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Abstract 

Toddlers learn words in the context of speech from adult social partners. The present studies 

quantitatively describe the temporal context of parent speech to toddlers about objects in 

individual real-world interactions. We show that at the temporal scale of a single play episode, 

parent talk to toddlers about individual objects is predominantly, but not always, clustered. 

Clustered speech is characterized by repeated references to the same object close in time, 

interspersed with lulls in speech about the object. Clustered temporal speech patterns mirror 

temporal patterns observed at longer timescales, and persisted regardless of play context. 

Moreover, clustered speech about individual novel objects predicted toddlers’ learning of those 

objects’ novel names. Clustered talk may be optimal for toddlers’ word learning because it 

exploits domain-general principles of human memory and attention, principles that may have 

evolved precisely because of the clustered structure of natural events important to humans, 

including human behavior.  

Keywords: child development; language; learning; temporal structure  
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Highlights  

1. Parent talk about objects is predominantly clustered, containing both repetition and spacing.  

2. Clustered parent talk persists across different play contexts.  

3. Clustered parent talk is associated with better word learning by the toddler.   

4. Clustered talk may exploit domain-general learning and memory principles.   
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1. Introduction 

 Language is one of the most characteristic and influential aspects of human cognition, 

affecting human perception (Strange & Jenkins, 1978; Werker & Tees, 1984), attention 

(Carvalho, Vales, Fausey, & Smith, 2018), categorization (Lupyan, Rakison, & McClelland, 

2007; Yoshida & Smith, 2005), encoding and remembering (Fausey & Boroditsky, 2010; Feist & 

Gentner, 2007), to name only a few. Unraveling the apparent ease and rapidity with which 

human toddlers learn language holds promise not only for advancing developmental science on 

early word learning, but also for understanding mechanisms of learning more generally, with 

potential implications for fields such as artificial intelligence (Smith & Slone, 2017) and 

education (Vlach, 2014).   

Toddlers learn words in the context of speech from adult social partners. Much research 

has shown, unsurprisingly, that both the quantity and quality of adults’ speech to their children – 

as measured by aggregated statistics like word frequency and lexical diversity – are predictive of 

a child’s language ability as well as later school achievement (Cartmill et al., 2013; Hart & 

Risley, 1995; Hoff, 2013; Hurtado, Marchman, & Fernald, 2008; Huttenlocher, Haight, Bryk, 

Seltzer, & Lyons, 1991). To more fully understand the processes by which these outcomes come 

about, however, we must consider how language is actually experienced and learned in time. 

Speech is not experienced en masse, but rather it is taken in dynamically as it unfolds in time, 

and the processes by which children learn language are likely intricately related to the temporal 

properties of their language input.  

 Words unfolding over time are not random. People talk about what they see and what 

they are doing, which change with context (Montag, Jones, & Smith, 2018). Children may hear 

“socks” mentioned repeatedly when getting dressed in the morning, then not hear “socks” again 
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until socks are taken off in the evening. Instead, they may hear talk about “swings” when at the 

park, talk about “flamingos” when at the zoo, and talk about “fossils” when at the museum, with 

none of these words likely mentioned again until that particular context is revisited. This 

clustered or “bursty,” context-dependent property of language has been demonstrated at multiple 

time-scales, from conversations to whole texts (Abney, Warlaumont, Oller, Wallot, & Kello, 

2017; Altmann, Cristadoro, & Esposti, 2012; Altmann, Pierrehumbert, & Motter, 2009). 

Burstiness has been quantified and modeled in large corpora of spoken and written language 

(Altmann et al., 2012, 2009; Church & Gale, 1995; Katz, 1996), in which words are shown to 

have a much higher probability of being encountered if they were just mentioned compared to 

their probabilities in the corpus of words as a whole. It is nearly inevitable that individual words 

would be bursty in corpora that span long time scales and therefore multiple contexts for talk. 

But the growth in children’s vocabularies that can be observed over days, weeks, and months, is 

grounded in in-the-moment experiences of words that unfold on much shorter time scales. To the 

best that we can determine, the temporal properties of speech to young word learners has not 

been precisely quantified, despite considerable evidence that the repetitive structure of parent 

speech is relevant to early word learning (Brodsky, Waterfall, & Edelman, 2007; Hoff-Ginsberg, 

1985, 1986, 1990). 

 Research examining the temporal structure of parent speech to children at shorter 

timescales (i.e., individual parent-child interactions) finds that parent speech is highly repetitive, 

with individual words and phrases often repeated across successive utterances (Brodsky et al., 

2007; Broen, 1972; Frank, Tenenbaum, & Fernald, 2013; Messer, 1980; Rohde & Frank, 2014; 

Snow, 1972; Suanda, Smith, & Yu, 2016b). These parental self-repetitions correlate with 

children’s language ability (Brodsky et al., 2007; Hoff-Ginsberg, 1985, 1986, 1990), and can 
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even predict young children’s learning of novel object labels when implemented in an 

experimental context (Schwab & Lew-Williams, 2016, 2017). However, despite the seeming 

importance of repeated talk on short timescales, research in this area remains largely qualitative 

because we lack clear quantitative descriptions of the timing properties of parent speech to young 

children in a single context and how this relates to the clustered temporal patterns we see at 

longer timescales. On short timescales, do parents mention an object in only one cluster of 

repeated talk and then move on, or do they intersperse multiple clusters of talk about an object 

over time?  

