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Abstract

The current research takes a dyadic approach to study early word learning and focuses on
toddlers’ (N = 20, age: 17-23 months) information seeking and parents’ information providing
behaviors and the ways the two are coupled in real-time parent-child interactions. Using head-
mounted eye tracking, the current study provides the first detailed comparison of children’s and
their parents’ behavioral and attentional patterns in two free-play contexts: one with novel objects
with to-be-learned names (Learning condition) and the other with familiar objects with known
names (Play condition). Children and parents in the Learning condition modified their individual
and joint behaviors when encountering novel objects with to-be-learned names, which created

clearer signals that reduced referential ambiguity and potentially facilitated word learning.



Introduction

An intriguing question that has attracted much interest in developmental research is how
infants and young children learn words (e.g., Baldwin & Markman, 1989; Gleitman, 1990; Gogate,
Bolzani, & Betancourt, 2006; Katz, Baker, & Macnamara, 1974; Markman & Hutchinson, 1984;
Smith & Yu, 2008; Tomasello & Todd, 1983; Waxman & Booth, 2001). Most researchers have
been trying to answer this question from one of two different perspectives -- one from the child’s
side and the other from the parent’s side. Numerous studies in the past few decades have focused
on young learners’ capabilities of processing or using different types of available information --
such as social cues (Baldwin, 1993; Tomasello & Akhtar, 1995), conceptual relations (Markman
& Hutchinson, 1984), linguistic structures (Snedeker & Gleitman, 2004; Waxman & Booth, 2001),
and statistical information (Smith & Yu, 2008) -- to learn the meanings of novel words. Another
line of research focuses on the characteristics of word-learning opportunities by documenting
precisely the amount and types of linguistic input provided by parents in early learning
environments using extensive audio and video recordings (Bergelson, Amatuni, Dailey,
Koorathota, & Tor, 2019; Hurtado, Marchman, & Fernald, 2008; Tamis-LeMonda, Custode,
Kuchirko, Escobar, & Lo, 2019). These two lines of studies have yielded fruitful insights into
children’s and parents’ separate contributions to early word learning. However, one critical aspect
that is largely unknown is how children and parents jointly create the visual and linguistic data for

word learning and how their joint behaviors contribute to early word learning.

In parent-child interaction, the data created for word learning are not just objective linguistic
and visual properties of a learning environment, but instead are selected and filtered through
children’s own actions and sensory systems (Smith, Yu, & Pereira, 2011; Yu & Smith, 2012).

Children do not just passively perceive all information in the environment. On the contrary, they



explore and attend to different aspects of the environment depending on their momentary goals
and the environment itself (Bloom, Tinker, & Scholnick, 2001; Kretch, Franchak, & Adolph,
2014). Furthermore, children’s exploratory behaviors and attentional patterns are also
accompanied by parents’ speech and non-verbal actions, which also change from moment to
moment, depending on the dynamics of the interaction (Chen, Castellanos, Yu, & Houston, 2019a;
Suarez-Rivera, Smith, & Yu, 2019). Therefore, to have a complete picture of early word learning,
it is necessary to go beyond studying children’s and parents’ individual behaviors separately, but
to include the dyad’s joint behaviors in real-time interactions (Renzi, Romberg, Bolger, &
Newman, 2017; Yurovsky, 2018). In this study, we investigate how children’s and parents’ real-
time multimodal behaviors individually and jointly shape the visual and linguistic input for word

learning.

It has been shown that parents modify the way they talk depending on children’s language
knowledge; and the modification makes it easier for children to identify the referents of novel
words and to learn novel word-object mappings (Yurovsky, 2018). Going beyond parent speech,
the overarching hypothesis of the current study is that both children as language learners and
parents as language teachers play complementary roles in creating clear signals for word learning.
To test this hypothesis, the present study examines young toddlers’ real-time exploratory behaviors
to seek information and their parents’ behaviors to provide information in free-flowing parent-
child interaction. We ask whether certain information seeking and providing behaviors that have
been shown to be beneficial for word learning are specific to contexts with learning opportunities
or whether these behaviors are general and remain constant across contexts. To experimentally
test these two possibilities, we compare children’s and parents’ individual and joint behaviors in a

condition where they play with novel objects with to-be-learned names (subsequently termed



Learning condition) and their behaviors in a control condition where they play with familiar
objects with known names (subsequently termed Play condition). The direct comparisons of
children’s and parents’ behaviors in these two conditions will shed lights on our understanding of
the real-time multimodal behaviors that contribute to learning in free-flowing parent-child

interaction.

Behaviors in Object Play that Contribute to Word Learning

Play is an important activity in infants’ and young children’s daily life and is a key context for
their learning of language and various social and cognitive skills (Bornstein, Haynes, O’reilly,
Painter, 1996; Power, 1985; Tamis-LeMonda et al., 2019; Williams, 2003; Yogman, 1981;
Yogman et al. 2018). In this study, we investigate three parent-child interaction components that
have been shown to support word learning: children’s information seeking behaviors, parents’
information providing behaviors, and their joint behaviors with a focus on the synchrony between
children’s information seeking and parents’ information providing behaviors. We compare
whether children and parents show behavioral differences in these three aspects in a Learning
condition, when they play with novel objects with to-be-learned names, and in a Play condition,

when they play with familiar objects with known names.

