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1 Introduction

Learning language at a young age is key for children’s early literacy develop-
ment, which in turn is crucial for later academic success (M. M. Paez & Lopez
2007; Hart & Risley 1995; Dickinson & McCabe 2001). A major problem faced
by many children, particularly from low socioeconomic status (SES) families, is
limited exposure rich language during adult-child conversations at home. For in-
stance, studies have reported that low-SES parent/child conversations tend to be
less frequent and of shorter duration when compared with those of their higher-
SES counterparts (Hart & Risley 1995; ROWE 2008). Low-SES children also tend
to receive more directives from their parents, delivered in shorter utterances with
less diverse lexical items, and are asked fewer open-ended questions (Hart & Ris-
ley 1995; ROWE 2008; Hoff 2003). In contrast, high-SES parents are more likely to
negotiate with their children and teach them about the world (e.g., objects and
events) through conversation (Lawrence & Shipley 1996). High-quality, social,
responsive, and facilitative interactions between parents and their children is es-
pecially crucial for young children’s language development (Tamis-LeMonda96;
Roseberry et al. 2013; Tamis-LeMonda et al. 2001). Deficits in these early expe-
riences can have a detrimental effect on young children’s development of early
language and literacy skills. Studies report that low-SES preschool-age children
have significantly smaller vocabularies than their high-SES counterparts. Sub-
stantial disparities also exist in their vocalizations (Gilkerson et al. 2017). These
differences often get magnified over time once children enter school (Hart &
Risley 1995).

This “participation gap” is now widely recognized between families with differ-
ent SES backgrounds, particularly as it pertains to the active participation of par-
ents (or adults) in children’s literacy learning process (Neuman & Celano 2012a).
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A 10-year-long observational study by Neuman & Celano (2012a) found out that
children from a low-SES and a high-SES neighborhoods used digital educational
resources (computers and literacy software) in very different ways, even though
the two groups had adequate access in terms of the amount of time and number
of resources, and both invested a similar level of effort in using them for learn-
ing (Neuman & Celano 2012b,a). Specifically, parents from higher-SES neighbor-
hoods used computer games as a tool to actively facilitate lessons on literacy
learning with their children. In contrast, parents with from lower-SES neigh-
borhoods tended to let their children use the computers on their own, without
parental participation or facilitation, even when their children were struggling.

There is urgency in figuring out how to enrich social and conversational inter-
actions between parents and children from lower-SES households. Recognizing
this, a variety of early childhood interventions have been designed and imple-
mented with the ultimate goal of promoting children’s cognitive skills, language
development and school readiness via fruitful parent-child interactions (Deutscher
et al. 2006; Lugo-Gil & Tamis-LeMonda 2008; Rodriguez & Tamis-LeMonda 2011).
Although these programs can be successful and effective, they are also costly and
time-consuming so they do not scale well. Many do not take place in a home set-
ting where most conversations happen naturally.

We argue that Al-augmented learning technologies have great potential in fos-
tering and enriching parent-child interactions. Today, there are many e-books
and educational apps designed for children, and some are designed to support
parental participation (McNab & Fielding-Barnsley 2013; Takeuchi & Stevens
2011). However, the area of parent-child learning technologies that improve the
quality of parent-child conversation is still largely under-explored. Very few tech-
nologies have been designed to support rich adult-child interactions, say to proac-
tively facilitate dialogic storytelling between the two stakeholders in the here and
now (Chang & Breazeal 2011). In addition to promoting children’s learning, we
believe that guided parental involvement in children’s learning process can also
boost parents’ motivation and self-efficacy in their children’s education (Hoover-
Dempsey & Sandler 1995).

Given the great promise of facilitative technologies for parent-child dialogic
storytelling (where parent and child not only read but actively converse about
the story, asking and answering questions, commenting on the narrative, etc.),
our long-term research goal is to develop an early childhood language interven-
tion aimed at promoting and guiding parent-child interaction through a social
agent. Our ultimate goal is to implicitly coach and empower low-SES parents to
reduce this participation gap — and close the learning disparity between low-SES
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and high-SES families. We envision that the social agent will be designed to par-
ticipate in triadic activities — actively engaging with the parent and child in a
joint story reading activity — to promote the interactivity between all of them
during story time.

However, before designing a social agent facilitator, we need to have a compre-
hensive understanding of 1) how the parents and children engage in story reading
activities in a natural setting, and 2) how the parent-child relationship impacts
their story reading styles (i.e., both verbal and nonverbal communication). As a
first step toward designing a robot facilitator, this study aims to uncover the in-
teraction dynamics between a parents and their children in a co-reading activity.
In this report, we describe our study design and the novel multi-modal dataset
we collected of parent-child story reading interactions. We present the measures
we used to assess diverse aspects of the parent-child relationship, as well as other
factors related to children’s language development (e.g., home literacy environ-
ment). Lastly, we use automated video analysis methods to extract body pose of
both parents and children during these story reading interactions. We present
our analysis that identifies interesting correlations between participants’ body
pose and the social/emotional relationship between parent and child.

