component 
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shares important characteristics with the visual N100 reported in previous literature (Fonaryova 

Key et al., 2005).  In particular, the N100 has been shown to reflect selective attention to basic 

stimulus features, pattern recognition, or the operation of a general visual discrimination 

mechanism (Gomez, Clark, Fan, Luck, & Hillyard, 1994; Luck et al., 1994; Vogel & Luck, 

2000).  Thus, the observed early negativity in the present study suggests that disrupted actions 

recruited additional visual attention.    

This interpretation is consistent with behavioral and neural evidence for adults’ reliance 

on low-level movement features during the perceptual analysis of observed human action 

(Baldwin, Loucks, & Sabbagh, 2008; Kourtzi & Kanwisher, 2000; Shipley & Maguire, 2008; 

Tversky, Zacks, & Hard, 2008; Zacks & Tversky, 2001).  In particular, information regarding 

velocity and acceleration tend to be associated with adults’ ability to represent action boundaries 

(Zacks, 2004) and predict upcoming actions (Stadler, Springer, Parkinson, & Prinz, 2012; Stapel, 

Hunnius, & Bekkering, 2012).  Thus, it is likely that adults relied upon kinematic information 

(e.g., the geometric trajectory of the agent’s reach or the relative speed of the moving objects) in 

part, as a mechanism for discriminating disrupted from intact actions.  It would be helpful in 

future research to determine the relative import of distinct kinematic cues in evaluating the 

rationality of action.  

Adults’ neurophysiological responses within the 250–350 ms time window share 

important characteristics with N300 and N400 effects observed in previous ERP studies on event 

processing.  Temporally, peaks were maximal in response to disrupted actions at ~286 ms, a time-

course that is more consistent with the N300 reflecting modality-dependent conceptual processing 

of nonverbal stimuli rather than the modality-independent N400 (West & Holcomb, 2002).  The 

latency of this component suggests that the time-course of cognitive processing is similar for 

familiar and unfamiliar events in adults.  Spatially, scalp distribution differed from what is 

characteristic of the N300: negativities for pictorial and video stimuli are typically distributed 
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over more anterior electrode sites (Barrett & Rugg, 1990; Hamm et al., 2002; Holcomb & 

McPherson, 1994; McPherson & Holcomb, 1999), yet adult responses in our study were more 

consistent with posterior scalp topography elicited by verbal stimuli (Friederici, Pfeifer, & Hahne, 

1993; Kuperberg et al., 2003; Kutas & Van Petten, 1994). 

One possible explanation for the topographical differences found between adult ERPs in 

this study and the N300 in previous research centers on the minimal task demands on our 

participants.  In the current research, adults were instructed to pay attention for the duration of the 

stimuli presentation but were not required to make any overt responses.  This left ample time to 

process the event linguistically and to activate posterior networks involved in semantic processing 

(e.g., “She puts the clown in the truck, then pushes the button so that it moves along a track.....”).  

This sort of covert linguistic activation in which stored lexical knowledge related to event 

meaning is accessed during nonlinguistic tasks has been shown to influence ERP topography 

(Federmeier & Kutas, 2001; Nigam, Hoffman, & Simons, 1992). 

CHARACTERIZATION OF ERPS IN CHILDREN 

The general pattern evident in ERPs of 24-month-olds was similar to that observed in 

adults:  actions that were disrupted elicited waveforms that were more negative through the 

duration of the recording epoch than actions that were intact.  Furthermore, in children as in 

adults, differences between conditions reached significance within the early-latency time window 

associated with perceptual processing.  These data provide insight into the neurophysiological 

time-course of action processing:  by 24-months, children were able to detect differences between 

intact and disrupted actions within the first 200 ms, even when the observed event was relatively 

novel.  Temporally, the onset of this early activation is comparable to the N100-effect observed in 

adults, suggesting that children may have detected differences between intact and disrupted 

actions via perceptual mechanisms.  This interpretation is consistent with behavioral findings that 

suggest children use their knowledge of low-level movement features such as an object’s 
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trajectory (Hespos et al., 2010) or an agent’s manner of motion (e.g., push vs. pull) to help them 

extract salient action information (Loucks & Baldwin, 2006; Olofson & Baldwin, 2011).  It is 

possible that these results, in part, reflect young children’s ability to track regularities between 

various motion components via a statistical learning mechanism (Kirkham et al., 2002) and apply 

this information as they process human action (Cicchino et al., 2011).  

Between 300 and 600 ms, differences between intact and disrupted waveforms reached 

significance in children’s ERPs at frontal and parietal sites within the left and right hemisphere.  

These data suggest that additional neural regions were recruited within the time window 

associated with conceptual processing (Duncan et al., 2009; Kutas & Federmeier, 2011).  

Differences between conditions in this mid-latency window share important characteristics with 

N300- and N400-like effects observed in response to nonlinguistic stimuli in children.  

Specifically, previous research with developmental populations has identified activation across 

the scalp at anterior as well as posterior brain regions in the generation of the N300 (Coch, 

Maron, Wolf, & Holcomb, 2002) and N400 (Friedrich & Friederici, 2004; Cummings, 

Ceponiene, Dick, Saygin, & Townsend, 2008; Reid et al., 2009).  Further, the slightly delayed 

onset and prolonged duration of the effect in the present study is typical in young children’s ERPs 

when compared with adult data (Friedrich & Friederici, 2005; Webb, Long, & Nelson, 2005).  

The spatial distribution and extended duration of children’s responses in this time window may 

reflect more diffusely allocated resources and extended processing time in response to disrupted 

actions. 

In general, these findings are consistent with an interpretation that children also use goal-

related information to process visual events.  For example, children may use an agent’s intended 

target object or action outcome in constructing event representations (Lakusta et al., 2007; 

Sootsman Buresh & Woodward, 2007).  However this interpretation must be treated with caution.  

The absence of a distinct peak within the mid-latency window, a fairly common phenomenon in 
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young children’s ERPs (Männel, 2008; Nelson & Luciana, 1998), prevents us from ruling out 

carry-over effects from the previous window of interest.  Specifically, the difference between 

conditions from 300–600 ms may be driven by an early negativity maintained throughout the 

duration of the recording epoch.  For this reason, we cannot conclusively reject the possibility 

that perceptual-level features drove children’s action processing. 

CONCLUSION 

Events are frequently disrupted: dinner preparation is halted to answer a phone call; a 

conversation is interrupted mid-sentence by a knock on the door; a game of hockey in the street is 

paused to let a car pass.  The ability to use bottom-up perceptual information to detect violations 

within the temporal structure of events is crucial for identifying unexpected occurrences.  Equally 

important is the ability to use top-down conceptual information to interpret anomalies within an 

event to enable accurate predictions and make appropriate adjustments in behavioral responses.  

The main goal of the current research was to characterize the neurophysiological activity 

associated with children’s and adults’ processing of a relatively novel event using event-related 

potentials.  Findings lend new insight into the brain mechanisms underlying the way in which 

children and adults interpret observed human action. 

In adults we obtained evidence for both a perceptual mechanism during the initial stages 

of action processing and activation of a modality-dependent conceptual processing mechanism 

involved in interpreting nonlinguistic event information.  These findings suggest that adults used 

perceptual information such as the truck’s trajectory of motion, the pulley’s change in location, 

and the car’s velocity to detect disruptions within each action as well as conceptual inferences 

regarding the agent’s intended outcome to interpret the event as a whole.  These results are 

consistent with empirical evidence showing that adults process familiar events at multiple levels 

simultaneously (Hard, Recchia, & Tversky, 2011; Zacks, Kumar, Abrams, & Mehta, 2009; Zacks 

& Tversky, 2001), and represent the first data to extend this finding to novel events.  Thus, it is 
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likely that the joint operation of perceptual and conceptual mechanisms facilitate adults’ ability to 

evaluate the rationality of observed human action.  

There are two possible interpretations of the pattern observed in children’s ERPs.  First, 

the lack of clear peaks and prolonged duration of the effect may reflect spreading activation 

characteristic of a single, extended processing mechanism.  This interpretation supports a 

developmental account in which morphological differences between children’s and adults’ 

waveforms reflect changes in the organization of brain regions recruited during the processing of 

novel events.  Alternatively, it is possible that the distinct temporal and spatial activation from 

100 to 700 ms at the midline and 300 to 600 ms at lateral sites may reflect the emergence of two 

independent processes with unique functional significance.  It is possible that these data represent 

a first step toward identifying how perceptual and conceptual mechanisms develop in conjunction 

to guide the detection of relevant units of action within the event stream.   

Although the present research is suggestive of multiple levels of action processing in 

adults, follow-up studies are needed to clarify the role of perceptual and conceptual information 

in evaluating the rationality of observed human action throughout development.  Importantly, our 

stimuli consisted of a single event comprised of three relatively novel actions.  How these 

findings extend to activities that are more or less familiar to the observer remains to be seen.  For 

example, an accomplished fencer may detect subtle boundaries, such as an attaque au fer, at a 

conceptual level reflecting top-down knowledge of the sport, whereas a novice may rely more 

heavily on perceptual cues to motion.  In addition, the actions in our event were presented in only 

one sequential order.  What about activities that have different constraints imposed by 

hierarchical structure?  For example, the steps involved in baking a cake are dependent on 

sequential order:  you must mix the batter before putting it in the oven.  Shopping for groceries, 

on the other hand, can be accomplished in any number of autonomous steps:  it does not matter if 
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the bananas are selected before the milk.  We can predict that disruptions within a sequence of 

dependent actions would be more informative than those within a series of autonomous actions.     

These findings contribute to the debate on early rationality in several ways.  First, this 

study indicates that young children, like adults, can discriminate intact from disrupted actions 

even if they are relatively novel.  This is consistent with the teleological perspective in that young 

children seem to be able to evaluate a wide range of events including unfamiliar human actions 

(Király et al., 2003; Csibra & Gergely, 2007).  However, differences between children’s and 

adults’ ERP waveforms suggest that the mechanisms involved in action processing may not be 

fully functional in early childhood.  Thus, it is possible that children’s ERPs reflect, in part, 

sensitivity to low-level disruptions of movement features rather than rational evaluation of the 

event as a whole.  At the most basic level, complex human action can be described in terms of 

movement patterns along paths through space.  This type of information would be of great 

importance early in development.  On a daily basis, children are immersed in unfamiliar event 

contexts for which they have no prior knowledge to support comprehension or interpretation.  

Sensitivity to properties of physical movement may support children’s initial action perception 

without the need to rely on acquired world knowledge.  In the context of our novel event, using 

movement features–such as disruption of the truck’s trajectory at peak velocity–to detect 

disruptions in the expected pattern may have been sufficient for processing the observed actions.  

Indeed neurophysiological responses early in the recording epoch are consistent with this 

interpretation and additional research is needed to specify the parameters that permit individuals 

to evaluate the rationality of a novel action solely on the basis of perceptual information. 

Here we are also interested in when and how motor percepts (or actions in our 

terminology) come to fit together as the conceptual wholes (events) that are meaningfully 

encoded.  Neurophysiological responses observed later in the recording epoch are consistent with 

the interpretation that participants were viewing (and perhaps rationally evaluating) the event as 
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more than merely a pattern of dynamic motion.  This finding is supported by recent imaging 

evidence for the activation of partially non-overlapping neural networks during adults’ subjective 

segmentation of everyday actions such as ironing (that can be processed based on motion and 

prior action knowledge), as compared to movement such as tai chi (that can be processed based 

on motion alone; Schubotz, Korb, Schiffer, Stadler, & von Cramon, 2012).  Common activation 

of motor areas in response to both movement and event-relevant action suggests that motion 

provides a bottom-up cue to boundary detection across a variety of dynamic contexts.  

Importantly, activation in additional regions in response to event-relevant actions (but not 

movement) suggests that conceptual knowledge may provide supplementary information about 

actions in a meaningful context.  Thus, the ability to understand rational human action may 

depend not only on the expected pattern of dynamic movement but also on the ability to make 

appropriate inferences based on information that may not be readily observable within the event.  

Clarifying the level at which children process novel events is key to characterizing the 

development of early rationality in action understanding. 

Exactly when and how children develop the ability to integrate both perceptual and 

conceptual information into their evaluation of rational action remains an empirical question.  

This research represents a starting point for characterizing how children and adults process novel 

events.  Generating meaning may rely on the integration of cues from multiple levels of action 

processing. 
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CHAPTER 3: VISUAL PREFERENCE FOR DISRUPTED OVER INTACT 
EVENTS:  TIME-COURSE PROCESSING OF MOVEMENT AND 

BREAKPOINTS IN CHILDREN AND ADULTS 

ABSTRACT 

From early in development, children are engaged in making sense of actions and events 

unfolding in their world.  In adults, segmenting the temporal stream into meaningful units of 

action may render complex input more manageable and facilitate interpretation and prediction.   

Recent research suggests that even very young children engage in event segmentation.  Of 

interest in the present research is whether this precocious ability is a product of familiarity with 

particular actions or a generalized sensitivity to motion dynamics.  In two studies, we assessed 

visual preference to intact and disrupted actions embedded within relatively novel, complex 

events in children and adults.  In one condition, pauses were inserted at intact boundaries (i.e., at 

the end-point of each action), whereas in the other condition they occurred at disrupted 

breakpoints (i.e., in the middle of each action).  Attention in both groups was recruited to the 

disrupted relative to intact events.  Microscopic time-course analyses, however, revealed subtle 

differences in sensitivity to movement features (e.g., kinematics and pauses) in adults and 

children across intact and disrupted events.  Findings contribute to our understanding of 

developmental processes in event representation.    

INTRODUCTION 

From very early in development, young children are actively engaged in making sense of 

the actions and events that unfold in their world (Falck-Ytter, Gredebäck, & von Hofsten, 2006; 

Stapel, Hunnius, van Elk, & Bekkering, 2010; Hunnius & Bekkering, 2010; Stapel, Hunnius, & 

Bekkering, 2012).  Indeed, within the first year there is evidence that infants are sensitive to 

information within continuous actions that they use to segment those actions into meaningful 

units (Baldwin, Baird, Saylor, & Clark, 2001).  For example, infants parse continuous action into 

subcomponents (Hespos, Saylor, & Grossman, 2009), recognize disruptions of biological motion 
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(Marshall & Shipley, 2009), encode the outcomes of specific actions (Perone, Madole, & Oakes, 

2011), and discriminate complete from incomplete goal-directed activity (Reid, Csibra, Belsky, & 

Johnson, 2007).  In large part, what we know about action processing in very young children is 

based on analyses of responses to simple, familiar actions, presented individually.  In reality, 

actions (both familiar and novel) unfold continuously forming multi-action sequences.  Thus, 

very little is known about how children apply their sensitivity to action structure to novel, 

complex events.  Further, little is known about the time-course of action processing in very young 

children or about the specific features of action that recruit attention. 

Several sources of information – from bottom-up perceptual features to top-down 

conceptual knowledge of event structure – could potentially inform interpretations of actions and 

events.  In adults, it is likely that these sources of information operate in tandem to influence 

action interpretation (Zacks & Tversky, 2001).  However, the way in which young children 

organize and interpret action – particularly in the context of unfamiliar events – is not well 

understood.  The present research investigated sensitivity to disruptions of novel events in 24-

month-old children and adults using a preferential looking paradigm.  Using time-course analyses 

of looking behavior, we explored the allocation of visual attention at macroscopic and 

microscopic temporal scales to evaluate the role of two potential sources of information:  

movement kinematics (i.e., motion) and action boundaries (i.e., breakpoints). 

Although the events that unfold in our world are continuous, our psychological 

experiences of these events are discrete.  Thus, we are challenged with partitioning the flow of 

information by imposing arbitrary limits and boundaries.  Event segmentation is the process by 

which individuals break up continuous activity into discrete, potentially meaningful units of 

experience.  A quarter century of research into this topic has shown that mental representations of 

observed human activities are structured hierarchically into action parts and subparts (Bower, 

Black & Turner, 1979; Zacks & Tversky, 2001; Shipley & Zacks, 2008).  In adults, evidence 
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suggests that segmenting the temporal stream into meaningful units of action may render complex 

input more manageable and facilitate interpretation and prediction (Grafton & Hamilton, 2007; 

Tversky, Zacks, & Hard, 2008; Wilson, Papafragou, Bunger, & Trueswell, 2011). 

Despite a potentially limitless number of natural boundaries, adults are remarkably 

consistent in their segmentation of continuous action. The phenomenon of ‘partonomic’ 

organization has been observed when adults describe, recall, and predict future actions.  For 

example, descriptions of going to a restaurant included discrete coarse-grained units such as be 

seated, look at menu, and order food (Bower et al.,1979).  Each of these action units, in turn, 

consists of additional fine-grained subcomponents.  For instance, the process of looking at the 

menu includes turning the pages, deciding about what to order, and perhaps discussing the 

possibilities with others at the table.  Similarly, there is strong agreement across participants in 

the segmentation of videos depicting ongoing activity (e.g., filling out a questionnaire) into the 

specific length and location of action units identified as event boundaries (breakpoints; Newtson, 

1973; Newtson & Enquist, 1976; Speer, Swallow, & Zacks, 2003).  Neuroimaging research 

supports these findings, revealing increases in transient brain activity at specific locations within 

events that have been identified as meaningful parts and subparts (Speer, Zacks, & Reynolds, 

2007).  These findings are consistent across multiple levels of analysis including fine-grained and 

coarse-grained action units (Zacks & Tversky, 2001), and are similarly activated during passive 

viewing of everyday activity and active segmentation tasks (Zacks, Braver, et al., 2001).   

Recent research into the developmental origins of this ability suggests that even very 

young children engage in the process of event segmentation.  In fact, the ability to detect structure 

in continuous action is generally considered to emerge within the first year of life (Baldwin, et al., 

2001; Hespos et al., 2010; Saylor, Baldwin, Baird, & LaBounty, 2007).  Although it is clear that 

infants engage in event segmentation, a number of critical areas of inquiry remain.  First, most 

extant research has investigated how children parse familiar action routines (i.e., everyday 
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activities) and less is known about the extension of sensitivity to event structure to relatively 

novel, unfamiliar events (but see Pace, Carver, & Friend, 2013, for recent neurophysiological 

evidence).  Second, although sensitivity to event structure has been demonstrated in both brain 

and behavior, little is known about which features of dynamic action recruit attention early in 

development.  Finally, extant research into early sensitivity to event structure relies upon coarse-

grained measures of visual attention such as mean looking times to novel versus familiar events 

(Baldwin et al., 2001; Hespos, Grossman, & Saylor, 2010; Hespos, Saylor, & Grossman, 2009), 

and it is unclear whether differences in looking time are driven by the recruitment of attention 

across the entire event.  

To address the first area of inquiry, a preferential looking procedure was used to 

determine whether detection of event disruptions was realized in response to unfamiliar events in 

24-month-old children.  Participants observed a relatively novel three-action event in which 

pauses were inserted at intact action boundaries (i.e., at the endpoint of each action) or disrupted 

breakpoints within the action (i.e., in the middle of each action) following Baldwin and 

colleagues (2001) and Pace, Carver, and Friend (2013).  Intact and disrupted events were 

presented simultaneously and looking behavior was measured to assess visual preference.  If 

young children are sensitive to disruptions within novel actions, then visual attention should be 

preferentially allocated to junctures that violate expectations of the natural flow of perceptual 

information.  Thus, we predicted that disrupted (relative to intact) events would recruit additional 

visual attention because pauses interrupt relevant units of action within the ongoing flow of 

activity.   

To address the second area of inquiry, we investigated two potential sources of 

information thought to play a role in adult event segmentation:  movement kinematics and action 

boundaries (or breakpoints).  When adult viewers watch everyday activities, they detect action 

units, in part, by processing changes in movement variables such as speed and acceleration 
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(Stadler, Springer, Parkinson, & Prinz, 2012; Stapel et al., 2012; Zacks, 2004; Zacks, Kumar, 

Abrams, & Mehta, 2009) and integrating this information with conceptual knowledge about 

intentional event structure (e.g., goals; Hard, Recchia, & Tversky, 2011).  A growing body of 

research suggests that infants are highly sensitive to kinematic features of dynamic human action 

such as velocity (e.g., speed; Rosander, Nyström, Gredebäck, & von Hofsten, 2007) and 

trajectory (e.g., path and manner; Pruden, Göksun, Roseberry, Hirsh-Pasek, & Golinkoff, 2012; 

Pulverman, Golinkoff, Hirsh-Pasek, & Buresh, 2008), but are also capable of recognizing salient 

boundaries within the structure of the event (Baldwin et al., 2001; Hespos et al., 2009). 

Dynamic events contain a rich combination of movement variables that may attract a 

naïve observer.  Within the visual domain, multiple factors have been identified as potential 

sources of information for action interpretation.  Between 6 and 14 weeks of age infant’s ability 

to discriminate motion direction (Atkinson, 2000; Braddick, Birtles, Wattam-Bell, & Atkinson, 

2005) and to smoothly pursue moving objects (Rosander & von Hofsten, 2002) improves rapidly.  

Very early in development infants isolate and individuate action units from continuous events 

(Hespos et al., 2009; Wynn, 1996), demonstrate sensitivity to features of biological motion (Reid, 

Hoehl, & Striano, 2006), discriminate patterns of motion for everyday events (e.g., brushing hair 

vs. brushing teeth; Bahrick, Gogate, & Ruiz, 2002), and track changes in action trajectory (i.e., 

path; Pruden et al., 2012; Pulverman et al., 2008), form (i.e., manner; Pruden et al., 2012; 

Pulverman et al., 2008), and outcome (Olofson & Baldwin, 2011; Sootsman Buresh & 

Woodward, 2007).  Taken together, this research provides a strong case for the role of movement 

kinemat ics (i.e., dynamic features of motion) in children’s perception of actions and events. 

Recent research has suggested that breakpoints (i.e., critical temporal junctures that 

separate units of action) may also be essential to the process of event segmentation.  Given that 

these junctures serve as temporal spacers (boundaries) between meaningful action components, it 

is possible to interpret them as conceptually vacuous moments analogous to periods of lulls 



87 

 

between ocean swells.  However, a growing body of evidence contradicts this notion and suggests 

that breakpoints contain relevant information that adults use to bridge perceptual and conceptual 

information for action interpretation (Hard et al., 2011; Zacks et al., 2009).  Do young children 

take advantage of the information that is conveyed at breakpoints?  Research indicates that infants 

are sensitive to boundaries in continuous events (Hespos et al., 2010; Saylor et al., 2007), yet the 

way in which young children divide the continuous flow of information into discrete actions 

remains unclear. 

Although these features have been studied independently, less is known about how 

movement kinematics may function in combination with the perception of salient action 

boundaries to guide attention in young children.  Thus, our second question is whether action 

segments consisting of dynamic motion are more salient than action segments identified by 

breakpoints (e.g., pauses and transitions).  To investigate this issue, epochs of movement and 

breakpoints were identified within intact and disrupted events, and visual preference was 

recorded as the events were presented simultaneously. We expected that children’s attention 

would be recruited by the breakpoints in the disrupted events because they did not coincide with 

natural action boundaries.  Thus we anticipated that we would see greater visual fixation to the 

disrupted event during these epochs. 

