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Abstract
Using the Bayley Scales of Infant and Toddler Development III (BSID III), we examine the
rates of developmental delays among infants/toddlers aged 0-3 years old in four major subpopulations of rural China, which altogether account for 69% of China’s rural
infants/toddlers and 49% of infants/toddlers nationwide. The data demonstrates that 85% of
the 3,353 rural infants/toddlers in our sample suffer from at least one kind of developmental
delay. Specifically, 49% of the toddlers have cognitive delays; 52% have language delays,
53% have social-emotional delays, and 30% have motor delays. The results suggest that these
high rates are due to two main factors in the parenting environment. The first is micronutrient
deficiencies caused which is reflected by a high prevalence of anemia (42%). The second is
an absence of interactive parenting inputs such as storytelling, reading, singing, and play.
Although we find these inputs to be significantly and positively associated with better
developmental outcomes, only a small share of caregivers engage in them. With this large
and broad sample, we show that early childhood development in rural areas urgently requires
more attention if China hopes to build up enough human capital to transition to a highincome economy.
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Introduction
Investment into early childhood development (ECD) has life-long effects into each
individual’s adulthood, is essential for human capital accumulation, and ultimately
contributes to economic growth. The first few years of life are critical as the brain is
vulnerable to biological, environmental, and psychosocial factors (Grantham-McGregor,
2007; Nelson, 2011; Knudsen et al., 2006). The healthy cognitive development of infants
and toddlers is not only an important goal in and of itself, but it also has been shown to
have a direct effect on later life outcomes, such as higher levels of human capital (in terms
of educational attainment), employment, and earnings (Heckman et al., 2010; Attanasio et
al., 2015a; Schweinhart et al., 2005; Knudsen et al., 2006). Previous research also has
shown that investment in ECD can support economic growth (Rolnick & Grunewald,
2003), as nations need high levels of human capital to develop into higher wage, higher
value-added economies (Kharas & Kholi, 2011; Aiyar et al., 2013).
In spite of the importance of investing in ECD for both individual and national
development, negative ECD outcomes persist in diverse populations around the world. A
review paper published recently in Lancet indicates that poor cognitive development is a
common problem among developing countries in general (Black et al., 2013). According
to their review, the authors estimate that across all low- and middle-income countries,
approximately 250 million children (43%) below the age of 5 are at risk of long-term
reduced cognition. Given the serious long-term effects of ECD delays on the individual,

as well as the social and economic ramifications at the national level, investing into ECD
in developing countries is of the utmost importance.
Previous research conducted in China (though small in scale) has suggested that
developmental delays may be high in rural areas, indicating an immediate need for a more
detailed investigation of wider scope. Most of the research undertaken in China has been
done among urban populations and has found low rates of poor ECD (Xie et al. 2006; Sun
et al. 1996; Shi et al., 2001; Xu et al., 2011).1 Only two studies have measured ECD
delays among infants and toddlers in rural China.2 In one study using data from
2002-2006, infants and toddlers from 2 to 30 months old were randomly drawn from
villages in a single, relatively poor prefecture of central Shaanxi province (n=430) and
tested (Xu et al., 2009). Researchers found that the share of cognitively delayed
respondents (<-1 SD using the BSID I MDI scale) was approximately 20%. In the other
study using data collected in 2014 (Yue et al., 2017), also using observations from BSID I
MDI scales, the researchers studied a sample of 1,442 infants and toddlers (18 to 30
months) in southern Shaanxi, a relatively poor western rural area, and found that the rates
of cognitive delay (also <-1 SD using the BSID I MDI scale) were 48%. In the two areas,
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Research in urban China has found that the share of infants and toddlers (ages 2 to 36 months) that achieved cognition (or Bayley

Scales of Infant Development (BSID) Mental Development Index—MDI) scores < 80 (or ≅<-1.3 standard deviations—SD) was 9.1%
(in Guangzhou, n=297); 7.9% (in Xian, n=206); and 4.9% (in Wuhan, n=122—Xie et al. 2006; Sun et al. 1996; Shi et al., 2001). In one
published paper using BSID III, which also focused on urban infants and toddlers (Shanghai, n=1408), the share of respondents with
cognitive scores < -1 SD was 13%; with language < -1 SD was 17%; and with social-emotional scores < -1 SD was 17% (Xu et al.,
2011). These studies suggest that poor ECD is not an extreme problem in urban populations in China (since the measured shares of
those infants and toddlers with low development outcomes are near what one would expect from a healthy population) and that
international scales of cognition appear to be useful tools in describing developmental outcomes of infant and toddler populations
within China (Gu et al., 2009; Xu et al., 2011).
2

An exhaustive search of the literature in English and Chinese language journals found only two studies in published literature that

attempted to measure ECD delays among infants and toddlers in rural China.
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(both western rural communities), the levels of development delay in rural China were
higher than the levels observed in urban China and higher than would be expected in a
healthy population.
If ECD delays are extensive in rural China, that may be of serious consequence for
China’s future. Overall, rural infants/toddlers account for nearly 70% of the nation's aged
0-3 children (approximately 45 million are born each year—National Statistic Yearbook,
2010). Cognitive delays among such a large share of the nation’s future labor force may
have fundamental implications for future growth and stability (Khor et al., 2016,
Attanasio et al., 2015a, Lu et al., 2016). Research has shown that continued economic
advancement for middle-income countries (of which China is one) is dependent on human
capital accumulation, which may be impeded if large shares of the future labor force are
unable to achieve relatively high levels of education due to the fact that many children are
developmentally delayed when they are young (Heckman et al., 2010; Berlinski & Schady,
2015). Assuming that one important ingredient of creating a strong human capital base is
developing healthy ECD experiences, addressing any problem of delayed development
among the infants and toddlers in China’s rural areas would seem to be a critical part of
the overall economic development efforts of China’s government.
Previous research has shown that a number of factors in the parenting environment
are directly linked with ECD outcomes. Overall, findings in both developed and
developing countries demonstrate that malnutrition, poor health, and the absence of a
stimulating home environment are factors that are systematically associated with
developmental delays in infants (Knudsen et al. 2006; Eickmann et al. 2003; Attanasio et
2

al. 2015b; Grantham-McGregor, 2007; Parker, 1999; Bowman et al. 2000). According to
the findings of several studies, high-quality nutritional inputs and interactive parental
inputs are both causally associated with better developmental outcomes. However, it is
not known the extent to which these issues are prevalent in rural China and to what extent
they may be linked to low ECD outcomes in this context.
Despite the importance of ECD outcomes in rural China and the need to
understand the underlying causes behind differences in toddler development, to date there
have been no large-scale studies conducted in rural China that examine either the extent
of developmental delays or the relationship between different dimensions of ECD and the
parenting environment. The few previous studies that have been conducted were limited
in the aspects of development they measured as well as the breadth of the sample they
used. For example, one study reported data from 2002-2006 (Xu et al., 2009) collected
with the Bayley Scales of Infant Development I (BSID I), but it only examined a single
metric of development (cognitive development) as opposed to a broader spectrum of
development metrics, and the data were only collected from a sample of infants and
toddlers in a single, relatively poor prefecture of central Shaanxi province. There was no
analysis in this study that sought to describe the parenting environment and associations
with poor ECD outcomes. The only other relevant study conducted in rural China to date,
Yue et al. (2017), also only used observations from BSID I MDI scales and only sampled
infants/toddlers from southern Shaanxi province. In addition, neither of these studies
investigated any of the potential underlying contributors to poor ECD outcomes.
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In this study, we fill the gap in the literature by presenting the results of our
surveys of a large sample of infants and toddlers in rural communities across different
sub-populations in China, measuring a range of ECD outcomes, as well as the
inputs—nutrition and interactive parental inputs—that have been shown in previous
studies to be associated with those outcomes. This study’s main contributions come from
the detailed nature of the data and the breadth of our sample. This paper is the first to
present evidence on the prevalence of these issues across such a large and representative
sample. In particular, this study assesses developmental outcomes and the parenting
environment of samples of randomly drawn infants/toddler-caregiver dyads from across
four major rural sub-populations in China that cover nearly half of all children in China.
In addition, this paper is the first to produce estimates of multiple measures of
developmental outcomes in rural China. This paper is also the first to explore the
connection between these developmental outcomes and several possible sources of
delayed outcomes in the parenting environment (including measures of nutrition and
interactive parental investments). Finally, we also investigate one of the potential
underlying causes of poor ECD in these communities: low levels of economic
development.
To meet this overall goal, we have four specific objectives. First, we report on the
results of a large-scale survey of developmental delays, focusing on measures of cognition,
language, social-emotional development, and motor skills. Second, we seek to describe
the parenting environment that would be contributing to better/poorer developmental
outcomes, including nutritional outcomes (measures of hemoglobin) and parental
4

investments (including measures of parent interaction with child through story-telling,
reading, singing, play, and the number of children’s books in the household). Third, we
measure the strength of the correlation between developmental delays and different
dimensions of the parenting environment, comparing the correlations across different
sub-populations. Fourth, we test a hypothesis that seeks to better understand a more
fundamental source of developmental delays. Specifically, we examine whether
developmental delays across the studies’ rural sub-populations are related to the levels of
economic development (SES variables).
In this paper, we use large-scale datasets acquired from four of China’s major rural
sub-populations, which represent 69% of rural China’s 0 to 3 year olds and 49% of
China’s 0 to 3 year olds overall. These four rural communities include western China
rural communities, central China rural communities, rural migrant communities in
China’s cities, and resettlement communities to which villagers have been relocated. As
economic development and geographic location differ widely across rural China,
obtaining such a broad sample is critical for understanding the overall level of ECD in
China’s countryside as well as nuances across sub-populations. In every community, we
collected four main pieces of information: developmental levels (using the BSID III),
information about nutrition and health, information about interactive parenting inputs
(such as singing, reading, telling stories, and playing with the child), as well as
information on participant characteristics. In total, the entire sample included 3,353
infant/toddler-caregiver dyads.