2 Study Design

2.1 Participants

Thirty-four families with children between the ages of 3-7 years old were re-
cruited for our study in the greater Boston area. In each family, one parent and
one child participated in the study activities. Three families withdrew from the
study without completing the full procedure for reasons not related to the study.
Thus, a total of 30 families completed the full study and we included their data
in our quantitative analysis (Table. 1; Table. 2).

Table 1: Gender identity of the participant families in our dataset for
quantitative analysis.

parent’s gender child’s gender

Female 22 10
Male 8 20




Table 2: English proficiency of the participant families in our dataset
for quantitative analysis.

Native Bilingual English Language Learner

Parent 14 10 6

Figure 1: Parent-child interaction scenario in the lab setting.

2.2 Protocol and Procedure

The study protocol consisted of three parts in the following sequence: 1) a 45-
minute in-lab session at MIT where parent-child pairs read stories together for 20
minutes, then the parent filled out surveys for another 20 minutes, 2) a session in
the participants’ home where they engaged in two 20-min story reading activities
on an assigned Android tablet, and 3) one 45-minute in-lab session for 45 minutes
that was similar to the first in-lab session. During the in-lab sessions, parent-child
pairs sat next to each other as shown in Fig.1. Families that completed all three
sessions were given $75 as their compensation.

2.3 Materials

A digitized version of our storybook corpus on a touchscreen tablet was used
for both the in-lab and home sessions (Fig. 2). The storybook corpus consists of
around 30 storybooks recommended by early childhood education experts and
teachers. Each story lasts from 3 minutes to 15 minutes. Stories shorter than 5
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(a) App landing page. (b) An example of a story page on the screen.

Figure 2: A digitized version of the storybook corpus on a touchscreen
tablet. The books are divided into two categories based on story length.

minutes were categorized as “short stories” and the rest as "long story” Dur-
ing the story reading activity, the parent and child could select any books they
wanted to read from the corpus.

2.4 Measurements

During the in the in-lab sessions, audio and video was captured during parent-
child co-reading using the microphone and cameras installed in the story reading
station (Fig. 1). Four cameras were used to capture different angles of the dyadic
interaction (i.e., frontal view, birds-eye view, parent-centered view, and child-
centered view). The audio recordings were sent to a professional transcription
service (Rev.com) to obtain textual annotation of recorded speech. For the in-lab
sessions, parents and children were asked to wear unobtrusive wearable sensors
(E4 sensors from Empatica.com) on their wrists. The E4 sensor measures physio-
logical arousal (reflected in electrodermal activity), body temperature, and heart
rate variability. These bio-signals are good predictors of a variety of affective
states. In the home deployment, only the audio was recorded from the tablet’s
built-in microphone.

We also collected demographic information. Each parent filled out surveys on a
touchscreen tablet reporting their social-economic status, home literacy environ-
ment, parenting styles (Kamphaus & Reynolds 2006), a parental theory of mind
assessment (Warnell & Redcay 2014), and a child’s temperament and behavior
questionnaire (Putnam & Rothbart 2006).
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(a) Number of questions asked (b) Number of questions asked (c) Number of conversational
by the child by the parent turns between parent and child

Figure 3: The conversational interaction dynamics between a parent
and a child was assessed in terms of the number of questions asked by
a child, the number of questions asked by a parent, and the number of
conversational turns between the two. The time window was 10 min-
utes of story reading randomly selected from the in-lab story reading
sessions for each family.

3 Data Analysis and Results

3.1 Question Asking Behavior

To characterize the conversational interaction dynamics between each parent-
child pair during co-reading, we used three measures: 1) the number of questions
the child asked, 2) the number of questions the parent asked, and 3) the number of
conversational turns between the two. We define the number of conversational
turns as the number of listener-speaker turns that a parent and child exchange
when reading stories together. To annotate the video, we randomly selected a
10-minute interaction from the in-lab story reading sessions for each family, and
calculated the three aforementioned measures within that time window. The dis-
tribution of each measure’s results across 30 families is displayed in Fig. 3. All
three distributions are skewed toward the left, indicating that the story reading
for a very small subset of families were much more interactive than the rest of
the families.

3.2 Parenting Styles

Adult participant’s parenting style was assessed using self-report survey ques-
tions from the Parenting Relationship Questionnaire (PRQ) (Kamphaus & Reynolds
2006). The PRQ questionnaire is comprised of multiple dimensions of the parent-
child relationship such as parental discipline practices, parental involvement,
parenting confidence, and relational frustration. The distribution of each PRQ
dimension across the 30 families is shown in Fig. 5. These results show that the
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