The first component that contributes to word learning is children’s information seeking
behaviors, such as their looking behaviors and manual actions during object play (Kannass &
Oakes, 2008; Lawson & Ruff, 2004; Yu & Smith, 2012; Yu, Suanda, & Smith, 2019). Prior
research has shown that young children increase their visual and exploratory behaviors (e.g.,

handling, manual manipulation, mouthing) when they encounter novel objects versus familiar



objects (e.g., Ruff, 1984, 1986; Ruff, Saltarelli, Capozzoli, & Dubiner, 1992). Increased visual and
exploratory behaviors have been suggested to be beneficial for learning about objects and their
names. For example, recent modeling and experimental studies show that young infants” manual
actions during play create high-quality visual data that facilitates visual object recognition, which
is the foundation for the learning of object names (Bambach, Crandall, Smith, & Yu, 2016, 2018;
Tsutsui, Chandrasekaran, Reza, Crandall, Yu, 2020). Furthermore, it has been proposed that much
of infants’ information processing and learning takes place during sustained attention (Colombo,
2001; Frick & Richards, 2001; Richards, 1997). Infants’ sustained attention during object play at
9 months of age has been found to be predictive of their later vocabulary development (Yu et al.,
2019). These findings together suggest that more focused attention and more manual actions on
toy objects create better data for object learning and word learning. Accordingly, our prediction is
that children will show longer looking -- including having more sustained attention -- and more

handling of objects in the Learning condition than the Play condition.

The second component contributing to word learning is parents’ information providing
behaviors. In the current study, we specifically focus on parents’ naming of objects and whether
they provide cues to highlight the named object. It has been shown that mothers’ naming behaviors
are affected by how familiar children are with the objects. When playing with toy animals with
their one-year-olds, mothers are more likely to provide names for animals their child is familiar
with or comprehend than the names of novel animals (Masur, 1997). Such results seem to suggest
that children would have less opportunity to hear an object name when the object is novel,
compared to a familiar object. However, one important factor in word learning is how easy it is to
identify the object being named (Golinkoff et al., 2000). When parents name a novel object during

play, they tend to look at, point, touch, or move the object at the same time (Gogate, Bahrick, &



Watson, 2000; Gogate et al., 2006; Gogate, Maganti, Bahrick, 2015; Lund & Schuele, 2015;
Masur, 1997; Suanda, Smith, & Yu, 2016; Yu & Smith, 2012). These multimodal behaviors
potentially attract children’s attention to the named object and facilitate the learning of object
names. From these previous findings, we predict that parents may not name novel objects in the
Learning condition as frequently as what they would label familiar objects in the Play condition.
However, when they refer to a novel object in the Learning condition, they would be more likely

to provide non-verbal cues, such as manual cues, along with their speech.

Third, in the early stage of word learning, hearing a novel object name when the child is paying
attention to the named object is crucial for their learning of the word-object mapping (MacRoy-
Higgins & Montemarano, 2016; Yu & Smith 2012). The synchrony between parents’ naming of
an object and children’s attention to the named object during toy play positively correlates with
children’s learning of object names and later vocabulary development (MacRoy-Higgins &
Montemarano, 2016; Tomasello & Farrar, 1986; Yu & Smith 2012; Yu et al, 2019). Previous
studies in controlled laboratory settings suggest that children tend to spend more time looking at
and examining novel objects (Oakes, Madole, & Cohen, 1991; Ross, 1980; Ruff, 1984). Therefore,
one possibility is that more sustained attention children pay to novel objects in the Learning
condition will create better synchrony between parents’ naming and children’s attention.
Alternatively, another possibility is that children’s familiarity with the objects being named in the
Play condition will create better naming-attention synchrony in the Play condition. Another focus
of the current project is the temporal relationship between parents’ naming and children’s
attention, by which we examine whether parents’ naming of an object leads children’s attention to
the same object or whether children’s attention to an object leads to parents’ naming of the object.

Danis (1997) has found that when playing with familiar objects, mothers are more likely to direct



their children’s attention; and when playing with novel objects, mothers are more likely to follow
children’s attention of focus. Therefore, the dynamics of the interaction, in terms of who is leading

and who is following, may be different in the Learning and Play conditions.

Current Study

In the current study, we recruited parents and their toddlers into the lab to participate in free
play with toys. During the free play, both participants wore a head-mounted eye-tracker that
recorded their eye movements. Head-mounted eye-tracking provided high-resolution data from
toddler’s and parent’s first-person view and allowed us to examine children’s attention in real-time
interactions. We also recorded parents’ speech as well as each participants’ manual actions on the
objects during play. Half of the parent-child dyads played with sets of novel objects made in the
lab (Learning condition) while the other half with objects that were familiar to children (Play
condition). We asked three specific questions: 1) do children show different information seeking
behaviors when they play with novel objects compared to playing with familiar objects? 2) do
parents show different information providing behaviors in the two conditions? 3) how frequently
and in what ways do they achieve the synchrony between children’s information seeking and
parents’ information providing behaviors? To answer the first question, we examined children’s
looking and touching of objects in play and compared their looking and touching behaviors in the
two conditions. To address the second question, we analyzed the base rates of parents’ naming and
touching of objects and the synchrony between these two types of events in the two conditions.
With regard to the third question, we focused on the synchrony between parents’ naming and
children’s attention to objects and investigated whether parents’ naming of an object led to

children’s attention on the same object or whether it was the other way around — children’s
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attention on an object led to parents’ naming of it. We used two synchrony measures: 1) the
temporal overlap between parents’ naming of an object and children’s look, of any duration, to the
target object, and 2) the temporal overlap between parents’ naming and children’s sustained
attention to the named object, which is defined as object looks lasting 3s or longer (e.g., Chen,
Castellanos, Yu, & Houston, 2019b; Kannas & Oakes, 2008; Lawson & Ruff, 2004; Yu et al.,
2019). The first measure can be viewed as a broader, more lenient, definition of synchrony between
children’s information seeking and parents’ information providing behaviors. The second measure
can be viewed as a more stringent definition, as previous studies suggest that infants’ sustained
attention was crucial for their concept and language learning (Colombo, 2001; Frick & Richards,

2001; Richards, 1997; Yu et al., 2019).

Method

Participants

Participants were 20 toddlers (11 girls, mean age: 19.8 months, range 17-23 months) and their
parents (17 moms and 3 dads) recruited in the State of Indiana. Half of the participants were
randomly assigned to play with sets of novel objects (Learning condition) while the other half
played with sets of familiar objects (Play condition) in the experiment. Children in these two
conditions had comparable receptive vocabulary size measured by the MacArthur-Bates
Communicative Development Inventories: Words and Gestures (Learning: MCDI mean = 112.5,
Play: MCDI mean = 98.6, t(18) = .267, p = .792). All parents provided informed consent prior to
their participation of the study. All procedures in the study were approved by the Institutional

Review Board. The entire sample of participants was broadly representative of the State of Indiana
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(85% White, 2.5% Black, 5% Asian, Hispanic, and other), and consisted of predominantly working
and middle-class families. The primary language used in the families was English. Data collection

and coding were conducted between 2013 and 2016.