The first aim of the present paper was to quantify temporal speech structure during a 

natural context for parent talk to their children: free-flowing play with toys. Because the timing 

of parent talk about individual toys might be influenced by the specific play context, we 

quantified parent speech in two contexts: play with a large set of real toys on the floor (Study 1), 

and play with three novel toys at a table (Study 2). The design of Study 2 also lends itself to our 

second aim: examining relations between the temporal structure of parent speech about 

individual novel objects and toddlers’ learning of those objects’ novel names.  

Experimental studies of presentation timing have pitted the effects of massed (i.e., a 

single cluster) learning opportunities against spaced learning opportunities (Childers & 

Tomasello, 2002; Vlach, Ankowski, & Sandhofer, 2012; Vlach, Sandhofer, & Kornell, 2008; 

Vlach & Johnson, 2013). Counterintuitively, research demonstrates that spacing out repetitions 

of the same novel word in time can promote young children’s learning and longer-term retention 

(Vlach et al., 2012, 2008). Nevertheless, this spacing effect is limited if the information spaced 

out in time has not yet been encoded strongly enough in memory so as not to be completely 

forgotten during the spacing interval (Appleton-Knapp, Bjork, & Wickens, 2005; Gagné, 1950; 
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Vlach & Johnson, 2013). This may be particularly important to keep in mind for young children, 

whose working memory, attention, knowledge base, and metamemory are still developing and 

may affect the ideal timing of presentations to support learning (Knabe & Vlach, 2020; Slone & 

Sandhofer, 2017). For instance, Vlach and Johnson (2013) found that 20-month-olds learned 

novel words via a spaced schedule, but 16-month-olds required a massed schedule with item 

presentations closer together to support learning.  

Study 2 models toddlers’ word learning outcomes, examining how different speech 

structures used by a parent to talk to their child about different objects relates to the child’s 

learning of those objects’ novel names. Specifically, we were interested in whether parent speech 

that intersperses multiple clusters of talk about an object over time in a single interaction may 

constitute a particularly effective training schedule. Such a training schedule provides close 

clustered repetitions of words in time, which may help learners resolve ambiguity of reference in 

the moment and help support initial encoding and short-term retention of word-object mappings 

(Kachergis, Yu, & Shiffrin, 2009; Suanda et al., 2016b; Vlach & Johnson, 2013; Weisleder & 

Fernald, 2014). Such a schedule also provides delays between clustered repetitions, which may 

support longer-term retention of those mappings (Atkinson & Shiffrin, 1968; Benjamin & Tullis, 

2010; Brainerd & Reyna, 2002; Glenberg, 1979; Haebig et al., 2019; Landauer, 1969; Melton, 

1970; Vlach et al., 2012; Wickelgren, 1970). 

2. Study 1 

2.1 Materials and Methods 

2.1.1 Participants  

 Thirty‐three parent-toddler dyads (n = 16 female toddlers) participated in this study when 

the child was between approximately 1 and 2 years of age (M = 19.0 months, SD = 3.2, range: 
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12.3-25.3). Families were recruited from a working and middle-class population of a Midwestern 

college town and given a small gift (e.g., a toddler book or t-shirt) for participating. Participants 

were treated in accordance with University IRB #0906000439. Informed parental consent was 

obtained for all dyads prior to participating in the experiment.    

2.1.2 Setup and Stimuli 

 Parents and toddlers sat next to each other on the floor and were provided with 24 objects 

for play. Objects without a strong thematic structure were selected (e.g., car, snowman, block, 

flower, phone; see Figure 1A) so as not to impose a particular manner of play on the dyad. The 

parent’s voice was recorded with a standard headset with a noise reduction microphone. A high-

resolution camera (recording rate 30 frames per second) was mounted on the wall to the side of 

the floor/table, providing a side-on view of the interaction (see Figure 1). This camera provided 

visual information about the events that was used to annotate the referent of parents’ speech. 
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Figure 1. Experimental setup and illustration of parent speech coding. Parent and child playing 

with a set of toys in a free-flowing way (A) on the floor in Study 1, and (B) on a tabletop in 

Study 2. As shown here, 40 of the 63 dyads wore head-mounted eye trackers. All parents wore a 

microphone to record their speech. (C) Illustration of reference and inter-onset-interval (IOI) 

coding of sample parent speech. Words above utterances are transcriptions, color-coded to the 

object referenced (with non-reference utterances in black). Dashed vertical lines indicate 

utterance onsets. IOIs were computed separately for each object (only the two objects talked 

about in the sample speech are shown here). 

2.1.3 Procedure and Coding 

2.1.3.1 Procedure 
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 All parents were told that the goal of the study was simply to observe how they and their 

toddler interacted with a set of toys and that they should try to play as naturally as possible. The 

play session began after an experimenter randomly distributed the 24 toys from a tub onto the 

floor in front of the dyad. The interaction lasted approximately 8 minutes or until the toddler no 

longer wanted to continue (M = 7.5 min, SD = 2.3). The experimenter monitored the session 

from a video feed in an adjacent room and re-entered the room briefly to readjust the recording 

equipment if it was bumped; in such cases, the resumption of play was marked as a new “trial” 

for coding purposes (see subsequent section).  