Finally, the way in which various levels of analysis (from fine- to coarse-grained) interact 

to help individuals construct meaningful experiences is far from clear, especially in development.  

To address this area of inquiry, we analyzed visual attention during action processing using multi-

level time-course analyses.  The first prediction above (i.e., that gross looking time measures such 

as overall proportion of looking and longest look would reveal that visual attention in children 

and adults is recruited to disrupted actions within a relatively novel event) can be thought of as a 

prediction on a macroscopic temporal scale.  Of particular interest however, is revealing patterns 
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of visual attention over time.   Thus, on a microscopic temporal scale, we investigate the time-

course of visual attention for across intact and disrupted events.    

STUDY 1 

METHOD 

Participants 

Twenty-six children (15 girls and 11 boys) between 22- and 26-months of age (M = 

24;21, SD = 1;18; range = 22;3 to 27;12 days) participated in the final sample.  In addition, six 

children were excluded due to equipment malfunction (N = 1), fussiness (N = 3), or because they 

failed to attend to the familiarization videos for at least 50% of the total duration during the 

familiarization phase (N = 2).   

Materials  

Participants observed videos of a female agent performing a sequence of three relatively 

novel actions involving unfamiliar objects.  The three actions were constructed into an activity 

station to facilitate a single fluid event following Friend and Pace (2011) and Pace, Carver, and 

Friend (2013).  In one action, the agent placed a toy clown in a truck and pushed a button, causing 

the truck to move along a track (Track).  In the subsequent action, she removed the clown from 

the truck, placed it in a basket, and hoisted it to the top of the frame using a pulley (Pulley).  In 

the following action, she placed the clown in a car and pushed it down a curved ramp (Ramp).  

The activity station was organized so that each action led logically and proximally to the next 

action.  For example, in one action the truck moved along the track until it stopped below the 

pulley; in the subsequent transition, hoisting the clown with the pulley brought it to the top of the 

ramp where the car for the following action awaited.  No language accompanied the stimuli.   

Three versions of the digitized event were created; each version had a different starting 

action.  Sequence 1 began with the agent placing the clown in the truck and pushing a button so 

that it moved along the track (Track), continued on to the Pulley, and completed with the Ramp 
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(i.e., Track-Pulley-Ramp).  Sequence 2 began with the Pulley, continued on to the Ramp, and 

completed with the Track (Pulley-Ramp-Track).  Sequence 3 began with the Ramp, continued on 

the Track, and completed with the Pulley (Ramp-Track-Pulley).  All participants observed three 

blocks of trials; each block consisted of one of the three sequences with different starting action.  

Participants were randomly assigned to order of sequence presentation.  In the final sample of 

children, 10 participants observed sequence 1 first (in block 1), 9 observed sequence 2 in block 1, 

and 7 observed sequence 3 in block 1.  In the final sample of adults, 10 participants observed 

sequence 1 first (in block 1), 9 observed sequence 2 in block 1, and 10 observed sequence 7 in 

block 1.  The duration of each event (sequence 1, 2, and 3) was 16 s. 

Apparatus and Procedure 

A preferential-looking procedure was used to determine whether visual attention was 

recruited to intact versus disrupted events.  Children were seated on their caregiver’s lap 

approximately 43-inches away from two Acer LCD P221W (1680 x 1050) 22-inch video 

monitors.  Both monitors were situated on a 48”x 48” table in a dark curtained enclosure.  The 

distance between the two monitors was 29-inches, center-to-center.  A small red light was placed 

between the two monitors to center the child's attention at the onset of each block.  A video 

camera positioned above the light was connected to a third computer monitor in an adjacent room 

to provide live video of the participant’s behavior during the study and to record visual fixations 

to each monitor using iMovie.  

From the adjacent room, an experimenter observed participants on the monitor and 

administered the experiment from a computer with Habit 2000 software (Cohen, Atkinson & 

Chaput, 2004).  Visual fixations to the two monitors during the experiment were coded online by 

the experimenter who pressed a button to indicate when the participant was looking to the left or 

right screen and released the button when the participant looked away or shifted their gaze.  

During the online coding, the experimenter could not see the stimuli on the screens and the 
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coding computer did not display phase information (e.g., pretest, familiarization, test) during the 

experiment.  Due to the requirement for accurate coding (within milliseconds), visual fixations 

were also coded offline by a primary and a reliability coder using SuperCoder 2008 software 

(Hollich, 2008). All analyses were conducted with SuperCoder data. 

The experiment consisted of three within-subjects blocks.  Order of video sequence 

presentation (1-2-3) and side of video presentation (Left / Right) were counterbalanced across 

participants by block.  Each block consisted of two fixed-length phases: familiarization and test.  

During familiarization, participants observed identical videos of the original video event 

presented simultaneously on both screens.  Each event was 11.5 seconds in duration and the video 

was looped 3 times.  An inter-stimulus interval (ISI) of approximately 2.5 seconds separated 

video repetitions during which time participants observed a black screen and were reoriented to 

the center with a blinking red light operated by the experimenter.  Thus, the entire familiarization 

phase was approximately 40 seconds.  The familiarization phase served two purposes.  First, it 

introduced participants to the uninterrupted event (without inserted pauses).  Second, it provided 

a baseline to identify whether participants demonstrated any bias to attend toward the left or right 

screen.  Participants were required to attend to the familiarization videos for at least 50% of the 

total duration.  

  
 
Figure 3.1. Still frame depicting the location of the 1.5-second pause marking the 
disruption of the Pulley Action from the Disrupted video (left).  Still frame depicting the 
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location of the 1.5-second pause indicating the completion of the Pulley Action from the 
Intact video (right).   

After familiarization, participants observed test videos (Intact and Disrupted) presented 

simultaneously on both monitors.  The test videos were 16 seconds each, from onset to offset of 

motion.  Test videos were identical except for the specific location of pauses inserted into each 

action.  In the intact video, a 1.5-second still-frame pause was inserted at the end of each action 

(1, 2, 3) coincident with the naturally occurring boundary.  In the disrupted video, a 1.5-second 

still-frame pause was inserted at a location that interrupted the action of the agent (i.e., 

experimenter) or the object (i.e., clown in vehicle) to disrupt the action at an unnatural boundary 

(Figure 3.1).  Test videos were looped three times, for a total duration of 55 seconds including 

ISI.  Thus, the total duration of each block including familiarization and test phases was 

approximately 1.5 minutes.  Videos were synchronized so that each trial began and completed at 

the same time.  The starting position of the video (Track, Pulley, or Ramp) was counterbalanced 

within participants across blocks; participants were randomly assigned to one of the three starting 

positions per block.  Side of presentation (Left, Right) for the intact and disrupted videos was 

counterbalanced across blocks to control for possible side bias.    

ANALYSES & RESULTS 

Two independent coders were randomly assigned to code participant fixations offline 

using the SuperCoder 2008 program (Hollich, 2008).  Both coders, blind with respect to 

experimental manipulations, classified visual fixations (onset and offset) to the two monitors on a 

frame-by-frame basis.  To establish inter-rater reliability, each coder performed secondary offline 

coding for 20% of the videos for which they served as the primary coder.  Inter-rater reliability 

was above 95% (rs = .96 for children and  .98 for adults) between coders indicating a high level 

of agreement.   
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Macro-level Looking Time Analyses  

To determine whether children demonstrated baseline looking biases, we compared 

children’s proportion looking time to left versus right screens during familiarization phases.  

Independent one-way ANOVAs conducted for each block revealed no significant differences in 

proportion looking to left or right screens during familiarization.  This suggests that there was no 

systematic preference for either side of presentation at the group level.  

 
 
Figure 3.2.  Children’s proportion looking to intact and disrupted events by block. 

To examine children’s ability to detect disruptions within a novel event, we compared 

visual attention to the intact and disrupted videos using proportion looking to intact versus 

disrupted events as the dependent measure.  Proportion looking to the intact event was calculated 

by dividing time spent looking toward the intact event by total looking duration in each block (the 

sum of the time each participant spent looking at either screen).  Likewise, proportion looking to 

the disrupted event was calculated by dividing time spent looking toward the disrupted event by 

total looking duration in each block.  A repeated measures ANOVA was conducted with 

Condition (Intact, Disrupted) and Block (1, 2, 3) as within-subjects factors and Order of Video 

Sequence Presentation (1, 2, 3) as a between-subjects factor.  There was no effect of block and no 

interaction with order of video sequence presentation so we collapsed across blocks for further 

analyses.   
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A one-way ANOVA using overall proportion looking time across blocks as the 

dependent measure revealed a significant effect of Condition such that children looked longer at 

disrupted relative to intact events (proportions = .57 and .43, respectively, F(2, 50) = 20.057, p < 

.001).  An ANOVA using the baseline corrected proportion looking time confirmed this effect, 

F(2, 50) = 4.310, p = .043.  This pattern was obtained for each block (Figure 3.2). These results 

are consistent with previous findings showing that young children are sensitive to disruptions of 

familiar, ongoing action (Baldwin et al., 2001) and support the hypothesis that this extends to 

relatively unfamiliar events as well (Friend & Pace, 2011; Pace et al., 2013).   

Micro-level Looking Time Analyses  

To investigate children’s pattern of looking behavior at a fine-grained temporal scale, we 

identified epochs of interest defined by periods of movement or boundaries within the intact and 

disrupted events.  Eight epochs were identified for each condition (Table 3.1; Refer to Appendix 

A for detailed epoch values).   

Table 3.1. Epoch Durations (seconds) for Intervals of Motion, Pauses, and Transitions 
in Intact and Disrupted Events. 

 

Note. Epoch values are defined for all three sequences (1, 2, 3) in the intact and disrupted 
conditions. Epochs 1, 4 and 7 are comprised of intervals that precede and follow the pause 
in disrupted events, and thus, are collapsed across the motion prior to, and after, the pause. 
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For example, Epoch 1 for disrupted events was defined by the period of motion from the 

onset of the first action to the inserted pause and the offset of the pause to the completion of the 

first action whereas Epoch 1 for intact events was defined by the period of motion from the onset 

to the offset of the first action.  Thus, Epoch 1 reflects the total period of motion in the first action 

across conditions.  In the disrupted event, this period of motion is bifurcated by a pause whereas 

in the intact event, it is continuous.  Epoch 2 was defined as the pause that interrupted the first 

action for the disrupted event and as the pause that coincided with the natural action boundary for 

the intact event.  Thus, Epoch 2 reflects the breakpoint in the action across conditions.  Epoch 3 

was defined by the transition from the first to the second action in both conditions.   

The epochs were defined in a similar fashion for each action within the event across 

conditions (see Figure 3 for detail on the definition of epochs across actions and conditions for 

Sequence 1).  Thus, the absolute duration for epochs across conditions was equivalent, but the 

relative duration of epochs across actions differed.  Variations in epoch durations within 

condition reflect differences in the temporal structure of the three sequences in which the actions 

were presented.  Once the epochs were identified, the mean durations and standard deviations for 

looks that occurred within each epoch were calculated for each participant.  Because epochs were 

of unequal durations, the mean looking time for each participant was divided by the absolute 

duration in each epoch to normalize the values.  Trials were excluded if participants fixated more 

than 15 seconds to either video (beginning in Epoch 1) and did not look to the other screen.  
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Figure 3.3. Temporal scale for epochs across conditions.  Blue bars indicate motion 
epochs, pink bars indicate pauses, and green pars indicate transition epochs.  

There was no effect or interaction of Block or Sequence Order so data were collapsed 

across these variables for further analyses.  A repeated-measures ANOVA with Condition (Intact, 

Disrupted) and Epoch (1-8) as factors revealed no effect of Condition, F(1, 73) = 3.005; p = .107; 

power= .363), a significant effect of Epoch, F(7, 511) = 5.933, p < .001, power= .99), and a 

significant Condition by Epoch interaction, F(1, 511) = 3.178, p= .007, power = .898.  

Greenhouse-Geisser adjustments were applied for multiple comparisons.  Visual inspection 

revealed no clear condition effects on transition epochs.  Because we expected an effect of 

Condition and were interested specifically in the effects of motion kinematics and breakpoints (as 

opposed to transitions between actions) in recruiting attention, we repeated this analysis without 

the transition epochs.  This enabled us to directly compare visual attention to motion and pauses 

across conditions.  A repeated-measures ANOVA with Condition (Intact, Disrupted) and Epoch 

(1-6) as factors revealed a significant effect of Condition, F(1, 73) = 6.319; p = .014; power= 

.699), a significant effect of Epoch, F(5, 365) = 8.346, p < .001, power= .998), and a significant 

Condition by Epoch interaction, F(5, 365) = 3.433, p = .009, power = .856.  This effect was 

characterized by a linear trend (Figure 3.4). 
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Figure 3.4.  Children’s mean duration looking by Action (1, 2, 3) and Movement 
(Motion, Pause).  

Looking times were longest for the disrupting pause in Action 1 (M = 5.395; SD = 4.76), 

followed by the disrupted motion (M = 4.2; SD = 3.58) and pause in Action 2 (M = 3.65; SD = 

2.75).  With the exception of the motion epoch in Action 3, the overall pattern of looking was 

characterized by looks of longer duration recruited during the disrupted relative to the intact 

events regardless of the type of action feature (Motion versus Pause).   

Next, we collapsed our epochs of interest across Action (1, 2, and 3) to explore the 

differences between movement features (Motion, Pauses, and Transitions) in each condition.  

This created three epochs of interest per condition: Motion (Action 1 Motion,  

Action 2 Motion, Action 3 Motion), Pause (Action 1 Pause, Action 2 Pause, Action 3 Pause), and 

Transition (Transition from A1 to A2; Transition from A2 to A3).  A repeated-measures ANOVA 

with Condition (Intact, Disrupted) and Movement (Motion, Pause, Transition) as factors revealed 

a marginal effect of Condition, F(1, 73) = 3.005; p = .106; power= .336), a significant effect of 

Movement, F(2, 146) = 4.083, p =.02, power= .709), and a marginal Condition by Movement 

interaction, F(2, 146) = 2.554, p = .082, power = .494.  One-way ANOVAs including only 

participants who contributed looks during these epochs (i.e., excluding 14 participants with 

missing data listwise), revealed significant differences between conditions in mean duration of 
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looking to epochs of Motion, F(1, 133) = 4.243, p = .041; and Pauses, F(1, 133) = 4.954, p = 

.028; but no significant differences between conditions during transitions between actions.    

 

Figure 3.5. Mean duration looking by Movement Type (Motion, Pause, Transition) 
collapsed across Actions (1, 2, 3).  

This pattern was characterized by overall increased looking duration to disrupted (M = 

4.3; SE = .25) relative to intact events (M = 3.61; SE = .24) and exhibited a linear trend:  In the 

Disrupted condition, periods of motion recruited and sustained looks of the longest duration (M = 

5.466; SE = .431), followed by pauses (M = 4.8, SE = .309), and then transitions between actions 

(M = 3.9; SE = .282).  Planned comparisons revealed a significant difference between attention 

recruited during periods of Motion relative to Pauses, t(73) = 1.67, p = .048 and Transitions, t(73) 

= 4.69, p < .001; and a significant difference in attention for Pauses relative to Transitions, t(73) = 

2.25, p = .012.  Looks recruited in the Intact condition, in contrast, revealed longer looking 

durations to Motion between actions (M = 4.8; SE = .49), followed by periods of Transition (M= 

4.03; SE = .46) and then Pauses (M = 3.7; SE = .37).  Planned comparisons also revealed a 

significant difference between attention recruited during periods of Motion relative to Pauses, 

t(73) = 2.996, p = .001, a marginally significant difference between attention recruited to Motion 

relative to Transitions, t(73) = 2.23, p = .136; but no significant difference in attention to Pauses 

relative to Transitions.  In both conditions, motion recruited the majority of attention.  However, 

attention was also recruited by pauses in the disrupted condition whereas pauses and transitions 
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received equal attention for intact events suggesting that pauses were less salient in this condition 

perhaps owing to the fact that they corresponded to natural action boundaries. 

To capture the changes in looking patterns over time, we collapsed across Epochs and 

Movement (Motion, Pause) to create Early, Mid, and Late Epochs for each condition.  The early 

epoch included periods of motion and pauses in Action 1, the middle epoch included periods of 

motion and pauses in Action 2, and the late epoch included periods of motion and pauses in 

Action 3.  A repeated-measures ANOVA with Condition (Intact, Disrupted) and Epoch (Early, 

Mid, Late) as factors and looking time as the dependent measure revealed a significant effect of 

Condition, F(1, 73) = 6.319; p = .014; power= .674), a significant effect of Epoch, F(2, 146) = 

17.557, p < .001, power= .999), and a significant Condition by Epoch interaction, F(2, 146) = 

9.429, p= .001, power = .939.  This pattern was also characterized by overall increased looking 

duration to disrupted (M = 3.46; SE = .29) relative to intact events (M = 2.565; SE = .220).  This 

is consistent with many infant looking studies that report a decrement in looking across the 

duration of test stimuli (Colombo & Mitchell, 2009).   

The significant Condition X Epoch interaction indicates a difference in looking patterns 

across actions and conditions.  To investigate this difference further, post-hoc comparisons were 

conducted.  Alpha levels were adjusted for family-wise error.  Post-hoc comparisons revealed 

significant differences between conditions within the early epoch such that the Disrupted 

condition recruited greater attention than the Intact condition early in the event, t(73) = 3.092, p = 

.003.  Differences in middle and late epochs did not reach significance between conditions.  

Within conditions, post-hoc pairwise comparisons revealed no significant difference in attention 

recruited in early and middle epochs within disrupted events, but a significant decrement in 

attention from middle to late epochs, t(73) = 4.239, p < .001.  The intact condition, in 

comparison, revealed a slight increase in attention between early and middle epochs that was 
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marginal when adjusted for multiple comparisons, t(73) = -2.250, p = .028, and a significant 

decrement in attention between middle and late epochs, t(73) = 4.375, p <.001 (Figure 3.6).  

 

Figure 3.6. Mean duration looking by Early, Mid, and Late Epochs. Early epochs 
included look durations collapsed across intervals of motion and pause from Action 1; 
Middle epochs included looking durations within intervals of motion and pause from 
Action 2; Late epochs included looking durations within intervals of motion and pause 
from Action 3.  

DISCUSSION  

There are three primary findings.  First, as expected, young children can discriminate 

intact from disrupted action in the context of relatively novel, complex events just as they 

discriminate temporal differences in simpler, familiar events (Bahrick et al., 2002; Baldwin et al., 

2001; Hespos et al., 2009).  This indicates that previous findings cannot be attributed exclusively 

to familiarity with the structure of the event.  Instead, young children appear sensitive to the 

temporal structure of events generally and are able to apply this sensitivity to events that they 

have never experienced before.  

Second, as expected, children’s attention was recruited by the motion and pause in the 

disrupted condition but this was primarily true for the initial action.  Subsequent to this, attention 

was recruited relatively more in motion than in pause epochs across conditions.  Importantly, 
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because children saw each component action in first, second, and third position in the event 

sequence, this effect cannot be attributed to characteristics of a particular action.  Rather, in the 

disrupted condition, attention is recruited initially by the first pause, regardless of the action that 

it disrupts, and then maintained (albeit at a reduced level) for the duration of the event.  

This suggests that, whereas an unexpected disruption is sufficient to recruit attention 

initially, it is not sufficient to override attention to motion over the long run.  Thus, children’s 

greater visual fixation for disrupted relative to intact videos cannot be attributed to consistent 

attention to disrupting pauses over the course of the video.  Instead it appears that the initial 

disrupting pause recruited attention to the disrupting video resulting in relatively greater looking 

time overall.  The fact that motion epochs garnered attention across conditions suggests that the 

initial disrupting pause was so interesting because it violated expectations of salient motion 

kinematics.   

 Finally, children’s attention evinced differences in look duration between early, middle, 

and late epochs with subtle differences across conditions.  Specifically, attention remained 

relatively high and stable to the disrupted events from Action 1 to Action 2, but decreased during 

Action 3.  In response to the intact events, attention – while significantly lower initially – 

increased to a level similar to disrupted events during Action 2, and showed the same decrement 

during Action 3 observed in response to disrupted events.  This finding may reflect a general 

decline in attention over the course of the experiment that is not specific to our manipulation of 

temporal structure.  However, the differences observed between conditions support the hypothesis 

that it was attention to the disruption of the initial action in the sequence that accounts in the main 

for differences in looking times observed across conditions. 

The finding that children discriminate intact from disrupted events is consistent with the 

developmental literature and with previous findings in adults.  Less is known, however, about 

how adults distribute their attention over the course of events and, particularly, the role that 
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breakpoints and motion epochs play in recruiting attention.  Thus one question remains:  Do the 

observed patterns of visual fixation in our toddler sample reflect the mature state of the system?  

Those aspects of events that recruit attention in adults could inform us about how a mature 

perceptual system responds to violations of expected motion and further, differences between 

children and adults could serve to inform us about how the perceptual underpinnings of event 

segmentation change developmentally.  To explore this question, we conducted Experimenter 2. 

STUDY 2 

METHOD 

Participants 

A sample of 28 adult undergraduates (24 women and 4 men) received course credit for 

their participation (Mean age = 21.7 years; range = 18.6 to 31.8).  These numbers reflect the 

gender distribution of our participant pool.  Five additional adults were tested, but excluded due 

to equipment malfunction (N = 2) or because they fixated on a single computer monitor for the 

entire duration of the experiment in one or more blocks (N = 3). 

Materials, Apparatus and Procedure 

The materials and apparatus used in Experiment 2 were identical to those in Experiment 

1.  The procedure employed by Experiment 2 was identical to that in Experiment 1 with the 

exception that adults sat independently at the table within the testing room.  

ANALYSES & RESULTS 

The coding procedure in Experiment 2 was identical to that of Experiment 1.  Inter-rater 

reliability was above 95% (r = .98) between coders indicating a high level of agreement.  

Macro-level Looking Time Analyses  

To identify whether adults demonstrated baseline looking biases, we compared the 

proportion looking time to left versus right screens during familiarization phases.  Independent 

one-way ANOVAs conducted for each block revealed no significant differences in proportion 
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looking time to left or right screens during familiarization.  This suggests that there was no 

systematic preference for either side of presentation in our adult participant group and is 

consistent with the pattern of results observed in our sample of children.  