Design

Parents and their toddlers participated in a toy play session, in which they wore head-mounted

eye-trackers (Positive Science, http://www.positivescience.com/, also see Franchak, Kretch,

Soska, & Adolph, 2011) while playing with each other across a small table (Fig. 1A). Each eye-
tracker was composed of an eye camera that pointed to the participant’s right eye to record eye
movements and a scene camera that was placed on the participant’s forehead to record first-person
view. In addition to the eye-trackers worn by the participants, two third-person view cameras were
used to record the interaction. Parents’ speech was also recorded through a microphone
incorporated in the parents’ eye-tracker. Half of the parent-child dyads participated in the Learning
condition while the other half participated in the Play condition. In each condition, they played

with two sets of three objects in an alternating order.

In the Learning condition, the toys consisted of two sets of three novel objects, one blue, one
red, and one green, constructed in the lab (examples see Fig. 1B). The novel objects were made
from wood and plastic and were of comparable overall size (average size: 288 cm?). Each object
was assigned a novel name that followed the phonological rules of English (dodi, habble, mapoo,
tema, wawa, and zeebee). Parents were instructed of the names of the objects before playing with
each set. They were also provided with a cheat sheet containing the object names on the side of

the table for their reference.


http://www.positivescience.com/
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In the Play condition, participants played with two sets of three familiar toys. The two toy sets
consisted of an apple, a block, a boat, a car, a cup, and a duck. Each set contained one blue, one
red, and one green object (example of toys see Fig. 1A). Based on the MCDI norms, these objects
are familiar and their names are comprehended by children of the tested age (i.e., 17- to 23-month-
olds, data retrieved from the open repository WordBank:

http://wordbank.stanford.edu/analyses?name=item_data, see Frank, Braginsky, Yurovsky, &

Marchman, 2017). In addition, we went to each child’s MCDI forms and checked whether they
knew all the words used in the toy sets. There was one child that did not know one of the six words
(cup) and another child that did not know two of the words (boat and duck). In the analyses
reported below, we conducted two rounds of testing, one with all data included and the other with
those items removed for those two children. The two rounds of analyses yielded the same

conclusions. We will report the tests with all data included in the Results section.

Procedure

Prior to the experiment, two experimenters helped the parent and toddler put on eye-trackers.
Following that, one experimenter calibrated the eye-trackers by directing the participants’ attention
to a small toy on the table and moved the toy to several pre-determined locations on the table
(corners of the table, the center, and a few locations in between). The procedure was repeated until
15 calibration points that covered the whole table were obtained. Parents in both conditions were
instructed to play with their child as they normally would. The parents in the Learning condition
were instructed to use the novel names assigned to the objects if they wanted to name the objects.
It is noteworthy that we did not ask the parents to teach the names to children, because we wanted

them to play naturally with their children as they would in daily life.


http://wordbank.stanford.edu/analyses?name=item_data
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The participants played with two sets of toys in an alternating order. They played with each set

twice, each time for 1.5 minutes. This resulted in 6 minutes of play data for each dyad.

Data Coding

Gaze Data

The eye-trackers recorded at a sampling rate of 30 Hz, which resulted in approximately 10800
frames of gaze data from each participant. Gaze data was coded frame by frame. We used an in-
house-built program that allowed coders to simultaneously play all recorded videos frame by
frame. Based on whether the coder was coding the child view or the parent view, the coder can
choose the corresponding video(s) accordingly. Four regions of interest (ROIs) were identified,
the play partner’s face and the three objects participants played with at each moment. Trained
coders went through each frame and coded whether participants’ gaze direction overlapped with
any of the ROIs, and if so, which one (detailed information about ROI coding can be seen in
Appendix B in Yu & Smith, 2017). In the current study, gaze was defined as one (continuous)
look to an ROI. We did not use pre-determined duration criteria, such as only counting looks being
stable for at least a certain number of frames or milliseconds. In theory, a look could be as short
as lasting only one frame. However, in practice, only 2.3 % of looks in our analyses lasted fewer
than 3 frames. The majority of looks included in our analyses lasted longer than 100 milliseconds.
In total, children in the two conditions generated 3381 looks to the four ROIs while parents
generated 8340 looks to the ROIls. Children’s ROI looks served as the gaze data in the following

analyses.
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To assess the reliability of the gaze coding, a second coder independently coded data for 6
participants. We compared the coding frame by frame and calculated Cohen’s kappa for each

comparison. Inter-coder reliability was good with an average Cohen’s kappa of 0.75 (range: 0.69-

0.87, Landis & Koch, 1977).

Speech Data

Parents’ speech was divided into utterances and transcribed using the open source program
Audacity (https://www.audacityteam.org/). The utterance boundaries were defined based on a
pause of 400 ms or longer (Suanda et al., 2016; Suarez-Rivera et al., 2019; Yu & Smith, 2012).
Following utterance transcription, we then identified the utterances containing a name for an object
in play (e.g., dodi in the Learning condition or car in the Play condition). These utterances were

termed naming utterances and served as the speech data in the analyses.

A second coder transcribed the speech for 6 randomly selected parents. We compared the
timing and referent of the naming utterances and calculated Cohen’s kappa for these participants.
The average kappa score was 0.89 (range: 0.82-0.94), indicating near-perfect inter-coder

agreement according to the guidelines of Landis and Koch (1977).

Manual Data

Parents’ and children’s hand contact with the objects were coded separately. Using the same
in-house-built program as described previously, hand contact was coded frame-by-frame from the

participants’ first-person view and the two third-person view cameras. Participants’ left and right
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hands were coded separately. Trained coders coded whether the participants’ left or right hand
were in contact with any of the objects, and if so, which one. The data from the two hands’ contact

were then combined as the manual data for the following analyses.