2.1.3.2 Coding the temporal structure of parent speech 

 Parents’ speech during each play trial was fully transcribed and divided into utterances, 

defined as segments of speech separated by periods of silence lasting at least 400 ms (Pereira, 

Smith, & Yu, 2014; Suanda, Smith, & Yu, 2016a; Yu & Smith, 2012). A number of researchers 

have argued and empirically demonstrated that all talk about an object has the potential to inform 

young children’s object-name learning, not just those utterances containing the object’s name 

(Clark, 2010; Frank et al., 2013; Messer, 1980; Schwab & Lew-Williams, 2017; Suanda et al., 

2016b; Sullivan & Barner, 2016). For example, consider the two-utterance sequence, “where’s 

the zeebee” “there it is.” Even though the second utterance includes a pronoun rather than the 

object’s name, it is part of a discourse context that can aid discovery of the object-name 

mapping. Thus, all utterances that contained reference to one of the objects were marked as 

referential utterances. These included utterances when parents named an object (e.g., “look a 

rattle”), employed a pronoun referring to an object (e.g., “can you shake it”), or used an alternate 

concrete noun referring to the object (e.g., “don’t throw the toy”). For each referential utterance, 

a trained coder annotated the intended referent object by watching the video (see the 
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supplemental material for more information). In rare cases where an utterance referenced more 

than one object, the first object referenced was coded as the target of the utterance. A second 

coder independently coded 25% of the recordings. Reliability of referential coding was 

determined by the Cohen’s kappa (κ) statistic, and was high (κ = .77) based on conventional 

guidelines (Bakeman & Gottman, 1997).  

 The temporal structure of each parent’s speech about each object was determined based 

on inter-onset-intervals (IOIs) of utterances about the same referent (see Figure 1C). IOIs of 

utterances were computed by subtracting the onset of a reference utterance from the onset of the 

subsequent reference utterance to that same object during that same trial. If an object was talked 

about during multiple trials, the vectors of IOIs for that object during each trial were 

concatenated. This resulted in up to 24 IOI distributions for each dyad, one for parent speech 

about each object. 

2.2 Results 

 Parents produced on average 17.4 (SD = 3.1) total utterances per minute, 7.8 (SD = 2.1) 

of which were referential, with mean duration 1.5 s (SD = 1.2). Dyads did not play with the 24 

objects equally frequently, but instead spent most of the time playing with only a few toys. 

Therefore, parent talk referred to a relatively few of the objects much more frequently than 

others. We analyzed the temporal structure of the on average 3.4 (SD = 2.5) object talk 

distributions per dyad that contained at least 5 IOIs (M = 7.9 IOIs, SD = 4.0); this resulted in a 

total of 102 IOI distributions analyzed (809 total IOIs).  

 The distribution of the durations of IOIs for speech about an individual object (Figure 

2A) showed that short intervals occurred with high frequency, and there was also a long tail of 

longer IOIs, times when there was a long gap in talk about the same object. Given this skewed 
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distribution of IOIs, as a first step in capturing the temporal structure of parents’ referential 

utterances we classified each IOI as relatively “short” (repetition) or “long” (spacing) based on a 

75th percentile split on the overall distribution of IOI durations (i.e., around the center of the 

distribution, see color coding in Figure 2A). By this operational definition, short and long IOIs 

were quite different – short IOIs were 4 s apart on average, whereas long IOIs were 71 s apart on 

average (Table 1).   
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Figure 2. Illustrations of the metrics of temporal speech structure we employed. (A) Histogram 

of IOI durations. IOIs below the 75th percentile (cyan bars) of the IOI distribution were classified 

as “short;” IOIs above the 75th percentile (dark red bars) were classified as “long.” (B) 
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Histogram of burstiness (B) values of IOI distributions. IOI distributions were classified as 

bursty (gray bars) or non-bursty (white bars) depending on whether their B value fell above or 

below 0. Inset shows the formula for calculating B (cf. Goh & Barabási, 2008; Kim & Jo, 2016), 

based on the number of IOIs and mean and standard deviation of the IOI distribution. (C) 

Fabricated sequence of parent utterances (black bars) to illustrate how short and long IOIs can be 

distributed in time and the associated metrics of temporal structure computed from the utterance 

sequence (see B, inset). (D-E) Real sequences of utterances (black bars; see the supplemental 

materials for the utterance transcripts) about an object from two different parents, and associated 

metrics of temporal structure (see Bs, insets), to illustrate bursty (D) and non-bursty (E) speech 

structure.  

 

Table 1 

Descriptive Statistics (Mean (SD)) for the Composition of Parent Referential Utterance Inter-

Onset-Interval (IOI) Distributions, in Terms of Numbers (Num) and Durations (Dur) of Short 

and Long IOIs and Clusters, in Two Studies.  

Study Num. 
total IOIs  

Num. 
short 

Num. 
long 

Dur. 
short (s)   

Dur. 
long (s) 

Num. 
clusters 

Cluster 
dur. (s) 

Dur. between 
clusters (s) 

1 7.9 (4.0) 6.0 (3.4) 2.0 (1.6) 4.2 (2.6) 71.2 (80.5) 2.0 (1.0) 14.4 (9.2) 121.5 (113.1) 
2 11.5 (4.5) 8.6 (4.2)  2.9 (1.3) 4.4 (2.9) 26.8 (12.0) 3.3 (1.1) 12.1 (6.4) 32.0 (13.0) 

 

 We next examined the composition of each IOI distribution in terms of short and long 