5

In order to gain a reliable and broad understanding of the state of infant
development in our sample, we utilized the Bayley Scales of Infant and Toddler
Development III (BSID III). The Bayley Scales of Infant and Toddler Development is
internationally known as the “gold standard” of infant development tests due to its
sensitivity to differences in ECD outcomes in diverse contexts (Hamadani, Huda, Khatun,
& Grantham-McGregor, 2006; Nahar et al., 2009). The BSID III, unlike earlier versions
of the BSID testing approach, measures development across four main indices: cognition,
language, social-emotional development, and motor skills (fine and motor). Unlike
single-domain tests, multi-dimensional tests like the BSID III can establish a broad
developmental profile for a population (Rubio-Codina et al., 2016). It is important to
account for the range of potential development setbacks because it is possible that a
single-domain test could understate the scale of the problem. For instance, infants/toddlers
in a sample may not be delayed in one area (such as motor skills) but may have serious
delays across others (such as cognition, language, or social-emotional skills).
The findings of this paper, we believe, are surprising. Overall, the share of delayed
infants and toddlers in these four rural sub-populations is quite high. On average, 49% of
infants and toddlers are measured to have cognitive delays (or BSID III scores that are
less than one standard deviation below the normed mean). The data also demonstrate that
the shares of sample infants and toddlers with language delays (52%) and
social-emotional delays (53%) are even slightly higher. The overall rate of motor delays
(30%) in the entire sample is still high relative to the scores expected in a healthy
population, but lower relative to cognitive, language, and social-emotional scores. In total,
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nearly nine out of ten (85%) of the infants and toddlers that were randomly chosen from
the sub-populations that are homes to half of China’s infants and toddlers are
developmentally delayed in at least one of the four sets of skills.
Another surprising result is that the rates of cognitive, language, and
social-emotional delays are consistently high across all sub-populations. Although the
rates of developmental delay among infants and toddlers growing up in migrant
communities are slightly lower than those in the other three sub-populations, they are still
much higher compared to what would be expected in a healthy sample of infants and
toddlers. In other words, no matter what rural community was studied (with the exception
of east coast rural communities—which we did not study) we show that large shares of
infants and toddlers are developmentally delayed. The results also show that the parenting
environment in all four of these rural sub-populations can be characterized as suboptimal
for development—in particular, homes in which infants and toddlers grow up with poor
nutrition and have an absence of interactive parenting inputs.
The results of this study suggest that unless something is done soon, there may be
a bleak future for these Chinese toddlers and, possibly, for the overall economic
development trajectory of China. Developmental delays early in life can seriously impact
toddlers in the long term, including their ability to succeed in the classroom (Heckman et
al., 2010). Weak academic performance can influence the ability of toddlers to attain
higher levels of education once they grow up, causing them to drop out of school and
thereby limiting their future career prospects and earnings (Gertler et al., 2014; Walker et
al., 2005). This, in turn, would reduce the stock of the country’s human capital, as
7

workers who possess the advanced skills and knowledge gained through secondary and
tertiary education are few in number. Without the necessary levels of human capital,
which is critical for long-term growth (Gillies & Peters, 2015; Madsen & Murtin, 2017),
China may not be able to transition from a middle-income, industry-based economy to a
high-income, knowledge-based economy (Wang et al., 2018; Khor et al., 2016).
The rest of the paper is structured as follows. In Chapter 2, we provide a review of
relevant literature, as well as state our hypotheses in addition to our study’s limitations. In
Chapter 3 we describe our methodology. In Chapter 4 we present our results, and Chapter
5 ends the paper with a discussion and conclusion.

Literature Review: The Potential Sources of Poor ECD
Emerging evidence on the long-term importance of ECD has encouraged
researchers worldwide to study the underlying factors associated with positive and
negative ECD. There have been studies of these issues in both developed countries, such
as the United States (Knudsen et al., 2006), and developing countries, such as Brazil and
Colombia (Eickmann et al., 2003; Attanasio et al., 2015b). Overall, findings in both
developed and developing countries demonstrate that malnutrition, poor health, and the
absence of a stimulating home environment are factors that are systematically associated
with development delays in infants (Knudsen et al. 2006; Eickmann et al. 2003; Attanasio
et al. 2015b; Grantham-McGregor, 2007; Parker, 1999; Bowman et al. 2000). In response,
researchers have shown that teaching caregivers how to provide better nutrition and
increase interactive parenting investments, such as activities that focus on stimulation for
8

their infant, can lead to healthier ECD outcomes and improve the infant’s future (Landry
et al. 2006; Parker, 1999).
Research on ECD also has documented that differences in the home setting for
infants/toddlers are producing fundamentally unequal cognitive and social-emotional
outcomes among different populations. In the United States, wealthier suburban
neighborhoods often produce normal IQ distributions (with approximately 15% of the
population of infants/toddlers having measured cognitive outcomes less than one standard
deviation below the normalized mean) and generally well-developed children who have
the potential to become high-functioning members of society (Heckman, 2006). Adequate
nutrition and intact families that are willing and able to invest in the development of their
infants and toddlers, especially when they are young, characterize these healthy
populations (Cunha & Heckman, 2009). In other parts of the US, however, poor and
vulnerable sub-populations produce large shares of infants and toddlers who are
developmentally delayed (Heckman, 2006). Inadequate nutrition and an absence of stable
and stimulating home environments in poorer communities have been shown to be
associated with large shares of cognitively-delayed infants and toddlers who are not
socially well-adjusted (Cunha & Heckman, 2009). The contrast between ECD outcomes
and experiences in the two sub-populations of the same country is stark.
The literature on the sources of poor ECD in rural China—either due to poor
nutrition or the absence of parents engaging in interactive parenting inputs—is even less
complete or more dated than the evidence on the prevalence of poor ECD. In studies of
nutrition, one national representative study carried out by the China Center for Disease
9

Control (China CDC) in 2006 found that the rate of anemia of infants and toddlers
younger than five in urban areas across the country was 16.4% in 2005 and was 22.6% in
rural areas (National Health and Family Planning Statistic Yearbook, 2013). In a recently
published study using data from the 2009 Children’s Health and Nutrition Study (CHNS)
data set (examining children 7-14 years old), 6.8% of urban children and 12.8% of rural
children (using a rural sample that included a disproportionate number of well-off east
coast provinces) were anemic (Li et al., 2015). However, in studies in western rural
communities (in this case in the Qinling mountain range), such as those conducted by Yue
et al. (2016) and Sylvia et al. (2017), when examining 6 to 30 month-old children in
southern Shaanxi province, the authors found that, on average, the rate of anemia was
37%.
In studies of interactive parenting practices, urban caregivers in China have been
shown to spend enormous amounts of time and money on parenting their 0 to 3 year olds
(Xu et. al, 2011; Xie et. al, 2006). In rural China, however, in the few studies that have
been conducted, there appears to be much less effort or support for interactive parenting
investments (Yue et al., 2017). When asked if they read a book to their baby yesterday,
only 12.6% of caregivers replied affirmatively. On average, households had only 1.6
books for children.
Moreover, according to the findings, high-quality nutritional inputs and the
interactive parental inputs are both causally associated with better developmental
outcomes. Specifically, in a study by Luo et al. (2017a), improving the nutrition of infants
6 to 11 months old was found to increase BSID I cognition scores of infants and toddlers
10

in the treatment group after six months in a large-scale, in-the-field randomized controlled
trial. In another randomized controlled trial in which the parents of 18 to 36 month-old
children in the treatment group were given training and access to toys and books for
engaging in interactive parenting activities with their infants and toddlers, cognitive
outcomes rose significantly for those in the treatment group (Sylvia et al., 2017). While
these studies provide the first glimpse into a serious problem that exists in rural China as
well as the sources of those problems (and how to mitigate them), the absolute scarcity of
studies of ECD in rural China and the focus of the few previous studies almost
exclusively on children in poorer provinces and western rural communities make any
conclusion premature about how serious this problem is across China.
Other research has also sought to understand the underlying, fundamental reasons
for the prevalence of low ECD outcomes in certain communities. One hypothesis, which
we will investigate below, is that low economic development may be associated with poor
ECD outcomes. This association has manifested in a number of different ways in previous
studies. First, on an international scale, the existing literature has shown that although
ECD problems still exist in high-income countries, much larger shares of children are at
risk in low-income and middle-income nations than in high-income nations
(Grantham-McGregor et al, 2007; Lu, Black, & Richter, 2016). Second, studies conducted
within individual developed nations have demonstrated that young children living in
impoverished communities have significantly worse developmental outcomes than those
in wealthier communities (Parker, Greer, & Zuckerman, 1988; Duncan, Brooks-Gunn, &
Klebanov, 1994; Brooks-Gunn & Duncan, 1997). For example, in a study conducted in
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the U.S., Duncan, Brooks-Gunn, and Klebanov (1994) discovered that cognitive and
social-emotional developmental outcomes of children in persistently poor families lagged
far behind those of never-poor children. The same income effect seems to be true across
the urban-rural divide in China, because (as stated earlier in the introduction) previous
studies have identified much lower rates of developmental delay in urban China than in
rural China. In the present study, we will explore this question more deeply by examining
whether or not income – in addition to nutritional inputs and interactive parenting inputs –
can explain differences in developmental delays at the regional level.
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Sampling, Data, and Methodology
Five data sets and four rural sub-populations
In this paper we make use of five data sets that have been collected by one or more
of the coauthors of this paper. In total there were five data collection efforts that focused
on collecting data in one of four different rural sub-populations—western China rural
communities; central China rural communities; migrant communities; and resettlement
communities.3 This division of China’s rural population (described below) is found in the
Communiqué on Major Data of the Second National Agricultural Census of China
(National Bureau of Statistics, 2008).
In order to come up with population counts (and, hence, population shares) of the
different geographical sub-regions, we began by matching the rural sub-populations with
China’s geographical regions.4 Specifically, we began by assuming that western China
rural communities are communities in the 12 western provinces of Guangxi, Yunnan,
Guizhou, Sichuan, Shaanxi, Inner Mongolia, Chongqing, Xinjiang, Tibet, Qinghai,
Ningxia, and Gansu. Likewise, we assume that most of China’s central China rural
communities are those in the eight provinces of central China, including Hunan, Jiangxi,
Hubei, Anhui, Henan, Shanxi, Jilin, and Heilongjiang. The migrant communities are those
3

In this paper, we do not examine one of China’s other large rural sub-populations—rural communities in the east coast region of

China. According to the 2015 Micro-Census, this sub-population accounts for 36% of all rural individuals in China. Given that it is
China’s richest, highest-educated rural sub-population, we are assuming that rural infants/toddlers are closer to their urban counterparts.
This is purely an assumption, however, and therefore it is a subject of future research. In fact, one study (Yang and Liu, 2016) found
that infants and toddlers in rural Beijing are almost at the same development stage as their peers in urban Beijing. The east coast rural
communities are assumed to be those in Hainan, Guangdong, Fujian, Zhejiang, Shanghai, Jiangsu, Shandong, Beijing, Tianjin, Hebei,
and Liaoning.
4