A second coder coded the manual data for 10 randomly selected participants. Cohen’s kappa
was calculated based on frame-by-frame comparison. Inter-coder reliability was near perfect with

an average kappa score of 0.95 (range: 0.90 — 0.98, Landis & Koch, 1977)

Data Analyses

We conducted three sets of analyses. We first examined children’s information seeking
behaviors by focusing on their looking and touching of the objects (Fig. 2A). We compared how
often and how long children looked at and touched the objects in the Learning and Play conditions.
Previous studies suggest that children may show longer looking and more touching in the Learning

condition (Danis, 1997; Oakes et al., 1991; Ross, 1980; Ruff, 1984).

Second, we compared parents’ information providing behaviors by calculating their naming
and touching rates in the Learning and Play conditions and then investigating whether there were
differences in how often parents’ naming of an object overlapped with their touching of the same
object (Fig. 2B). Parents may be more likely to name the objects in the Play condition (Masur,
1997), but have better naming and touching synchrony in the Learning condition (Gogate, et al.,
2000; Gotate et al., 2006; Gogate et al., 2015; Lund & Shuele, 2015; Masur, 1997; Suanda et al.,

2016; Yu & Smith, 2012).

Third, we looked at the synchrony between parents’ naming of an object and children’s

attention on the same object. We investigated whether parents’ naming of an object overlapped
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with children’s look to the same object, and if so, which event happened first (Fig. 2C). We used
two synchrony measures: 1) the temporal overlap between parents’ naming of an object and
children’s look, of any duration, to the target object, and 2) the temporal overlap between parents’
naming and children’s sustained attention to the named object, which is defined as object looks
lasting 3s or longer (e.g., Chen et al., 2019b; Kannas & Oakes, 2008; Lawson & Ruff, 2004; Yu
et al., 2019). One possibility is that children may look longer to the novel objects, and this allows
parents to follow in and name the object of children’s interest and thus creates better synchrony in
the Learning condition. However, given that children are familiar with the objects and their names
in the Play condition, another possible outcomes is that there is better synchrony between parents’
naming and children’s attention in the Play condition, because children can follow parents’
naming. A third possibility is that there may be no difference in the overall synchrony measures,
but the synchrony is achieved by different mechanisms — one by children following parents’

naming and the other by parents following children’s attention.

These three sets of analyses provide detailed comparison of children’s and their parents’
behavioral and attentional patterns in two free-play contexts. The first two sets of analyses were
informed by previous literature and were of a more hypothesis-driven nature. The third set of
analyses focused on the dynamics of children’s information seeking and parents’ information
providing behaviors. This type of joint behaviors is relatively unexplored in prior literature; and

therefore, the third set of analyses is more exploratory in nature.

Results
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We used generalized estimating equations (GEE) for all following analyses to account for non-
independence and non-normal distributions of the data (Liang & Zeger, 1986). Condition
(Learning vs. Play) was taken as the independent variable. Depending on different research
questions, frequencies, durations, or proportions of gaze, manual actions, or speech measures were
taken as the dependent variables in different analyses. The raw data and analyses scripts can be

found at OSF site (link removed from manuscript for blind review).

Children’s Looking and Touching of Objects

In the first set of analyses, we examined the overall patterns of children’s looks to the 4 ROIs
(i.e., face and objects in play) and their touching of the objects in play. Children in the two
conditions generated similar frequencies of looks to the 4 ROIs (Learning: mean = 155.6, SD =
36.95; Play: mean = 182.5, SD = 63.86; Wald y*= 1.48, p =.22). Children in both groups generated
approximately 80% of ROI looks to the objects (Learning: 77%, Play: 79%) and the rest were
looks to parents’ face. There was no significant group difference in the proportion of looks to the
objects (as opposed to parents’ face) in the two conditions (Wald y?>= 0.29, p = .59). As illustrated
in Fig. 3A, children’s object looks were overall longer in the Learning condition than in the Play
condition (Learning: mean = 2.10 s, SD = 2.84; Play: mean = 1.39 s, SD = 1.65; Wald »?= 17.73,
p <.001). Children in the Learning condition (Fig. 3B) also had a higher proportion of object looks
lasting 3 seconds or longer, which are viewed as sustained attention by prior studies (e.g., Chen et
al., 2019b; Kannas & Oakes, 2008; Lawson & Ruff, 2004; Yu et al., 2018), than children in the

Play condition (Fig. 3C, Wald »*= 13.32, p <.001).
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In addition to longer object looks, children in the Learning condition were also more likely to
touch the objects than children in the Play condition (Learning: mean = 109.4, SD = 21.47; Play:
mean: 84.4, SD = 22.28; Wald y*=7.26, p = .01). However, there was no group difference in their
touch durations (Learning: mean = 3.03 s, SD = 6.34; Play: mean = 3.83 s, SD = 5.58; Wald »*=
2.65, p = .10). These results together suggest that object novelty affected children’s looking and
touching behaviors in play. Specifically, children in the Learning conditions produced more

exploratory behaviors with longer looks and more touches.

Parents’ Naming and Touching of Objects

In the second set of analyses, we examined parents’ information providing behaviors by
focusing on the overall patterns of parents’ naming and touching of the objects and the synchrony
between these two types of events. On average, parents in the Play condition produced over twice
as many utterances containing the object names than parents in the Learning condition (Learning:
mean = 26.30, SD = 22.96; Play: mean = 58.40, SD = 28.44; Wald »? = 8.568, p < .001). Their
naming utterances also tended to be longer in the Play condition than in the Learning condition

(Learning: mean = 1.27 s, SD = 0.73; Play: mean = 1.94 s, SD = 1.33; Wald »*= 15.86, p = .001).