To examine adult’s sensitivity to disruptions within a novel event, we compared looking 

times to the intact and disrupted videos using the same dependent measure of proportion looking 

to intact versus disrupted events that was used in our analyses of young children.  A repeated 

measures ANOVA was conducted with Condition (Intact, Disrupted) and Block (1, 2, 3) as 

within-subjects factors and Order of Video Sequence Presentation (1, 2, 3) as a between-subjects 

factor.  Across blocks, adults looked longer at disrupted relative to intact events (Disrupted 

Proportion: .55; Intact Proportion: .45), as shown by a main effect of Condition, F(2, 54) = 5.802, 

p = .007).  This pattern was consistent within each block (Figure 3.7) and revealed an increase in 

proportion looking to disrupted events across blocks.  There were no effects of Block and no 

interaction with Order of video sequence presentation so we collapsed across blocks for further 

analyses.  

 

Figure 3.7. Adult proportion looking to disrupted and intact events by block. 
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Micro-level Looking Time Analyses in Adults 

A repeated-measures ANOVA with Condition (Intact, Disrupted) and Epoch (1-8) as 

factors revealed a significant effect of Epoch, F(7, 553) = 2.158, p = .048, power= .779), but no 

main effect of Condition and no Condition by Epoch interactions.  Although  

differences did not reach significance, descriptive analyses of adult’s looking patterns revealed 

longer look durations recruited by pauses within disrupted events across all actions (Figure 3.8).   

 

Figure 3.8. Adult mean duration looking by Action and Movement Type (Motion, 
Pause).   
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Next, we collapsed our epochs of interest across Action (1, 2, and 3) to explore whether 

there were differences between movement features (Motion, Pauses, and Transitions) in each 

condition.  A repeated-measures ANOVA with Condition (Intact, Disrupted) and Movement 

(Motion, Pause, Transition) as factors revealed no significant effects of Condition or Movement 

and no significant interaction.  In comparison to children, this pattern did not reveal any 

significant overall differences between conditions however, the general pattern was similar:  the 

looks of longest duration in adults were recruited by motion (M = 2.42) relative to pauses (M = 

1.99) or transitions (M = 1.87) within intact events.  Within disrupted events, however the pattern 

was different from children:  pauses recruited the looks of longest duration (M = 2.34) followed 

by motion (M = 2.16), then transitions (M = 2.05).    

To explore differences in patterns of looking over time, we collapsed across Epochs and 

Movement (Motion, Pause) to create Early, Mid, and Late Epochs for each condition.  The early 

epoch included periods of motion and pauses in Action 1, the middle epoch included periods of 

motion and pauses in Action 2, and the late epoch included periods of motion and pauses in 

Action 3.  A repeated-measures ANOVA with Condition (Intact, Disrupted) and Epoch (Early, 

Mid, Late) as factors did not reveal any significant differences of condition or epoch suggesting 

that adult looking patterns were stable throughout the duration of the experiment.  

DISCUSSION  

Comparing the findings in adults and children reveals important similarities and 

differences in looking patterns.  Macro-level analyses suggest that adults discriminate intact from 

disrupted action in ways similar to the 24-month-olds in our sample.  However, micro-level 

analyses reveal subtle differences in looking patterns between children and adults.  Through the 

entire course of the event, adults’ attention was recruited by the pauses in the disrupted condition.  

This pattern was consistent across all of the actions that comprised the event.  Again, because 

adults saw each component action in first, second, and third position in the event sequence, this 



105 

 

effect cannot be attributed to characteristics of a particular action.  Thus, in the disrupted 

condition, attention was recruited by the first pause, recruited again (for increased duration) by 

the second pause, and sustained at the third pause relative to the intact condition.  Periods of 

motion, in contrast, recruited adults’ attention for the initial action in the disrupted condition, but 

became more salient within the intact condition for subsequent actions.   

Taken together, these findings suggest that adults greater visual fixation to disrupted 

relative to intact events may be attributed to consistent attention to disrupting pauses over the 

course of the video, resulting in relatively greater looking time overall.  This greater looking time 

to disrupted events is consistent with findings from the children in our sample and suggests that 

disruptions recruited attention due to a violation of expectations regarding motion kinematics, 

particularly within the disrupted events.  However, children’s attention waned over the course of 

these events such that it is primarily the initial violation that recruited attention and accounts for 

the condition effect. 

GENERAL DISCUSSION 

The primary goal of this research was to assess children’s and adults’ ability to detect 

temporal disruptions in a relatively novel, complex motion event.  A secondary goal of this 

research was to characterize the pattern of visual fixations associated with processing of a 

relatively novel event at macroscopic and microscopic timescales.  In addition, the experiments 

were designed to explore whether visual attention was recruited during epochs of motion or at 

breakpoints marked by pauses inserted at points that interrupted or coincided with naturally 

occurring boundaries.  Visual fixations were recorded as 24-month-old children and adults 

viewed relatively novel events in which interruptions either coincided with the completion of 

coarse actions (i.e., intact events) or interrupted the flow of the event stream at unexpected points 

within each action (i.e., disrupted events).  We hypothesized that participants would show longer 

look durations to disrupted relative to intact events and that this would be due to increased 
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attention allocation during pauses that interrupted continuous motion rather than pauses that 

marked more naturalistic boundaries.   

At a macroscopic timescale, our primary hypothesis, that disrupted (relative to intact) 

events would recruit visual attention was supported by our findings. Looking times in both 

children and adults revealed significantly greater proportions toward disrupted relative to intact 

events across blocks.  This pattern of visual fixation was similar across three different iterations 

of the novel event itself, suggesting a robust effect that cannot be attributed to the specific actions 

or action combinations.  Further, both groups demonstrated a similar pattern across blocks, 

suggesting that attention was consistently recruited to disrupted relative to intact events and that 

this pattern is developmentally stable by the second year of life.   

These findings demonstrate that young children readily detect disruptions in the structure 

of relatively novel, complex events, and suggest that they parse ongoing behavior with respect to 

such structure.  This interpretation is consistent with behavioral evidence that suggests children 

readily segment familiar, everyday activities (Baldwin et al., 2001; Reid et al., 2009) and is one 

of the few studies to extend these results to more novel actions (Friend & Pace, 2011; Pace et al., 

2013).  In sum, the application of a gross dependent measure (i.e., overall proportion looking) 

within the preferential looking procedure indicates that children, like adults, are sensitive to 

coarse-grained action units and can apply this sensitivity to novel events.  

The findings discussed thus far provide an interpretation of results at a macroscopic level 

employed by the majority of experiments that utilize a visual preference paradigm (Fernald, 

Zangle, Portillo, & Marchman, 2004; Houston-Price, Plunkett, & Harris, 2005; Sommerville & 

Woodward, 2005).  These dependent measures have had consistent utility for revealing infants’ 

abilities in habituation and preferential looking experiments.  However, real world events 

frequently consist of multiple activities occurring simultaneously that recruit attention in complex 

ways.  For example, a patron in a café may listen to an animated conversation at the table to her 
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left as the barista prepare lattes behind the counter, the cashier takes orders from a line of 

customers, and a soccer game plays on three televisions.  What features guide attention allocation 

within this complexity?  The present research intended to address this issue by exploring visual 

fixations at a more fine-grained level of temporal analysis.  In particular, we explored infants’ and 

adults’ preference for motion or pauses within a relatively novel event by analyzing looking 

patterns within multiple epochs of interest. 

Although the overall pattern of looking behavior confirmed a preference for disrupted 

relative to intact events, findings from analyses at microscopic timescales revealed important 

subtleties within and across our groups of children and adults.  First, we identified epochs of 

interest defined by motion, pauses, or transitions within intact and disrupted events.  Analyses of 

children’s patterns of visual fixations within each of these epochs revealed different distributions 

to each event type (Intact, Disrupted).  In response to disrupted events, children’s looking patterns 

revealed a linear trend such that Motion > Pauses > Transitions.  In response to intact events, the 

linear trend was such that Motion > Transitions > Pauses.  Follow-up analyses revealed 

significant differences between epochs of motion and pauses with overall increased attention to 

disrupted events, but no significant differences between conditions during action transitions.  This 

suggests that children were attending to both movement and boundaries as they observed the 

novel events, that these event features were more salient than transitions, and that visual attention 

was recruited when the expected pattern was violated to a greater degree within disrupted relative 

to intact events.  

Analyses of adults’ looking behavior revealed differences when compared with children.  

Although the trend for intact events was similar in that epochs of motion recruited the most 

attention compared to pauses and transitions, the trend for disrupted events was different in that 

Pauses > Motion > Transitions.  Thus, across all actions, pauses recruited adults’ attention within 

disrupted events suggesting that these elements were the most visually salient.  However, these 
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results must be interpreted with caution, since there were no significant differences between 

conditions in adults’ looking patterns to epochs of motion, pauses, or transitions. 

These findings are consistent with the only other study, to our knowledge, that has 

investigated the relative influence of transitions versus events on infants’ looking patterns 

(Hespos et al., 2010).  In this study, infants were habituated to action sequences consisting of 

events (e.g., occlusion – a ball goes behind an occluder; containment – a ball goes in a container) 

and a transition between events (e.g., bounce, slide).  Test events consisted of either a novel event 

and familiar transition or familiar event and novel transition.  Results showed that the novelty of 

the events, not the transitions, predicted infants’ performance: infants looked significantly longer 

at novel event/familiar transition compared to familiar event/novel transition segments.  

However, it is important to note that infants did not ignore transitions altogether:  in fact, infants 

dishabituated to both types of test trials suggesting that they were sensitive to novel transitions to 

a lesser extent than novel events.   

The present findings extend the previous results by clarifying how specific types of 

information within dynamic events may guide visual attention and facilitate parsing of a novel 

event at relevant boundaries in two ways.  First, Hespos and colleagues (2010) found that events 

were more salient than transitions, as was the case in our study within the disrupted and intact 

conditions for children and adults.  In addition, it is important to note that pauses recruited nearly 

as much attention in the disrupted condition relative to the actions themselves in both groups.  

This suggests that specific features within an event may be more or less informative depending on 

the specific context.  For example, in the case of the disrupted event (in which pauses occurred at 

unexpected boundaries), both the motion and the pause recruited increased visual attention 

perhaps because these epochs represented periods of relative uncertainty that marked a change in 

ongoing activity.  In the intact condition, in contrast, both samples evinced a decrement in 
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attention toward the pauses that occurred at natural boundaries, suggesting that these may have 

occurred at boundaries that were more stable and predictable.  

Second, events are comprised of multiple factors.  One goal of our study was to 

understand which movement cues were salient for children and adults as they processed dynamic, 

relatively novel stimuli.  There are several parameters known from action production studies that 

may be informative.  In our study, two types of features within the event (motion and pauses, or 

breakpoints) were more salient than transitions between actions within disrupted events, 

suggesting that both of these movement features may help children to establish units of action 

within continuous sequences.  The relative salience of motion and pauses (i.e., event features) 

over event transitions supports a coarse-grained processing of the event into component actions 

(Action 1, 2, 3) consistent with children’s performance in previous research (Baldwin et al., 2001; 

Friend & Pace, 2011).   

Taken together, this suggests that as children and adults observe ongoing action, they 

may weigh dynamic cues differently depending on the type of event they are observing.  When 

we explored the pattern at the level of individual actions, however, additional differences were 

revealed.  Children’s looks of the longest duration were recruited to the pause that disrupted the 

first Action in the Disrupted condition, suggesting that the initial interruption of the expected 

movement was the most disruptive. Still, this violation was not sufficient to sustain children’s 

visual attention throughout the duration of the event and children thus shifted focus to the epochs 

of motion across the two videos.   

These findings are also consistent with recent work supporting the role of movement 

kinematics in action perception in adults.  For instance, kinematics of observed actions have been 

shown to affect imitation in adults, even when the stimulus material is very abstract, such as 

consisting of a single dot (Bisio, Stucchi, Jacono, Fadiga, & Pozzo, 2010).  Furthermore, there are 

indications that movement kinematics can form the basis of action predictions (Stapel et al., 
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2012).  Already in infancy, movement kinematics such as the grip aperture of the actor can form 

the basis for expectations about which target object will be grasped (Daum, Vuori, Prinz, & 

Aschersleben, 2009).  Likewise, infants can predict which target will be used based on how a 

multi-purpose tool is handled (Paulus, Hunnnius, & Bekkering, 2011).  This means that the 

movements of the actor reveal what the target object will be, before this target has been reached.  

This type of prediction based on movement kinematics may be employed on a daily basis and 

informs our ability to cross the street without being hit by a car and estimate the speed and 

trajectory of an incoming handshake so that we can meet the other persons hand for a smooth 

transition.   

At the most basic level, these results are consistent with findings from developmental 

literature suggesting that young children attend to motion as a salient cue for action interpretation: 

(Abrams & Christ, 2003; Bidet-Ildei, ChristelBidet-Ildei, Kitromilides, Orliaguet, Pavlova, & 

Gentaz, 2013; Kremenitzer, Vaughan, & Dowling, 1979; Rosander et al., 2007).  This 

interpretation is supported by the pattern of results observed in children:  periods of motion 

recruited the most attention overall, and maintained infant attention across conditions.  On the 

other hand, these findings are also compatible with research that shows infants are able to parse 

events into distinct actions (Baldwin et al., 2001; Friend & Pace, 2011; Pulverman et al., 2003) 

and may use this information to process dynamic human action.  This is evinced by the 

significant increase in looking durations recruited by the pause in the first action within the 

disrupted videos.  When considered together, these fixation preferences suggest that young 

children may use both kinematics and breakpoints to process novel action.  It is still unknown, 

however, whether children’s looking behavior reflects expected trajectories of motion, the agents 

movement kinematics, or a higher-order understanding of the goal structure of the novel event.   

Our findings are also consistent with research in adults investigating the features that 

provide support in segmenting activity into meaningful units.  For instance, previous results have 
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demonstrated that movement variables (e.g., biological motion, acceleration and position of an 

actor’s hand and head, body movement) play an important role in adults’ event segmentation 

(Stapel et al., 2010; Zacks et al., 2009).  In this research – changes in movement features were 

strongly correlated with segmentation of naturalistic everyday activities (e.g., laundry).  However, 

our research suggests that disruptions to ongoing motion at unlikely locations also recruit 

attention (initially in children and at repeated junctures in adults).  The salience of these 

breakpoints (above and beyond the salience of identical breakpoints at naturalistic action 

boundaries), suggests that they are indeed informative, highly salient, and provide important 

information to observers about the structure of ongoing activities even in a novel context.   

This pattern may be supported by an account of event segmentation proposed by 

Newtson, Fairfield, Bloomingdale, and Cutino (1987), in which the behavior stream (e.g., visual 

input) consists of a spike structure in which brief bursts of change in features monitored by an 

observer form “points of definition”.  A change in one or more movement features could be 

defined to be such a burst, as could an unexpected event interruption.  However, what determines 

which feature changes are sufficiently salient to form “spikes” and what it means to be a “point of 

definition” are underspecified in this account.  Our findings may be more clearly interpreted 

within the framework provided by Event Segmentation Theory (EST; Zacks, Speer, Swallow, 

Braver, & Reynolds, 2007), which holds that event boundaries are detected by virtue of 

processing unpredicted feature changes.  This theory posits that to understand ongoing events, 

observers process incoming information to generate predictions about what will happen next.  

Such predictions allow for adaptive proactive responses, and are a key feature of models of 

control in psychology (Neisser, 1967) and neuroscience (Schultz & Dickinson, 2000).   

Importantly, EST proposes that everyday activity includes substantial sequential 

dependency, which can facilitate prediction.  For example, consider the process of baking a cake.  

One can make predictions about what will come next based on conceptual features such as 
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inferred goals – if the baker takes out a bowl and a whisk, this implies the goal of mixing.  One 

can also make predictions based on perceptual features such as those that arise from the 

interaction of agents and objects within the event – if the agent is stirring something with a 

particular frequency and amplitude those parameters are likely to be stable for the duration of the 

action unit.  If the agent suddenly stops stirring, EST suggests that the observers will update their 

event representations to account for this change:  the baker might be pausing to rest her arm or 

may have mixed the batter to her satisfaction.  However, within these periods of ambiguity when 

one event ends (or in the context of our event, when one action ends) and another begins, many of 

the predictive relationships no longer hold.  At such points one’s predictions will tend to generate 

more errors (e.g., visual fixations may shift or become less stable).  Thus, the increased 

recruitment of attention observed in both children and adults in response to the disrupted relative 

to intact events may be due to the fact that these features were relatively unlikely (at unexpected 

locations) and they violated predictions of movement kinematics to draw attention anew. 

Taken together, our results help to illuminate the role of movement kinematics in action 

processing.  There are many situations in which the goal of an observed activity is unambiguous.  

In these cases, kinematics might be safely neglected.  However, if the scene shows multiple goal 

objects or locations, movement characteristics can serve as a cue for predicting what the goal will 

be.  In the context of our novel event, participants may have constructed a very basic framework 

for the dynamic structure during the familiarization phase based, in part, on movement 

kinematics.  Predictions about the event dynamics, therefore, may have been violated to a greater 

extent because of the disrupted motion trajectory in the disrupted relative to the intact condition. 

Still, one critical question remains:  feature changes may be conceptual, such as changes 

in actor’s goals, or perceptual, such as changes in movement patterns.  What type of process has a 

greater influence on looking patterns?  Additional research is needed to clarify how perceptual 

and conceptual knowledge about an event interact and change throughout development, 
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especially in the context of novelty.  In addition, events are multi-modal:  visual processing is 

usually accompanied by auditory input that may be consistent or inconsistent with the flow of 

activity.  How does the addition of acoustic information (e.g., language) influence event 

segmentation?  In adults, descriptions of events can influence perception and vice versa (Gentner 

& Wolff, 1997; Zacks & Tversky, 2001).  It is probable that this plays a role in young children as 

well, but little is known about the mechanisms that facilitate this ability.  Some researchers have 

suggested that infants use the convergence of visual and acoustic information at specific moments 

in time to provide a bookmark for individual action units (speech-action synchrony; Brand & 

Tapscott, 2007).  Other evidence suggests that infants’ ability to track transitional probabilities in 

continuous, dynamic events (e.g., “acoustic packaging”) may provide a tool to detect meaningful 

action units (Kirkham, Slemmer, & Johnson, 2002; Roseberry, Richie, Hirsh-Pasek, Golinkoff, & 

Shipley, 2011).  Additional research is needed to address these questions.   

The full story of how individuals learn to parse complex human action into meaningful 

units will need to account for the mutual influence of many inputs.  The present research suggests 

that young children approach event segmentation in ways similar to adults, with flexibility and 

early knowledge about event structure and organization.  Future research will need to test the 

limits of this flexibility in an effort to better characterize the developmental origins of early 

capacities to help describe how influences like language acquisition and world experience change 

our event segmentation abilities. 
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APPENDIX A  

Numerical Intervals for All Epochs 
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CHAPTER 4: BEYOND EVENT SEGMENTATION: SPATIAL AND SOCIAL 
COGNITIVE PROCESSES IN VERB TO ACTION MAPPING 

ABSTRACT 

The present paper investigates spatial- and social-cognitive processes in toddlers’ 

mapping of concepts to real-world events.  In two studies we explore how event segmentation 

might lay the groundwork for extracting actions from the event stream and conceptually mapping 

novel verbs to these actions. In Study 1, toddlers demonstrated the ability to segment a novel 

multi-action event by selecting a single action for behavioral re-enactment when prompted.  In 

Study 2, a single action embedded in the event sequence was specified as the referent for a novel 

verb using cues to support intentional inference.  As in Study 1, toddlers spontaneously 

segmented the sequence.  In addition, they mapped a novel label to the embedded action specified 

by the novel label and intentional cues. These data are consistent with current thinking which 

suggests a convergence of spatial- and social-cognition in verb learning.  In the present research, 

toddlers built upon event segmentation skills and utilized intentional inference when mapping 

verbs to actions embedded in the motion stream. 

INTRODUCTION 

THE PROBLEM OF VERB LEARNING 

Verb learning is an important test case for identifying factors that guide early word-

referent mapping due to the transience of actions (the referents for verbs) relative to objects (the 

referents for nouns).  Verbs may be uttered before, after, or during the action to which they refer 

so that the referent for a verb is not necessarily perceptually available during the process of 

mapping.  Additionally, actions can occur simultaneously or in sequence with other actions: 

children’s ability to select a referent action for mapping is dependent in part upon earlier 

emerging event segmentation skills.  Around 24 months of age toddlers can use intentional 

inference to map novel verbs to discrete actions (Carpenter, Call, & Tomasello, 2002; Tomasello 
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& Barton, 1994) yet it is not known whether intentional inference is sufficient to facilitate the 

mapping of verbs to actions in a stream of motion.  The intersection of children’s ability to detect 

and categorize actions within the event stream and the mapping of verbs to these actions is an 

important new direction in the literature.  

Children rarely experience explicit boundaries in ongoing human action:  biological 

movement flows in unbroken sequences.  Two skills germane to verb learning are the extraction 

of referent actions from the event stream and the mapping of labels to specific actions.  That is, 

children must first “package” an event into meaningful units and then “map” a novel label to a 

referent action within the event sequence.  Gentner (1978; 2006) has argued that the acquisition 

of nouns precedes that of verbs because nouns refer to solid objects whereas verbs refer to 

ephemeral events.  In other words, the referents for nouns are naturally “packaged” as coherent 

entities.  The referents for verbs, in contrast, are less perceptually distinct.  The cross-language 

prevalence of nouns in children’s early productive vocabularies lends support to this position.  

Although there is some evidence that the relative proportions of nouns and verbs in children’s 

early productive repertoires vary across languages (Choi & Gopnik, 1995; Tardif, 1996), the 

general consensus remains that mapping verbs to actions poses a unique set of challenges relative 

to mapping nouns to objects (Au, Dapretto, & Song, 1994; Gentner, 2006).   

Supporting this consensus, Maguire, Hirsh-Pasek & Golinkoff (2006) report a series of 

experiments showing the difficulty that young children have in verb mapping relative to noun 

mapping even under parallel learning conditions and Childers & Tomasello (2006) report similar 

results using a different paradigm.  Of interest in this paper are the mechanisms that enable a 

young language learner to identify referents for verbs within an event stream.  Specifically, we 

assess both event segmentation and mapping processes in the second year of life to evaluate:  1.) 

How event segmentation may set the stage for verb mapping and 2.) How intentional cues support 

the mapping of a novel motion verb to an action embedded in the event stream.  
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PACKAGING EVENTS 

Baldwin and Baird (1999) paint an eloquent picture of the complexity of human action: 

“We travel hither and thither, twisting and turning, appendages aflutter” (p. 215).  The actions 

that comprise complex events exist at multiple levels of analysis and both bottom-up and top-

down processes likely contribute to interpretations of human action.  For example, changes in 

velocity or path specify both fine- and coarse-grained units (Tversky, Zacks, & Hard, 2008) 

whereas causal relations between actions (Bauer, 2008), statistical probabilities of action co-

occurrence (Baldwin, Andersson, Saffran, & Meyer, 2008), and intentional inference (Baldwin, 

Loucks, & Sabbagh, 2008), support segmentation of coarse action units.  Even when actors do not 

explicitly communicate intent, pragmatic assumptions likely guide interpretations of events 

(Baldwin et al., 2008).  Importantly, empirical research has revealed substantial concordance 

between fine- and coarse-grained action boundaries (Tversky, et al., 2008).  