We use the division of geographical regions defined by National Bureau of Statistics of China (NBSC). All provinces in China are

divided into three regions-western, central and eastern. More detail can be found on the website of NBSC.
http://data.stats.gov.cn/easyquery.htm?cn=E0101

13

infants and toddlers of rural families that are living in any of China’s tier one, tier two,
and tier three cities.5 Resettlement communities are assumed to be in western rural
communities and, as such, the total number of infants and toddlers that are in western
rural communities is divided between western rural communities and resettlement
communities.
We estimated the number (and share) of infants and toddlers in each rural
community type out of a total number of rural infants and toddlers (45 million in 2015,
according to the 2015 Micro-Census).6 In simplest terms, we estimate that there are 12
million infants and toddlers in western rural communities and they account for 26% of all
rural infants and toddlers in China. This number is estimated as the number of rural
individuals 0 to 3 years old in 12 western China rural provinces minus the number of
infants and toddlers in western resettlement villages minus 30% of the number of infants
and toddlers in migrant communities.7 According to our estimates, there also are 13
million infants and toddlers in central rural communities (29% of all rural
infants/toddlers), which is estimated as the total number of rural infants and toddlers in
central China’s eight provinces minus 37% of the number of infants and toddlers in
migrant communities.
5

We also do not have information on rural infants and toddlers that are living with their caregivers in China’s tier four and tier five

cities.
6

According to the 2015 Micro-Census, China’s population was 1,374,619,936 and the share of 0-3 year olds was 4.6% in 2015. We

used the 2010 Census to calculate the share of the population with rural hukou (70.86% of the total, which equals 974,087,753). We
then used the data from the 2015 Micro-Census to estimate the number of 0-3 year olds with rural hukou (4.63% of the total, which
equals 45,055,597).
7

According to the 2015 Micro-Census, the total number of rural 0-3 year olds in the 12 western provinces was 14,234,121, and there

were 1,782,725 0-3 year-old rural migrants in the 12 western provinces, which means that these individuals migrated to other provinces
or migrated to other places in their own provinces out of their towns. This accounts for 30% of the total 0-3 year-old rural migrants
(which is 5,849,798).
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Likewise, if one out of 36 migrant families has taken their child to the city, this
would suggest that approximately 6 million infants/toddlers are in migrant communities.8
Accordingly, this would account for 13% (6 million divided by 45 million) of all rural
infants and toddlers.
Finally, we estimate that there are 600,000 infants and toddlers in resettlement
villages. This number is calculated by using the rough estimate that during the 11th, 12th,
and 13th Five Year Plans for poverty alleviation and relocation, there are 12 million
individuals who have moved into resettlement villages (National Development and
Reform Commission, 2007; 2012; 2016). If 5% of this total figure is between 0 and 3
years old, this means that there would be 600,000 infants and toddlers in resettlement
villages.
In sum, this study will look at samples of infants and toddlers that account for
approximately 69% (26% in western China rural villages + 29% in central China rural
communities + 13% in migrant communities + 1% in resettlement villages) of all rural
infants/toddlers. The remaining 31% of rural infants and toddlers are those that reside in
the communities that we do not cover: rural villages in eastern China and infants and
toddlers who live with their families in county seats and towns. Since 71% of all of
China’s infants/toddlers have rural hukou, this means that our sample represents
approximately half (or 49% = 69% x 71%) of China’s 0 to 3 year olds.

8

We computed these numbers by first obtaining the total number of China’s migrant population, who are defined as individuals that

are living in urban areas that are not in those individuals’ original province/county of residency. According to the 2015 Micro-Census,
there were 246,656,258 migrants in 2015. We then used the 2016 China Migrant Population Development Report in order to calculate
the number of migrants with rural hukou (84.40% of the total. which equals 208,177,882 individuals). Finally, we used data from the
2015 Micro-Census to estimate the number of 0-3 year-old rural migrants among the total number of migrants with rural hukou.
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Using these sub-population shares, we created weights that we use in this paper to
generate point estimates for the overall averages of our full sample (including
sample-wide averages of summary statistics, developmental scores, health/nutritional
outcomes, and interactive parental inputs – see tables). Since our total sample accounts for
69% of all rural infants and toddlers, we can calculate the weights for the four
sub-populations by using the following formula: the share of the total population of rural
infants and toddlers in each specific sub-population (e.g. the percentage of all rural
infants/toddlers that are in migrant communities) divided by the share of all rural infants
and toddlers that are in these four sub-populations (69%).9 These weights are used to
create the overall average of summary statistics, the overall average share of
developmental delays, health/nutritional outcomes, and interactive parental inputs.

Sample Selection
In this sub-section, we describe the basic sampling procedures that were used in
all of five data collection efforts. In doing so, we first explain how the study area was
chosen. After this, we then describe how the exact sample was chosen (including how we
chose the age ranges of the infants and toddlers being selected). Table 1 summarizes the
sample location, rural community type, and the size of the sample that was chosen in each
of the five study projects.

9

To be clear, the weight for western rural communities is 38% (which is the equivalent of 26%/69%); the weight for resettlement

migration villages is 1.4% (which is the equivalent of 1%/69%); the weight for central rural communities is 42% (which is the
equivalent of 29%/69%); and the weight for migrant communities is 19% (which is the equivalent of 13%/69%).
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Our overall sampling strategy for the western rural sub-population—the target
group of the first three data collection projects—is as follows. First, we randomly chose
nationally-designated poor counties from four provinces (Shaanxi, Hebei, Yunnan, and
Guizhou). Second, we created a list of all townships (the middle level of administration
between county and village) in each county, excluding the relatively richer townships that
were co-located in the county seat. From the resulting list of townships in each county, we
randomly selected one township to participate in the study. Third, in dataset one, we
chose one village per township. In datasets two and three in each of the sample townships
we included all of the villages in our study. Fourth, to select the sample households in
selected villages, we obtained a list of all registered births from the local family planning
official in each sample village. In all three studies (datasets 1 to 3), all children between 6
to 30 months and their caregivers were enrolled.
For project 4, we first obtained a list of all the resettlement communities in
southern Shaanxi and Henan that have over 50 babies aged between 6 to 30 months. We
then chose the sample resettlement communities randomly. Once the sample communities
were chosen, we obtained a list of all registered births from the community family
planning official in each community, and then we chose the sampled babies randomly.
For project 5, the procedure that was used to choose the sample
individuals/families in the central rural sub-population was similar to that used to choose
the western rural sub-population sample. Specifically, in the central rural provinces
(Henan Province and central Shaanxi Province), after choosing the sample counties, the
sample towns and villages were randomly chosen from comprehensive lists of all towns
17

and villages. Also, in each of the sample central China communities we randomly chose
households with infants and toddlers aged between 6 to 30 months (in ways similar to the
way we chose the sample households for the western rural communities).
As another part of project 5, we also chose a set of sample infants/toddlers and
their families in migrant communities in three urban areas—Beijing, Zhengzhou, and
Xi’an. To choose the samples in the migrant communities, our team visited urban
government offices (the metropolitan Family Planning offices) and obtained lists of
neighborhoods that were known to house migrant communities, from which we randomly
chose neighborhoods that were known to have large numbers of migrant households with
6 to 30-month-old toddlers. From the local Family Planning Commission agent that was
in charge of family planning policy implementation in the sampled community, we
obtained a list of all migrant households with 6 to 30-month-old toddlers and randomly
selected households from the list. In this way, in fact, this sampling approach has close
parallels to the ways the samples were chosen in the western and central rural
sub-populations.
When combining the samples from all five studies, in total the sample included
3,353 infant/toddler-caregiver pairs with infants/toddlers aged between 6 to 30 months.
The largest sub-sample was drawn from the western rural communities (from datasets 1, 2,
and 3) and consisted of 2,886 infant/toddler-caregiver pairs. The sample also included 135
infant/toddler-caregiver pairs from resettlement communities; 128 infant/toddler-caregiver
pairs from central rural communities; and 204 infant/toddler-caregiver pairs from migrant
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communities. By far, the sample from the five datasets is the largest of any ECD study
from rural China.10
Data Collection
We collected four types of information from each infant/toddler-caregiver pair.
The dataset used for this study includes the results from a direct assessment of early
childhood development outcomes; information on nutrition and health; an interactive
parenting investment survey; and information on participant characteristics. All
participating caregivers gave their oral consent for their own and their child’s
involvement in the program.11
Measuring Child Development Outcomes
In order to assess early childhood development, all toddlers were administered the
Bayley Scales of Infant and Toddler Development (BSID), an internationally recognized
test of ECD (Weiss, Oakland, & Aylward, 2010). Specifically, we utilized the third – and
most recent – edition of the test (BSID-III), which assesses more aspects of ECD than
previous editions. The BSID-III results are categorized into five standardized scales, four
of which we use in the present study: the cognitive scale, which assesses information
processing, counting, and number skills; the language scale, which assesses both receptive
10

In order to demonstrate the national representativeness of our data, we compared the gender distribution of infants, mother’s

education level, mother’s age distribution in our data with those in three nationally representative data sets: the China Family Panel
Survey, China Household Income Project, and China Labor-force Dynamic Survey We find that our data are close to identical with
these three data sets. Please see Appendix II for a complete description of how we show this.
11