With regard to parents’ touching, parents in the two conditions touched the objects equally
frequently throughout the interaction (Learning: mean = 130.70, SD = 53.31; Play: mean = 103.10,
SD = 41.56; Wald »*= 1.85, p = .17) and there was no difference in their mean touch durations
(Learning: mean = 2.60 s; SD = 3.86; Play: mean = 2.38 s, SD = 3.48; Wald »*>= 0.52, p = .47).
However, there was a higher proportion of parents’ naming instances that overlapped with their

touching of objects in the Learning condition than the Play condition (Learning: mean = 0.68, SD
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= 0.13; Play: mean = 0.54, SD = 0.15; Wald »?= 4.74, p = .03). This suggests that parents were
more likely to touch an object when they named the object in the Learning condition than in the
Play condition. Interestingly, even though children were more likely to touch the objects in the
Learning condition, parents’ naming of an object did not overlap with children’s touching more
frequently in the Learning condition (Learning: 56%, Play: 50%, Wald »* = 1.02, p = .31). This
suggests that parents’ naming (or not naming) of the object touched by children did not differ as a
function of object novelty. The synchrony between parents’ naming and their own touching of
objects suggest that they were more likely to use their manual actions to highlight the referent of
their naming utterance in the Learning condition. This behavior reduced the ambiguity of their

naming utterances and potentially made it easier for children to learn the word-object mappings.

Synchrony between Parents’ Naming and Children’s Attention

We next asked how many of parents’ naming utterances of an object overlapped with
children’s attention to the target object and, when they overlapped, which event occurred first. We
used two synchrony measures. The first one can be viewed as a “broader”, or more “lenient”
measure, which focused on the overlapping between parents’ naming utterances and children’s
look to the named object, regardless of the gaze length. This measure included children’s brief
glance toward the object. The second measure focuses on parents’ naming and children’s sustained
attention, which has been viewed as important for information processing and learning (Colombo,
2001; Frick & Richards, 2001; Richards, 1997). With regard to the first synchrony measure,
interestingly, in both conditions, approximately 70% of parents’ naming of an object overlapped
with children’s look to the same object and there was no significant difference between groups

(Fig. 4A; Learning: 70%, Play: 68%, Wald y*= 0.33, p = .57). We then further examined whether
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parents’ naming of an object preceded or followed children’s look to the same object. As can be
seen in Figure 4B, in the Learning condition, of those naming utterances overlapping with
children’s look on the same object, a larger proportion of parents’ naming utterances followed
children’s look to the same object (parent naming preceding child look: 35%, parent naming
following child look: 65%). In contrast, in the Play condition, parents’ naming utterance onsets
were more likely to start before children’s look to the same object (parent naming preceding child
look: 56%, parent naming following child look: 43%). The distributions of these two types of
temporal overlapping relationships were significantly different across conditions (Wald 2= 19.10,

p <.001).

We next examined the synchrony between parents’ naming and children’s sustained attention.
Parents’ naming utterances overlapped with children’s sustained attention over twice as often in
the Learning condition than in the Play condition (Fig. 5A, Learning: 48%, Play: 22%, Wald »? =
23.89, p <.001). Interestingly, in both Learning and Play conditions, parents’ naming onset tended
to follow children’s sustained attention onset and there was no significant group difference (Fig.

5B, Wald y?=2.15, p = .14).

As mentioned in the Method section, the participants in both conditions played with two sets
of objects, each set twice. One question to ask is whether there is any difference in the naming-
attention synchrony between children’s first and second encounters of the objects within each
condition. If so, the differences will reflect how their familiarity and learning of the objects affect
their subsequent interaction with the relevant objects. To answer this question, we conducted two
additional sets of analyses that investigated 1) whether the naming-attention measures changed
between children’s first and second encounters of the objects, and 2) whether children’s look

duration to a named object changed between their first and second encounters. In the Learning
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condition, naming-attention synchrony did not differ between the first and second encounters of
the objects, regardless of whether we used the lenient or strict measures (Naming-overall attention
synchrony: Wald y2 = 1.21, p = .27, Naming-sustained attention synchrony: Wald 2 =2.19, p =
.14). In the Play condition, encounter order also had no significant effect on the naming-attention
synchrony measures (Naming-overall attention synchrony: Wald x2 = 0.64, p = .43, Naming-
sustained attention synchrony: Wald ¥2 = 0.09, p = .76). We then examined whether children’s
look duration to a named object changed between the first and second encounters. In the Learning
condition, children’s looks to the named objects were significantly longer during the first
encounter than the second encounter (First encounter: mean = 3.94 s, SD = 4.27; Second encounter:
mean = 2.38 s, SD = 3.20; Wald 42 = 11.04, p = .001). The patterns were different in the Play
condition. Children had slightly longer looks to the familiar named objects in their second
encounter (First encounter: mean = 1.91 s, SD = 1.58; Second encounter: mean = 2.52 s, SD =
3.23; Wald y2 = 5.18, p =.02). It is interesting to note that children’s look durations to the novel
named objects in their second encounter in the Learning condition were comparable to children’s
overall look durations to the familiar named objects in the Play condition (Wald ¥2 = 0.32, p =
.57). This (indirectly) suggests that children’s decreased look durations at the second encounter in
the Learning condition were likely due to their learning or increased familiarity with the novel

objects.

Another question to ask is whether parents’ synchronous multimodal cues affect children’s
look durations. To answer this question, we examined whether parents’ touch of a named object
affected children’s look duration to the object. In the Learning condition, there was a significant
multimodal effect (Wald ¥2 = 27.10, p < .001), in that parents’ touch of a named object

significantly extended children’s look to the object in both the first and second encounters (First
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encounter: with touch mean = 4.48 s, without touch mean = 2.53 s; Second encounter: with touch
mean = 2.89 s, without touch mean = 1.10 s). In contrast, parents’ touch of a familiar named object
in the Play condition did not have a significant effect on children’s look duration (Wald 2 =2.03,
p = .15), even though children’s look duration to a touched object was numerically longer than an
untouched object in both the first and second encounters (First encounter: with touch mean = 2.13
s, without touch mean = 1.65 s; Second encounter: with touch mean = 2.93 s, without touch mean

=2.075s).