Action is salient to human infants (Bahrick, Gogate, & Ruiz, 2002) and infants are 

sensitive to the distinction between animate and inanimate movement patterns (Golinkoff et al., 

2002; Mandler, 2004; see also Rakison & Poulin-Dubois, 2001 for a comprehensive treatment).  

Moreover, a growing body of work suggests that infants segment human action (Buresh, 

Woodward, & Brune, 2006; Casasola, Bhagwat, & Ferguson, 2006), detect event disruptions 

(Baldwin, Baird, Saylor, & Clark, 2001; Loucks & Baldwin, 2006; Reid, Csibra, Belsky, & 

Johnson, 2006), and recognize familiar actions embedded within events (Hespos, Saylor, & 

Grossman, 2009).  Further, Pulverman, Golinkoff, Hirsh-Pasek, and Sootsman Buresh (2008) 

found that by 14 months, infants discriminate both the path and manner of motion in animated 

displays.  Still, infants’ early understanding of events is fragile and it is only toward the end of the 

second year of life that memory for events appears to stabilize (Shipley & Zacks, 2008; Bauer, 

2008).  Empirical research exploring action processing and verb learning in the second year is 

needed.  For instance, it is not known whether toddlers build on sensitivity to event structure to 
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map novel verbs to referents embedded in the motion stream although recent thinking suggests 

this may be the case (e.g., Golinkoff & Hirsh-Pasek, 2008; Maguire & Dove, 2008).  The present 

studies investigate toddler’s action processing (“packaging”) and verb learning (“mapping”).  Of 

interest are the mechanisms that enable a young language learner to identify verb referents within 

the motion stream.   

MAPPING VERBS TO ACTIONS 

Both syntactic structure and intentional inference have been shown to facilitate the 

mapping process.  For example, syntactic structure (Gleitman, 1990; Naigles, 1990) can constrain 

the candidate referents for words.  Toddlers use the grammatical cues that frame novel verbs to 

discern whether the referent for a novel label is an object (the blick) or an action (blicking) 

(Maguire et al., 2006) and assign different meanings to verbs depending on the sentential context 

in which the verb appears (Fisher, 2002; Yuan & Fisher, 2009).  Intentional inference similarly 

constrains toddlers’ interpretations of verb meaning (Tomasello & Barton, 1994; Tomasello, 

1995; Poulin-Dubois & Forbes, 2006) and intentional support has been shown to facilitate the 

learning of novel verbs (Poulin-Dubois & Forbes, 2002).  The effectiveness of intentional 

inference in facilitating word-referent mapping was recently demonstrated in a comparison of 

several statistical models of lexicon acquisition.  The intentional model outperformed all other 

models aimed at specifying the relation between words and objects in a cross-situational word 

learning paradigm (Frank, Goodman, & Tenenbaum, 2009).  The focus of the present paper is 

whether intentional inference, in combination with sensitivity to the structure of dynamic motion 

events, is sufficient to support conceptual mappings between verbs and actions embedded within 

those events. 

There is a rich literature illustrating the importance of intentional inference in toddlers’ 

action understanding.  In a now classic demonstration, 18-month-olds observed an experimenter 

attempt (but fail) to remove the ends from a dumbbell (Meltzoff, 1995).  Children successfully 
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imitated the “intended” rather than the executed action.  Extending this finding, in Carpenter, 

Ahktar, and Tomasello (1998) an experimenter completed an intended action accompanied by the 

vocalization, “There!” and an unintended action accompanied by “Whoops!”  Again, children 

imitated the intended rather than the unintended action.   

Similarly, children rely on intentional inference to map verbs to discrete actions 

(Carpenter, Ahktar, & Tomasello, 1998; Carpenter, Call, & Tomasello, 2002; Tomasello & 

Barton, 1994).  Intentional inference supports children’s mapping of novel verbs to both 

concurrent and impending actions (Tomasello & Cale-Kruger, 1992) and even to actions that 

have occurred in the past (Akhtar & Tomasello, 1996).  Across studies, toddlers’ action re-

enactments and verb-to-action mapping conform to the perceived intention of the agent executing 

the action (Carpenter et al., 2005; Tomasello & Barton, 1994).   

To summarize, sensitivity to the structure of human action emerges in infancy and 

becomes increasingly robust toward the end of the second year.  The ability to identify referents 

for motion verbs in the event stream is likely dependent on this emerging understanding of events 

grounded both in spatial- and social-cognition.  It has been established that toddlers use both 

syntactic structure and intentional inference to map novel verbs to discrete actions (i.e., actions 

that are distinct in space and time).  What is not known is how toddlers map novel verbs to 

actions within the context of an ongoing event.  Of interest is how sensitivity to spatio-temporal 

event structure interfaces with the propensity to infer goals and intentions to facilitate the 

mapping of verbs to referents embedded in ongoing human action.  The extension of previous 

research on discrete actions (e.g., Carpenter, Ahktar, & Tomasello, 1998) to action sequences has 

implications for the integration of perceptual and social-cognitive processes in the mapping of 

concepts to real-world events.  In this way, this research contributes to the emerging literature 

bridging the gap between action processing and verb learning.   
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STUDY 1 

Study 1 asks whether toddlers spontaneously parse novel event sequences into their 

component actions. Toddlers watched an experimenter perform a sequence of three actions 

without explicit communication of intent with regard to action boundaries and were prompted to 

perform a single action.  To successfully parse the sequence, toddlers had to rely on cues other 

than communicative intent (e.g., causal relations, changes in the direction of movement, statistical 

probabilities of action co-occurrences, or inferences about the goal of the event).  This approach 

differs from earlier work on event segmentation in infants in two important ways.  First, children 

saw a novel but sensible sequence of actions similar to the approach taken by Baldwin et al. 

(2008) in their research on adults’ event segmentation.  This allowed us to assess whether 

toddlers spontaneously segment unfamiliar events in the absence of communicative intent 

demarcating action boundaries.  Second, the dependent measure of toddlers’ event segmentation 

was their re-enactment of action(s) in the sequence.  This allowed us to use a behavioral measure 

that was both age-appropriate and consistent with previous social-pragmatic studies of toddlers’ 

verb to action mapping.  Children at the end of the second year are at ceiling in their immediate 

recall of event sequences (Bauer, 1999).  As Bauer (2008) summarizes, “Indeed, by the end of the 

second year, children reliably show robust memories for long, temporally complex sequences, 

which they retain over extended periods of time” (p. 142). Further, children at this age 

comprehend the distinction between one and many when asked to hand an experimenter “one” 

object (Wynn, 1990).   In the present study, two-year-olds observed an experimenter model a 

three-action event and were asked, “Can you show me one thing the clown can do?”  We 

expected that toddlers would spontaneously segment the sequence and predicted that they would 

re-enact a single component action from the event when prompted even though children at this 

age are capable of recalling the entire sequence. 
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METHOD 

Participants 

The final sample consisted of 14 22-to 29-month-olds (7 males, M age = 25;10, range = 

23;15 to 26;25 and 7 females, M age = 25;0, range = 22;8 to 29;13).  The sample was 

predominantly white (78.6%, N=11).  One participant was Hispanic (7.1%) and two were 

Multiracial (14.3%).  An additional two participants were excluded: one was fussy and did not 

watch the entire sequence and one was shy and did not participate in the re-enactment. 

Participants were recruited through advertisements in a local parenting magazine and a free 

weekly newspaper.  

Materials 

The MacArthur-Bates Communicative Development Inventories: Words & Sentences 

(MCDI) served as an independent measure of vocabulary acquisition.  The MCDI contains a 680-

word vocabulary production checklist and three measures of grammatical complexity designed 

for use with children between the ages of 16 and 30 months. MCDIs were mailed to parents 

approximately one week prior to testing and completed before their arrival to the lab.  

Three actions were constructed into a single activity station: 1.) placing a clown in a truck 

and pushing a button that caused the truck to move along a track, 2.) placing the clown in a basket 

and hoisting it to the top of a frame using a pulley, and 3.) placing the clown in a car and pushing 

the car down a curved ramp.  The activity station was organized so that one action led logically 

and proximally to the next.  For example, in action 1, the truck moves along a track until it stops 

below the pulley.  In action 2, hoisting the clown with the pulley brings him above the curved 

ramp where the car for action 3 awaits.  This organization facilitated a fluid movement between 

actions in the event.   The activity station was constructed as a modified replication of materials 

used by Tomasello and colleagues (Tomasello & Cale-Kruger, 1992; Akhtar & Tomasello, 1996) 

and the action sequence was performed live following Saylor et al. (2007).  Procedure  
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Children participated in a brief warm-up period.  During the re-enactment task, children 

were seated on their caregiver’s lap approximately two feet from the activity station.  The child 

watched the experimenter perform the live event three times.  The experimenter established joint 

reference with the child at the beginning and end of the entire three-action event to ensure the 

child was attending to the demonstration.  Children were handed the clown and prompted, “Can 

you show me one thing the clown can do?”   

RESULTS AND DISCUSSION 

CODING 

Total vocabulary production scores were calculated from sections 1 through 22 on the 

MCDI.  The mean vocabulary production score was 318 words, SD = 159.44.   There was a 

significant difference between males and females in total vocabulary production: mean 

vocabulary production was 225.43 (SD = 81.33) for males and 410.71 (SD = 168.64) for females, 

t (12) = 2.62, p < .05.  Scores fell between the 20th and 84th percentile at 24 months of age, with 

the exception of one male who fell at the 8th percentile (Fenson et al., 1994).  Total verb 

production (section 13) was also calculated.  On average, children were reported to produce 44.50 

action words (SD = 29.83).  Again, we found a significant difference between males and females:  

mean action words produced was 25.29 (SD = 15.39) for males and 63.71 (SD = 28.81) for 

females, t (12) = 3.13, p < .05.  The observed group differences remained even when the one male 

who fell below the 10th percentile was removed from the analysis. 

Videotapes of the sessions were coded by two independent coders at 100% inter-rater 

agreement.  Children in the final sample were eager to approach the apparatus and imitate the 

experimenter.  Behavior was coded until the child checked in with the experimenter or returned 

the clown.  Children were credited with re-enacting a single action if it was the only action they 

performed or if all of the following criteria were met: 1.) it was the first action they performed, 

2.) they perseverated on/repeated the first action for at least 2 sec, 3.) it was the only action they 
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performed with the designated actor (the clown), and 4.) a pause of at least 2s followed this action 

during which they checked in with/returned the clown to the experimenter.  Children were 

credited with enacting multiple actions if they did not meet the criteria above.  Finally, children 

were credited with re-enacting the entire sequence if they did not meet the criteria above and they 

completed the sequence in order from action 1 to action 3.   

Children were significantly more likely to re-enact a single action (79%), than to re-enact 

multiple actions (21%; χ² (1, N = 14) = 4.57, p = .033).  Of the three children who re-enacted 

multiple actions, one child completed actions 1 and 2 and two children reproduced the entire 

sequence in the order modeled by the experimenter.  When children produced multiple actions, 

they adhered to the temporal structure of the event.  In addition, children emphatically produced 

complete actions; no child produced a portion of an action or an action transition.  This suggests 

that they segmented the event at coarse action boundaries.  Individual re-enactment data are 

presented in Table 4.1.  There was no effect of sex on re-enactments. 

Table 4.1.  Individual Reenactment Data From Study 1 for First Action Performed. 

 

To explore the relation between language development and event segmentation, we 

examined overall productive vocabulary on the MCDI and the total number of Action Words 

produced (section 13).  In addition, Action Words were classified as narrowly or broadly defined 

manner of motion (MoM) verbs based on semantic features (Rappaport, Hovav, & Levin, 2010; 

Cardini, 2008). Narrowly defined MoM verbs clearly expressed a change in translational space 

and characterize how the motion occurs (e.g., slide). Broadly defined MoM verbs conveyed a 

change in locational space (e.g., shake); were potentially translational (e.g., kick) or could lead to 
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a change in location (e.g., hit, put, push); provided information about trajectory (e.g., drop, fall); 

implied conveyance (e.g., bring, take, carry); and specified movement of the theme (e.g., spill, 

pour, dump; see Appendix). There were no significant differences in overall productive 

vocabulary or any measure of verb production between children who re-enacted a single action 

and those who re-enacted multiple actions.  

Of interest was whether toddlers would segment an unfamiliar 3-action sequence into 

subcomponents and re-enact a single action component.  As predicted, and consistent with 

previous research on infant sensitivity to the structure of familiar events, toddlers spontaneously 

segmented the novel event.  A significant proportion of toddlers re-enacted a single action when 

requested to show the experimenter one thing the clown could do.  Bauer (2006) reports that, by 

20 months, children accurately reproduce arbitrary, three step, event sequences.  This suggests 

that re-enactment of single actions by the majority of children in the present study is likely due to 

the ability to identify specific action components in the motion stream.  An interesting direction 

for future research would be to explicitly test the relation between event recall and event 

segmentation.  Nevertheless the current findings provide a foundation for exploring how the 

ability to parse an event sequence into its component actions may contribute to verb mapping.  In 

Study 2, we asked toddlers to map a novel verb to one of the actions in the event sequence from 

Study 1.   

STUDY 2  

METHOD 

Participants 

Participants were 30 22- to 26-month-olds (15 males, M age = 24;12,  range = 22;10 to 

26;12 days and 15 females, M age = 24; 9, range = 22;23 to 25;29).   The sample was 

predominantly white (80% N=24). Three participants were identified as Black/Not Hispanic 

(10%), two as Hispanic (6.7%), and 1 as Asian (3.3%). An additional four participants were 
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tested but excluded: two were fussy and did not watch the entire sequence and two were shy and 

did not participate in the re-enactment. Participants were recruited though an advertisement in a 

local parenting magazine and a free weekly newspaper.  

Procedure 

Approximately one week prior to testing, the MCDI was mailed to parents.  Upon arrival 

in the laboratory, toddlers participated in a brief warm-up period followed by a re-enactment task.  

They were randomly assigned to one of three experimental conditions that varied in the cues 

given to specify a single action in the sequence as the referent for a novel verb.   

The procedure was divided into a within-subjects baseline phase and a between-subjects 

test phase.  The purpose of the baseline phase was threefold: 1.) to replicate our findings from 

Study 1 in a new sample, 2.) to establish baseline action preferences, and 3.) to assess whether 

children shifted their re-enactments from baseline to test.  A shift in re-enactments from baseline 

to test would indicate that children were overriding their initial action preferences when asked to 

re-enact the novel verb.  This would suggest that verb mapping was driven by intentional and/or 

linguistic cues.   

The test phase consisted of three conditions in which cues were provided to identify the 

middle action in the sequence as the referent for a novel verb (see Figure 4.1).   
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Figure 4.1.  Timeline of actions and cues in Study 2.  

In both baseline and test phases, toddlers watched the experimenter perform the action 

sequence described in Study 1.  The target action was defined as the middle action because pilot 

testing and data from Study 1 indicated that it was the least preferred action in the sequence.  For 

this reason, children were unlikely to choose it as the referent for the novel verb without 

intentional support.  Structuring the task in this way provided the most direct test of the ability to 

identify an embedded action as a referent.  The baseline phase allowed us to assess baseline 

action preferences directly in the present sample and to assess the relation between these 

preferences and re-enactment during test.  All children participated first in the baseline phase 

followed by the test phase.   

Materials 

We used the MCDI as an independent measure of vocabulary acquisition.  We were 

particularly interested in the number of verbs that children understood and said as a measure of 
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their sophistication in mapping labels to actions.  To this end we asked parents which verbs their 

children understood (but did not yet say) and which verbs they were already producing.  The 

materials for both phases of experimentation (within-subjects baseline and test) were identical to 

Study 1. 

Within-Subjects Baseline Phase.  The baseline phase was conducted as a systematic 

replication of Study 1.  All participants watched the experimenter perform the action sequence 

with no vocalization or gaze alternation to overtly signal action boundaries.  As in Study 1, the 

experimenter established joint reference at the beginning and end of the entire three-action event.  

Children were handed the clown and prompted with a novel verb, “Can you glorp the clown?”   

Test Phase.  Children were randomly assigned to one of three experimental conditions: 

1.) novel label only, 2.) intentional cues only, or 3.) novel label and intentional cues (see Figure 

4.1).  In all conditions, the experimenter established joint attention at the beginning and the end of 

the entire action sequence.  All children watched the experimenter perform the action sequence 

three times.  The central action in the sequence was flanked at onset and offset by a novel 

verb/intention cues.   

In Condition 1, the experimenter labeled the action as she performed it but provided no 

intentional support.  At the onset of the target action, the experimenter said in infant-directed 

speech, “Glorping!”  At the offset, she repeated, “Glorping!”  The progressive inflection was used 

to mark the continuity of the target action within the boundaries specified by the repetitions of 

novel verb.  The verb was presented without a frame to standardize the level of information 

provided across conditions.  Children at this age treat verbs without a frame as causative (e.g., the 

experimenter is glorping the clown; Naigles, 1996).  This condition tests whether labeling is 

sufficient, without additional intentional support, to specify an embedded action as the referent 

for a novel verb.  
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In Condition 2, the experimenter provided intentional support (gaze alternation and vocal 

intention) without labeling the target action.  At onset of the target action, the experimenter 

established joint reference and said in infant directed speech, “Look!”  At the offset, she again 

established joint reference and said, “There!”  This condition corresponds most closely to Akhtar 

and Tomasello (1996) in which the action was labeled following its completion as a prompt for 

re-enactment.  This condition tests whether intentional support is sufficient, in the absence of a 

label, to specify an embedded action as the referent for a novel verb.  

Finally, in Condition 3 the experimenter marked the onset and offset of the target action 

with intentional support while labeling the action.  At the onset of the target action, the 

experimenter established joint reference and said in infant directed speech, “Look! Glorping!”  At 

the offset, the experimenter again established joint reference and said, “There! Glorping!” (See 

Figure 4.1 for a timeline of the sequence across Conditions.).  Condition 3 corresponds to 

Tomasello and Cale-Kruger’s (1992) ostensive labeling context.  We predicted that children 

would be most likely to map the novel verb to the referent action in this condition due to the 

robust co-occurrence of intentional support and a novel verb.  After watching the experimenter 

perform the action sequence three times, children in all conditions heard the novel verb “glorp” in 

the transitive frame, “Can you glorp the clown?” In all conditions, the dependent measure was 

children’s action re-enactment when prompted with the novel verb.   

We expected that a significant proportion of toddlers would map the novel verb to an 

embedded action, especially when the referent was specified by intention cues and a verb, and 

that verb mapping would be related to verb knowledge.  In addition, because pilot data and data 

from Study 1 indicated that there was no baseline preference for the target action, we predicted 

that toddlers would shift their initial action preferences from the non-target flanking actions 

(actions 1 and 3) during baseline to the target action during test. 
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RESULTS AND DISCUSSION 

CODING 

Total production scores were calculated from sections 2 through 22 on the MCDI.  The 

mean total production score was 271.83 words (SD = 146.74, range = 20 to 575 words).  Scores 

were within the 10th to the 90th percentile at 24 months of age (Fenson et al., 1994).   Total verb 

comprehension, production, and MoM verb comprehension and production (both narrowly-and 

broadly-defined) were calculated from the Action Words section of the MCDI.  Bonferroni-

corrected tests revealed no differences across Conditions for any of these measures.  

For both baseline and test phases, all action re-enactments were coded from videotapes of 

the experimental sessions.  The coding criteria were identical to Study 1.  All data were coded by 

two independent coders at 97% inter-rater agreement across participants.  As in Study 1, children 

were eager to approach the apparatus and imitate the experimenter’s actions.  No difference in 

this tendency was observed across Conditions.  The single disagreement was resolved by the first 

author (see Table 2 for individual re-enactment data as a function of phase and condition).   
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Table 4.2. Individual Reenactments as a Function of Condition in Study 2 for First 
Action Performed.  

 

Across Conditions, total verb comprehension significantly predicted re-enactment of the 

target action during test (t (28) = 2.2, p < .05).  Furthermore, mapping of the novel verb to the 

embedded action was significantly predicted by comprehension of narrowly defined MoM verbs 

(t (28) = 1.9, p =.033, one-tailed) and marginally predicted by comprehension of broadly defined 

MoM verbs (t (28) = 1.7, p =.054, one-tailed; see 4.2).  There was no effect of these measures on 

baseline re-enactments and no effect of overall production vocabulary at either baseline or test. 

Performance During Baseline 

Children’s re-enactments at baseline replicated Study 1: 80% re-enacted only a single 

action (binomial p < .05). Since children had been given no information about the meaning of the 

novel verb, we expected no systematic action preference.   Of the total sample, 53% of 

participants re-enacted the first action, 27% the last action, and only 20% performed the middle 

action in the absence of cues to demarcate the target.  A chi-square analysis indicated that this 



136 

 

distribution did not differ from chance and there was no baseline bias to enact the target (middle) 

action.  The majority of toddlers interpreted the novel verb as referring to a single, coarse-level, 

action (e.g., placing the clown in the truck and pushing the button causing the truck to move 

along the track).  Children were again emphatic about completing actions; for example, if the 

truck stopped midway down the track, children would repair their re-enactment until the truck 

made it all the way down the track.  

Table 4.3. Verb Comprehension by Condition and Reenactment in Study 2. 

 

Performance During Test 

Participants who received both Intention Cues and a Label were significantly more likely 

to perform the target action than any other action or combination of actions (χ2(3) = 2.00, p < 

.05); 70% of children in this Condition re-enacted the target action.  This was not true of the other 

Conditions suggesting that presenting intention cues in conjunction with a verb provided the most 

optimal scaffolding for mapping the verb to an action embedded in a sequence.  This was 

confirmed by t-tests comparing performance across Conditions:  children who received Intention 
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Cues and a Label were significantly more likely to map the novel verb to the target action than 

were children who received Intention Cues Only (t (18) = 3.29, p < .05) and marginally more 

likely to map the novel verb to the target action than children who received a Label Only (t (18) = 

1.852, p =.08).   

Relation Between Baseline and Test 

Across Conditions, children who re-enacted a single action during baseline were 

significantly likely to re-enact a single action during test (χ2 (1) = 4.80, p <.05).  Of the 24 

children who re-enacted a single action during the baseline phase, 19 re-enacted a single action at 

test.  Similarly, of the 6 children who re-enacted multiple actions during the baseline phase, 4 re-

enacted multiple actions at test.  At both baseline and test, the majority of children interpreted the 

novel label as referring to one of the three coarsely defined actions in the event.  Importantly 

however, performance during baseline (defined by the binary criterion of re-enacting the target 

action) was not correlated with performance at test and baseline action preferences did not differ 

across Conditions.  Thus baseline preferences cannot account for differences in performance 

across Conditions at test suggesting that intentional inference, not initial preferences, guided 

children’s verb-to-action mapping.   