The response rates of the survey, in fact, were quite high. Specifically, we administered three main survey forms (or testing

protocols) during the study. The first survey was the household survey. The response rate of this survey was 99.2%. The second survey
was the Bayley Scales, the infant/toddler developmental test. The response rate of this survey was 99.8%. The last survey was related
to health and nutrition, which included physical examination that evaluated height and weight as well as a test that involved a finger
prick and using one drop of blood to measure the hemoglobin levels of each infant/toddler. The response rates of the height and weight
examinations were both 98%; the response rate of the blood test was 94%.
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and expressive communication skills; the social-emotional scale, which assesses
functional emotional skills, like self-regulation and ability to use emotions in a purposeful
manner (Weiss et al., 2010); and the motor scale, which assesses fine and gross motor
skills. The cognitive, language, and motor scales evaluates the infant/toddler’s
performance on a series of interactive tasks, whereas the social-emotional scale is based
on caregiver’s responses to a series of questions. Each of these four indices takes into
account the infant/toddler’s gestational and chronological ages. Studies examining the
test’s validity found that the four scales exhibit high inter- and intra-rater reliability
agreement, high internal consistency, and high test-retest stability even when tested in
other cultural contexts (Azari et al., 2017; Madaschi, Mecca, Macedo, & Paula, 2016;
Weiss et al., 2010; Yu et al., 2013; Zakaria, Seok, Sombuling, Ahmad, & Iqbal, 2012).
We transform the raw scores into composite scores according to BSID-III
guidelines (Bayley, 2005). We first use these scores to assess the status of ECD in our
sample. Next, we use these composite scores to compare development levels among
sample children who are exposed to different degrees of interactive parental inputs.
Finally, we examine the prevalence rate of developmental delays for the entire sample and
for each rural sub-population as well.
We define delays according to documented distributions of BSID scores in
reference populations. In a healthy population, the mean score (SD) is expected to be 105
(9.6) for the cognitive scale (Lowe, Erickson, Schrader, & Duncan, 2012; Serenius et al.,
2013), 109 (12.3) for the language score (Serenius et al., 2013), 100 (15) for the
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social-emotional score (Bayley, 2005), and 107 (14) for the motor score (Bos, 2013;
Lowe, Erickson, Schrader, & Duncan, 2012).12
Measuring nutrition
To obtain the nutritional investment information, we assessed each infant/toddler’s
anemia status and recorded his or her height and weight. Nurses from the Xi’an Jiaotong
Medical School collected data on hemoglobin concentrations from all children, using a
HemoCue Hb 201+ finger prick system (Hemocue, Inc, Ängelholm, Sweden). We utilized
the WHO threshold of 110g/L to determine whether or not each child was anemic (World
Health Organization, 2001).
Nurses also collected anthropometric data from each infant/toddler. Using these
measurements, we constructed three standardized indicators using WHO growth charts
(World Health Organization, 2009): length/height-for-age z-scores (HAZ), weight-for-age
z-scores (WAZ), and weight-for-height z-scores (WHZ). While HAZ measures
cumulative nutritional investments and illnesses over the long term, WAZ and WHZ are
considered to be more indicative of recent or short-term changes in diet (Shariff et al.,
2016). According to the WHO, if a toddler has height-for-age z-scores less than -2
standard deviations, then this toddler is identified as stunted; if a toddler has
12

We need to caution the reader about our use of norms for calculating the share of the rural populations that are delayed in one or

more of the developmental outcomes. In the paper we clearly show from what papers the norms are drawn. To our knowledge, these
cited papers are the only papers that have tried to demonstrate the average means and standard deviations of known healthy populations.
Because of this, comparisons to these norms are the best possible way to assess the levels of developmental outcomes and prevalence
of developmental delays in China today. It would, of course, be better if there were a large body of studies that gave BSID III scales to
healthy Chinese urban populations. Such comparisons would be preferred. However, given the one urban study in China using the
BSID III scales (Xu et al., 2011), it seems as if the norms (at least in this case) are about right for assessing healthy urban infants and
toddlers.
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weight-for-age z-scores less than -2 standard deviation, then this toddler is identified as
underweight; and if the toddler has weight-for-height z-scores less than -2 standard
deviations, then this child is identified wasting (World Health Organization, 2009).
Assessing Interactive Parenting Inputs
In addition to nutritional information, we also administered a survey to obtain
information on interactive parenting inputs. To assess interactive parenting inputs, we
asked the primary caregivers whether or not they had engaged in a number of interactive
practices the previous day: tell stories to the infant/toddler, read to the infant/toddler, sing
to the infant/toddler, and play with the infant/toddler. We also asked them whether or not
the household has two or more children’s books. The psychological and biological
literature indicates that these inputs are linked with adequate child development. Telling
stories, reading, and talking to one’s infant/toddler has been shown to improve both
cognitive and early language development (Karrass & Braungart-Rieker, 2005; Murray &
Egan, 2014; Raikes et al., 2006). Singing to infants has been shown to increase infant
responsiveness (Shenfield, Trehub, & Nakata, 2003), capture attention (Nakata & Trehub,
2004), and elicit positive cognitive behavior (de l’Etoile, 2006). The literature has also
shown that toddlers whose caregivers engage with them in interactive play and pretend
play are more likely to have better cognitive development, even when controlling for
verbal interaction (Ginsburg, 2007; Tamis-LeMonda, Shannon, Cabrera, & Lamb, 2004;
Tomopoulos et al., 2006).

Data Analysis
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In order to measure the correlation between developmental delays and the
interactive parenting inputs, we constructed a mode as follows.
Developmental Delays! =
β! + β! tellstory! + β! readbook ! + β! play! +
β! singsong ! +β! childbook ! + X! θ + u!
where the dependent variable Developmental Delays! indicates the share of delays of
the infant i. The variables “tellstory! , readbook ! , play! , singsong ! , and childbook ! ”
represent interactive parenting inputs of the caregiver of infant i. The term X! is a vector
of covariates that are included to capture characteristics of children and their households
such as gender, age, premature birth, mother is the primary caregiver, maternal age,
maternal educational level, household receives social security support, and the family
asset index. (Family asset index is constructed using polychoric principal components on
the following variables: tap water, toilet, water heater, washing machine, computer,
internet, refrigerator, air conditioner, motor or electronic bicycle, and car.) We account for
the clustered at the village level and control for Bayley tester fixed effects. We also
control for county fixed effects.
We also created a model to compare the correlations across the four different
sub-populations. To do this, we first created four dummy variables of sub-populations –
western China rural communities, resettlement migration communities, central China
rural communities, and migrant communities. We set the western rural communities as
the standard for comparison. Then we created a dummy variable of interactive parenting
inputs. We let the variable (any one of five parenting inputs – “told story to baby
yesterday,” “read book to baby yesterday,” “sang song to baby yesterday,” “played with
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baby yesterday,” and “over 2 child books in household” – equal 1 if the caregiver
conducts any one or more of these five interactive parenting inputs. We next construct
interaction items using the different communities and multiply by the new dummy
variable of interactive parenting inputs we created. The model is as follows:
Developmental Scores!
= β! + β! Parenting ! + β! Resettlement ! + β! Centralrural!
+ β! Migration! ＋β! Parenting ! ∗ Resettlement !
+ β! Parenting ! ∗ Centralrural! + β! Parenting ! ∗ Migration! + X! γ + ε!
where the dependent variable Developmental Scores! indicates the standardized Bayley
test scores of the infant i. The variable Parenting ! is a dummy variable of interactive
parenting inputs. The variables "Resettlement ! , Centralrural! ", and "Migration! " are
different subgroups of interest. The term X! is a vector of covariates that are included to
capture characteristics of children and their households, such as: gender, age, premature
birth, mother is the primary caregiver, maternal age, maternal educational level,
household receives social security support, and the family asset index (Family asset index
is constructed using polychoric principal components on the following variables: tap
water, toilet, water heater, washing machine, computer, internet, refrigerator, air
conditioner, motor or electronic bicycle, and car). We account for the clustering at the
village level and control for Bayley tester fixed effects. We also control for county fixed
effects.

Results
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In this section we examine the developmental delays of infants and toddlers across
four major rural sub-populations in China: western rural communities, resettlement
communities where villagers have been relocated (primarily concentrated in western
China), central rural communities, and rural migrant communities in China’s cities. As
discussed above, these results are from randomly drawn samples from sub-populations in
China that account for 49% of China’s 0 to 3 year olds (urban and rural) and 69% of 0 to
3 year olds who have rural hukou.
The organization of the presentation of the results includes four parts. First, we
present descriptive statistics that describe the average characteristics of the infants and
toddlers and their caregivers/families. Second, we report the BSID III test scores, which
convey the extent of cognitive, language, social-emotional, and motor developmental
delays among these populations. Next, we present the results of the child nutrition
assessments and interactive parenting inputs, which can tell us about the parenting
behavior that may be contributing to better or worse developmental outcomes. Finally, we
examine the relationship between interactive parenting inputs and developmental
outcomes across these populations.
Table 2 shows the summary statistics of these four major rural sub-populations.
Overall, from these data we can see that mothers in migrant communities have the highest
levels of educational attainment. Sixty-one percent (61%) of mothers from migrant
communities have attained at least 12 years of education. The level of education of
mothers from migrant communities is significantly greater than mothers in western rural
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communities (21%), resettlement migration villages (36%), and central rural communities
(32%).
The data also show differences in who is acting as caregiver in the different
subsamples. According to the results, a significantly greater percentage of primary
caregivers in migrant communities and western rural communities are mothers – as
opposed to grandmothers – (73% and 69%, respectively) than when compared to
resettlement migration villages and central rural communities (58% and 59%,
respectively). In the case of central rural communities, this might be partially explained
by the greater rates of rural-urban migration in central China when compared to western
China, which lies farther away from most common destinations for migrant workers on
China’s east coast. In the case of resettlement villages, government policy has created
communities that are often built for convenience of transportation, allowing people easier
access to nearby cities and towns where industrial jobs are relatively plentiful, thereby
(perhaps) raising the likelihood that mothers will work outside the home and that
grandparents are needed for the care for the family’s infants and toddlers during the day
(Plan for Poverty Alleviation by Relocation of the National “13th Five-Year” Plan,
2016).13

The State of Early Childhood Development in Rural China
The results of the BSID III tests administered to the 3,353 infants and toddlers
demonstrate the nature of early childhood development in rural China today (Table 3).
13

Plan for Poverty Alleviation by Relocation of the National 13th Five-Year Plan. 2016. National Development and Reform

Committee.
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Across all four indices (cognitive, language, social-emotional, and motor skills) in all four
sub-populations, rates of delays far surpass the rates of delays in healthy populations
(15%).14 On average (that is the weighted average—using the population shares as
weights—of the overall sample from all four rural sub-populations), the rate of cognitive
delays is 49%. In other words, the share of 0 to 3 infants/toddlers with cognitive delays in
our rural sub-populations is more than three times higher than normal. Within the
individual sub-populations, cognitive delays range from 42% in migrant communities to
54% in western rural communities. The rates of cognitive delays in central rural
communities (48%) and resettlement communities (51%) are in between.
The data also demonstrate that there are high levels of language delays. Overall
(on average), 52% of infants and toddlers in the sample suffer from language delays. Even
in the least delayed sub-population, infants and toddlers growing up in migrant
communities, the share of those delayed is 39%, which is a rate more than twice as high
as rates of delay in a healthy population. Moreover, the rates of language delay among the
other rural sub-populations are higher: 49% in central rural communities, 54% in
resettlement migration villages, and 61% in western rural communities.
Although the rates of cognitive and language delays are high, the rates of
social-emotional delays are even more so, particularly in certain sub-populations. Across
the entire sample, the rate of delay is 53%. When comparing among sub-populations, the
rate of delay in the development of social-emotional skills is the same among migrant
toddlers as the rate of language delay (both 39%). However, the social-emotional delays
14