Together, these different sets of results show that, the overall synchrony between parents’
naming and children’s looks toward objects, regardless of duration, were comparable in the two
conditions. However, in the Learning condition, parents’ naming was more synchronous with
children’s sustained attention, which is associated with information processing and learning
(Colombo, 2001; Frick & Richards, 2001; Richards, 1997). Parents’ naming tended to follow
children’s sustained attention on objects in both conditions. This suggests that parents’ naming is
contingent on children’s sustained attention, a behavior indicative of parents’ responsiveness to
children’s attentional state (Tamis-LeMonda, Kuchirko, & Song, 2014). Children in the Learning
condition reduced their look durations to the named objects in their second encounter to a degree
comparable to the patterns seen in the Play condition. This suggests that their look durations
changed as a function of learning and increased familiarity with the objects (Oakes et al., 1991;
Ross, 1980; Ruff, 1984). In addition, parents’ touch of a named object significantly extended
children’s look to the named object in the Learning condition. This provides evidence that
multimodal cues can further sustain children’s attention to novel objects (Suarez-Rivera et al.,

2019).



23

Discussion

The current study investigated the dynamics of parent-child interactions in a condition where
toddlers encountered novel objects and their names for the first time (i.e., Learning condition) and
in a control condition where the objects were familiar and their names were known (i.e., Play
condition). The results suggest that children and parents adapted their information seeking and
providing behaviors depending on the nature of the learning opportunities. Importantly, their
behaviors in the Learning condition created better and clearer signals for word learning. In the
following, we first discuss children’s information seeking behaviors and then parents’ information
providing behaviors in the Learning and Play conditions. After that, we focus on their joint
behaviors by looking at the synchrony between parents’ naming and children’s attention. In the
last two sections, we consider the developmental implications of the results as well as the

limitations of the current study and future directions.

The Role of Children as Word Learners -- Information Seeking

The present study revealed several differences in children’s information seeking behaviors in
the Learning and Play conditions. Children looked longer at novel objects and were more likely to
touch them in the Learning condition, which is consistent with previous findings that novel objects
tend to attract children’s attention and facilitate object exploration (Danis, 1997; Oakes et al., 1991;
Ross, 1980; Ruff, 1984). Within-condition analyses on the effect of object encounters provide
(indirect) evidence that children’s overall longer looking behaviors in the Learning condition were
due to object novelty, and not because children in this condition were “long-lookers” by nature.

Their longer looking and examining suggest a larger amount of visual information being processed
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in the Learning condition (Oakes & Tellinghuisen, 1994). It has been argued that this kind of
behaviors involves more active cognitive processing and can lead to better learning of object
characteristics, which is in turn beneficial for the learning and memory of object names (Kucker

& Samuelson, 2012; Oakes et al., 1991; Oakes & Tellinghuisen, 1994; Ruff, 1984, 1986).

Why did children show different behaviors in these two conditions? More specifically, why
did they show longer looking and more exploration of the novel objects in the Learning condition?
One possibility is that they were, either explicitly or implicitly, aware of the word or object learning
opportunities and tried to gather as much information as possible to maximize learning. Studies
using computational approaches have suggested that infants allocate their attention to sample
stimuli with maximal subjective novelty to maximize visual category learning (Twomey &
Westermann, 2018). It is thus possible that infants in our study actively explored the novel objects
in the Learning condition to maximize learning. Another possibility is related to a more general
learning mechanism that has been observed in both humans and non-human species — to reduce
uncertainty about objects and events in the world (Gottlieb, Oudeyer, Lopes, & Baranes, 2013,
Kidd & Hayden, 2015; Oudeyer & Smith, 2016; Zettersten & Saffran, 2020). Studies have shown
that infants and children would allocate their attention and structure their play to maintain
information absorption and to reduce uncertainty (Kidd, Piantadosi, & Aslin, 2012; Schulz &
Bonawitz, 2007). These two possibilities are related and not mutually exclusive. It is possible that

both play a role in influencing toddlers’ behaviors in the current study.

Children’s information seeking or active exploration behaviors have been associated with
curiosity, which has been proposed to be the motivator for learning (Gottlieb et al.,2013; Kidd &
Hayden, 2015; Oudeyer & Smith, 2016). The progress in learning in and for itself is fun and

generates intrinsic rewards for learners (Oudeyer & Smith, 2016). Information gathered through
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these active exploration behaviors can be used not only for immediate purposes, but also be stored
for future tasks or events (Gottlieb et al., 2013). Curiosity-driven learning promotes the acquisition
of language and a wide-range of domain-specific knowledge in both humans and other species

(Kidd & Hayden, 2015; Oudeyer & Smith, 2016).

In the current study, we focused on the coupling of children’s information seeking behaviors
and parents’ information providing behaviors. Children’s longer or sustained attention on objects
in the Learning condition provided parents with the opportunities to join in and name the object of
interest at the optimal time. In this way, children’s curiosity-driven information seeking behaviors
did not only create opportunities for them to learn; but also opportunities for parents to help their
children learn. Naming an object attended by a child has been shown to be beneficial for early
word learning (MacRoy-Higgins & Montemarano, 2016; Tomasello & Farrar, 1986; Yu & Smith,
2012; Yu et al., 2019). In the present research, we did not directly test how they relate to the
learning of novel words. One future direction is to examine how different information seeking
behaviors are associated with children’s word learning outcomes and long-term vocabulary

development.

The Role of Parents as Word Teachers -- Information Providing

Parents showed different information providing behaviors in the Learning and Play conditions.
Parents were more likely to name familiar objects than novel objects, a finding consistent with
those in Masur (1997). Even though parents were instructed of the names of the novel objects
before playing with each toy set and also provided with a cheat sheet for their reference in the

Learning condition, parents’ own familiarity with the toys (and their names) used in the Play
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condition likely made them more comfortable and confident in referring to those objects by name
in the interaction. Interestingly, parents’ naming of an object overlapped with children’s overall
looks, regardless of gaze length, on the named object equally frequently in both conditions. Yet,
the synchrony was more likely to be established by parents naming the target of children’s
attentional focus in the Learning condition than in the Play condition. This pattern suggests that
parents, either consciously or unconsciously, changed their naming behaviors depending on the
momentary dynamics of children’s attentional states. They provided fewer but higher quality of
word-learning opportunities — as naming the object the child is looking at greatly reduces the
ambiguity of the naming utterance — in the Learning condition. This type of contingent and
contiguous naming behavior indicates parents’ responsiveness and have been shown to facilitate

children’s word learning (Tamis-LeMonda et al., 2014; Yu & Smith, 2012).