IOIs. As shown in Table 1, parent speech about each object contained, on average, 8 IOIs, 

composed of 6 short and 2 long IOIs. That is, for most streams of parent speech about an object, 

there were many more short IOIs than long IOIs. Figure 2C provides an illustration of how 

parents predominantly ordered speech to their children in time. Parents did not tend to produce 
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long IOIs back-to-back (M = 0.6 times per object, SD = 0.9). Instead, they inserted clusters of 

close-in-time utterances (i.e., one or more short IOIs back-to-back) between lulls in talk about 

the object: On average, parents talked about an object in two clusters – each consisting of four to 

five close-in-time utterances (i.e., M = 3.6 short IOIs, SD = 2.3) and lasting around 14 seconds – 

separated by two minutes of no talk about the object (see Table 1). This pattern may constitute a 

particularly effective training schedule, as previous research suggests that spacing – long 

durations before repetition – is most beneficial for learning and memory when the information 

that is spaced out in time has already been encoded strongly enough in memory so as not to be 

completely forgotten during the spacing interval (Appleton-Knapp et al., 2005; Gagné, 1950; 

Haebig et al., 2019; Vlach & Johnson, 2013).  

 Although clustered references to an object between lulls in talk about the object appeared 

to be the predominant overall pattern of parent speech in this corpus, it is possible that not all 

talk about objects was clustered. We used the burstiness metric (B) (Figure 2B) from Kim and Jo 

(2016) to measure in a single metric the temporal structure of utterances about each object by 

each parent. In other words, B values are calculated separately for each object. B measures 

temporal structure in terms of the relation between the mean and the standard deviation of the 

IOI distribution (Goh & Barabási, 2008). Positive B values indicate clustered or “bursty” event 

timing, characterized by an overdispersed distribution of IOIs in which the frequency of short 

and long IOIs is higher than in a random (Poisson process) signal comprised of an exponential 

distribution of IOIs. Negative B values indicate more uniform spacing of IOIs compared to that 

expected under a random signal, with B = -1 indicating perfectly even spacing, as in a 

metronome. As can be seen in Figure 2B, 79.4% of IOI distributions had positive B values (M = 

0.36, SD = 0.43), significantly more than would be expected by chance (χ2 = 35.29, p < .001), 
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indicating that parents’ talk about individual objects was predominantly bursty. The 

predominantly bursty nature of parent speech about objects was observed at the level of 

individual dyads as well: on average, a parent spoke about most objects (M = 85.3%, SD = 

19.1%) with bursty speech.    

 Nevertheless, parents’ talk distributions spanned both negative and positive B values 

(range -0.58 to 1.06), such that 21% of object talk distributions were classified as non-bursty 

(i.e., negative B values). Bursty and non-bursty distributions contained similar numbers of short 

IOIs (bursty: M = 5.7, SD = 3.5; non-bursty: M = 7.0, SD = 3.1) and similar durations of short 

IOIs (bursty: M = 4.2 s, SD =2.6; non-bursty: M = 4.2 s, SD = 2.5); that is, both bursty and non-

bursty parent talk about objects to their toddlers typically included repetition close in time. 

Where these temporal distributions primarily differed was in the number of long IOIs (bursty: M 

= 2.2, SD = 1.5; non-bursty: M = 1.0, SD = 1.5; t(28) = 3.11, p = .004) and durations of the long 

IOIs (bursty: M = 75.8 s, SD = 83.2; non-bursty: M = 29.3 s, SD = 21.6; t(130) = 5.94, p < .001) 

they contained, with bursty distributions exhibiting more spacing out in time (see Figure 2D) 

compared to non-bursty distributions (see Figure 2E). Thus, bursty speech more clearly exhibits 

the dual properties of repetition close in time and spacing out in time that may facilitate learning 

and memory. 

2.3 Discussion 

 Statistical analyses of language over long timescales highlight the clustered nature of 

particular words, a structure that almost necessarily falls out of the context-dependent nature of 

speech combined with contexts that change over time. This may give the impression that 

zooming in on one episode unfolding in a single context would capture a single cluster of talk 

about a particular topic. Indeed, previous analyses of parents’ speech to children in-the-moment 
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emphasize the highly repetitive nature of speech on short time scales (Brodsky et al., 2007; 

Broen, 1972; Frank et al., 2013; Messer, 1980; Rohde & Frank, 2014; Snow, 1972; Suanda et al., 

2016b). However, the present analyses make clear that even in a single 8-minute interaction in a 

single ordinary context, talk was predominantly distributed in a bursty manner not unlike the 

bursty timing seen on much longer time scales, with multiple clusters of talk about an object 

spaced out in time by lulls in talk about that object.   

 What might this mean for children’s word learning? The present study suggests that 

pitting the effects of massed learning opportunities (i.e., a single cluster) versus spaced learning 

opportunities (single events spaced out in time), as is common in experimental studies (Childers 

& Tomasello, 2002; Vlach et al., 2012, 2008; Vlach & Johnson, 2013), may not align well with 

real world experiences as children’s language learning environments contain a combination of 

both types of timing, even on short time scales. Given the theoretical importance and potential 

implications of this finding, we conducted Study 2 to examine whether the same patterns would 

be observed in a different play context. It is possible that parent speech to their toddlers was 

bursty in Study 1 because there were many toys that the dyads could play with, creating multiple 

different sub-contexts for play within the larger toy play context. Study 2 analyzed parent speech 

in a more limiting context – parent-toddler play with three novel toys at a time on a tabletop. The 

use of novel toys also allowed us to examine whether the names of the toys parents talked about 

with bursty speech were learned better than the names of toys talked about with non-bursty 

speech.  

