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Abstract

We investigate the mechanism by which book reading facilitates children’s word
learning despite the small proportion of time it occupies in everyday activities. 31
Korean infants and their families participated in our longitudinal study composed
of surveys, day-long LENA®(Language Environment Analysis) recordings, and
eye-tracking word comprehension tests. We found that infants whose parents
read with them more often at 7 months of age looked to target words in a word-
comprehension task with greater accuracy at 13 months. Importantly, this effect
is completely mediated by the amount of child-directed speech in the input the
children get. The amount of overheard speech did not have an effect on infants’
word recognition. Our results suggest that infants do not treat all input equally but
selectively process input embedded in social contexts.

1 Introduction

One of the most imminent goals of recent research in AI is to replicate the learning mechanism
of humans. Reinforcement Learning methods, for example, implement the notion of reward and
punishment adopted from the Operant Conditioning theory of psychology. Despite the many advances
achieved, however, the reward-based neural network has not yet been able to implement even the
basic cognitive functions afforded to a baby. Infants begin to segment words during the second half
of their first year of life, and learn to associate word meanings with sounds around their first birthday
without any explicit feedback. How do infants make such remarkable achievements? We suggest that
the computational mechanism of infants’ word learning is constrained by social factors based on
our investigation of the effects of book reading and language input on word recognition. Although
there is abundant literature on how reading books to preliterate children relates to their later language
abilities (Flack et al., 2018), not much is known about benefits of book reading to pre-verbal infants
(Karrass & Braungart-Rieker, 2005). Even less known is the mechanism of how book reading might
benefit young infants to accomplish the feat of learning their first words. We describe a longitudinal
study investigating how vocabulary comprehension in 13-15-month-olds, assessed using eye-tracking,
is affected by parent-reported book reading 3-7 months prior to testing. We further investigate the
underlying mechanism by which reading facilitates word learning through a mediation analysis
involving the amount of child-directed speech (CDS) in the daily activities of children.

2 Methods

2.1 Participants and the longitudinal design of the study

Our subjects are 31 Korean mother-child pairs who met our analysis criteria from a larger pool. We
conducted a home literacy environment survey and a day-long LENA® (Language Environment
Analysis) recording at around 7 months of age (range: 5-11 months), and also administered the
MCDI-K (Pae & Kwak, 2011), a language assessment tool based on parent report. The survey
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administered at the onset of the study included questions about book reading, such as frequency of
weekly reading (weekly-reading) rated on a 5-point scale (from “no book reading” to “14 or more
times reading per week”) adapted from Suskind et al. (2018). At an average of 13 months (range:
13-15 months), the participants returned to the lab for an eye-tracking word comprehension test to
assess their receptive vocabulary.

2.2 Word comprehension tests based on eye-tracking

The word comprehension test was conducted in the Inter-modal Preferential Looking Paradigm,
which consisted of 40 picturable target words, 30 nouns and 10 verbs, presented in 20 yoked pairs.
They were selected from a list of words from the MCDI-K rated as being understood on average by at
least 40% of 13-14-month old Korean babies (Frank, Braginsky, Yurovsky, & Marchman, 2017). Each
trial presented a pair of visual stimuli for 9 seconds, which was split into a 3-second silence interval
and a 5-second interval presenting the audio of the target word, first in isolation then embedded in
two sentences (e.g. “Spoon! Can you see the spoon? There is the spoon!" in Korean). We measured
accuracy by examining increase in target looking during the 300-2000ms window post-audio onset
(Bergelson & Swingley, 2012) on only stimuli where the trials for both yoked pairs were successfully
tracked for the participant. Values above 0.50 indicate above-chance word comprehension.

2.3 Analysis of the language input

We analyzed day-long LENA recordings for 25 participants that met our criteria, the mean duration
of these recordings was 15.75 hours including nap time. One of the main goals of our analysis was
to estimate the amount of child-directed speech in the input, which is directly relevant to language
learning compared to overheard speech (Weisleder & Fernald, 2013). Though LENA’s performance
on calculating the Adult Word Count (AWC) on Korean is quite reliable (McDonald et al., in review),
it does not classify the AWC into child- or adult-directed. We, therefore, manually classified each
one-minute segment of the recording containing a non-zero AWC as child- or adult-directed so that
we can estimate the amount of child-directed speech in input. From this we derived an average hourly
child-directed speech input measure by dividing the total number of child directed words by the total
duration of the recording.

2.4 Mediation analysis

We sought to understand the mechanism that underlies the relationship between the frequency of
reading and word recognition by including the LENA data into our model. More specifically, we built
a mediation model to test if the effect of reading frequency on word recognition was partially or fully
mediated by the amount of child-directed speech that the child receives in the home environment. We
reasoned that while reading itself may be giving children important exposure to words, it is also a
vehicle for dense child-directed speech input which is already known to be important to word learning
and retention. We wanted to test if reading was causing improvements in word recognition over and
above those provided by frequent child-directed input. To test this, we ran 4 mixed effects models
which test the pathways of the mediation model. In order to determine that complete mediation is
occurring, (a) the effect of reading frequency on child-directed input must be significant, (b) the effect
of child-directed input on word recognition must be significant, (c) the effect of reading frequency on
word recognition must be significant, and (c’) the effect of reading frequency on word recognition
must lose significance when the effect of child-directed input is included in the model. Each model
included age in days as a covariate and a random by-item intercept. A random by-participant intercept
had to be removed to avoid model singularity. All variables were centered.