Parents’ overall manual action frequencies or durations did not differ in the Learning and Play
conditions. However, they were more likely to touch an object when naming it in the Learning
condition. This behavior likely increased the saliency of the novel object being named and
provided additional cues for children to discern the referent of parent’s utterance (Gogate et al.,
2000; Gotate et al., 2006; Gogate et al., 2015; Lund & Shuele, 2015; Masur, 1997; Suanda et al.,
2016; Yu & Smith, 2012). This finding also underlines the importance of taking timing into
account (Xu, de Barbaro, Abney, Cox, 2020). At the macro-level, parents’ overall manual actions
did not differ across conditions. However, at the micro-level, the temporal relationships between
parents’ naming and touching of a novel object were more synchronized in the Learning condition.
This synchrony may serve as an important cue for children’s learning of the object labels (Gogate

et al., 2006).
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The Coupling of Parents’ and Children’s Joint Behaviors as a Coordinated System

As mentioned previously, there were two synchrony measures: 1) synchrony between parents’
naming and children’s look, of any duration, toward the named object, and 2) synchrony between
parents’ naming and children’s sustained attention toward the named object. Regarding the first
synchrony measure, parents’ naming of an object overlapped with children’s looks, of any
duration, on the named object equally frequently in both conditions. However, parents’ naming
tended to follow children’s attention in the Learning condition. In contrast, their naming was more
likely to lead children’s attention in the Play condition than in the Learning condition. Previous
studies suggest that the synchrony between parents’ naming and children’s attention is crucial for
their learning of object names (MacRoy-Higgins & Montemarano, 2016; Tomasello & Farrar,
1986; Yu & Smith, 2012). Our study adds to the literature by showing that the synchrony maybe
more likely to be established by parents’ following children’s attention when things are novel.
Prior research indicates that parents” naming following children’s attention results in better word
learning and larger vocabulary size than parents’ naming directing children’s attention (Tomasello
& Farrar, 1986; Tomasello & Todd, 1983; Yu & Smith, 2012). The parent-following pattern in the
Learning condition is likely beneficial for children’s learning of the novel object names. As
children get more familiar with the objects and their names, there may be a gradual shift, in that
the naming-attention synchrony becomes more likely to be established through children following

parents’ naming, as is evident from the Play condition.

Our second synchrony measure showed that parents” naming was more likely to overlap with
children’s sustained attention in the Learning condition. As children’s looks were longer in the
Learning condition, parents might have more opportunity to follow in and talk about the object of

their child’s interest. This interpretation was supported by the results that, in both conditions,
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parents’ naming tended to follow the onset of children’s sustained attention (Fig. 5B). This
following behavior indicates parents’ contingent responsiveness to children’s attentional state in
toy play, which has been found to facilitate children’s word learning and language development
(Tamis-LeMonda et al., 2014). As mentioned earlier, parents were more likely to touch an object
while naming it in the Learning condition. It has been proposed that multimodal cues can sustain
children’s attention (Suarez-Rivera et al., 2019). We found that parents’ touch of a named object
extended children’s look to the object in the Learning condition, but not in the Play condition. This
suggests that there is a positive feedback loop in the Learning condition, in that parents’ naming
followed children’s sustained attention on an object, and their multimodal naming-touching further

sustained children’s attention to the named object.

Together, these results all point to the conclusion that novel objects did not only attract
children’s attention and change children’s exploratory behaviors, they also changed the synchrony
between parents’ naming and manual actions. These changes from the parents’ part further
sustained children’s attention on the objects and facilitated the coupling between parents’ naming
and children’s attention. The intense and sustained object looks and examination from the
children’s part, the synchronous multimodal behaviors from the parents’ part, and the coupling
between children’s attention and parents’ naming all contribute to creating better and clearer

signals for word learning in the Learning condition.

Developmental Implications

It has been proposed that word learning should be understood in the context of dyadic

communication, in that the parents’ goal is to successfully communicate information with their



29

children (Renzi et al.,2017; Yurovsky, 2018). With this goal in mind, parents modify their speech
and behaviors, depending on the momentary dynamics and their children’s feedback, to make the
information easier for children to understand (Smith & Trainor, 2008; Yurovsky, 2018; Yurovsky,
Doyle, & Frank, 2016). Our results are largely in line with this proposal. Using two experimental
toy play conditions for direct comparisons, we found that children increased their visual and
manual exploration when encountering novel objects with to-be-learned names. Their sustained
attention and intense examination provided the information necessary for object recognition and
discrimination (Bambach et al., 2016, 2018; Oakes et al. 1991). Parents’ behaviors suggest that
they, either consciously or unconsciously, provided (additional) scaffolding in various ways when
they played with novel objects with their children. The changes in parents’ and children’s joint
behaviors further created better synchrony between parents’ naming and children’s sustained
attention to the named object (Oakes et al., 1991; Oakes & Tellinghuisen, 1994; Ruff, 1984;

Tomasello & Farrar, 1986).