Scott Rozelle, “Human Capital Roots of the Middle Income Trap: Rural China’s Health, Nutrition, and Education” (presentation,

Xi’an, China, November 15, 2016).
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for toddlers in other sub-populations are higher than either language or cognition: 54% of
toddlers in central rural communities, 59% of toddlers in western rural communities, and
67% of toddlers in resettlement migration villages.
Motor delays are the least prevalent, albeit still more prevalent than that expected
in a healthy population. On average, the rate of delay of motor skills is 30%. Among the
sub-populations, the rates range from 19% in migrant communities to 35% in resettlement
migration villages and in western rural communities. The rate of delays in central rural
communities is 30%.
Altogether, when accounting for all the infants and toddlers in our sample, a
staggering 85% exhibit at least one kind of developmental delay. This is many times the
normal rate in a healthy population. While there is some variation across the four
sub-populations, all exhibit rates significantly higher than the norm. Three quarters or
more of toddlers in western rural communities (90%), resettlement villages (90%), central
rural communities (84%), and migrant communities (75%) have some kind of delay.
The high prevalence of these delays is particularly worrisome when considering
that many of these toddlers might suffer from more than one kind of delay at the same
time. Indeed, the data demonstrate that infants with at least two kinds of developmental
delays account for 57%–over half—of the overall sample. Nearly one third of the overall
sample (32%) exhibit at least three kinds of delays, and one tenth (10%) suffer from all
four kinds of developmental delays.
We also explored whether or not the developmental levels of these infants differ
among age groups by dividing the sample into two sub-groups according to toddler age in
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months (one group younger than 18 months, and the other group older than 18 months).
We find that as toddlers get older, the share of children with cognitive delays increases
from 46% to 55%, while the shares of children with language, social-emotional, and
motor delays decrease from 57% to 45%, from 56% to 49%, and from 40% to 14%,
respectively. As we can see, all the shares of developmental delays are high no matter
how old the toddlers are (except in the case of motor delays, which are at a normal level
for toddlers between 18-30 months). In fact, across the cognitive, language, and
social-emotional indices, the share of infants/toddlers who are delayed is over 40%
regardless of age. Even though the share of delays is falling for certain metrics, it is still
nearly half of the sub-sample. We show this information in the appendix (Appendix I
Table 1).

Sources of the Problem: Poor Nutrition and Lack of Parental Investment
The high rate of poor developmental outcomes among China’s rural toddlers raises
an essential question: are the parenting styles of rural caregivers the underlying cause? If
so, in what aspects are these parenting styles inadequate? To answer this question, in this
sub-section we examine rearing practices across two different measures: the nutritional
outcomes of our sample of rural toddlers (indicative of caregiver feeding practices) as
well as interactive parental investments, such as telling stories, reading, singing, and play
(indicative of the stimulation caregivers give to their infants).
Results of the nutritional assessment administered to the sample of rural toddlers
show that while macronutrient deficiencies (indicated by height for age, weight for age,
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and weight for height) are low, micronutrient deficiencies (indicated by anemia
prevalence) are high across all four rural sub-populations (Table 4). On the positive side,
the results show that the share of the sample with stunting, wasting, or that is underweight
is low (with rates of less than 5% for all three of these measures). These
anthropometric-based findings indicate that macronutrient deficiencies—which almost
certainly is a relatively more difficult problem to solve than micronutrient
deficiencies—are not highly prevalent among rural toddlers in China. In contrast,
however, the data show that 42% of the toddlers examined have hemoglobin
concentrations below 110 g/L, which the WHO states as the threshold to define anemia
status.15 These results reflect the findings of studies of smaller scope/narrower geography
on the rates of anemia in rural China, which report similarly high or even higher rates of
32% (Guldan et al., 2000), 35% (Yang et al., 2012), 48% (Luo et al., 2015), and 54%
(Luo et al., 2014). As iron deficiency is the major cause of anemia (Li et al., 2017;
Stoltzfus et al., 2004; Balarajan et al., 2011; Black et al., 2013), these high rates indicate
that approximately one third to one half of rural toddlers across China do not have
adequate micronutrient intake. Previous research has shown anemia to be a contributing
factor to developmental delays in children; therefore, it appears that poor feeding
practices may be one reason behind the poor developmental outcomes across rural China
(Li et al., 2015).
We next proceed to examine interactive parenting inputs, which the literature also
shows to be linked with developmental outcomes (Yue et al., 2017; Walker et al., 2011).
15
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According to the survey data, we find that only a minority of rural caregivers engage in
these practices (Table 5). Only nine percent (9%) report that they had read a book to their
child the previous day. Only 18% told a story to their infant/toddler. These low rates are
perhaps not surprising, considering that only 38% of caregivers reported having over two
children’s books in the household. Likewise, only 36% of caregivers indicate that they
had sung to their infant yesterday, and only 59% of caregivers report that they had played
with their infant.16
For most of these inputs, the analysis demonstrates that the difference between
rates across the sub-populations are within a few percentage points, with the exception of
migrant communities. According to the data, 52% of migrant caregivers report having
sung to their infant the previous day (when compared to caregivers in central rural
communities, the next most active, for which the rate was 36%). Likewise, 21% of
caregivers in migrant communities report having read a book to their infant the previous
day, while only 8% or less of caregivers in the other sub-populations report doing the
same.
Hence, although it is difficult to conclude the interactive parenting investments of
the average migrant caregiver are adequate, caregivers in migrant communities appear to
practice interactive parenting inputs relatively more frequently than those caregivers in
other rural sub-populations. There are two potential reasons for the better parenting
practices of migrants. First, mothers in migrant communities have comparatively higher
16

Yue et al. (2017) found that some caregivers who report “playing” with their child do so in a random manner without any

knowledge of structured games to play. Therefore, it should be noted that the quality of play may vary significantly from caregiver to
caregiver and may not be indicative of real stimulation.
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levels of educational attainment, which has been shown in previous literature to increase
the likelihood that they will perform parenting practices (Luo et al., 2017b; Yue et al.,
2017). Second, the residences of mothers in urban areas may increase their access to
information about interactive parenting inputs as well as allow them to learn by observing
urban parents.
In comparison to urban caregivers (i.e. those holding urban hukou) in China and
the rest of the world, however, caregivers in migrant (and even more so caregivers in
other rural) communities are still deficient in their practice of interactive parenting inputs.
According to the literature, in the urban areas of Sichuan Province, 50% of urban parents
read books to their infant every day and 64% at least once every two days (Guo, 2016). In
Jinan (a city in Shandong Province), 37% of urban families read to their infant every day
and 46% once every three days (Liu & Lv, 2015).
International comparisons also show that rural communities in China lag behind in
their exercise of interactive parenting practices. A 2015 study on parenting inputs and
toddler developmental outcomes of the poorest of Colombian families, for example, found
that 67% of caregivers in the control group had told a story to their infant (versus 29% in
China’s migrant communities) and 73% had read a book to their infant (versus 21% in
China) (Attanasio et al., 2015b).17
Indeed, the study by Shangguan et al. (2017) found that only those rural-urban
migrant caregivers who had observed infant/toddler-caregiver interactions in the city were

17

In contrast to the present study, in the Attanasio et al. study researchers asked caregivers whether they had performed certain

parental inputs within the last three days (instead of just one). It should be noted that this might be one reason behind the differences
between the rates.
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more likely to practice these interactive parenting inputs themselves. However, simply
living and working in the city itself was not significantly correlated with better parenting.
Those migrants who spent their waking hours in factories or on construction sites, for
instance, might actually have fewer opportunities to make such observations than
migrants who work in other sectors of the urban economy. Thus, it appears that caregivers
in migrant communities—just like their counterparts in the other rural sub-populations
examined in this paper—might still have significant progress to make in regards to their
parenting styles.

Correlation analysis
The analysis of the association between the subpar interactive parenting practices
with the poor developmental outcomes of toddlers demonstrates that three of the five
parental inputs are significantly correlated with at least one developmental score (Table 6).
Of these, “played with baby yesterday” had the broadest association, as it was
significantly and positively correlated with scores across all four measures of toddler
development—cognitive, language, social-emotional, and motor. “Sang song to baby
yesterday” was significantly associated with language, social-emotional, and motor scores.
“Over two child books in household” was significantly associated with cognitive,
language, and social-emotional scores. Upon carefully analyzing the coefficients, it is also
worth noting that all five inputs are positively correlated with each kind of the
developmental outcomes (with the single exception of having over two child books and
motor skills, whose correlation was negative but insignificant). We also examined
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whether or not differences exist between sub-populations by controlling for different
community, interaction items, and other control variables, finding that overall the effect of
interactive parenting inputs on toddler development remains significant and positive,
while the effect barely varies across the different sub-populations (Table 8). Thus, overall,
the data suggest that parental inputs and scores on developmental measures are related
and that this holds true regardless of sub-population.
We also construct the sampling weight for each observation in different
sub-populations to analyze the association between the subpar interactive parenting
practices with the developmental outcomes of toddlers. The results in Table 7 show that
when using these sampling weights, three of five parental inputs are significantly
correlated with at least one developmental score. Importantly, these results do not vary
substantially from the results of previous analyses without considering sampling weights.
While the results in this paper are not causal, our results are consistent with
literature that suggests that better nutrition and engagement of infants and toddlers with
more stimulating activities does lead (causally) to high developmental outcomes. In terms
of nutrition, for example, Luo et al. (2017a) showed through a large-scale cluster
randomized controlled trial that toddler BSID I cognitive scores could be increased by
feeding children micronutrient powders containing iron. Likewise, Sylvia et al. (2017),
who evaluated the impact of a structured curriculum aimed at improving parenting styles,
discovered that the toddlers in the households that received weekly instruction in
interactive parenting inputs exhibited significant increases in cognitive developmental
outcomes.
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The Relationship between Developmental Outcomes and Wealth
In this section of the paper, we examine whether varying levels of household
wealth can explain the regional differences (among the study’s major rural
sub-populations) in developmental delays and which type of ECD outcome (cognition;
language; social-emotional; motor) is most closely related to household wealth. To
answer this question, we conduct a simple graphical analysis that illustrates for each
developmental outcome the relationship between the average child development score
(for each sub-population) and a measure of wealth, measured by using a household asset
index (also for each sub-population). The household asset index was constructed using
polychoric principal components on the following variables: tap water, toilet, water heater,
washing machine, computer, internet, refrigerator, air conditioner, motor or electronic
bicycle, and car). The four graphs (one for each developmental outcome) relating
developmental outcomes to wealth for each sub-population are in Figure 1, Panels A to D,
with Panel A showing the relationship for cognition scores, Panel B showing language
scores, Panel C showing social-emotional skills, and Panel D showing motor skills.
As can be seen, all four graphs illustrate that there is a relationship between wealth
and the developmental outcomes. However, there are two important trends that need to be
recognized. First, in all four panels, as the average level of wealth rises from western
China rural communities to central China rural communities to the migrant communities
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in China’s large cities, the child developmental outcomes also increase.18 Hence, the level
of household wealth appears to be related to the level of the development of
infants/toddlers across the study’s rural sub-populations. Second, while there is a
relationship between wealth and child developmental outcomes across regions, this
clearly does NOT explain why the levels of child development are so low. The slope of
the line is quite flat. Given the relatively high gaps in wealth between people living in
western rural China and the migrant communities (in large cities), the differences in child
developmental outcomes are relatively small. Hence, while wealth appears to be related to
developmental outcomes, there seems to be other factors that are also important.
The nature of the relationship between developmental outcomes and wealth can
also be shown to be relatively constant across all types of developmental delays (cognitive,
language, etc.). To show this, we have taken all four graph lines from Figure 1, Panels A
to Panel D and plotted them on the same graph (see Figure 2). As can be seen from the
figure, remarkably all four lines have almost the same slope. Hence, we conclude that the
relationship between wealth and developmental outcomes is roughly the same, regardless
of the type of outcome.
So what other variables might help explain the poor levels of developmental
outcomes? While beyond the scope of this paper, a paper by Yue et al. (2017) shows that
another important source of developmental delay is the absence of knowledge of
caregivers in China’s rural areas. According to their empirical findings, caregivers score
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Note that we only include three regional groups in this analysis (western rural, central rural, and migrant communities). Since all the