3 Results

First we visually examined the time-course of looks to the target image during the first 2 seconds
(300-2000ms) post-target word onset (Figure 1). The figure suggests that children whose parents read
with them more often at around age 7, when they begin to segment words (Jusczyk & Aslin, 1995),
might have a larger vocabulary than those who begin reading at a later age. To test this we collapsed
looks over this period of interest and performed our mediation analysis.
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Figure 1: Child looks to target image during first 2 seconds post word onset. Colors represent the
amount of weekly reading done with children about 5 months prior to testing.

Our mediation analysis revealed that the effect of reading on word recognition found above is
completely mediated by the amount of child-directed speech in the input. The first step of the
mediation model is to test path (a) (Figure 2). There was a significant effect of reading-frequency
on CDS input (β = 157.49, SE = 5.31, F(1, 739.0) = 878.9, p < .001). For path (b), the effect
of CDS input on looks to target was also significant (β = 0.0002, SE = 0.0001, F(1, 512.2) = 8.7,
p < .01). The direct effect (c) of reading-frequency on looks to target was also significant (β =
0.04, SE = 0.01, F(1, 508.7) = 6.64, p < .05), but the indirect effect (c’) of reading frequency on
looks to target was not significant (β = 0.01, SE = 0.02, F(1, 505.8) = 0.34, p = .56) indicating
complete mediation. Additional analyses confirmed that the effect of reading on word recognition is
not mediated by overheard speech. We also found that the mean CDS word count during the 5-minute
segments involving book reading (M=274.6, SD=148.7) was about three times greater than the counts
in segments that do not involve reading.

Figure 2: Mediation model. (a) represents the effect of weekly reading frequency at 7-months (range:
5-11) rated by parents on a 5-point scale, (b) represents the effect of hourly child-directed speech input
at the same age measured by annotated LENA recordings on looks to target images at 13-months
(range: 13-15 months), (c) represents the direct effect of weekly reading on looks to target. (c’)
represents the indirect effect of weekly reading on looks to target, mediated by average hourly CDS
input.

4 Discussion

Our findings suggest that reading books to infants might have properties that aid infants in their
word learning. Shared book reading involves the highest proportion of referential language compared
with feeding, grooming and transition (Tamis-Lemonda et al., 2019). Book reading, therefore, serves
as a good vehicle for delivering child-directed speech of high quality and quantity, which, in turn,
facilitates infants’ vocabulary building. Thus, properties in book reading such as sustained focus on
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objects and contingent interaction are beneficial for word learning but such properties can also be
found in quality child-directed speech without involving books. We can, therefore, conclude that
reading promotes word learning through high quality parent-child interaction.

Our results suggest that the mechanism of infants’ language learning goes beyond mere statistical
processing (Saffran et al., 1996) of environmental input. Rather, the infant’s learning mechanism
seems to avoid meaningless calculations by focusing only on the signals embedded in social contexts
(Yu & Smith, 2016). We can then ask what factors might be involved in the efficacy of social factors.
It is well-established that infants prefer listening to CDS over adult-directed speech (Cooper &
Aslin, 1990; The ManyBabies Consortium, 2020), and that it can modulate infants’ arousal and draw
infants’ attention. Heightened attention, in turn, could enhance infants’ coding and processing of the
information in the input and induce effective learning (Conboy & Kuhl, 2008). When caregivers focus
their visual gaze on pictures during book reading or point to a toy while talking to the child, infants
establish a joint attention by following the speaker’s gaze (Baldwin 1995; Brooks & Meltzoff, 2002).
Infants might be provided with meaningful cues about object-sound correspondence or feedback
during such gaze following moments. Such cues, however, are lacking in overheard speech or TV
input. Thus infants in our studies who have been engaged in frequent book reading seem to have
been exposed to quality CDS, and their attunement to the communicative intents of another agent
during that engagement seems to have enhanced their segmentation of word units and uptake of word
meaning.

Our research triggers a fundamental question of what constitutes the efficacy of social interaction and
how it could be implemented in AI. Infants’ computational skills are often depicted as sensitivity to
the distributional and probabilistic patterns in the input, but this sensitivity is affected by social factors
(Kuhl, 2007). Does efficient input necessarily require a human being with warm temperature, or can
an inanimate agent imbued with features of social interaction such as contingency and interactivity
substitute for it? An answer to these questions is still open but will have important implications for
many related issues.

5 Conclusion

Results of our experiments suggest that infants whose parents read with them more often at 7 months
of age look to the target words in a word-comprehension task with greater accuracy at 13 months.
To our knowledge, this is one of the first attempts to investigate the efficacy of book reading for
preverbal infants based on measurement of infants’ eye-gazes. Importantly, the effect of reading on
word recognition was completely mediated by the amount of child-directed speech that the child
received in the daily language environment. It thus seems that social factors available to infants in
book reading and child-directed speech play an important role in infants’ word learning. Our findings
raise the fundamental question of what constitutes the efficacy of social interactions and how it could
be implemented to enhance the current learning algorithm of AI to be more human-like.

Broader Impact

We show benefits of book reading to pre-verbal infants based on measurement of infants’ eye gazes.
We further show that the effect of reading on word recognition is completely mediated by child-
directed speech. Our findings suggest that infants do not treat all input equally but selectively process
the input embedded in social contexts. Our study points to the importance of implementing social
factors towards the development of human-like AI.
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