3. Study 2 

3.1 Materials and Methods 

3.1.1 Participants  
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 Analyses were conducted on a corpus of audio-visual recordings of 30 parent-toddler 

dyads engaged in unscripted, free-flowing play with six novel objects. Toddler (n = 14 females) 

participants were between approximately 1 and 2 years of age (M = 21.6 months, SD = 2.9, 

range: 15.6-26.0). Analyses on a portion of the recordings in Study 2 have been reported 

previously (Bambach, Crandall, & Yu, 2013; Lee, Bambach, Crandall, Franchak, & Yu, 2014; 

Suanda, Foster, Smith, & Yu, 2013; Suanda et al., 2016b, 2016a; Yu & Smith, 2016, 2017; 

Yuan, Xu, Yu, & Smith, 2017), though none of the previous published reports has examined the 

bursty property of parent referential speech and its effects on infant word learning.  

3.1.2 Setup and Stimuli  

 Parents and toddlers sat across from each other at a small table (Figure 1B). Dyads played 

with six unique novel objects, each of which was given a unique novel name. The specific 

object-name mappings differed across children. The novel names were disyllabic and adhered to 

the phonotactic constraints of English: “habble,” “mapoo,” “wawa,” “zeebee,” “tema,” and 

“dodi” (Pereira et al., 2014). The novel objects were custom made from clay, wood, or plastic to 

have unique shapes and textures, but be similar in size (about 250-300 cm3). Objects were 

organized into two sets of three. Within each set, one object was painted blue, one red, and one 

green. Figure 1B shows one object sets on the tabletop during play. The parent’s voice was 

recorded and a high-resolution camera provided a side-on view of the interaction, as in Study 1.  

3.1.3 Procedure and Coding 

3.1.3.1 Procedure 

 The parent was told the names for each of the six novel objects prior to entering the 

experimental room and while the toddler played with an experimenter (see the supplemental 

material for more information). Parents were instructed to use these names when talking about 
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the objects, but were not told that the purpose of the study was for them to teach their toddler 

these names. During the experiment, laminated cards listing the object-name pairings were taped 

to the parent’s side of the table (out of the toddler’s view) as reminders of objects’ names. Once 

parents and toddlers were seated at the table, an experimenter put one set of three objects on the 

table and the play session began. After approximately 90 seconds, the experimenter removed the 

objects and replaced them with the next set of three objects. In this manner, the dyad cycled 

through both sets of three objects twice, resulting in four play trials. The whole interaction lasted 

about six minutes, with a brief break between trials for switching object sets.  

3.1.3.2 Coding the temporal structure of parent speech  

 Parents’ speech during each play trial was fully transcribed, divided into utterances, and 

coded for reference to one of the objects as in Study 1. Reliability of referential coding was high 

(κ = .81), as in Study 1. The temporal structure of each parent’s speech about each object was 

determined based on IOIs of utterances about the same referent, as in Study 1. This resulted in up 

to 6 IOI distributions for each dyad, one for parent speech about each object. 

3.1.3.3 Object-name learning test 

 Immediately after the play session, an experimenter tested the toddler in an object-name 

learning task. Toddlers had passed a warm-up test with familiar objects to screen for task 

comprehension prior to the novel object-name testing trials. During warm-up trials the 

experimenter placed a flower, a horse, and an apple on a tray and presented the tray to the child 

while asking the child for one of the three items (e.g., “where is the apple, get the apple”). After 

the child made a selection, the objects were taken away, shuffled, and presented to the child 

again while the experimenter asked for one of the other objects (e.g., “where is the horse, get the 

horse”). The warm-up ended when the child had chosen the correct object on two trials (out of 
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up to three trials).  

 Toddlers then completed 12 novel object-name comprehension trials. The order of the 12 

testing trials was randomly determined, with two blocks of six trials in which each object name 

was tested once and thus twice overall. The experimenter sat across the table from the toddler. 

The parent sat behind the toddler and was explicitly asked not to interact with the toddler. On 

each trial, the experimenter put three objects – the target object plus two foils – onto a tray out of 

view of the toddler. Foils were pseudo-randomly selected objects from the set of six objects, with 

the constraint that foils could not match the target object in color. The experimenter then brought 

the tray into view and prompted the child to choose an object by saying “where is the novel 

name, get the novel name.” The experimenter provided neutral feedback (e.g., ‘‘thank you”) after 

each selection. Each trial lasted approximately 30 seconds. Naïve coders who knew when the 

prompt was given but did not know the target object, coded the video for the first object the 

toddler touched or pointed to after the prompt on each trial. An object name was scored as 

“learned” only if the target object was the first object the toddler touched or pointed to after the 

prompt on both of the testing trials for that object name. 

3.1.4 Statistical Analyses 

To examine whether the object names a parent talked about with bursty speech were 

learned better than the names the parent talked about with non-bursty speech, we computed for 

each dyad two learning outcomes: the proportion of objects spoken about in a bursty way that 

were learned, and the proportion spoken about in a non-bursty way that were learned. To 

examine whether speech structure would predict object name learning controlling for the amount 

of parent speech about those objects and toddler age, we conducted two linear mixed effects 

models using the lmer function of the R package lme4 (Doran, Bates, Bliese, & Dowling, 2007); 
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the R code used for all models is provided in the supplementary materials. The null model 

included proportion names learned as the dependent variable, the mean number of IOIs (roughly 

equivalent to the mean number of utterances) for the objects talked about by the parent with that 

speech structure and toddler age as fixed effects, and by-dyad random intercepts (Baayen, 

Davidson, & Bates, 2008). The alternative model added speech structure (bursty versus non-

bursty) as a fixed effect. Chi-squared (χ2) tests were used to compare the null and alternative 

models to determine whether the addition of the speech structure variable significantly increased 

model fit.       