resettlement communities in our sample are located in the same areas as the western rural communities of our sample, we include the
resettlement communities as part of the rural western communities for this analysis.
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low on parenting/nutrition knowledge scales. That paper also shows high levels of
correlations between low levels of caregiver knowledge and high levels of child
developmental delays.

Discussion and Conclusion
This study is the first to utilize the Bayley Scales of Infant Development III
(which is a measure of toddler development widely used across the world) to examine
developmental delays of toddlers in four major rural sub-populations across China. In the
paper, we produce evidence that there are alarmingly high rates of developmental delays
in all four of these rural communities, which altogether represent 49% of China’s total
population of toddlers aged 0-3 years old (and 69% of all rural families). Eighty-five
percent (85%) of the toddlers in these communities are delayed, which is many times the
normal rate in a healthy population. The results also demonstrate that across China, over
42% of toddlers (85% of 49%) are delayed by at least one measure (including cognitive,
language, social-emotional, and motor development). Assuming that the rate of
developmental delays is normal in the remaining 51% of the population that our study
does not represent, this means that as many as 50% (15% times 51%, plus 42%) of
China’s toddlers suffer from developmental delays.
If we only examine the rates of cognitive delay, the numbers are still high.
Forty-nine percent (49%) of toddlers exhibit delays in cognitive development, which is
over three times the normal rate in a healthy population (15%). Therefore, this means that,
across China, over 24% of toddlers (49% of 49%) are cognitively delayed. Adhering to
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the same calculation methodology as in the last paragraph, this also means that
cognitively delayed toddlers could potentially make up about one-third (or 32% = 15%
times 51% plus 24%) of toddlers nationwide.
When looking at the other three measures of ECD according to the BSID
III—language, social-emotional, and motor—the rates of delay are no less alarming.
Overall, 52% of the toddlers exhibited language delays, 53% exhibited social-emotional
delays, and 30% exhibited motor delays. Once again, by using the same calculation
strategies, this means that of all toddlers in China, 25% (and potentially 33%) suffer from
language delays, 26% (and potentially 34%) suffer from social-emotional delays, and 15%
(and potentially 23%) suffer from motor delays.
In the paper, the data demonstrate that subpar parenting in rural areas is one of the
major proximate causes of this problem. This subpar parenting is manifested in two
different dimensions. First, anemia rates of 42% across these populations reflect poor
feeding practices in rural households, as the chief cause of anemia is the deficiency of
iron-rich foods such as meat and leafy vegetables. Anemia, which has been previously
linked to poor developmental outcomes in children, is much less prevalent in developed
countries like the United States, where rates among similarly aged toddlers have been
found to be as low as 3% (Le, 2016). Hence, the data show that rural China still lags
significantly behind in this regard. Fortunately, however, our data indicate that the vast
majority of rural toddlers do not suffer macronutrient deficiencies (which is reflected by
low rates of stunting, being underweight, and wasting across the sample).
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Second, it is clear that interactive parenting investments into infants and toddlers
are low. According to the data, only a small minority of rural caregivers practice parental
investments—reading to their child; telling stories to their children; singing songs to their
children—that stimulate toddler development. When controlling for other variables, the
correlation analysis demonstrates that the lack of such stimulation in the household is
positively and (in many cases) significantly associated with developmental delays in
children. According to our analysis, this proves to be true across the four sub-populations.
While not causal, the data from across China is consistent with the literature that has
established causal relationships between better parenting practices and the developmental
outcomes of their children (Sylvia et al., 2017; Attanasio et al., 2015b; Hamadani et al.,
2010).
The results in this paper, of course, raise a fundamental question: are
developmental delays in China a new problem? If not, why is it that it is just being
discovered now? In papers by He, Chang, and Rozelle (2018) and Zhao et al. (2018) it is
shown that around 40 to 50 percent of students in rural junior high schools (around 13 to
14 years old) and rural elementary schools (around 9 to 10 years old) are cognitively
delayed (using Ravens and WISC scales). Presuming these cognitive delays existed since
when the children were toddlers, this shows that the problem has at least been around for
a decade or more. In fact, while there is no definitive empirical basis for saying so (since
there are no long-term cohort studies that follow rural children), we believe that China’s
current baby dilemma has probably existed in China’s rural villages for many decades (if
not centuries).
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If the problem really has been around for a long time, then one explanation for
why we are just beginning to recognize it is that China’s needs have changed. In the past
if a large share of the individuals in the labor force of a poor or middle-income country
had low levels of cognitive development, it did not matter. When a country is poor, most
of its residents are engaged in subsistence farming, an activity that does not require high
levels of cognition. If a country is lower-middle income (and developing fast), most of its
residents are engaged in low-wage, low-skill manufacturing and/or construction, and
likewise there is no need for having large shares of the labor force endowed with high
levels of cognition. However, when a country reaches higher levels of middle income and
strives to graduate to be a developed country where the economy relies mostly on jobs
that are high-wage and high-skill, suddenly higher levels of cognition and an ability to
learn how to learn (which comes with higher levels of educational attainment) are needed
by a much larger share of the labor force. Indeed, as China’s wages rise, there are going to
be fewer and fewer assembly line factories that will employ Chinese workers. Low-wage,
low-skill jobs will lose out to either offshoring or automation. Hence, for China to
become a prosperous, stable country, it is going to need workers who can handle a wider
variety of jobs, and these jobs are going to require most individuals to be able to grow up
to be college students, or at least high school students, so that they will have enough
ability to learn new skills so they will be able to take on the new technologies and
ever-changing jobs that define a high-income, developed country.
This problem is not unique to rural China. In fact, high rates of ECD delays have
been recently discovered to be a significant problem in many countries of similar levels of
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economic development to China; ECD outcomes have also been shown to be relatively
poor in other middle-income countries such as Colombia, Mexico, and South Africa
(Table 9). In Colombia, Attanasio et al. (2015b) used the BSID III to measure early
childhood development of 1,420 infants between 12 and 24 months old in poor towns and
found that up to 40% of infants were cognitively delayed. In Mexico, another study
administered the BSID II to 869 infants in low-income areas, finding that the rate of delay
was 36% (Fernald et al., 2005). In South Africa, Rademeyer and Jacklin (2013) used the
BSID III to measure early childhood development of 122 black infants in urban areas of
South Africa. The share of cognitive delay in their sample was also high (39%). These
results suggest that poor early cognitive development is a common problem among
developing countries that are at or near the levels of income per capita that characterize
China today.
So why is parenting so backward in rural China and other developing countries
while it is normal in developed countries (and even in urban China— Xu et al., 2011)?
Almost certainly, the answer lies in the fact that in rural China (and the poor rural and
urban communities in other middle-income countries), the changes over the past several
decades have come too quickly. In one generation, living standards for many in rural
China increased by a factor of one hundred (Cai, 2016). That is an enormous rate of
change. The same growth took several generations in most rich Western countries, which
gave ordinary citizens time to learn how to adapt to living in a modern society and
economy. They also had time to learn how to prepare their children to live and thrive in
the changed world. Those in rural China (and those in poor communities in other
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middle-income countries) did not have the same opportunity to learn the new ways that
are needed to raise children who will be ready for the challenges of an economy that
demands high skills.
What are the implications of this study? The results of this study suggest that
unless something is done soon, there may be a bleak future for these Chinese toddlers and,
possibly, for the overall development of China. Developmental delays early in life can
seriously impact toddlers in the long term, including their ability to succeed in the
classroom (Heckman et al., 2010). Weak academic performance can influence the ability
of toddlers to attain higher levels of education once they grow up, causing them to drop
out of school and thereby limiting their future career prospects and earnings (Gertler et al.,
2014; Walker et al., 2005). This, in turn, would reduce the stock of the country’s human
capital, as workers who possess the advanced skills and knowledge gained through
secondary and tertiary education are few in number. Without the necessary levels of
human capital, which is critical for long-term growth (Gillies & Peters, 2015; Madsen &
Murtin, 2017), China will not be able to transition from a middle-income, industry-based
economy to a high-income, knowledge-based economy (Wang et al., 2018; Khor et al.,
2016).
By examining developmental outcomes in four of China’s five major rural
sub-populations across different regions of China, this study has highlighted a real and
grave issue across broad swaths of China. The data suggest that the high rates of
developmental delays among toddlers are being caused by poor parenting. Ironically,
despite this problem’s seriousness, the previous literature is all but silent on this matter.
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As a result, we recommend that future studies continue to expand upon ours by
conducting surveys of wider scopes, sampling rural sub-populations on China’s eastern
coast and in other areas where this study did not explore. We also know that although our
samples are randomly chosen from areas from across each of our study’s four
sub-populations, we do not suggest that our results are representative in a statistical sense.
Through our mutual efforts, we will become one step closer to further identifying the
extent of the problem and ultimately to developing effective solutions for improving the
early development of toddlers—the future—in China.
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Table 1: Summary of Project 1- Project 5
Study