It has been argued that the data in young children’s word-learning environment is too messy
and posts great challenges for young learners to learn word-object mappings (e.g., Medina,
Snedeker, Trueswell, & Gleitman, 2011). At naming moments wherein children hear object labels,
high-quality data should contain unambiguous or easy-to-identify referents and clear visual signals
of the named objects. However, there are usually many potential referents in view every time a
child hears a novel word (e.g., Medina et al., 2011; Smith & Yu, 2008). As a result, many studies
have focused on top-down cognitive or socio-cognitive learning mechanisms infants use to find
the referent of a novel word and to learn the word-object mappings (Baldwin, 1993; Tomasello &
Akhtar, 1995; Markman & Hutchinson, 1984; Snedeker & Gleitman, 2004; Waxman & Booth,

2001; Smith & Yu, 2008). Yet, recent studies have shown that children’s own manual actions,
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such as touch, handling, manipulation, often “declutter” the visual input (Bambach et al., 2016,
2018; Suanda et al., 2019; Tsutsui et al., 2020). Here, we show that children’s own bottom-up
information seeking behaviors and parents’ contingent information providing behaviors together
reduce the referential ambiguity of utterances containing novel object names. Their joint behaviors
in real-time interactions create a tight coupling between children’s sustained attention on objects
and parents’ naming; and such synchrony provides optimal opportunities for toddlers to learn novel
object names. These results underscore the importance of taking an embodied view of early word
learning. Our findings also indicate that the visual and linguistic data created for word learning
during parent-child interaction may not be as messy as previously assumed. It is thus necessary to
re-think the nature of the input in young learners’ environment and how they may relate to

children’s use of top-down learning mechanisms.

Limitations and Future Directions

Our sample size (10 dyads per condition) is relatively small compared to some previous studies
on infants’ information seeking behaviors using fixed-trial designs (e.g., Oakes et al., 1991; Oakes
& Tellinghuisen, 1994; Ruff, 1986). However, it is important to note that we collected micro-level
sensorimotor data at high-density and coded data frame by frame. On average, each child generated
169 looks and over 100 touches on the objects during the experiment. Compared to studies using
fixed trials, which usually consist of no more than 20 trials, the amount of data we collected for
each child was extremely large. Importantly, previous studies on infants’ micro-level sensorimotor
behaviors have shown that high-density data collected within individuals can produce reliable and

generalizable results, even with a small sample size (Yoshida & Smith, 2008; Yu & Smith, 2012).
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One future direction is to increase the sample size and test the generalizability of our results and

examine how individual differences may affect the dynamics of interaction.

It is also important to note that the participants in our study are fairly homogeneous in terms
of cultural and socioeconomic backgrounds. Previous studies have shown that cultural and
socioeconomic differences can affect how parents interact with their children (Bornstein, Cote, &
Kwak, 2019; Bornstein et al., 1992; Gogate et al., 2015; Rowe, 2008; Tamis-LeMonda et al.,
2012). For example, parents from different cultural backgrounds respond differently to their
children’s looking behaviors and they differ in their use of multimodal cues when providing
information (e.g., Bornstein et al., 1992; Gogate et al., 2015). Parents of higher socioeconomic
status talk more and use more diverse vocabulary and longer utterances when they interact with
their children (Rowe, 2008). It is thus important for future research to include a more diverse
sample and examine how cultural and socioeconomic backgrounds affect parents’ and children’s

individual and joint behaviors in real-time interactions.

Finally, our study has shown that parents and children change their individual and joint
behaviors when encountering novel objects with to-be-learned names. One question to ask is
whether these findings can generalize to the learning of other types of words, such as verbs,
adjectives, or prepositions. It would be interesting for future work to investigate whether parents
provide more multimodal cues to highlight the actions or properties to be learned and use more

explicit explanations when they introduce novel words to children.

Conclusions
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Everyday learning contexts contain various degrees of ambiguity and uncertainty. When
hearing a novel name, there are often a few to many potential referents in the learning environment.
To successfully learn object names, children need to solve the problem of referential ambiguity,
which has long been deemed as the key problem in early word learning (Quine, 1960). The present
study provided the first detailed evidence on how the real-time behavioral and attentional patterns
from both children and parents may reduce the degree of referential ambiguity and potentially
facilitate word learning during parent-child social interaction. We found that when encountering
novel objects with to-be-learned names, the dyad’s individual and joint behaviors together simplify
the referential ambiguity problem by making the target of parent’s naming utterance easier to
discern. Understanding how children and parents adjust their real-time behaviors in the learning
environment to create better data for learning is not only critical for understanding how typically
developing children successfully acquire their early vocabulary but also for providing guiding

principles to create better learning environments for children with delays in language development.
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Figure 1. (A) Parent and child sat across from each other at a small table and played with a set of
3 objects. Both participants wore a head-mounted eye-tracker, which recorded respectively where

they attended (indicated by a cross-hair in each image) in their egocentric view. (B) Example toy

set in the Learning condition.



42

(A)

ciacere I

Child Hand - ‘

Time

Target of gaze or
hand contact

D Blue object
. Green object
. Red object
D Partner’s face

(B) Parent naming overlapping
with parent touching of the
same object

Parent Naming

Parent Hand

1

Parent naming not
overlapping with parent
touching of the same object

F=——==n

Target of namingor
hand contact

D Blue object

. Green object

. Red object

(C) Parent naming onset

preceding child look onset

Parent naming onset
following child look onset

cidcee

S— ]

Time

™~
.

Target of gaze or
naming

D Blue object
. Green object
. Red object
D Partner’s face

Figure 2. (A) The first set of analyses examines the frequencies and durations of children’s looking

and touching of the objects. (B) The second set of analyses investigated the frequencies of parents’

naming and touching behaviors as well as the overlapping between these two events. (C) The third

set of analyses tests whether parent’s naming of an object overlaps children’s look to the same

object, and if so, which event starts first.
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(B) Learning: Histogram of Object Looks
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Figure 3. (A) Mean duration (and SE) of object looks in the Learning and Play conditions. (B)

Histogram and proportion of object looks lasting 3s or longer in the Learning and Play conditions.
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Figure 4. (A) Proportion (and SE) of parents’ naming utterances overlapping with children’s look

to the same object. (B) Percentages of naming utterances following or preceding children’s look.
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Figure 5. (A) Proportion (and SE) of parents’ naming utterances overlapping with children’s

sustained attention to the same object. (B) Percentages of naming utterances following or

preceding children’s sustained attention.