We also conducted exploratory analyses to examine the possible relation between the B 

value of parent speech and toddler word learning. That is, because B values were calculated for 

each object, we can ask whether the burstiness value for an individual object predicts learning of 

that specific object’s name. We considered these analyses to be exploratory because, although 

there is strong theoretical motivation based on the memory literature for treating B categorically 

and for hypothesizing that the categories of bursty and non-bursty utterance distributions, which 

exhibit categorical differences in the temporal distributions of their utterances, should have 

meaningfully different effects on word learning, there is not such clear motivation for 

hypothesizing a linear effect of B values on word learning. Such a hypothesis does make intuitive 

sense based on our hypothesis that the categories of bursty speech, which exhibits positive B 

values, and non-bursty speech, which exhibits negative B values, should differentially predict 

word learning. Nevertheless, in the published work on burstiness, the theorized maximal value of 

B = 1 (Goh & Barabási, 2008) has not been documented and it is not known what the ceiling B 

value for natural behavior is. Additionally, it is not yet clear whether or not it is appropriate to 

treat B as an interval scale and we are not aware of any previous findings to suggest that B 
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should be linearly related to psychological outcomes.  

To examine whether or not the B value of parent speech about an object predicted the 

binary learning outcome for that object’s name, we conducted two generalized linear mixed 

models (Jaeger, 2008) using the glmer function of the R package lme4. The null model included 

the binary learning outcome for each object (learned, not learned) as the dependent variable, the 

number of IOIs (roughly equivalent to the number of utterances about the object) and toddler age 

as fixed effects, and by-dyad random intercepts (Baayen et al., 2008). The alternative model 

added the B value as a fixed effect. We used the most complex (maximal) random effect 

structure permitted by the design, removing only terms required to allow a non-singular fit (i.e., 

by-object random effects and by-subject random slopes were removed due to singular fit) (Barr, 

Levy, Scheepers, & Tily, 2013). Chi-squared (χ2) tests were used to compare the null and 

alternative models to determine whether the addition of the B variable significantly increased 

model fit. Note that, because specific object-name mappings differed across children, “object” 

could be defined based on either the physical items or the novel names; because the outcome is 

learning of the novel names, we defined “object” as the novel label used. 

3.2 Results 

3.2.1 Temporal structure of parent speech 

Parents produced on average 20.3 (SD = 3.1) utterances per minute, 13.5 (SD = 2.5) of 

which were referential, with mean duration 1.3 s (SD = 1.0). As in Study 1, we analyzed the 

temporal structure of the on average 5.7 (SD = 0.5) object talk distributions per dyad that 

contained at least 5 IOIs (M = 11.5 IOIs, SD = 4.5); this resulted in a total of 170 IOI 

distributions analyzed (1957 total IOIs). The distribution of the durations of IOIs for speech 

about individual objects was skewed, with high frequencies of short intervals and a long tail of 
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longer IOIs (Figure 3A). Based on a 75th percentile split on the overall distribution of IOI 

durations, short IOIs (repetition) were 4 s apart on average, whereas long IOIs were 27 s apart on 

average (see Figure 3A, Table 1).   
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Figure 3. Illustrations of the metrics of temporal speech structure we employed. (A) Histogram 

of IOI durations. IOIs below the 75th percentile (cyan bars) of the IOI distribution were classified 

as “short;” IOIs above the 75th percentile (dark red bars) were classified as “long.” (B) 
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Histogram of burstiness (B) values of IOI distributions. IOI distributions were classified as 

bursty (gray bars) or non-bursty (white bars) depending on whether their B value fell above or 

below 0. (C) Fabricated sequence of parent utterances (black bars) to illustrate how short and 

long IOIs can be distributed in time and the associated metrics of temporal structure computed 

from the utterance sequence (see B, inset). (D-E) Real sequences of utterances (black bars) about 

an object from two different parents, and associated metrics of temporal structure (see Bs, 

insets), to illustrate bursty (D) and non-bursty (E) speech structure. 

 

 As shown in Table 1, parent speech about each object contained, on average, 11 IOIs, 

composed of 8 short and 3 long IOIs. Figure 3C provides an illustration of how parents 

predominantly ordered speech to their children in time. Parents did not tend to produce long IOIs 

back-to-back (M = 0.5 times per object, SD = 0.8). Instead, they inserted clusters of close-in-time 

utterances (i.e., one or more short IOIs back-to-back) between lulls in talk about the object: On 

average, parents talked about an object in three clusters – each consisting of three to four close-

in-time utterances (i.e., M = 2.7 short IOIs, SD = 1.1) and lasting around 12 seconds – separated 

by 32 seconds of no talk about the object (see Table 1).  