A stronger test of this conclusion is whether social-pragmatic cues produced a shift from 

baseline to test in re-enactments of the target action.  As predicted, a significant proportion of 

children in Condition 3 (Intentional Cues and Label) shifted from re-enacting a non-target action 

during baseline to the target action during test (binomial p < .05).  At the group level, 10% 

enacted the target at baseline whereas 70% enacted the target at test (see Figure 4.2).  At the 

individual level, 6 of the 7 children who re-enacted a non-target action during baseline re-enacted 

the target action at test. This shift was not observed in the other Conditions.   
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Figure 4.2.  Proportion of children performing the target action at baseline and test in 
Study 2. Error bars represent the 95% confidence interval above the mean. 

GENERAL DISCUSSION 

The present studies investigated how children utilize intentional inferences to map a 

novel verb to a referent action within an event stream.  To address this question we have drawn 

heavily from the literature on infant event segmentation (Baldwin & Baird, 1999; Baldwin et al., 

2001; Loucks & Baldwin, 2006; Saylor et al., 2007, Baldwin et al., 2008) and the literature on 

how intentional inferences support verb-to-action mapping (Tomasello & Cale-Kruger, 1992; 

Tomasello, 1999; Tomasello & Akhtar, 1995; Akhtar & Tomasello, 1996; Carpenter et. al, 1998, 

Poulin-Dubois & Forbes, 2002).   

Verb learning very likely involves two processes: an event segmentation process and the 

conceptual mapping of a verb to its referent.  Event segmentation, in turn, is likely guided at a 

fine level by spatial perception and cognition and at a coarse level by social-cognitive processes 

(e.g., the attribution of goals and intentions).  Research has shown consistently that infants are 
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sensitive to structural cues to segmentation and parse continuous motion along intentional 

boundaries. Research also suggests that social cognitive mechanisms such as intentional inference 

facilitate the mapping of verbs to discrete actions.  In the present paper, we explored toddlers’ 

spontaneous event segmentation using a novel but sensible action sequence and the role that 

intentional inference plays in identifying a referent within a sequence for mapping. As predicted, 

and consistent with previous research, children re-enacted component actions from the sequence 

in Study 1 suggesting that the role of intention cues in Study 2 was to highlight a specific 

component action for mapping. 

We hypothesized that children would most reliably map a novel verb to its referent when 

intentional cues were presented concomitantly with a verb.  Consistent with previous work 

(Tomasello & Cale-Kruger, 1992; Tomasello & Akhtar, 1995; Akhtar & Tomasello, 1996; 

Carpenter et. al, 1998), 70 percent of children who received both intention cues and a verb 

performed the target action during test compared to 50 percent who received a novel verb only 

and 10 percent who received intention cues only.  Total verb comprehension and comprehension 

of MoM verbs were related to successful mapping of the novel verb to its referent but not to 

baseline re-enactments.  This suggests that event segmentation and verb mapping may be 

dissociable processes and that prior experience building conceptual mappings between verbs and 

their referents facilitates the learning of new verbs.  Verb production, however, did not predict 

mapping.  Because many factors contribute to variability in production beyond verb knowledge, 

we suspect that comprehension better indexes the underlying understanding of the relation 

between verbs and their referents. 

Our findings contrast with Preferential Looking (PL) evidence that children can learn 

words through repeated word-image pairings without intentional support (e.g., Houston-Price, 

Plunkett, & Harris, 2005).  This partly reflects differences in task demands:  re-enactment is more 

demanding and requires more stable representations than looking behavior (Chan, Meints, 
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Lieven, & Tomasello, 2010).  However, in the present research, the target referent was an action 

embedded within an event and this distinguishes it not only from prior PL work but from many 

studies on word learning.  For example, our findings also contrast with evidence that children can 

map a novel verb to a discrete action even when the verb is heard subsequent to the action 

(Akhtar & Tomasello, 1996) and with work showing that children can learn novel nouns by 

following an adult’s attention even if it is not shared by the child (Baldwin, 1991; 1993; Akhtar, 

2005).  The proportion of children re-enacting the target action was significantly greater than 

chance only when children received both intentional cues and a verb concomitant with the action.  

Attaching meaning to a referent embedded within an event may require a richer set of cues to 

demarcate the relation than mapping a verb to a discrete action.   

Similar effects obtain in noun learning.  When Booth, McGregor & Rohlfing (2008) 

showed children an array of objects, the noun-referent relation was learned most reliably when 

intentional cues were presented in conjunction with a label.  Similarly, shown a sequence of 

actions in Study 2, children mapped a novel verb to an action most reliably when intention cues 

were presented in conjunction with a verb. When many spatially and temporally proximal 

candidates for a referent exist, greater scaffolding is required. As Tomasello (2003) has argued, 

learning verbs may be particularly dependent on intentional inference: 1.) To determine whether 

the word refers to an action or an object, 2.) To determine the aspect of action to which the word 

refers (e.g., path or manner) and, as we would argue, 3.) To disambiguate a particular referent 

from the actions surrounding it.   

We predicted that, across conditions, re-enactment of the target action would be 

facilitated in test relative to baseline.  In each condition, children were provided with cues known 

to facilitate noun-to-object and verb-to-action mapping.  Our hypothesis was supported only 

when children received both intention cues and a verb.  We suspect that it is not the case that the 

sheer number of cues present in Condition 3 accounts for children’s mapping but rather that the 
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redundancy between intentional and linguistic cues drew attention to the boundaries (or the 

extent, in space and time) of the referent and its relation to the novel verb.   

Of course, children had access to an array of cues beyond those that specified the 

Conditions in Study 2.  Perceptual cues (e.g., changes in trajectory, accelerations and 

decelerations, and moving the clown from one vehicle to the next), causal relations between the 

actions, and the attribution of goals and intentions likely drew attention to action boundaries.  

Likewise, the syntactic frame in which the novel verb was situated may have constrained 

candidate referents (Naigles & Hoff-Ginsberg, 1995; Naigles, 1996).  Although these cues likely 

supported performance they are not sufficient to account for successful mapping in Study 2. 

The notion that attention to event dynamics contributes to verb mapping is supported by 

several observations:  1.) In Study 1, 79% of toddlers spontaneously re-enacted a single action in 

response to the experimenter’s prompt to show her one thing the clown could do, 2.) At baseline 

in Study 2, 80% of toddlers re-enacted a single action in response to the prompt, “Can you glorp 

the clown?” without information to identify a specific action, 3.) In Study 2, across Conditions, 

70% of toddlers re-enacted a single action after receiving cues to specify a referent for the novel 

verb, 4.) Finally, the majority of toddlers who re-enacted a single action at baseline also re-

enacted a single action at test. Together, these observations suggest that children readily segment 

events into their constituent actions.  Yet children succeeded in mapping the novel verb to its 

referent only in Condition 3 suggesting that segmentation is necessary but not sufficient.   

Syntactic cues in Study 2 likely helped to specify the novel verb as causal.  The verb 

“glorping” was presented initially without a frame and then situated in a transitive frame when we 

prompted children to re-enact the target action.   Together, these cues suggest that the referent for 

the verb is something that the child can do to the clown (Naigles, 1996) but these cues alone do 

not disambiguate the target action.  Any single action or combination of actions would satisfy the 

imperative.  Whereas dynamic cues supported children’s event segmentation and syntactic cues 
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supported mapping, intentional marking was required to establish the relation between the verb 

and a specific action again revealing the importance of cue redundancy. 

In both studies, when children re-enacted a single action, this action consistently 

corresponded to a coarsely-defined level of event structure where multiple dynamic cues 

converged (i.e., changes in velocity, path, objects, and arguably, goals).  That they did this not 

only at baseline but also at test suggests that a whole action constraint may operate on the 

mapping of verbs to actions analogous to the whole object constraint on the mapping of nouns to 

objects (Markman, 1990).  This conclusion, though tentative, is consistent with the adult literature 

on action processing (Tversky, Zacks, & Hard, 2008: Zacks & Swallow, 2007). 

Perceiving an action as distinct may pave the way for social-cognitive and syntactic 

processes to facilitate the mapping of words to actions.  Since children are likely to have 

extensive experience with the structural details of familiar actions and events, this leads to the 

very sensible prediction that they should label most readily those actions with which they are 

most familiar.  This notion is consistent with constructivist approaches that argue that children’s 

earliest productive use of verbs corresponds to familiar actions and events.  The current work 

suggests that toddlers build upon sensitivity to the structure of human action to map words to 

specific actions within the event stream.  This represents one approach toward clarifying the 

nature of the system that enables children to learn verbs in dynamic contexts.  The intersection of 

event segmentation and verb learning is a promising direction for future research highlighting the 

spatial- and social-cognitive bases of mapping concepts to real-world events in development.  
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APPENDIX A.  

Manner of Motion Verb Classification From the MacArthur-Bates Communicative 
Development Inventories 
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CHAPTER 5: EVENT-RELATED POTENTIALS TO REAL AND NOVEL 
VERBS IN CHILDREN 

ABSTRACT 

Very little is known about how the developing brain processes verb-action associations. 

The present research investigates neural correlates of real and novel verbs in 2.5 to 3.5-year-old 

children using behavioral re-enactment and event-related potentials (ERPs).  Participants were 

trained on nonce verb labels for three novel actions and were tested on verb-to-action mapping 

during six test trials.  Lexical-semantic processing of real and novel action words was then tested 

using a multimodal match-mismatch ERP paradigm in which children heard auditory prompts 

that either matched (Congruent) or conflicted (Incongruent) with colored photographs depicting 

the actions.  Consistent with previous research using ERPs to measure children’s ability to learn 

novel object labels, neurophysiological responses were modulated by behavioral performance:  

only children who demonstrated high verb-to-action mapping evinced brain activity patterns that 

suggest that they associated the nonce verb label with the novel action.  The present findings 

represent the first neurophysiological evidence for children’s ability to form rapid associations 

between novel action words and their referents by 30 months.  Expanding what we know about 

the neural correlates of word learning to action verbs is important for understanding language 

acquisition in the developing brain.  

INTRODUCTION 

Fundamental to a comprehensive account of language development are the way in which 

children acquire new verbs and the underlying brain systems that support verb learning.  

Although children’s receptive and expressive vocabularies contain a variety of verbs by the 

second year (Fenson, Dale, Reznick, Bates, & Thal, 1994), brain mechanisms underlying verb 

acquisition are still not fully understood.  Whereas a growing body of literature has contributed 

seminal knowledge regarding children’s ability to form word-referent associations, the majority 
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of this research is limited to how the brain processes object labels (Duta & Plunkett, 2012; 

Friedrich & Friederici, 2004; Gliga, Volein, & Csibra, 2010; Torkildsen et al., 2009).  In contrast, 

surprisingly little is known about how the brain processes verb-action associations throughout 

development.  This may be of particular importance because of the relative difficulty that children 

have demonstrated during behavioral verb learning procedures (Imai, Haryu, Li, & Shigematsu, 

2006; Kersten & Smith, 2002; Childers & Tomasello, 2006).  This study sought to integrate 

electrophysiological and behavioral measures to inform our understanding of the neural correlates 

that support verb knowledge and the behavioral consequences that derive from these processes.  

Specifically, we investigated electrophysiological mechanisms that support children’s ability to 

form rapid associations between novel action words and their referents at 30- and 42-months.    

A primary benefit of using event-related potentials (ERPs; electrical activity time-locked 

to the presentation of a stimulus and recorded at the scalp) in research with children to 

supplement behavioral findings is that they afford a noninvasive, online measure of the way in 

which a stimulus is processed without the requirement of a behavioral response.  ERPs are 

particularly conducive to the study of early language acquisition because they provide a means to 

assess comprehension even if the child is not yet able to show an overt (behavioral or verbal) 

indication of word knowledge (Männel, 2008).  One of the ERP components closely tied to 

semantic processing is a negative wave peaking at approximately 400ms post-stimulus onset 

(N400; Kutas & Hillyard, 1980).  In adults and children, the N400 component has been shown to 

index lexical-semantic processes reflecting the effort to integrate an event into its semantic 

context (Holcomb & Neville, 1990; Kutas & Hillyard, 1980).  For example, the N400 has been 

elicited in response to both words and pictures that conflict with semantic expectation established 

by previous experience or the surrounding context (Friederici, Pfeifer, & Hahne, 1993; West & 

Holcomb, 2002).  Importantly, this component has been used to study word recognition and 

language comprehension in children as young as 12-months (Friedrich & Friederici, 2004; 2005; 
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Mills et al., 1993) and has been observed in response to unanticipated conclusions to 

nonlinguistic events as early as 9-months (Reid et al., 2009).   

Event-related potentials have been shown to be a reliable index of the object words that a 

child knows (i.e., receptive comprehension).  As early as 12-months, infants with high word 

production displayed an N400 semantic priming effect to object words presented in a picture-

word priming paradigm (Friedrich & Friederici, 2010).  By 14-months, infants have shown N400 

semantic incongruity effects in response to familiar object labels paired with congruous or 

incongruous images (Friedrich & Friederici, 2005).  Between 13- and 20-months, changes in 

brain activity reflecting word familiarity have been observed in response to object words whose 

meaning infants did or did not comprehend (Mills, Plunkett, Pratt, & Schafer, 2005).  These 

findings suggest that the N400 in toddlers is functionally equivalent to the adult component in 

indexing both semantic relatedness and incongruity between stimulus items in response to 

substantive nouns.  Although this research has focused primarily on children’s object-word 

associations, it shows that ERPs can be used to explore word knowledge in the developing brain.   

The N400 has also been shown to be a reliable index of children’s ability to learn novel 

object labels.  As early as 12-months, exposure to novel object labels has been shown to enhance 

neural processes underlying the perception of those objects (Gliga et al., 2010).  By 14-months, 

children can rapidly learn object-word associations and these mappings are reflected in 

neurophysiological indices (Friedrich & Friederici, 2008).  In this study, participants were 

presented with 16 unknown objects paired with 16 novel labels during a training session.  During 

test, ERP waveforms revealed a word form priming effect similar to that observed in adults and 

the N400 component differentiated between congruous and incongruous object-word pairings.  

This finding is consistent with behavioral data suggesting that infants can rapidly map object 

labels to their intended referents early in the second year (Carey & Bartlett, 1978; Dollaghan, 

1985; Heibeck & Markman, 1987; Merriman, Marazita, & Jarvis, 1995; Spiegel & Halberda, 
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2011).  In a study with a larger corpus of object-word pairs (i.e., 30 novel object labels presented 

five times each), 20-month-olds with high productive vocabularies displayed an N400 incongruity 

effect to violations of trained associations between novel words and pictures, whereas children 

with low productive vocabularies did not (Torkildsen et al., 2008).  This suggests that ERPs may 

provide important information about receptive word learning in young children that can 

complement behavioral evidence.  Further, experience and vocabulary size may be important 

factors that contribute to developing brain regions involved in object word learning yet their 

influence on action word learning is not fully understood.  

Findings relating to children’s ability to map labels to objects represent an important 

contrast to verb learning in which the ability to map novel labels to actions is a far more 

protracted developmental process.  In a series of studies, Childers and Tomasello (2002; 2006) 

directly compared children’s ability to learn novel actions, nouns, and verbs in a behavioral 

enactment paradigm.  English-learning 2.5-year-olds demonstrated that they could remember the 

target actions associated with novel objects, but had difficulty mapping novel verbs to the target 

referent relative to nouns under parallel learning conditions.  Kersten and Smith (2002) explored 

3.5- to 4-year-old children’s and adult’s ability to learn and extend novel nouns and verbs to 

objects and actions by systematically varying the cues available during a learning event.  In the 

object condition, both children and adults successfully extended the newly acquired noun label to 

exemplars in which the object was consistent but the manner of action was not.  In the verb 

condition, adults extended the verb to novel exemplars based on similarities in manner of motion, 

but children were unable to extend the verb when an unfamiliar object was involved.  This has 

been interpreted to indicate that children were distracted by the object and were unable to map the 

action verb label to the motion event.  

In a series of cross-linguistic studies, Imai and colleagues (2006) investigated how 

monolingual English-, Japanese-, and Chinese-learning children extended newly learned nouns 
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and verbs to novel exemplars.  Three- and 5-year-olds from each language group were shown a 

standard (familiarization) action in which an agent performed a novel, repetitive action with a 

novel object.  While watching the training event, children either heard a novel noun or a novel 

verb.  Children then watched two test events simultaneously which varied slightly: either the 

agent performed the same action with a different object or the agent performed a different action 

with the same object.  Participants were asked to extend the novel word by pointing to the event 

that contained the target noun (“Which one is X in?”) or the target verb (“In which one is the girl 

X-ing?”).  Across languages, both 3- and 5-year-old children succeeded in the noun extension 

tasks.  However, only the 5-year-olds were able to associate the newly learned verbs with the 

action beyond chance performance when it was paired with a novel object.  Together, these data 

support the claim that verb learning may pose a unique set of challenges for young children.  

Despite these demonstrated difficulties, typically developing children tend to add several 

verbs to their productive lexicons including those that refer to actions (e.g., eat, run), mental 

states (e.g., want, see), and relations (e.g., touch, push, chase) around their second birthdays (Dale 

& Fenson, 1996; Fenson et al., 2000).  Experimental evidence suggests that children do in fact 

succeed in mapping novel verbs onto categories of motion events at roughly 24-months (Akhtar 

& Tomasello, 1996; Friend & Pace, 2011; Waxman, Lidz, Braun, & Lavin, 2009).  In addition, 

important developmental changes in verb learning have been observed between 2-, 3-, and 4-

years of age (Behrend, 1990; Forbes & Farrar, 1995; Maguire, Hirsh-Pasek, Golinkoff, & 

Brandone, 2008).  How can we reconcile these seemingly contradictory findings?  More 

importantly, how can we move beyond the question of whether children can learn verbs to 

identify the mechanisms that facilitate successful verb learning in children and investigate the 

developmental trajectory of the verb learning process?   

The present research examined lexical-semantic processing of real and novel action 

words in 2.5- and 3.5-year-olds using a cross-modal picture-word matching paradigm.  Real verb 
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knowledge was assessed using parent report measures of expressive vocabulary (MacArthur-

Bates Communicative Development Inventories; MCDI) and tested in an ERP paradigm by 

presenting real verb-action (word-picture) pairs in congruent and incongruent contexts.  It was 

hypothesized that pairings of real action verbs (e.g., kick) with incongruous images (e.g., a 

picture of someone eating) would elicit larger N400s than congruous pairings, reflecting semantic 

processing of real action verbs by 30-months.  To assess the effects of language production 

abilities on the patterns of brain activity, children were separated into two groups based on their 

productive vocabularies and designated as either high or low producers.  We predicted that the 

N400 effect would be modulated by productive language skills such that children with highly 

developed vocabularies would evince larger N400 effects than children with less developed 

vocabularies as measured by parent report.  

In addition, we investigated toddlers’ ability to learn novel verbs using behavioral and 

neurophysiological methods.  Participants were exposed to nonce verb labels (i.e., phonotactically 

legal pseudowords) for three novel actions performed by an experimenter with unfamiliar objects.  

Verb-to-action mapping was first tested in a behavioral reenactment paradigm and then in an ERP 

paradigm by presenting novel verb-action pairs in congruent and incongruent contexts.  In order 

to investigate the relation between behavioral verb-learning performance and the brain 

mechanisms that generate the N400 response, we created two post-hoc groups (high versus low 

performance).  Children with high behavioral performance correctly mapped in at least 4 out of 6 

trials, whereas children with low behavioral mapped in 3 or fewer trials.  For children who 

demonstrated high verb-action mapping during behavioral testing, we predicted larger N400 

peak-amplitudes to incongruent verb-action pairings than to congruent pairings, which would 

suggest that they associated the novel verb label with the target action.  We expected the N400 

effect to be attenuated in the group of children who demonstrated poor verb-action mapping 

during behavioral trials. 
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METHOD 

PARTICIPANTS 

Twenty-six 30-month-olds (14 girls and 12 boys, M = 30;12, SD = 13 days, range 29;11 

to 31;3) and 20 42-month-olds  (10 girls and 10 boys; M = 42;6, SD = 17 days; range 41;8 to 

43;3) participated.  All children were from monolingual, English-speaking homes.  For their data 

to be retained for analysis, children were required to have at least 10 artifact-free trials in each 

condition.  Because the goal of the study was to examine brain development, only children who 

experienced a normal, uncomplicated birth and a normal course of development were included.  

Additional 30-month-olds were tested but were excluded due to fussiness (N = 4), equipment 

failure or experimenter error (N = 1); or excessive noise or motion artifact (N = 2).  Additional 

42-month-olds were tested but were excluded due to fussiness (N = 7), equipment failure or 

experimenter error (N = 2); or excessive noise or motion artifact (N = 3).  All toddlers were 

recruited from a city in Southern California and were born full-term (37-41 weeks).   

LANGUAGE ASSESSMENT 

Parents were asked to complete the MacArthur–Bates Communicative Development 

Inventories: Words and Sentences (MCDI: WS; Fenson, Dale, Reznick, Bates, Thal, & Pethick, 

1994) as a standardized measure of children’s productive language abilities at 30-months and the 

MacArthur–Bates Communicative Development Inventories: III (MCDI: III) as a measure of 

productive language at 42-months.  The MCDI: WS contains a 680-word vocabulary production 

checklist and three measures of grammatical-complexity designed for use with children between 

the ages of 16- and 30-months.  The MCDI: III is a brief upward extension of the CDI approach 

consisting of a 100-item vocabulary list, 12 sentence pairs for assessing grammatical complexity, 

and 12 yes/no questions concerning semantics, pragmatics, and comprehension.  Although 

percentile rankings for the MCDI: III do not extend beyond 37 months of age, this instrument 

appears to have a sufficiently high ceiling to be productively extended to children as old as 42-
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months of age in our sample.  Inventories were mailed to parents approximately 1-week prior to 

testing and completed before their arrival to the lab.  

BEHAVIORAL MATERIALS 

For the purposes of this study, three target actions were designed and a nonce verb was 

randomly assigned to each action before the study began (see Appendix A; Table 5.1).  Each 

target action consisted of a simple motion sequence in which an experimenter performed an 

action on an object with a toy cow.  Simple actions were selected because research indicates that 

these words emerge relatively early in children’s vocabularies (Huttenlocher, Smiley, & Charney, 

1983), they are easy for young children to enact (Meltzoff, 1995), and they are commonly used in 

research on verb learning.  Target words consisted of three phonotactically legal nonce verbs 

randomly assigned to one of the three novel actions before the study began.   