Location of Study

Date

Project 1

Southern Shaanxi

2015-16

Project 2

Hebei; Yunnan

2015-16

Project 3

Guizhou

2017

Project 4

Southern Shaanxi, Henan

2017

Project 5a

Henan; Central Shaanxi

2017

2017

Project 5b

Beijing; Zhengzhou,
Henan; Xi’an, Shaanxi

Community Type

Ages of children

Number of observations

6-24 months

1804

6-30 months

638

6-30 months

444

6-30 months

135

Central China Rural Communities

6-30 months

128

Migrant Communities

6-30 months

204

Western Rural Communities

Western Rural Communities

Western Rural Communities

Resettlement Migration Communities

Data source: Authors’ survey.
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Table 2: Summary statistics
Full

Western

Resettlement

sample

rural

migration

communities

communities

(1)

(2)

16.48

Central rural

Migrant

Difference between communities

communities

Communities

(P-value)

(3)

(4)

(5)

(2)-(3)

(2)-(4)

(2)-(5)

(3)-(4)

(3)-(5)

(4)-(5)

15.40

16.41

17.62

16.09

0.279

0.001

0.454

0.426

0.969

0.147

(6.72)

(5.68)

(6.80)

(7.39)

(6.74)

0.53

0.52

0.54

0.56

0.49

0.959

0.792

0.864

0.989

0.801

0.598

(0.50)

(0.50)

(0.50)

(0.50)

(0.50)

0.06

0.05

0.04

0.06

0.09

0.949

0.928

0.058

0.838

0.164

0.686

(0.24)

(0.22)

(0.19)

(0.24)

(0.29)

0.68

0.62

0.71

0.70

0.75

0.211

0.405

0.003

0.995

0.912

0.796

(0.47)

(0.49)

(0.45)

(0.46)

(0.43)

0.33

0.21

0.36

0.32

0.61

0.001

0.033

<0.001

0.906

<0.001

<0.001

(0.47)

(0.40)

(0.48)

(0.47)

(0.49)

0.65

0.69

0.58

0.59

0.73

0.058

0.123

0.998

0.720

0.035

0.068

(0.48)

(0.46)

(0.50)

(0.49)

(0.44)

0.12

0.14

0.11

0.13

0.09

0.792

0.992

0.297

0.970

0.979

0.812

(0.33)

(0.34)

(0.31)

(0.33)

(0.28)

0.37

-0.17

0.37

0.48

1.23

<0.001

<0.001

<0.001

0.914

<0.001

<0.001

(1.20)

(1.19)

(1.22)

(1.08)

(0.86)

3353

2886

135

128

204

Child characteristics
Age (in months)

Male (1=yes)
Premature (1=yes)
Household characteristics
Maternal age
(1= above 25 years)
Maternal education level
(1=12 years or higher)
Primary caregiver
(1=mother)
Household receives social
security support (1=yes)
Household asset index
Observations
Data source: Authors’ survey.
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Notes: We calculate overall summary statistics using sampling weights for each observation. The proportions for each sub-population in rural China are 37.7% for western
China rural communities, 1.4% for resettlement migration villages, 42.0% for central China rural communities and 18.8% for migrant communities. We calculate the
sampling weights using the following formula: sampling weight = proportion of sub-population in total population / proportion of sub-population in sample. In our data, the
sub-population proportions in the sample are the following: 86.0% for western China rural communities, 4.0% for resettlement migration villages, 3.8% for central China
rural communities, and 6.1% for migrant communities. Therefore, the sampling weight for western China rural communities is 0.44 (which is equivalent to 37.3%/86%), the
sampling weight for resettlement migration villages is 0.35 (which is equivalent to 1.4%/4%), the sampling weight for central China rural communities is 11.1 (which is
equivalent to 42%/3.8%), and the sampling weight for migrant communities is 3.08 (which is equivalent to 18.8%/6.1%).
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Table 3: Developmental Outcomes
Full

Western

Resettlement

sample

rural

migration

communities

communities

(1)

(2)

0.49

Central rural

Migrant

Difference between communities

communities

Communities

(P-value)

(3)

(4)

(5)

(2)-(3)

(2)-(4)

(2)-(5)

(3)-(4)

(3)-(5)

(4)-(5)

0.54

0.51

0.48

0.42

0.926

0.662

0.008

0.979

0.405

0.694

(0.50)

(0.50)

(0.50)

(0.50)

(0.49)

0.52

0.61

0.54

0.49

0.39

0.426

0.059

<0.001

0.885

0.057

0.348

(0.50)

(0.49)

(0.50)

(0.50)

(0.49)

0.53

0.59

0.67

0.54

0.39

0.380

0.716

<0.001

0.219

<0.001

0.071

(0.50)

(0.49)

(0.47)

(0.50)

(0.49)

0.30

0.35

0.35

0.30

0.19

1.000

0.683

<0.001

0.855

0.023

0.228

(0.46)

(0.48)

(0.48)

(0.46)

(0.39)

0.85

0.90

0.90

0.84

0.75

0.996

0.324

<0.001

0.499

<0.001

0.101

(0.36)

(0.30)

(0.30)

(0.36)

(0.43)

0.57

0.66

0.63

0.55

0.45

0.874

0.057

<0.001

0.574

0.007

0.316

(0.49)

(0.47)

(0.48)

(0.50)

(0.50)

0.32

0.39

0.38

0.33

0.15

0.996

0.586

<0.001

0.872

<0.001

0.011

(0.47)

(0.49)

(0.49)

(0.47)

(0.36)

0.10

0.14

0.16

0.09

0.04

0.973

0.492

0.001

0.537

0.023

0.567

(1=yes)

(0.30)

(0.35)

(0.36)

(0.29)

(0.19)

Observations

3353

2886

135

128

204

Cognitive delay
(1=yes)
Language delay
(1=yes)
Social-emotional delay
(1=yes)
Motor delay
(1=yes)
Any of delayed
(1=yes)
Any of two types of delay
(1=yes)
Any of three types of delay
(1=yes)
Four types of delay

Data source: Authors’ survey.
Notes: We calculate overall summary statistics using sampling weights for each observation. The proportions for each sub-population in rural China are 37.7% for western
China rural communities, 1.4% for resettlement migration villages, 42.0% for central China rural communities, and 18.8% for migrant communities. We calculate the
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sampling weights using the following formula: sampling weight = proportion of sub-population in total population / proportion of sub-population in sample. In our data, the
sub-population proportions in the sample are the following: 86.0% for western China rural communities, 4.0% for resettlement migration villages, 3.8% for central China
rural communities, and 6.1% for migrant communities. Therefore, the sampling weight for western China rural communities is 0.44 (which is equivalent to 37.3%/86%), the
sampling weight for resettlement migration villages is 0.35 (which is equivalent to 1.4%/4%), the sampling weight for central China rural communities is 11.1 (which is
equivalent to 42%/3.8%), and the sampling weight for migrant communities is 3.08 (which is equivalent to 18.8%/6.1%).

62

Table 4: Health Outcomes
Full

Western

Resettlement

sample

rural

migration

communities

communities

Central rural

Migrant

Difference between communities

communities

Communities

(P-value)

(1)

(2)

(3)

(4)

0.42

0.38

0.52

0.46

(1=yes)

(0.49)

(0.49)

(0.50)

(0.50)

(0.50)

Stunting

0.04

0.07

0.04

0.02

0.02

(0.20)

(0.25)

(0.19)

(0.14)

(0.15)

0.02

0.03

0.02

0.01

0.00

(0.14)

(0.18)

(0.13)

(0.10)

(0.00)

0.04

0.04

0.03

0.04

0.04

(Weight for height z-score < -2)

(0.19)

(0.20)

(0.16)

(0.19)

(0.20)

Observations

3272

2836

127

125

184

Anemia prevalence

(Height for age z-score < -2)
Underweight
(Weight for age z-score < -2)
Wasting

(5)
0.43

(2)-(3)

(2)-(4)

(2)-(5)

(3)-(4)

(3)-(5)

(4)-(5)

0.037

0.445

0.735

0.846

0.554

0.972

0.890

0.529

0.120

0.967

0.821

0.984

0.718

0.732

0.083

1.000

0.890

0.886

0.839

1.000

1.000

0.930

0.936

1.000

Data source: Authors’ survey.
Notes: We calculate overall summary statistics using sampling weights for each observation. The proportions for each sub-population in rural China are 37.7% for western
China rural communities, 1.4% for resettlement migration villages, 42.0% for central China rural communities and 18.8% for migrant communities. We calculate the
sampling weights using the following formula: sampling weight = proportion of sub-population in total population / proportion of sub-population in sample. In our data, the
sub-population proportions in the sample are the following: 86.0% for western China rural communities, 4.0% for resettlement migration villages, 3.8% for central China
rural communities, and 6.1% for migrant communities. Therefore, the sampling weight for western China rural communities is 0.44 (which is equivalent to 37.3%/86%), the
sampling weight for resettlement migration villages is 0.35 (which is equivalent to 1.4%/4%), the sampling weight for central China rural communities is 11.1 (which is
equivalent to 42%/3.8%), and the sampling weight for migrant communities is 3.08 (which is equivalent to 18.8%/6.1%).
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Table 5: Interactive parenting inputs
Full

Western

Resettlement

sample

rural

migration

communities

communities

(1)

(2)

0.18

Central rural

Migrant

Difference between communities

communities

Communities

(P-value)

(3)

(4)

(5)

(2)-(3)

(2)-(4)

(2)-(5)

(3)-(4)

(3)-(5)

(4)-(5)

0.13

0.15

0.19

0.29

0.903

0.273

<0.001

0.846

0.006

0.105

(0.39)

(0.33)

(0.36)

(0.39)

(0.45)