  We next used the burstiness metric to measure in a single metric the temporal structure of 

utterances about each object by each parent. In other words, B values are calculated separately 

for each object. As can be seen in Figure 3B, parents’ talk about individual objects was 

predominantly bursty, with 71.8% of IOI distributions possessing positive B values (M = 0.13, 

SD = 0.23), significantly more than would be expected by chance (χ2 = 32.21, p < .001). The 

predominantly bursty nature of parent speech about objects was observed at the level of 
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individual dyads as well: on average, a parent spoke about most objects (M = 71.7%, SD = 

19.4%) with bursty speech.   

 Nevertheless, parents’ talk distributions spanned both negative and positive B values 

(range -0.44 to 0.74), such that 29% of object talk distributions were classified as non-bursty.   

Bursty and non-bursty distributions contained similar numbers of short IOIs (bursty: M = 8.7, SD 

= 4.4; non-bursty: M = 8.0, SD = 3.6), indicating they both typically included repetition close in 

time. Where these temporal distributions primarily differed was in the durations of the short and 

long IOIs they contained, with bursty distributions exhibiting closer repetitions (i.e., shorter 

‘short’ IOIs; bursty: M = 4.0 s, SD = 2.6; non-bursty: M = 5.5 s, SD = 3.4; t(595) = 7.82, p < 

.001) as well as more spacing out in time (i.e., longer ‘long’ IOIs; bursty: M = 29.5 s, SD = 13.3; 

non-bursty: M = 21.3 s, SD = 5.7;  t(480) = 9.55, p < .001), as illustrated in Figure 3D-E. Thus, 

as in Study 1, bursty speech more clearly exhibits the dual properties of repetition close in time 

and spacing out in time that may facilitate learning and memory. 

3.2.2 Word learning 

 Linear mixed effects models demonstrated that the type of speech structure (bursty versus 

non-bursty) accounted for significant variance in toddlers’ object-name learning scores (B = 

.136, SE = .045, t = 3.02, p = .005) when added to a null model including toddler age and the 

average number of parent utterances. Moreover, the addition of the speech structure variable to 

the null model significantly increased model fit (χ2 = 7.73, p = .005). Toddlers were more likely 

to learn the names of objects talked about with bursty temporal structure compared to those 

talked about with non-bursty structure, regardless of how much the parent talked about the 

objects or how old the toddler was.      
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 Additionally, because B values were calculated for each object, we can ask whether the 

burstiness value for an individual object predicts learning of that specific object’s name. 

Generalized linear mixed models demonstrated that B values accounted for a marginally 

significant amount of variance in the binary learning outcomes (B = 1.75, SE = 0.90, z = 1.94, p 

= .052) when added to a null model including toddler age and the number of parent utterances. 

The addition of the B value variable to the null model significantly increased model fit (χ2 = 

3.84, p < .05). Toddlers were (marginally) more likely to learn the names of objects talked about 

with higher (more bursty) B values compared to lower (less bursty) B values, regardless of how 

much the parent talked about the object or how old the toddler was.  

3.3 Discussion 

 Study 2 shows that burstiness characterizes parent naming on a shorter time scale than 

Study 1 and in the context of fewer potential referents. Study 2 also shows a link between the 

temporal structure of human behavior and toddler learning. Specifically, the category of bursty 

parent speech, compared to the same parents’ non-bursty speech, resulted in the best object-name 

learning by their children. Additionally, the B value for parent speech about an object was a 

marginally significant predictor of learning the object’s novel name. This finding suggests that 

the degree of burstiness, not just the category of busty speech, may be an important predictor of 

word learning. To our knowledge, this is the first demonstration that burstiness values may be 

linearly related to a psychological outcome. Because the optimal manner in which clusters of 

repetitions are spaced out in time may depend on the developmental state of the learner and 

individual differences in memory, attention, and prior knowledge (Knabe & Vlach, 2020; 

Samuelson, 2021), an important avenue for future work will be to replicate and extend the 

present findings to other populations and contexts, as well as examine possible interactions 
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between burstiness, age, and task difficulty. For instance, it is possible that for younger 

populations or for more challenging material, B may exhibit curvilinear relations with learning, 

for instance if too long of spacings, which may be associated with the largest B values, become 

detrimental to learning (Vlach & Johnson, 2013).  

4. General Discussion 

Burstiness is a pervasive property of the complex systems that generate many natural 

events including human behavior (Eckmann, Moses, & Sergi, 2004; Goh & Barabási, 2008; 

Vázquez et al., 2006), and thus provides the evolutionary and developmental context for human 

learning. The present studies demonstrate that even on the timescale of a single play episode, 

regardless of the number of potential referents, parent talk to toddlers is predominantly bursty, 

containing not only repeated references to a single object close together in time, but also spacing 

out of clusters of repeated talk about that object. 

4. 1 Why is Parent Speech Bursty, and Why Does This Promote Children’s Word 

Learning? 