Nonce verbs were selected from previous verb-learning research (Childers et al., 2002; 

Childers, 2011; Waxman et al., 2009) with the intention that they should be single syllable words, 

distinguishable by the onset of the initial consonant, and not easily confused with words that the 

child may already know.  Target actions were relatively novel in that they were performed on 

objects constructed specifically for this task and participants had not previously observed these 

particular actions performed on this unique set of objects (Tomasello & Barton, 1994; Tomasello 

& Kruger, 1992).  Test stimuli involved single, full-color, digitized photographs of a woman’s 

hand performing each of the target actions during training.  

BEHAVIORAL DESIGN & PROCEDURE 

Participants learned a total of three novel verb labels using a participatory, live-action 

verb learning procedure (Brandone, Pence, Golinkoff, & Hirsh-Pasek, 2007; Childers & 

Tomasello, 2002).    Each verb label corresponded to a novel action that could be performed on 

stimuli constructed specifically for this experiment (see Appendix B; Table 5.2 for a complete set 

of novel stimuli).  The behavioral procedure contained four phases: Training A, Test A, Training 
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B, and Test B.  The order of the verb-action presentation during training and test was fully 

counterbalanced across all participants.  The left-right position of the target action was fully 

counterbalanced across test trials.  All behavioral sessions were videotaped.  

Behavioral Training Phase 

After a brief warm-up period, children were seated on a caregiver’s lap across the table 

from the experimenter.  Training phases consisted of experimenter demonstration and participant 

imitation.  Children watched the experimenter perform the target action while she labeled the 

action with the nonce verb concurrently.  Novel verb labels were presented in multiple frames and 

paired with the target action during the training phase.  The experimenter established joint 

reference with participants prior to action demonstration, during the action performance, and at 

the end of the training phase to ensure the child was attending to the demonstration.  Children 

were then handed the toy cow and prompted to imitate the action.  The length of response time 

was child directed during imitation.   

Behavioral Test Phase 

The behavioral test phase assessed children’s ability to map nonce verb labels to the 

target actions (Brandone et al., 2007; Childers, 2011; Childers et al., 2002; 2006; Friend et al., 

2011; Tomasello et al., 1994).  There were 2 test trials for each novel verb, resulting in a total of 6 

test trials.  There were also two types of test trials: picture identification and behavioral 

reenactment.  During picture identification, participants were presented with two full-color, 

digitized photographs of a woman’s hand performing the novel actions (a target and a distractor 

image).  The experimenter presented the two images on the table and prompted the participant to 

point to the target action.  Picture identification served three purposes.  First, it provided a way to 

identify whether children would respond to the photographic image as a representation of the 

action (Jowkar, Baniani, & Schmuckler, 2011).  Second, pointing has been shown to be a valid 

measure of fast-mapping (Spiegel & Halberda, 2011).  Finally, it provided a means to test 
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children’s mapping of the action that correspond with the target verbs without requiring action 

demonstration.  During behavioral reenactment test trials, the experimenter presented children 

with two of the novel actions (a target and a distractor) and prompted them to demonstrate the 

target action.  For a single verb (e.g., glorp), children were prompted once to map the verb to the 

target action in a picture identification trial, and once to reenact the target action within a 

behavioral reenactment trial.  Children’s behavioral reenactment provided a measure of whether 

the child learned the appropriate verb-to-action association.  The order of target verb presentation 

and the left-right position of the target and distractor action were counterbalanced across 

participants during the training and test trials.   

BEHAVIORAL CODING 

Videotapes of children’s action enactments during test were scored offline by two 

independent coders.  Behavior was coded for 30-seconds or until the child indicated to the 

experimenter that they were finished (e.g., by stopping their enactment or handing materials back 

to the experimenter).  Children’s responses were coded into one of two main categories: Target or 

Distractor.  Target responses were those in which the child performed the same action as seen in 

the behavioral training phase when prompted with the nonce verb label.  Children were credited 

with enacting the Target action if it was the only action they performed or all of the following 

criteria were met: (a) it was the first action they perform; (b) they perseverate or repeat the action 

for more than 2s; and (c) a pause of at least 2s occurred after they performed the action.  At 24-

months, a timeframe of 2s in which the children attend to the task without distraction is consistent 

with the literature (Friend & Pace, 2011).  Distractor responses were those in which the child 

performed the action that was not trained with the prompted verb label.  Children received a score 

of 0-6 indicating whether they successfully reproduced the target actions during test trials.   
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ERP VISUAL STIMULI 

Pictures of novel actions were full-color, digitized photos (72 pixels/inch; 1200x900 

pixels) of a woman’s hand performing each of the novel actions.  These photographs were 

identical to the images used during the behavioral picture identification test trials.  In addition to 

the novel actions, full-color digitized photographs (72 pixels/inch; 1200x900 pixels) of children 

performing ten familiar actions were also included.  All pictures subtended a 6.9° visual angle 

and were presented in the middle of the computer monitor on a black background.  The same 

images were used for both the matching (i.e., congruent) and mismatching (i.e., incongruent) 

picture-word contexts.   

ERP AUDITORY STIMULI 

Auditory stimuli were recorded by a native female speaker of English.  Stimuli were 

digitized and edited using Adobe Audition at 44.1kHz with a 16-bit sampling rate.  The average 

intensity of all auditory stimuli was normalized to 65 dB SPL.  Real verbs were ten action words 

selected from the MacAurthur Bates Communicative Development Inventories (Appendix C; 

Table 5.3).  The action words with the highest reported proportion of production at 24-months 

according to available lexical norms were selected (Dale et al., 1996) with the following 

requirements:  1) the verbs are highly imageable and recognizable; and 2) the verbs are easily 

distinguished from one another phonemically (i.e. by first phoneme).  Novel verbs were 

phonotactically legal pseudowords presented during the behavioral verb-learning phase.  Familiar 

verb stimuli ranged in duration from 533 to 711ms (M = 623ms, SD = 47.3ms).  Novel verb 

stimuli ranged in duration from 655 to 675ms (M = 661.6ms, SD = 11.5ms).  The same auditory 

stimuli were used for both the matching and mismatching picture-word contexts.  

ERP PROCEDURE 

Immediately following completion of the behavioral phase, children’s comprehension of 

real and novel verb-action associations was tested using an ERP match-mismatch paradigm 
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(Duncan et al., 2009; Knoeferle, Urbach, & Kutas, 2010; Tan et al., 2009).  The experiment 

utilized a fully within-subject design.  Still frames that represented each action were congruously 

or incongruously paired with real or novel action words presented through loudspeakers.  This 

resulted in four within-subject conditions: Real Congruent, Real Incongruent, Novel Congruent, 

and Novel Incongruent (120 trial total, 30 per condition).  During congruent trials, still frames 

matched the auditory verb presentation.  For example, the image depicting the action eating was 

paired with the verb label “eating.”  Likewise, the image depicting the action glorping was paired 

with the trained label, “glorping.”  During incongruent trials, still frames contrasted with the 

auditory stimuli:  the action eating was paired with a mismatched label (e.g., “kicking”) and the 

image depicting the action glorping was paired with an untrained (i.e., mismatched) label, 

“tamming.”  All verbs were presented in present progressive form, within a bare syntactic frame 

preceded by a vocal cue to draw children’s attention (Fernald & Hurtado, 2006; “Look! 

Glorping!”; “Look! Eating!”).  

Still frames were presented on the screen for the entire trial duration (M = 2300ms; range 

2184 to 2362ms).  At picture onset, the vocal cue (“Look”) was presented, followed by 1000ms 

of silence.  At 1651ms after stimuli onset, either a congruously or incongruously paired real or 

novel action word was presented.  The acoustic stimuli either matched (Congruent Condition) or 

conflicted (Incongruent Condition) with the image of the action presented.  ERPs were time-

locked to the onset of the target verb in both conditions.  At picture offset, there was a variable 

ISI of 2638 to 2816ms.  Total presentation duration was approximately 11 minutes (Figure 5.1).  
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Figure 5.1.  ERP experimental design. A picture of a real action or novel action was 
presented on screen at the beginning of each trial.  The picture remained visible while a 
real or novel verb was presented via loudspeakers.  The auditory stimulus either 
matched or mismatched the visual stimulus.  ERPs were timelocked to the onset of the 
target verb.  Once the auditory stimulus was complete, the picture disappeared from the 
computer screen, being replaced y a black screen between trials. Trial length was 
variable, being a combination of stimulus duration and variable inter-stimulus interval.   

All materials were counterbalanced to ensure that any congruency-based ERP responses 

were not spurious due to the stimuli or to their presentation.  Every participant was presented with 

30 picture-word pairs for each condition.  In order to rule out effects of specific words, pictures, 

or word-picture combinations, two different lists of word-picture combinations was created from 

the same stimuli.  Lists were alternated so that half of the participants were shown the same 

combination of stimuli.  All auditory and visual stimuli were presented an equal number of times 

across the Congruent and Incongruent conditions.  Presentation was embedded so that 

participants observed trials of real and novel stimuli within the same block.  Stimulus 

presentation was pseudo-randomized so that the same acoustic stimuli did not occur 

consecutively in the two conditions (i.e., a congruent “eating” trial never followed an incongruent 
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“eating” trial).  In addition, no more than three repetitions of condition (Congruent, Incongruent) 

and no more than four repetitions of word type (Real, Novel) occurred consecutively.  For real 

verbs, each of the 10 verbs occurred 3 times in the congruent condition and 3 times in the 

incongruent condition (for a total of 30 congruent presentations and 30 incongruent 

presentations).  In the incongruent condition, each verb-image combination occurred with a 

different mismatched label during each presentation.  For example, during incongruous 

presentations the still frame for the action eating was paired with the auditory prompt for the verb 

“wash”, then “swim”, then “sleep” to mitigate repetition effects.  For novel verbs, each of the 3 

verbs occurred 10 times in the congruent condition, and 10 times in the incongruent condition (for 

a total of 30 congruent presentations and 30 incongruent presentations).   

ERP RECORDING AND ANALYSIS  

Participants wore a standard, fitted cap (Electrocap International, Eaton, OH) with 

electrodes placed according to the international 10-20 system.  Continuous EEG was recorded 

with a NeuroScan 4.4 System (Compumedics, Charlotte, NC, USA) with a reference electrode at 

Cz and re-referenced offline to the average activity at left and right mastoids.  ERPs were 

recorded at 33 scalp locations using silver/silver-chloride (Ag/AgCl) electrodes at standard sites 

(Pz, Fz, O1, O2, P3, P4, T3, T4, T5, T6, C3, C4, Cz, F3, F4, F7, F8, A1, A2) and additional sites 

(CPz, FCz, CP5, CP6, CP1, CP2, FC1, FC2, FC5, FC6, FP1, FP2, AF7, AF8).  Electrode 

resistance was kept under 10kOhms.  Continuous EEG was amplified with a lowpass filter 

(70Hz), a directly coupled highpass filter (DC), and a notch filter (60Hz).  The signal was 

digitized at a rate of 500 samples per second via an Analog-to-Digital converter.  Eye movement 

artifacts and blinks were monitored via horizontal electrooculogram (EOG) placed at the outer 

canthi of each eye and vertical EOG placed above and below the left eye.   

After the experiment, EEG signals were analyzed using EEGLAB (version 9_0_8_6b; 

http://sccn.ucsd.edu/eeglab; Delorme & Makeig, 2004), in the MATLAB environment (The 
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Mathwords, Natick, MA, USA).  An artifact routine analyzed each channel separately and 

removed trials from epoched data with an amplitude range > 150 mV using a moving window 

peak-to-peak threshold before the average ERP was calculated.  In addition, trials in which the 

amplitude of the activity deviated more than 200mV from the baseline were excluded from 

further analyses.  Brain activity for all conditions was averaged across multiple stimulus 

presentations.  Epochs of 1600ms were computed with a pre-stimulus baseline of 100ms.  

Participants who provided at least 10 artifact-free trials in each condition were included in the 

final analysis.  For real verbs, 30-month-old children provided an average of 17.2 trials in the 

congruent condition (SD: 6.09; range: 10-29) and 18.1 trials in the incongruent condition (SD: 

5.78; range: 10-28); 42-month-olds provided 18 in the congruent condition (SD: 6.15; range: 10-

28) and 18.9 trials in the incongruent condition (SD: 5.73; range: 10-29).  For novel verbs, 30-

month-old children provided an average of 16.03 trials in the congruent condition (SD: 6.10; 

range: 10-28) and 16.07 trials in the incongruent condition (SD: 6.10; range: 10-28); 42-month-

olds provided 16.4 in the congruent condition (SD: 6.41; range: 10-29) and 16.4 trials in the 

incongruent condition (SD: 6.21; range: 10-29).  There were no significant differences in the 

number of trials analyzed between conditions or groups.  

The ERP data for real and novel words were averaged separately for each condition 

(Congruent, Incongruent) across subjects at electrodes of interest, creating grand-averaged 

waveforms.  To compare the N400-like semantic incongruity effect in real and novel verbs, 

average ERPs were quantified by calculating peak amplitudes within the temporal range from 

400–1000ms.  For each condition at each electrode site, peak amplitudes were calculated within 

consecutive time windows of 200ms duration:  400–600ms, 600–800ms, and 800-1000ms.  

Selection of specific electrodes within our regions of interest was guided by previous research 

investigating ERP components associated with comprehension of real and novel nouns 

(Torkildsen et al., 2006; Friederici et al., 2005).  Lateral regions of interest were analyzed by 
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combining three electrode sites:  Left frontal (F3, FC5, FC1), left central (C3, CP5, T3), left 

parietal (T5, P3, CP1), right frontal (F4, FC6, FC2), right central (C4, CP6, T4), and right parietal 

(T6, P4, CP2).  In addition, data from midline sites (Fz, FCz, Cz, CPz, Pz) were analyzed.   

The resulting data in each epoch were analyzed via separate repeated measures ANOVAs 

in order to examine differences between hemispheres and at the midline for real and novel verbs.  

For real verbs at lateral sites, four-way ANOVAs with Vocabulary Group (high, low production) 

as a between-subject factor and Condition (congruent, incongruent), Region (frontal, central, 

parietal), and Hemisphere (left, right) as repeated measures were carried out.  For real verbs at 

midline sites, three-way ANOVAs with Vocabulary Group (high, low production) as a between-

subjects factor and Condition (congruent, incongruent) and Region (Fz, FCz, Cz, CPz, Pz) as 

repeated measures were performed.  For novel verbs at lateral sites, four-way ANOVAs with 

Fast-map Group (high, low performance) as a between-subjects factor and Condition (congruent, 

incongruent), Region (frontal, central, parietal), and Hemisphere (left, right) as repeated measures 

were carried out.  For novel verbs at midline sites, three-way ANOVAs with Vocabulary Group 

(high, low performance) as a between-subjects factor Condition (congruent, incongruent) and 

Region (Fz, FCz, Cz, CPz, Pz) as repeated measures and were performed.  All significant 

interactions were further analyzed by two-way and one-way ANOVAs.   

RESULTS  

LANGUAGE PRODUCTION GROUPS (30 MONTHS) 

The MacArthur Bates Communicative Development Inventories: Words and Sentences 

(Fenson et al., 1994) provided a measure of language production.  Across the entire sample, the 

average number of words produced was 472.3 (SD = 137.8; range =100 to 668).  To account for 

differences in raw scores between boys and girls, all scores were converted to percentiles based 

on CDI norms.  The average production percentile for the children in this sample was 39.5 (SD = 

22.74; range = 5 to 95).  The median score for production (516 words) was at the 35th percentile.  
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This score was used to separate the children into two groups based on language production 

abilities.  A median split was conducted such that children who were above the 35th percentile 

were assigned to the high-production group and children who produced below or at the 35th 

percentile were assigned to the low-production group.  The four children who were in the 35th 

percentile were included in the low-production group.  The high-production group consisted of 5 

girls and 4 boys.  The low production group consisted of 9 girls and 7 boys.  Children in the low-

production group had an average of 406.6 words (SD = 128.9; range: 100 to 532).  Children in the 

high-production group had an average of 589.3 words (SD = 40.7; range: 528 to 668).  CDI 

scores were significantly different in the high and low groups, [F(1, 23) = 16.84, p < .001].  For 

the ten real verbs used as stimuli during the ERP paradigm, the high and low production groups 

differed significantly on the number produced, [F(1, 23) = 4.387, p = .047].  On average, children 

in the low-production group had 7.62 out of the 10 used in this study (SD = 2.35; range 1 to 10) 

and children in the high production group had an average of 9.44 (SD = 1.01; range = 7 to 10).   

BEHAVIORAL PERFORMANCE GROUPS (30-MONTHS) 

Children’s behavioral performance in the full sample of children is presented in Figure 

5.2.  In order to assess the relationship between verb-to-action mapping in brain and behavior, 

subjects were divided into a high performance group and a low performance group on the basis of 

their behavioral responses.  The high performance group included children who correctly 

demonstrated verb-to-action mapping on at least 4 out of the 6 behavioral test trials (N = 14).  

The low performance group included children who correctly demonstrated verb-to-action 

mapping on 3 or fewer behavioral trials (N = 12).  When grouped by behavioral response, the low 

performance group had an average productive vocabulary score of 456.5 words (SD = 158.87; 

range: 100 to 607) and the high-map group had an average productive vocabulary score of 487.41 

words (SD = 122.89; range: 223 to 668).  There were no significant differences in productive 

vocabulary between groups with high and low behavioral performance and no significant 
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difference in behavioral performance as a function of vocabulary production scores on the CDI.  

It is important to note that children in the high vocabulary group were not necessarily the same 

children in the high production group: 67% of the children with high productive vocabularies 

were also high mappers, whereas only 50% of children with low vocabularies were high mappers.   

 

Figure 5.2.  Number of test trials on which 30-month-olds (N=26) and 42-month-olds 
(N=2-) performed target action correctly.  

VISUAL INSPECTION OF WAVEFORMS IN THE FULL SAMPLE OF 30-MONTH-OLD 
CHILDREN 

Grand averages elicited by the incongruent and congruent conditions for real and novel 

verbs are displayed in Figures 5.3 and 5.4, respectively.  For real verbs, visual inspection of the 

data revealed that incongruent trials elicited more negative waveforms than congruent trials 

across all participants at 30-months.  Waveforms elicited by the incongruent condition diverged 

from waveforms elicited by the congruent condition around 180ms, with the largest negativities 

identified for both conditions between 600 and 800ms at broadly distributed electrode sites.  For 

novel verbs, visual inspection of the waveforms revealed a prolonged negative-going waveform 

beginning around 200ms with a negative peak around 800ms in both conditions at frontal, fronto-

central, central and temporal sites.  An extended positive-going wave was observed for both 
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conditions from approximately 800ms onwards in these regions.  Similar to real verbs trials, 

waveforms for novel verb incongruent trials were more negative than congruent trials but the 

distribution of the effect was most prominent at central, central-parietal, parietal, temporal and 

occipital electrode sites rather than frontal sites.  

 

Figure 5.3. Grand average ERPs for the full sample of 26 children evoked by the 
incongruent and congruent conditions real verbs. Negative is plotted down on this and 
all other figures. 

INCONGRUITY EFFECTS FOR REAL WORDS (30-MONTHS) 

As shown in Table 5.4, analyses revealed main effects of Condition and significant 

Condition by Vocabulary Group interactions in the 400–600, 600–800, and 800–1000ms intervals 

at lateral electrode sites.  Midline analyses revealed a main effect of Condition in the 600–800ms 

interval and a significant Condition by Group interaction in the 400–600ms interval.  In the full 

sample, real words in the incongruent condition elicited greater negativities within frontal, 

central, and parietal regions and across all midline sites.  This is consistent with research 

investigating neural bases of noun/object labels, and extends these findings to verb knowledge. 
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Figure 5.4. Grand average ERPs for the full sample of 26 children evoked by the 
incongruent and congruent conditions novel verbs. 

Table 5.4. Incongruity Effects for Real Words at Lateral and Midline Sites in 30-month-
olds (=26).  

 

To investigate the Condition by Group interaction, separate ANOVAs were run for the 

high production (Figure 5.5) and the low production groups (Figure 5.6) for all time intervals at 

lateral and midline sites.  Analyses revealed main effects of Condition for children with low 

productive vocabularies in all intervals at lateral and midline sites, but no main effects for 

children with high productive vocabularies (see Table 5.4). 
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Figure 5.5. High productive vocabulary group at 30 months (N = 9).  Real Verbs.  
Grand average waveforms for congruent (blue) and incongruent (green) presentations. 

For children in the low production group, amplitude differences between conditions were 

in the expected direction with larger negativities in response to the incongruent condition 

compared to the congruent condition.  The overall differences between groups, however, were 

unexpected.  We predicted that children with larger vocabularies would demonstrate the 

incongruity effect in response to real verbs, whereas children with lower productive vocabulary 

knowledge would demonstrate smaller brain responses to incongruent verb-action stimuli.  The 

pattern of results, however, indicates the opposite effect:  children with higher vocabularies 

demonstrated no differences in processing incongruent versus congruent real verb-action pairs 

whereas children with low vocabularies showed significant differences in processing the two 

conditions.  These findings indicate that children with lower productive vocabularies drove the 

main effects of condition for real words.  We return to this finding within the discussion section 

of the paper. 
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Figure 5.6.  Low productive vocabulary group at 30 months  (N = 16).  Real Verbs.  
Grand average waveforms for congruent (blue) and incongruent (green) presentations. 

INCONGRUITY EFFECTS FOR NOVEL WORDS (30-MONTHS) 

For novel verbs, there were no main effects of Condition or significant interactions at 

lateral or midline sites from 400–600ms.  From 600-800ms, analyses at lateral sites revealed main 

effects of Region [F(2, 48) = 4.073, p = .023], with anterior (vs. posterior) sites showing greater 

overall negativity, and Hemisphere [F(1, 24) = 11.39, p = .0025], with Left (vs. Right) 

hemisphere showing greater overall negativity.  Within this epoch, midline analyses revealed a 

main effect of Region [F(4, 96) = 7.25, p < .001], with anterior (vs. posterior) sites showing 

greater negativity.  From 800–1000ms, lateral sites revealed main effects of Region, [F(2, 48) = 

3.83, p = .028], with greater overall anterior (vs. posterior) negativity, Hemisphere [F(1, 24) = 

11.67, p < .0023], with greater overall negativity in the Left (vs. Right) hemisphere, and a 

Condition by Region interaction [F(2, 48) = 6.66, p = .0027].  One-way ANOVAs revealed 

significant differences between condition within Central, [F(1, 310) = 4.69, p = .03] and Parietal 

regions, [F(1, 310) = 12.69, p = .0004], reflecting greater negativity to incongruent, relative to 

congruent novel words.  
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As a main aim of the present study was to investigate whether children’s behavioral verb-

to-action mapping was reflected in ERP signatures, separate ANOVAs were run for the high 

behavioral performance and the low behavioral performance groups in all time intervals at lateral 

and midline sites (Figures 5.7 and 5.8).  At lateral sites, analyses revealed significant main effects 

of Condition for the high behavioral performance group in the 400–600, 600–800, and 800–

1000ms intervals.  Analyses at midline sites revealed a main effect of Condition in the 400–600 

and 800–1000ms intervals, with marginal significance in the 600–800ms interval.  For children 

with low behavioral performance, there were no effects of Condition in the 400–800ms intervals, 

but a marginal effect of Condition at lateral sites in the 800–1000ms interval (see Table 5.5).  

Table 5.5 Incongruity effects for novel words at lateral and midline sites by behavioral 
group in 30-month-olds (N=26). 

 

In summary, ERPs in the full sample of children at 30-months displayed the predicted 

pattern of effects:  amplitudes tended to be more negative in response to the incongruent 

condition than the congruent condition for both real and novel verbs.  However, when vocabulary 

production and behavioral fast-mapping performance were taken into account, important 

differences between groups were revealed.  Contrary to our hypotheses, analyses indicated that 

incongruity effects in response to real verbs were driven primarily by children with low, rather 

than high vocabularies as estimated by parent report on the CDI.  We suspect that this may have 
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to do with the attention recruited by real versus novel verb stimuli in our embedded design; we 

return to this topic within the discussion.  Further, children who demonstrated verb-to-action 

mapping during behavioral testing (i.e., high-behavioral performance group) showed the 

predicted effect of congruity in contrast with children who did not demonstrate verb-learning 

during behavioral testing.  This finding supports our hypothesis that congruity effects in response 

to novel verbs were driven primarily by children with high behavioral performance and suggests 

that verb-learning ability may be reflected electrophysiologically after relatively few exposures.  

 

Figure 5.7. High behavioral performance group at 30 months (N = 14).  Novel Verbs. 
Grand average waveforms for congruent (black) and incongruent (red) presentations.  
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Figure 5.8. Low behavioral performance group at 30 months (N = 12).  Novel Verbs.  
Grand average waveforms for congruent (black) and incongruent (red) presentations.  

LANGUAGE PRODUCTION GROUPS (42-MONTHS)  

The MacArthur Bates Communicative Development Inventories: III provided a measure 

of language production (recall MCDI: III is a brief upward extension of the CDI approach 

consisting of a 100-item vocabulary list).  Across the entire sample, the average number of words 

produced was 72.1 (SD = 16.5; range: 32 to 96).  To account for differences in raw scores 

between boys and girls, all scores were converted to percentiles based on CDI norms.  The 

average production for the children in this sample was at the 33rd percentile (SD = 20; range: 5 to 

87).  The median score for production (76 words) was the at 35th percentile.  This score was used 

to separate the children into two groups based on language production abilities.  A median split 

was conducted such that children who were at or above the 35th percentile were assigned to the 

high-production group and children who produced below the 35th percentile were assigned to the 

low-production group.  The high-production group consisted of 4 girls and 6 boys.  The low 

production group consisted of 6 girls and 4 boys.  Children in the low-production group had an 

average vocabulary of 61.5 words (SD = 17.15; range: 32 to 78).  Children in the high-production 

group had an average vocabulary of 82.6 words (SD = 5.7; range: 75 to 96).  A one-way ANOVA 
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revealed a significant difference between vocabulary groups on the number of correct verb-to-

action mappings demonstrated during behavioral test, [F(1, 18) = 4.445, p = .049].  Children in 

the low-production group correctly reenacted an average of 3.3 out of 6 test trials (SD = .82; 

range: 2 to 5) and children in the high-production group correctly produced an average of 4.4 

correct trials (SD = 1.43; range: 2 to 6). 

BEHAVIORAL PERFORMANCE GROUPS (42-MONTHS) 

Subjects were divided into a high performance group and a low performance group on the 

basis of their behavioral verb-to-action mapping.  The high performance group included children 

who correctly demonstrated verb-to-action mapping on at least 4 out of the 6 behavioral test trials 

(N = 10; 7 girls; 3 boys).  The low performance group included children who correctly 

demonstrated verb-to-action mapping on 3 or fewer behavioral trials (N = 10; 3 girls; 7 boys).  

When grouped by behavioral response, the low performance group had an average productive 

vocabulary score of 69.6 words (SD = 16.2; range: 34 to 87) and the high performance group had 

an average productive vocabulary score of 74.5 words (SD = 17.3; range: 75 to 96).  There were 

no significant differences in productive vocabulary between groups with high and low behavioral 

performance.  Again, children in the high vocabulary group were not necessarily the same 

children in the high production group: 70% of the children with high productive vocabularies 

were also high mappers, whereas only 30% of children with low vocabularies were high mappers.  

In the full sample of children, there was a marginally significant correlation between vocabulary 

and behavioral verb learning performance, r = .40, p = .081.   

VISUAL INSPECTION OF WAVEFORMS IN THE FULL SAMPLE OF 42-MONTH-OLDS (N = 
20) 

Grand averages elicited by the incongruent and congruent conditions for novel and real 

verbs are displayed in Figures 5.9 and 5.10.  For real verbs, visual inspection of the data revealed 
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that incongruent trials elicited more negative waveforms than congruent trials at central and 

parietal sites across all participants at 42-months. 

 

Figure 5.9. Grand average ERPs for the full sample of 20 children evoked by the 
incongruent and congruent conditions real verbs (42 months). 

Grand average waveforms for novel verbs displayed a positive peak around 150ms 

followed by a negative-going wave between 200 and 800ms in both conditions.  For central, 

centroparietal, and parietal sites in the left hemisphere as well as central and parietal midline sites 

there were greater negativities for the incongruous condition compared to the congruous 

condition, with peak negativities occurring between 700 and 750ms.  No differences between 

conditions were observed on most frontal and central sites in the right hemisphere.  At 

centroparietal and parietal sites, however, waveforms to the congruent condition were more 

negative relative to the incongruent condition, but no clear negative peak was observed. 
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Figure 5.10. Grand average ERPs for the full sample of 20 children evoked by the 
incongruent and congruent conditions novel verbs (42 months). 

INCONGRUITY EFFECTS TO REAL VERBS IN 42-MONTH-OLDS  

In the 400–600ms interval, analyses at lateral sites revealed a significant Condition by 

Hemisphere interaction [F(1, 18) = 4.89, p = .04].  Separate ANOVAs revealed no differences 

between conditions in the right hemisphere.  Analyses in the left hemisphere, however, revealed a 

main effect of Condition [F(1,18) = 7.19, p = .007] and Vocabulary Group [F( 1, 18) = 17.9, p < 

.001].  Post hoc tests indicated that incongruent verbs (M = -5.36, SE = .59) showed greater 

negativity than congruent verbs (M = -3.11; SE = .59).   For the children with low production (M 

= -6.01; SE = .59) ERPs were more negative than children with high production (M = -2.46; SE = 

.59).  There were no main effects or significant interactions at midline sites during this interval.   

In the 600–800ms interval, analyses at lateral sites revealed a main effect of Condition, 

[F(1, 18) = 5.723, p = .017), Region, [F(1, 36) = 6.99, p = .001] and Vocab Group, [F(1, 18) = 

37.5, p < .001] and a Condition by Hemisphere interaction, [F(1, 18) = 4.00, p < .001].  

Negativities in the incongruent condition (M = -6.24; SE = .38) were larger in comparison to the 



177 

 

congruent condition (M = -4.95; SE = .38) within this time interval.  In addition, overall peak 

amplitudes were more negative for children with low productive vocabularies (M = -7.24; SE = 

.38) than children with high productive vocabularies (M = -3.95, SE = .38).  Separate ANOVAs 

conducted within each hemisphere revealed a significant effect of Condition in the left 

hemisphere, [F(1, 358) = 8.72, p = .0034], with greater negativities for incongruent verbs  (M = -

6.5; SE = .56) compared to congruent verbs (M = -4.21, SE = .56) but no differences in the right 

hemisphere.  Analyses at midline sites revealed a main effect of Region, [F(4, 72) = 6.32, p = 

.0002].  Post hoc tests revealed greater negativities at anterior compared to posterior electrodes 

along the midline.  In sum, main effects and interactions were driven by a tendency for the N400 

to be larger in the left hemisphere, over central and parietal electrodes.   

In the 800–1000ms interval, analyses at lateral sites revealed a main effect of Region, 

[F(1, 36) = 10.01, p = .0003] and a significant Condition by Region interaction, [F(1, 36) = 4.17, 

p = .023].  Amplitudes to the incongruent verbs were more negative than congruent verbs at 

central (Congruent M = -4.64; Incongruent M = -5.38; SE = 1.4) and parietal sites (Congruent M 

= -4.01; Incongruent M = -5.17; SE = 1.4), but the opposite pattern was observed at frontal sites 

in which congruent verbs displayed greater negativities (Congruent M = -7.45; Incongruent M = -

6.27; SE = 1.4).  Analyses at midline sites revealed a main effect of Region, [F(4, 72) = 5.56, p = 

.0006] and a significant Condition by Region interaction, [F(4, 72) = 4.71, p = .002].  Post hoc 

tests indicated that differences between Incongruent and Congruent verbs were largest at central 

and posterior sites. 
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Figure 5.11. High behavioral performance group at 42 months (N = 10).  Real Verbs.  
Grand average waveforms for congruent (blue) and incongruent presentations (green).  

To investigate the effect of vocabulary on ERPs to real verbs, separate ANOVAs were 

conducted for high and low production groups for all time intervals at lateral and midline sites 

(Figures 5.11 and 5.12).  There were no significant effects of Condition for either group within 

the 400–600ms or 800–1000ms interval.  Analyses within the 600–800ms epoch revealed a main 

effect of Condition for children with low productive vocabularies, [F(1, 358) = 6.13, p = .014] 

and a marginal effect of Condition at midline sites within this time interval, [F(1, 98) = 3.04, p = 

.08], but no main effects for children with high productive vocabularies.  For both groups, 

however, amplitude differences between conditions were in the expected direction with larger 

negativities in response to the incongruent condition compared to the congruent condition at 

lateral and midline sites. 
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Figure 5.12. Low behavioral performance group at 42 months (N = 10).  Real Verbs.  
Grand average waveforms for congruent (blue) and incongruent (green) presentations. 

Parent report on the CDI suggests that all children at 42-months had high knowledge of 

these particular verbs: children in the low-production group produced an average of 9.9 out of the 

10 words; children in the high-production group produced 10 out of the 10 verbs.  Thus, it is clear 

that the lack of N400 effect in this age group cannot be attributed to their vocabulary knowledge.  

Rather, it is more likely that this reflects the diminished attention to real word stimuli.  

Alternatively, this difference could reflect developmental changes in the underlying 

representation of the real verbs themselves (i.e., pictures of the real verbs did not match 

underlying conceptual representations).  This hypothesis will be revisited in the discussion.   

INCONGRUITY EFFECTS TO NOVEL VERBS IN 42-MONTH-OLDS 

For novel verbs, there were no main effects of Condition observed within our epochs of 

interest in the full sample of children. Significant effects and interactions are presented in Table 

5.6.  Between 400 and 600ms at lateral sites, there were main effects of Region, Hemisphere, and 

Group.  Tukey tests revealed that these effects were driven by greater overall negativity at frontal 

(vs. posterior) sites, within the right (vs. left) hemisphere, and in the high (vs. low) behavioral 

performance group.  There was also a two-way interaction of Condition x Region, reflecting 
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significant effects at frontal but not central or parietal sites in the full sample, a three-way 

interaction of Condition x Region x Hemisphere and a four-way interaction of Condition x 

Region x Hemisphere x Group.  These effects were driven by significant effects in the high-map 

group at central sites in the left hemisphere, [F(1, 58) = 7.685, p = .0075] and frontal sites in the 

right hemisphere [F(1, 58) = 27.374, p < .0001], and significant effect in the low-map group at 

frontal sites in the right hemisphere [F(1, 58) = 8.845, p = .0043]. There were no effects or 

interactions at midline sites.  

Table 5.6. Incongruity Effects and Actions for Novel Words at Lateral and Midline Sites 
in 42-month-olds (N=20).  

 

Between 600 and 800ms at lateral sites, there were main effects of Region and Group, 

reflecting greater overall negativity at frontal (vs. central or parietal) sites and in the ERPs of 

children with high behavioral performance.  In addition, there were two-way interactions of 

Condition x Hemisphere, with larger negativity in the right (vs. left hemisphere), and Condition x 

Group, with significant differences driven by the high behavioral (vs. low) performance group.  

Finally, we observed a three-way interaction of Condition x Hemisphere x Group, with 

incongruity effects in the right hemisphere driven by children with high behavioral performance.  
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Midline sites revealed main effects of Region, with greater negativity at frontal sites, and Group, 

reflecting greater overall negativities in ERPs of children in the high-behavioral performance 

group.  Between 800 and 1000ms at lateral and midline sites, there were main effects of Region, 

reflecting frontal negativities and Group, with greater negativities for high (vs. low) behavioral 

performance but no significant interactions.  

 

Figure 5.13. High behavioral performance group at 42 months (N = 10).  Novel Verbs.  
Grand average waveforms for congruent (black) and incongruent (red) presentations.  

To summarize, ERPs to incongruent verbs showed modulation by behavioral 

performance.  Children in the high-behavioral performance group produced a frontally distributed 

incongruity effect within the right hemisphere and a centrally distributed effect in the left 

hemisphere from 400 to 800ms. Importantly, even though children in the low-behavioral 

performance group did not demonstrate significant verb learning during the behavioral task, 

neural indices showed condition effects in the right hemisphere at frontal sites between 400 and 

600ms (Figures 5.13 and 5.14).   
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Figure 5.14. Low behavioral performance group at 42 months (N = 10).  Novel Verbs.  
Grand average waveforms for congruent (black) and incongruent presentations (red).  

DISCUSSION  

The present research investigated the ERP response of 30- and 42-month-old children to 

congruous and incongruous picture–word pairs to both real and novel verbs.  To our knowledge, 

this is the first time ERP incongruity responses sensitive to real verb knowledge and novel verb 

learning have been described.  For both real and novel verbs, results revealed differences between 

the ERP to verbs that matched the picture presented and verbs that did not.  Further, the observed 

effects in real and novel verbs were modulated by children’s productive vocabulary and their 

behavioral verb-learning performance, respectively.  Brain responses are interpreted to reflect a 

semantic integration effect with functional similarity to the N400.  These findings extend 

previous research on object-word learning to verb knowledge in both familiar and novel contexts. 

In the full sample of children at 30- and 42-months, incongruous real verbs elicited more negative 

responses than congruous real verbs at broadly distributed scalp locations within our intervals of 

interest, suggesting that ERPs indexed real verb knowledge.  The topographical distribution of 

effects in our full sample of children is consistent with evidence from previous research on ERPs 

to known and unknown real nouns.  Previous studies have revealed a shift in laterality of 
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brainwave response to known nouns from bilateral at 13 months to left-‐lateralized at 20 months, 

as well as increased left-‐lateralized responses in more children with higher vocabularies (Mills, 

Coffey-‐Corina, & Neville, 1997; Mills, Coffey-‐Corina, & Neville, 1993).  This evidence suggests 

that both hemispheres may mediate lexical learning in young children, and it is possible that the 

right hemisphere may have even greater involvement than the left hemisphere at especially early 

points in development.    

Comparisons between children with high and low productive vocabularies at both 30- and 

42-months, however, revealed unexpected differences in brain activity associated with processing 

of incongruous real verbs.  Contrary to our hypothesis that children with larger vocabularies 

would display greater incongruity effects in response to real verbs, children with lower productive 

vocabularies drove the observed effects within both age groups.  This pattern could be due, in 

part, to modulation of the negative component as a result of stimuli repetition (Kutas & 

Federmeier, 2000).  A general finding in adult studies is that ERPs become more positive-going 

with repetition (Rugg & Coles, 1995; Torkildsen et al., 2008).  For instance, Van Petten and 

Senkfor (1996) found more positive ERPs for the second presentation of words than the first 

presentation in the 300–700ms range.  Two previous studies have investigated how repetition 

impacts ERP components in developmental populations.  A study of 20-month-olds by Mills et 

al. (2005) demonstrated that ERPs to familiar words (paired with a referent) within the 200-

500ms window reflected decreasing negativities with repetition.  Torkildsen et al. (2009) 

presented children with real and novel object words paired with visual referents and investigated 

the effects of receptive familiarization.  Results revealed distinct repetition effects for children 

with large and small productive vocabularies.  Whereas high producers showed evidence of 

modulation after three presentations of the novel word, low producers needed five repetitions to 

display a recognition effect.   
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In the present study, children attended to an average of 18 presentations of real verbs in 

both conditions.  The present research revealed that children with higher productive vocabulary 

showed a decrement in amplitude to repeated stimuli, whereas children with lower productive 

vocabulary showed consistent negative amplitude across repetitions.  Thus, the lack of 

incongruity effect for children in the high production group may reflect increased positive 

modulation in response to multiple verb presentations, suggesting a fairly stable encoding of these 

words.  Children in the low production group, in contrast, had less stable verb knowledge (as 

indicated by parent report) resulting in consistent negative deflections in response to incongruent 

trials.  As in our research, the majority of real words used by Torkildsen et al. (2009) were 

reported as comprehended by children in both the high and low production groups.  Important 

differences in expressive language, however, suggest that low producers may be at a critical 

phase in verb acquisition where they are on the cusp of emerging verb use.  This variability was 

observed in ERP differences between children with high and low productive vocabularies and 

may reflect a general purpose learning mechanism whereby children selectively attend to 

information that will be the most informative given their current state of learning (Kidd, 

Piantadosi, & Aslin, 2012).  Thus, children in the low production group may have preferentially 

attended to real verb stimuli because novel stimuli were too complex to be informative, whereas 

children with high productive vocabularies attended to novel stimuli because real verbs were too 

predictable in this context.  In sum, our results suggest that real verb knowledge is reflected 

neurophysiologically and is modulated by language development.  

Electrophysiological data from children’s processing of novel verbs revealed greater 

negativity to incongruous verbs when compared to congruous verbs in both age groups, 

suggesting that ERPs indexed verb-learning ability.  In addition, comparisons between children 

with high and low performance during the behavioral verb-learning phase revealed important 

differences in brain activity associated with processing of incongruous novel verbs.  In 
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accordance with our hypothesis, children with more accurate verb-to-action mapping during 

behavioral testing drove the observed effects within both age groups.   

Incongruity effects for novel verbs in our full sample of 30-month-old children were 

observed between 800-1000ms at central and parietal sites within the left and right hemisphere.  

Comparisons between children with high and low behavioral performance revealed different 

patterns in ERP morphology.  For children with high behavioral performance, incongruity effects 

were observed between 400 and 1000ms at broadly distributed lateral and midline sites.  For 

children with low behavioral performance, in contrast, only a marginal effect was observed at 

laterals sites between 800-1000ms.  The pattern observed in latency and topography is consistent 

with previous research that has investigated children’s associations between novel objects and 

their referents.  This is the first evidence to demonstrate that verb learning is reflected 

neurophysiologically and is associated with behavioral performance.   

ERPs to novel verbs in the full sample of 42-month-olds revealed incongruity effects 

between 400 and 800ms and showed modulation by behavioral performance.  Specifically, 

children in the high-behavioral performance group produced a frontally distributed incongruity 

effect within the right hemisphere and a centrally distributed effect in the left hemisphere from 

400 to 800ms.  This distributed incongruity effect is consistent with previous research that shows 

the involvement of the right hemisphere for the integration of novel word meaning into semantic 

memory (Mills et al., 1993).  Critically, this has been shown in studies that investigate noun-

object associations, but this research is the first to corroborate this evidence in verb-action 

associations.   

Importantly, even though children in the low-behavioral performance group did not 

demonstrate behavioral evidence of successful verb-to-action mapping, 42-month-old children 

evinced a significant incongruity effect between 400 and 600ms within the right hemisphere at 

frontal sites and 30-month-old children showed a marginally significant effect between 800-
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1000ms at broadly distributed lateral sites.  This suggests that even though children may not be 

able to productively demonstrate verb learning during a behavioral fast-mapping task, ERPs 

provided a sufficiently sensitive receptive measure of novel verb acquisition to reflect learning.    

Although some earlier research has suggested that there is an important link between fast 

mapping skills and productive vocabulary (Golinkoff et al., 1994; Markman, 1989), the majority 

of this evidence is limited to object-word associations and has not been explored in relation to 

verbs.  In the present study we found that verb vocabulary was related to novel verb-learning 

performance at 42- but not 30-months.  That is, children at 42-months who demonstrated high 

fast-mapping ability had significantly larger vocabularies than children who did not demonstrate 

fast-mapping.  At 30-months, however, there were no significant differences in productive 

vocabulary between high and low performance groups.  Although 30- and 42-month-old children 

in our sample had median production scores that were approximately 10 percentile points below 

the median scores for children of the same age range on the CDI, 30-month-old children 

demonstrated much higher variability in specific verb vocabulary than 42-month-olds.  This is 

somewhat different than the pattern of noun learning, in which children tend to have vocabularies 

associated with word-learning tasks at younger ages that do not obtain later in development 

(Goldfield & Reznick, 1990).  Since verb vocabularies in particular have shown patterns of 

protracted acquisition (Seston et al., 2009), it is possible that our results reflect a critical period in 

verb development between 2.5- and 3.5-years characterized by emerging flexibility in verb 

comprehension and production.  When interpreting the results of the present experiment, 

however, it should be kept in mind that fast mapping is not full word learning.  It has been argued 

that fast mapping might only operate in controlled, simplified situations and only for some types 

of words (Deák & Wagner, 2003).  Future research may provide more insight into how children 

construct word meanings in the course of development and how these representations relate to 

vocabulary size.     
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While there are some clues as to the temporal dynamics of word learning, only a few 

studies have examined the neural regions that may be recruited during word meaning acquisition 

(Breitenstein et al., 2005; Lee et al., 2003) and these have been limited to investigations of 

object/label associations.  To our knowledge, there are no comparable verb-learning experiments 

that can serve as a contrast our findings.  The present research represents an important first step in 

clarifying both children’s strengths and limitations in learning verbs for novel actions.  Taken 

together, these findings demonstrate that the temporal dynamics of brain activity during lexical 

acquisition can reflect changes in knowledge of verb meaning.  As we have seen from a 

substantial body of behavioral research, this initial ‘mapping’ process poses a unique set of 

challenges for young children.  Although we now know a great deal about how children acquire 

verbs, this research has, of yet, been unsubstantiated in the neurophysiological literature.  