Zipf (1949) argued that power-law distributions (e.g., in words’ rank frequencies) are a 

fundamental property of language due to the competing needs of speakers and hearers and the 

desire to communicate efficiently with least effort. Recent research and theory on language 

evolution suggests that language structure and use have been shaped by repeated processes of 

transmission by adults and acquisition by children (Chater & Christiansen, 2010). Bursty speech 

may emerge from similar processes. Language is fundamentally about communication, 

depending on acquisition and use by humans, and therefore contingent upon general properties of 

human memory, attention, and learning. Language has likely been adapted to the brain, with 

features of language use that enhanced its learnability by young humans being retained and 
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magnified over time (Chater & Christiansen, 2010; Christiansen & Chater, 2008). Bursty parent 

speech about objects may be selected because it facilitates toddlers’ word learning by engaging 

domain general attentional and memory processes. Those attentional and memory processes, in 

turn, may have the properties they do because human behaviors in general – and many natural 

phenomena in the world – have a bursty temporal structure. More specifically for toddler word 

learning, bursty talk combines repeated references to the same object, which helps word learners 

resolve ambiguity of reference in the moment and promotes encoding and short-term retention of 

word-object mappings (Kachergis et al., 2009; Suanda et al., 2016b; Vlach & Johnson, 2013; 

Weisleder & Fernald, 2014), with spacing of these repetitions, which promotes longer-term 

retention of those mappings (Atkinson & Shiffrin, 1968; Benjamin & Tullis, 2010; Brainerd & 

Reyna, 2002; Glenberg, 1979; Haebig et al., 2019; Landauer, 1969; Melton, 1970; Vlach et al., 

2012; Wickelgren, 1970).  

It is important to note that the particular metric analyzed in the present studies – parent 

speech to their toddler – is one index of a whole system of behaviors that go together in fluid 

parent-child interaction (e.g., Karmazyn-Raz & Smith, 2022). We show that bursty parent speech 

is part of that complex system. There are likely many factors that conspire to make parent speech 

bursty in such a complex, multimodal system (e.g., locations of objects in space; motor 

constraints; memory; attention; the coherence of conversations – if you jump around evenly to 

everything, that is not a fluid conversation). Moreover, we know that parents are sensitive to the 

behavior of their infants, and recent research demonstrates that parents adapt the timing of their 

vocal behavior to that of their infants (Abney et al., 2017; Ritwika et al., 2020). Thus, children 

may play an important role in driving bursty parent speech, both on the timescale of 

conversations and over the course of evolutionary time.  
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4.2 Directions for Future Research 

Considerable research makes clear that the quality of parent talk is a significant factor in 

the size and rate of growth of children’s vocabulary, which in turn is a significant factor in long-

term outcomes in school achievement (Carvalho et al., 2018; Lupyan et al., 2007; Strange & 

Jenkins, 1978; Werker & Tees, 1984; Yoshida & Smith, 2005). The finding that bursty parent 

talk supports object name learning and the finding – in both studies – that not all parent talk 

about objects is bursty, raise critical questions about just when and why talk is and is not bursty 

(Childers & Tomasello, 2002).  

Most studies of the bursty structure of human language have focused on demonstrating 

that language is overall bursty and not on conversational structure or conversational contexts that 

support bursty talk, nor how much the burstiness of talk varies across individual components of a 

conversation, the context, or individuals (cf., Abney, Dale, Louwerse, & Kello, 2018; Altmann et 

al., 2012, 2009). These are critical questions for understanding the properties and variability of 

parent talk that supports learning, as well as for understanding the kinds of conversations and 

real-time behaviors that create burstiness and that support learning more generally. A structure 

like the present one – with 75% of topics bursty and 25% not – might emerge naturally in 

narratives in which one toy is the protagonist (or core) of play and parent speech, and other toys 

play a supporting role by being related to that protagonist. Might parents create this structure 

themselves or, rather, might this structure be inherently tied to communicating responsively in a 

social context (e.g., if parents continue to talk about objects that elicit a response from the child, 

and otherwise move on to talk about a different object)? Future research that systematically 

measures verbal and nonverbal behaviors of both children and parents will be essential for 

understanding which factors in fluid interaction conspire to produce bursty behavior.  
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Moreover, future studies should explore how the present findings generalize to everyday 

contexts beyond toy play. One potentially high-impact context to study is conversation that is 

principally didactic in its goals, such as when a parent or teacher intends to impart a piece of 

knowledge or skill to a learner or group of learners. To the extent that such teaching-focused 

situations may be less responsive and less conversational, driven instead by adults’ beliefs about 

how learning happens, instruction may show a less bursty structure and thus be less effective in 

meeting its own goals. For instance, research on adults’ metacognitive judgments of their own 

learning demonstrates that adults often show a bias for massed learning schedules (Knabe & 

Vlach, 2020).  

Future research should also test experimentally the attentional and memory processes that 

may underlie the benefits of bursty speech for language learning. Elucidating these processes 

holds promise not only for better understanding early word learning, but for understanding 

learning, memory, and social interaction more generally. The present research is the first 

research to show that burstiness is associated with a consequence – better word learning by 

children – setting the stage for further work to consider the potential consequences of bursty 

events in various fields, particularly learning fields such as artificial intelligence and education, 

with potential clinical applications (Haebig et al., 2019; Leonard et al., 2019). 

4.3 Conclusion 

The distribution of time intervals between successive parent utterances about an 

individual object during play with their toddler – a common context for toddler word learning – 

typically, but not always, shows a bursty structure. Bursty talk, but not other kinds of talk, is 

associated with toddlers’ learning the individual object names from parent talk. Conflicting 

experiments on human memory and word learning have shown benefits of both massed exposure 
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to to-be-learned material and spaced exposure to that material. Both of these effects may emerge 

from evolutionary coordination of the timing of natural events, including human language, and 

human mechanisms of learning, memory, and social interaction. The present findings unify and 

link the remarkable proficiency of young children in word learning to the bursty structure of the 

natural world and human behavior and a memory that has evolved to learn in this dynamically 

complex environment.   
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