Findings from the present research help to bridge the gap between our understanding of children’s 

ability to map verbs to actions in the laboratory and what we know about the neurophysiological 

processes involved in word learning.  Importantly, future research will be required to determine 

how these brain mechanisms are related to verb learning skills and to what extent they are 

associated with verb acquisition.    
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APPENDIX A 

Table 5.1. Novel verb labels and corresponding target actions.  
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APPENDIX B 

Table 5.2. Complete Behavioral Stimuli: Novel Verbs.   
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APPENDIX C  

Table 5.3. Complete Behavioral Stimuli: Real Verbs 
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CHAPTER 6: GENERAL DISCUSSION AND CONCLUSIONS 

The investigations that comprise this dissertation have sought to advance knowledge of 

the neurophysiological and cognitive-behavioral processes that contribute to event representation 

and verb learning in early childhood, with adult comparisons.  In the first set of empirical 

experiments, we investigated nonlinguistic processing of complex, novel events in both children 

and adults using behavioral (Chapter 3) and electrophysiological methods (Chapter 2).  The 

second set of experiments investigated the way in which the nonlinguistic abilities described in 

Chapters 2 and 3 may support subsequent verb learning behaviorally (Chapter 4) and began to 

probe the relationship between children’s verb knowledge and verb learning in the brain (Chapter 

5).  While each chapter adds a piece to our understanding about the development of and complex 

relationship between events and verbs in both brain and behavior, this work prompts more 

questions than can be answered within the scope of this dissertation.  In this concluding chapter, I 

synthesize the results presented and consider further directions for this work by addressing the 

issues raised throughout the dissertation.  Before moving to a more general discussion, I review 

the core findings from each investigation.  

The research presented in Chapter 2 was designed to explore whether the novel event 

elicited components within the waveforms that index perceptual and conceptual levels of action 

processing in both groups.  Since ERPs afford millisecond temporal resolution, 

neurophysiological responses can be interpreted to reflect the detailed time-course of action 

processing.  Adult ERPs revealed two distinct peaks that were more negative in response to 

actions that were disrupted by pauses inserted at unexpected locations than to actions where 

pauses coincided with natural boundaries within the continuous structure of the event.  Although 

children’s ERPs did not evince clear negative peaks, differences between conditions reached 

significance within temporal epochs that were analogous to adult brain responses.  Given the 
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early latency of the first negative deflection, we interpret this component to reflect a visual 

processing mechanism based on perceptual event features (Gomez, Clark, Fan, Luck, & Hillyard, 

1994; Luck et al., 1994; Vogel & Luck, 2000).  Differences between conditions within the mid-

latency epoch are interpreted to index conceptual violations detected within the continuous flow 

of information (McPherson & Holcomb, 1999; Sitnikova, Holcomb, Kiyonaga, & Kuperberg; Võ 

& Wolfe, 2013).  

The research presented in Chapter 3 investigated the role of two movement features – 

kinematics and boundaries – in guiding visual attention within dynamic events.  Children and 

adults observed intact and disrupted events presented simultaneously and visual preference was 

assessed using macroscopic (e.g., overall proportion looking) and microscopic  (e.g., epoch-

based) temporal analyses.  First, as expected, young children and adults discriminated intact from 

disrupted events as indexed by visual attention at a macroscopic level.  Proportion looking time 

revealed similar patterns in both adults and children:  disrupted events recruited visual attention to 

a greater extent than intact events.  Microscopic analyses, however, revealed subtle differences 

between groups.  In adults, pauses – when inserted at locations that disrupted ongoing structure – 

were the primary feature that attracted attention, indicating that these elements were the most 

salient.  In children, looks of the longest duration were recruited by the initial pause within the 

disrupted condition, but epochs of motion recruited greater visual attention overall.   

Chapter 4 investigated how children build upon event segmentation abilities to identify a 

novel verb referent.  After observing a three-step event sequence, children parsed the event into 

relevant units without any ostensive cues to action boundaries (Experiment 1).  In Experiment 2, 

children were asked to map a novel verb label onto the intended target referent through cues that 

supported intentional inference.  Again, children spontaneously segmented the novel event.  

However, only when children were provided with a rich combination of cues to the intended 

referent – including the novel label, gaze alternation, and intentional vocalization – did they 
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successfully learn the meaning of the novel verb.  The research presented in Chapter 5 augments 

these findings by providing a glimpse into the neurophysiological processes that support 

children’s verb-to-action mapping in development.  We investigated the neural correlates of 

familiar and novel action words in 2.5- to 3.5-year-old children using behavioral reenactment and 

event-related potentials (ERPs).  Findings provided evidence for ERP signatures to real verb 

knowledge and newly formed verb-action associations.  Further, children’s neural responses were 

modulated by productive vocabulary and verb learning ability.  Findings reveal developmental 

changes in the neural mechanisms subserving emerging verb knowledge at a critical period in 

language acquisition that may reflect a complex relationship between verb comprehension, 

production, and acquisition. 

Although previous research has demonstrated that knowledge about actions and events is 

organized hierarchically, the results presented in the first set of dissertation investigations shed 

light on the underlying mechanisms and developmental origins of these structured 

representations.  In particular, these experiments suggest that children and adults rely on multiple 

sources of information available within the extralinguistic environment to varying degrees 

depending on the situational context.  For example, it is important to reiterate the differences in 

children’s visual preference to movement (epochs of motion) versus boundaries (inserted pauses) 

when assessed at a microscopic level (Chapter 3).  Overall, epochs of motion recruited looks of 

the longest duration across conditions indicating that movement was highly salient.  However, 

important differences between conditions emerged.  Epochs of motion recruited children’s visual 

attention to a significantly greater degree within disrupted relative to intact events.  This suggests 

that when an event proceeds as expected, visual attention wanes.  When there is an unexpected 

violation – as in the disrupted events – attention is recruited anew.   

Differences are even more substantial when we consider how children’s attention was 

recruited during pause epochs:  whereas pauses within the disrupted condition were highly 
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salient, pauses within the intact condition – in contrast – had looks of the shortest duration 

overall.  If participants were attending to event features at a purely perceptual level (e.g., velocity, 

trajectory, etc.), we would expect to see no differences between conditions since each event 

(intact, disrupted) contained pauses of identical durations.  Indeed, placing a pause at one 

arbitrary location over another should have no impact on the way a dynamic event is processed.  

On the other hand, if participants were constructing conceptual, meaning-based representations of 

the novel event we might expect different patterns of looking behavior based on the specific 

context of the interruption as we have observed in this experiment.  Thus, a pause that disrupts 

the ongoing event structure may be relatively more salient than a pause that coincides with a 

natural partition. 

This interpretation is corroborated by neurophysiological findings in Chapter 2.  The 

adult N100 – together with significant effects within analogous windows of interest for children – 

is taken as evidence for perceptually guided action processing.  The adult N300-effect – together 

with significant condition effects within analogous windows of interest for children – is taken as 

evidence for conceptually mediated action processing. ERP differences observed in response to 

intact and disrupted events support the hypothesis that it was the specific function of the pause – 

rather than the pause itself – that was psychologically relevant and may indicate that both bottom-

up perceptual and top-down conceptual information influenced the allocation of visual attention.  

Further, it suggests that children – and adults – were creating online, structured representations of 

the dynamic event by attending to the specific movement features differently depending on the 

event context.    

These findings augment previous work that has examined the relationship between 

perceptual and conceptual processes in event representation (Zacks & Tversky, 2001; Shipley & 

Zacks, 2008).  Still, attaching these neurophysiological and behavioral responses to distinctly 

“perceptual” versus “conceptual” mechanisms must be undertaken with caution.  First of all, there 
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tends to be substantial overlap between physical change and conceptual interpretations.  Since 

these features are correlated, they have discontinuities in the same places (Zacks, Speer, Swallow, 

Braver, & Reynolds, 2007).  Thus, when one goal is completed and another is initiated, there is a 

corresponding change of activity at a perceptual level.  Critically, future research will need to 

directly manipulate dynamic events in order to draw conclusions about whether perceptual and 

conceptual processes are dissociable.  One way to explore this question would be to manipulate 

the causal structure of a means-end event to investigate differences in the perceptual features that 

lead to a common goal (i.e., there are multiple ways to accomplish the same thing), versus similar 

perceptual trajectories leading to distinct goals (i.e., similar patterns of action can have varied 

results).  

It is also important to consider the utility of such a distinction.  Although it is highly 

unlikely that a clear-cut Manichean contrast can be made, clarifying the way in which perceptual 

and conceptual elements interact may be especially relevant to the field of event representation.  

Importantly, recent evidence from neural imaging suggests that there are distinct neural 

signatures when processing action at a purely motion-based level versus action processing with 

conceptual knowledge to support interpretation (Schubotz, Korb, Schiffer, Stadler, & von 

Cramen, 2012), however this area has not been explored in detail.  For example, predicting what 

comes next within a Shotokan Kata may only be possible on the basis of conceptual, top-down 

knowledge relating to the sequence.  Predictions made by a novice that rely on patterns of motion 

alone should yield more variability and inaccuracy.  It is not currently known, however, how 

experience with a particular action or event may influence event representation in development.  

Future research will be important for clarifying the relative contributions of bottom-up versus 

top-down processing in children and adults. 

We have argued that the results outlined in the dissertation extend previous findings 

regarding familiar, everyday activity to events that are relatively novel.  Of course, “novelty” is a 
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highly subjective term.  We employed the term “novel” to reflect that neither children nor adults 

had direct experience with the specific actions or objects that comprised the event, nor had they 

ever encountered the particular sequence of actions before.  Thus, participants were unlikely to 

have formed any preexisting notions – either perceptual or conceptual – about the event structure.  

One critique, however, is that this criterion could be applied to almost any context since, “no man 

ever steps in the same river twice, for it’s not the same river and he’s not the same man” 

(Heraclitus, 544 BC).  Nonetheless, we think that this distinction is useful for determining 

whether the ability to distinguish and partition events into meaningful units of experience relies 

upon familiarity with specific event schema or a more general processing mechanism that can be 

applied across contexts. 

In our research, findings are in line with the latter perspective:  both children and adults 

evinced sensitivity to disruptions in response to events that they had not previously encountered 

(Chapters 2 and 3).  Further, children were able to attach an unfamiliar verb label to the action(s) 

presented in Chapters 4 and 5, provided sufficient cues to verb reference.  However, in order to 

confirm the findings of this study, there are a number of questions that could be addressed in 

future work.  A first step will be to create a larger corpus of novel events.  Due to the nature of 

electrophysiological investigations, brain signatures must be averaged over a large number of 

individual trials causing a certain degree of stimulus repetition.  Ideally, the stimuli designed for 

future experiments will include a range of unfamiliar contexts.  Thus, to identify how individuals 

process action that is more or less novel, these results will need to be replicated across contexts 

that manipulate the degree of “familiarity” in both children and adults. 

Another potential criticism of this research is that the relative complexity of the event 

described in the dissertation does not realistically reflect the intricacy of events that children (or 

adults) encounter in the real world.  Indeed, this raises a more general point of discussion 

regarding the hierarchical organization of the actions and events described.  The research outlined 
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in this dissertation has focused on events that are partonomically organized.  Partonomies are 

distinguished from taxonomies in that they describe “part of” relations rather than “kind of” 

relations (Zacks, 2004).  In Chapters 2, 3, and 4, we consider the individual actions (Action 1, 2, 

and 3) to be integral parts of the event described.  Importantly, these components can be further 

subdivided or concatenated to form nested relations between parts and wholes that exist at 

superordinate or subordinate levels within the hierarchy.  The actions in our novel event, for 

example, can be described in terms of a very general intention to have the clown complete all 

three actions; in terms of mid-range intentions to complete a series of three component actions, or 

with reference to more fine-grained intentions to grasp the clown, put the clown in the car, push 

the button so that the car moves along the track.  Even the isolated actions from Chapter 5 can be 

segmented into sub-actions:  the experimenter places the cow in the plastic container, grasps the 

handle, and engages in repetitive motion.  How children succeed at identifying the appropriate 

unit for language requires further investigation. 

Although both classic and contemporary research has addressed the issue of object 

classification, research has just begun to address the psychological ramifications of this type of 

classification system for actions and events, especially in childhood.  For example, basic level 

object categories seem to be far more frequent than corresponding subordinate or superordinate 

category members in early childhood (Rosch et al., 1976).  Rosch and colleagues have argued that 

the basic level is the most inclusive level at which object category members have a similar shape, 

serve a similar function, and elicit similar actions (Rosch et al., 1976).  Neisser (1967) has 

suggested that categorization at the basic level mediates between perception and cognition.  

Indeed, recent research has even begun to address the neural markers of both basic and 

subordinate object categorization within the first year of life (Quinn et al., 2010).  Little is known, 

in contrast, about whether there is a parallel default level of categorization for actions and events, 

and we have no information about the neural structures that might support this process.  This is an 
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important direction for future research because findings may have direct implications for how 

children construct action categories and learn action words.  In particular, the way in which 

children classify actions may be important for how they learn to extend novel verb labels along 

certain features (e.g., manner of motion) but not others (e.g., path) even if the action is 

perceptually distinct (Pulverman, Golinkoff, Hirsh-Pasek, & Sootsman Buresh, 2008).  Since 

describing actions at multiple levels may be required for constructing flexible event 

representations (Zacks & Tversky, 2001), future research will need to clarify the developmental 

processes that support this ability. 

Although the investigations presented in this dissertation have only addressed concrete 

verbs (i.e., action words) at relatively coarse levels of description (i.e., single actions and three-

action events), these studies suggest that children might be sensitive to the mid-range, coarse-

action level, such that children imitated one component action (Chapter 4, Experiment 1), were 

sensitive to disruptions within each component action (Chapter 2 and 3) and mapped a label to the 

whole action (Chapter 4, Experiment 2; Chapter 5).  This suggests that sensitivity to “basic level” 

actions may be particularly informative and is consistent with evidence that these types of verbs 

tend to be acquired early and make up a large part of children’s early verb vocabularies (Goldin-

Meadow, Seligman, & Gelman, 1976; Marchman & Bates, 1994; Tomasello, 1992; Tomasello & 

Kruger, 1992).  Further, it provides additional empirical evidence that segmentation reflects an 

automatic process in children that occurs even in the absence of ostensive markers similar to the 

process observed in adults (Zacks, 2004).  However, the findings from Chapter 4 indicate that 

although the ability to segment an event into relevant subcomponents may be necessary for 

learning the correct verb-to-referent mapping, it is not sufficient; children required additional 

sources of information to arrive at verb meaning.  We have suggested that these abilities reflect 

spatial- (i.e., perceptual) and social-cognitive (i.e., conceptual) processes in word learning.  

Again, this speaks to the importance of integrating multiple sources of information across 
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multiple levels.  Still, many questions remain regarding how children recruit these abilities for 

word learning.  This research contributes to the literature by providing evidence for children’s 

ability to parse continuous events into discrete units and map meaning-based information to these 

units. 

This is by no means an exhaustive account of verb learning.  We have argued that verbs 

and other relational terms may be challenging to acquire because their referents are not always 

temporally accessible or perceptually distinct (Gentner, 1982; Golinkoff et al., 2002).  Verb 

referents tend to be fleeting and ephemeral (i.e., units of meaning are distributed across time and 

space), frequently conflate multiple aspects (e.g., action, intention, result), and have more degrees 

of freedom than object referents (i.e., predicative relations between entities can be linguistically 

encoded in more ways than the entities themselves).  Thus, even concrete verbs like eat and play 

may label events that are brief and look very different each time a child sees them; other verbs 

like think and wish are not visually perceptible at all, making it difficult to pinpoint the exact 

nature of the referent even in the case of a physical event taking place in the infant’s world.  The 

research presented in this dissertation suggests that children may succeed at carving the world 

into structured units by relying, in part, upon rich and varied perceptual and conceptual 

information within the external environment.  Still, additional research is clearly in order; we 

must move beyond motion verbs to explore whether these information sources support the ability 

to learn verbs that cannot be visualized (e.g., dream); are abstract and subjective (e.g., strive); and 

refer to mentalistic states (e.g., believe).  

Findings from the second set of studies contribute to our overall understanding of the 

relationship between vocabulary knowledge, verb learning, and how they are reflected in the 

brain.  At 24-months, vocabulary was not related to children’s event segmentation (Experiment 

1), but total verb comprehension predicted children’s mapping of the novel verb to the target 

action during test (Experiment 2).  This suggests that in the second year, receptive verb 



205 

 

knowledge can support children’s ability to learn novel verbs even when the referent is 

ambiguous (as in the context of our three-action event).  Importantly, this was consistent for 

children in all three conditions suggesting that with more advanced verb knowledge, a linguistic 

label or intentional information alone may have been sufficient to specify the embedded action as 

a referent for the novel verb.  Thus, despite limited verb production at this age, receptive verb 

knowledge may be an important indicator of children’s developing verb learning abilities.   

At 30- and 42-months, we observed a complex relationship between vocabulary, 

behavioral performance, and brain responses to real and novel verbs.  In our group of 30-month-

old children, we observed a marginally significant difference in the number of correct verb 

learning trials, with the high vocabulary group demonstrating more accuracy than the low 

vocabulary group.  In our group of 42-month-olds, this relationship obtained:  children with 

higher productive vocabularies demonstrated correct verb-to-action mapping on a significantly 

higher number of behavioral trials than children with lower productive vocabularies.  Although 

previous research has demonstrated the relationship between vocabulary and object word learning 

in younger children, (Carey, 2010; Carey & Bartlett, 1978; Fernald, Perfors & Marchman, 2006; 

Fernald, Pinto, Swingley, Weinberg, & McRoberts, 1998; Houston Price, Plunkett, & Harris, 

2005; Spiegel & Helberda, 2012; Swingley, 2010), the present research indicates that this 

relationship extends to verb learning well into the third and fourth years of life.  Children’s 

overall productive vocabulary was also shown to impact ERPs to real verbs within both age 

groups in unexpected ways.  In particular, children with lower productive vocabularies showed 

larger negative amplitudes in response to incongruent verb-action pairs relative to children with 

high productive vocabularies.  This was contrary to our original hypothesis and contrasts with 

previous research investigating the relationship between vocabulary and noun-object learning in 

the brain (Friederich & Friederici, 2010).  Although there are no ERP verb-learning studies to 

reference for comparison, we hypothesize that this finding may reflect our embedded design in 
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which real and novel verbs were both presented within the same block.  It is possible that children 

with larger productive vocabularies attended to the novel verb trials to a greater extent than the 

real verb trials, resulting in decreased incongruity effects for real words in these children. 

Parental report supports this contention.  Although 30-month-olds in the low vocabulary 

group had significantly lower levels of production for the 10 verbs used in the study (M = 

76.8%), they comprehended 95% on average.  This suggests that these particular verbs were at a 

critical point of development within their emerging lexicon and may have recruited attention 

during the ERP paradigm.  Children at 42-months, however, used these verbs proficiently both 

receptively (M = 100%) and expressively (98.7%), so the lack of incongruity effect is not likely 

to reflect verb knowledge.  It is more likely that children with higher vocabularies attended to 

novel stimuli over the real verbs.  This interpretation is consistent with previous in which novel 

and real nouns were presented within the same block for 20-month-old children.  Children with 

high productive vocabularies showed ERP modulation in response to novel, but not real words 

(Torkildsen et al., 2009).  In order to confirm this hypothesis, our research will need to be 

replicated by separating word type (real, novel) into distinct blocks or between-subject 

conditions. 

Finally, in the full sample of 30- and 42-month-olds, results revealed that children 

learned the novel verb-action association with relatively few exposures, and this association was 

reflected neurophysiologically.  Observed incongruity effects were modulated by behavioral 

performance in the predicted direction:  ERPs to incongruous verb-action pairs were more 

negative in children with higher behavioral performance when compared with children in the low 

behavioral performance group.  In addition, important differences were revealed between age 

groups.  At 30-months, children in the low performance group did not reveal any significant 

congruity effects, suggesting that they did not learn the novel verb label during behavioral 

training.  At 42-months, however, children in the low performance group yielded significant 
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congruity effects even though they did not demonstrate verb learning during behavioral training.  

This suggests that although children were unable to produce the correct response behaviorally, 

they may have formed the correct verb-action association.  Further, this emerging knowledge was 

reflected in their ERPs to the incongruent trials for novel verbs. 

What can we conclude from the investigations presented in this dissertation?  How do 

they contribute to current perspectives on lexical acquisition in development?  First, our 

characterization of the cognitive and neural processes that underlie early action processing and 

verb learning must be much richer than it has been previously to account for the way in which 

children integrate multiple sources of information early in development.  Verbs involve event 

structures that necessarily evolve over time, can be construed from a number of different 

perspectives, and involve different aspects of the physical event.  Eventually, verb vocabulary 

develops to encompass complex spatial relations, complex human intentions, and complex 

sequencing of events (Smiley & Huttenlocher, 1995).  Thus, our characterization of the spatial-

perceptual and social-pragmatic processes that support early word learning must account more 

fully for the complexity of the development of verb vocabulary.  

Second, the continuous flow of events in the world unfold without clear beginnings, 

boundaries, or conclusions and complex events can be packaged and lexicalized at many different 

levels of granularity.  Imagine a scenario, for example, in which someone is taking a sip of water 

from a glass.  The person can grasp, lift, and sip from the glass, but none of these terms 

accurately summarizes the intended behavior: to drink.  Furthermore, the act of drinking can be 

referred to in any number of ways: imbibe, guzzle, swallow, gulp, swig, consume, quaff, inhale, 

or chug to name a handful.  Thus, it can be argued that there is no unique solution for labeling the 

action (or set of actions) within the event.  Depending on the level of granularity and subtle cues 

to reference, this action can be packaged and labeled by its fine-grained subcomponents (grasp, 

lift, sip) or by its coarse-grained end state (drink, inhale).  Nevertheless, we can offer the 



208 

 

following definition of verb characteristics:  Verbs are distinguished from one another at the level 

of their essential meaning.  Due to the inability of verbs to be ostensively defined, we have 

polysemy or overlapping meanings (watch, see, gaze, look). 

Third, our explorations suggest that whereas attending to the spatial and temporal 

properties of action may facilitate the constraint of verb meaning to relevant action features, 

attending to goal-directed behavior and intention-in-action may facilitate a deeper and more 

flexible understanding of the meaning of actions embedded within complex events.  The 

relationship between action and language can be described as a dynamic interchange between 

flexibility and stability: representations must be stable enough to embody an essential meaning 

that can be transmitted across individuals and contexts, yet incorporate a flexibility that allows us 

to communicate productively and generate new meanings that others understand.  Perception 

itself may be an inference:  integrating the statistically probable contingencies of spatial and 

temporal features into a prediction is just the beginning of flexible verb knowledge.  

The relation between words and the world explored in these chapters points toward an 

understanding of verb meaning that is intricately interwoven with our understanding of event 

types.  It has become increasingly clear that the sources of information that support verb learning 

are complex, and the goal of future research must be to more precisely characterize the nature of 

these requirements at different developmental points and to examine the ways in which children’s 

conceptual development equips them to extract and utilize this information in the service of verb 

acquisition.  With the combination of brain and behavioral techniques such as those described in 

these studies, there is increasing potential for new research aimed at understanding how 

children’s observed behavior is instantiated within the brain.  These findings invite new studies 

that will continue to further knowledge of how children integrate a multitude of information to 

form accurate representations of the event at hand and communicate about them in novel ways.  
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