0.09

0.04

0.05

0.08

0.21

0.983

0.428

<0.001

0.835

<0.001

<0.001

(0.29)

(0.21)

(0.22)

(0.27)

(0.41)

0.36

0.27

0.29

0.36

0.52

0.973

0.201

<0.001

0.679

<0.001

<0.001

(0.48)

(0.45)

(0.46)

(0.48)

(0.50)

0.59

0.48

0.54

0.65

0.68

0.636

0.005

<0.001

0.414

0.083

0.923

(0.49)

(0.50)

(0.50)

(0.48)

(0.47)

0.38

0.25

0.33

0.41

0.55

0.265

0.002

<0.001

0.562

<0.001

0.057

(1=yes)

(0.48)

(0.43)

(0.47)

(0.49)

(0.50)

Observations

3341

2878

133

127

203

Told story to baby yesterday
(1=yes)
Read book to baby yesterday
(1=yes)
Sang song to baby yesterday
(1=yes)
Played with baby yesterday
(1=yes)
Over 2 child books in household

Data source: Authors’ survey.
Notes: We calculate overall summary statistics using sampling weights for each observation. The proportions for each sub-population in rural China are 37.7% for western
China rural communities, 1.4% for resettlement migration villages, 42.0% for central China rural communities, and 18.8% for migrant communities. We calculate the
sampling weights using the following formula: sampling weight = proportion of sub-population in total population / proportion of sub-population in sample. In our data, the
sub-population proportions in the sample are the following: 86.0% for western China rural communities, 4.0% for resettlement migration villages, 3.8% for central China
rural communities, and 6.1% for migrant communities. Therefore, the sampling weight for western China rural communities is 0.44 (which is equivalent to 37.3%/86%), the
sampling weight for resettlement migration villages is 0.35 (which is equivalent to 1.4%/4%), the sampling weight for central China rural communities is 11.1 (which is
equivalent to 42%/3.8%), and the sampling weight for migrant communities is 3.08 (which is equivalent to 18.8%/6.1%).
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Table 6: Correlates between interactive parenting inputs and baby’s development
scores
Cognitive

Language

Social-emotional

Motor

Scores

Scores

Scores

Scores

0.09

0.02

0.03

0.05

(0.06)

(0.07)

(0.05)

(0.06)

0.08

0.08

0.01

-0.01

(0.10)

(0.10)

(0.10)

(0.11)

0.04

0.16***

0.12***

0.10**

(1=yes)

(0.04)

(0.04)

(0.04)

(0.04)

Played with baby yesterday

0.07**

0.08***

0.10***

0.07**

(1=yes)

(0.03)

(0.03)

(0.04)

(0.04)

Over 2 child books in household

0.09**

0.08**

0.11***

0.06

(1=yes)

(0.04)

(0.04)

(0.04)

(0.04)

0.00

0.00

-0.00

0.00

(0.00)

(0.00)

(0.00)

(0.00)

0.02

-0.09**

0.03

-0.02

(1=yes)

(0.04)

(0.04)

(0.04)

(0.03)

Premature

-0.09

-0.03

-0.14*

0.01

(1=yes)

(0.07)

(0.07)

(0.08)

(0.08)

Maternal age

-0.02

0.01

-0.03

-0.04

(1=above 25 years old)

(0.04)

(0.04)

(0.04)

(0.04)

0.12***

0.10***

0.10**

0.07*

(1=12 years or higher)

(0.04)

(0.04)

(0.04)

(0.04)

Primary caregiver

-0.08*

0.01

-0.12***

-0.06

(1=mother)

(0.04)

(0.03)

(0.04)

(0.04)

-0.13**

-0.11*

-0.08

-0.05

(0.06)

(0.06)

(0.05)

(0.05)

0.06***

0.10**

0.03*

0.09***

(0.01)

(0.02)

(0.02)

(0.02)

County Fixed Effect

YES

YES

YES

YES

Tester Fixed Effect

YES

YES

YES

YES

Observations

3231

3231

3229

3229

2

0.1847

0.197

0.157

0.168

Told story to baby yesterday
(1=yes)
Read book to baby yesterday
(1=yes)
Sang song to baby yesterday

Child age (months)
Male

Maternal education level

Household receives social security
support (1=yes)
Household asset index

Adj. R

Data source: Authors’ survey
Notes: All development scores are non-parametrically standardized for age (measured in months).
Controls include child’s age, gender, premature birth, maternal age and education, whether the mother is
the primary caregiver, whether the household receives a welfare benefit, and household asset index.
Household asset index is constructed using polychoric principal components on the following variables:
tap water, toilet, water heater, washing machine, computer, internet, refrigerator, air conditioner, motor or
electronic bicycle, and car. We also control for Bayley tester fixed effects and county fixed effects. All
standard errors account for clustering at the village level.
*p<0.1; **p<0.05; ***p<0.01
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Table 7: Correlates between interactive parenting inputs and baby’s development
scores
Cognitive

Language

Social-emotional

Motor

Scores

Scores

Scores

Scores

0.11

0.13

0.14

0.10

(1=yes)

(0.13)

(0.08)

(0.13)

(0.15)

Read book to baby yesterday

-0.02

0.00

-0.03

-0.01

(1=yes)

(0.10)

(0.14)

(0.14)

(0.15)

Sang song to baby yesterday

-0.09*

0.02

0.07

-0.05

(1=yes)

(0.05)

(0.09)

(0.11)

(0.07)

0.11

0.16**

0.13

0.24***

(0.09)

(0.08)

(0.10)

(0.08)

0.20***

0.00

0.18***

0.01

(0.07)

(0.07)

(0.05)

(0.08)

0.01

0.00

-0.00

-0.01

(0.01)

(0.01)

(0.01)

(0.01)

Male

-0.03

-0.17**

-0.02

-0.08

(1=yes)

(0.10)

(0.08)

(0.05)

(0.06)

0.14

0.02

-0.17**

0.08

(1=yes)

(0.19)

(0.15)

(0.09)

(0.21)

Maternal age

-0.09*

-0.09

0.01

0.00

(1=above 25 years old)

(0.05)

(0.10)

(0.05)

(0.09)

0.34***

0.25***

0.01

0.09

(1=12 years or higher)

(0.10)

(0.09)

(0.09)

(0.08)

Primary caregiver

-0.16*

-0.02

-0.07

-0.19**

(1=mother)

(0.08)

(0.08)

(0.05)

(0.08)

Household receives social security

-0.08

-0.25**

-0.17

-0.10

support (1=yes)

(0.09)

(0.08)

(0.11)

(0.09)

0.03

0.07**

0.06**

0.06

(0.04)

(0.04)

(0.03)

(0.04)

County Fixed Effect

YES

YES

YES

YES

Tester Fixed Effect

YES

YES

YES

YES

Observations

3231

3231

3229

3229

2

0.264

0.262

0.245

0.197

Told story to baby yesterday

Played with baby yesterday
(1=yes)
Over 2 child books in household
(1=yes)
Child age (months)

Premature

Maternal education level

Household asset index

Adj. R

Data source: Authors’ survey
Notes: All development scores are non-parametrically standardized for age (measured in months).
Controls include child’s age, gender, premature birth, maternal age and education, whether the mother is
the primary caregiver, whether the household receives a welfare benefit, and household asset index.
Household asset index is constructed using polychoric principal components on the following variables:
tap water, toilet, water heater, washing machine, computer, internet, refrigerator, air conditioner, motor or
electronic bicycle, and car. We calculate sampling weight for each observation by using the following
formula: the sampling weight = population proportion / sub-population proportion. The proportions for
each sub-population in rural China are 37.7% for western China rural communities, 1.4% for resettlement
migration villages, 42.0% for central China rural communities and 18.8% for migrant communities. Thus,
the weight for western rural villages is 0.44 (which is equivalent to 37.3%/86%), the weight for
resettlement migration villages is 0.35 (which is equivalent to 1.4%/4%), the weight for central rural
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villages is 11.1 (which is equivalent to 42%/3.8%), and the weight for migrant communities is 3.08 (which
is equivalent to 18.8%/6.1%).
We also control for Bayley tester fixed effects and county fixed effects. All standard errors account for
clustering at the village level.
*p<0.1; **p<0.05; ***p<0.01
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Table 8: Correlates between interactive parenting inputs and infant/toddler
development scores across different sub-populations
Cognitive

Language

Social-emotional

Motor

Scores

Scores

Scores

Scores

0.09***

0.11***

0.15***

0.10***

(0.04)

(0.04)

(0.04)

(0.04)

-1.62***

-0.54*

-0.47

-0.78**

(0.49)

(0.33)

(0.40)

(0.33)

-1.53***

-0.38

-0.00

-0.56

(0.50)

(0.29)

(0.43)

(0.37)

-1.70***

-0.48

0.04

-0.61

(0.51)

(0.31)

(0.47)

(0.38)

0.16

0.04

0.27**

0.19

inputs*Resettlement migration villages

(0.17)

(0.17)

(0.13)

(0.12)

Any one of five parenting inputs*

-0.08

-0.04

0.14

-0.02

Central China rural communities

(0.19)

(0.08)

(0.15)

(0.19)

Any one of five parenting inputs*

0.07

0.02

0.06

0.21

Migrant communities

(0.13)

(0.14)

(0.20)

(0.21)

Controls

YES

YES

YES

YES

Tester Fixed Effect

YES

YES

YES

YES

Observations

3275

3275

3273

3273

2

0.168

0.171

0.144

0.148

Any one of five parenting inputs
(1=yes)
Resettlement migration villages
(1=yes)
Central China rural communities
(1=yes)
Migrant communities
(1=yes)
Any one of five parenting

Adj. R

Data source: Authors’ survey
Notes: All development scores are non-parametrically standardized for age (measured in months).
Controls include child’s age, gender, premature birth, maternal age and education, whether the mother is
the primary caregiver, whether the household receives a welfare benefit, and household asset index.
Household asset index is constructed using polychoric principal components on the following variables:
tap water, toilet, water heater, washing machine, computer, internet, refrigerator, air conditioner, motor or
electronic bicycle, and car. We also control for Bayley tester fixed effects. All standard errors account for
clustering at the village level.
*p<0.1; **p<0.05; ***p<0.01
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Table 9: Early childhood development delays across middle-income countries
Share of
Study location

GDP per capita

Measure of

Sample

Infant age

Infants/Toddlers

(PPP)

development

size

(months)

with Cognitive
delays

Healthy

BSID III

population
Rural China

$16,600
(China overall)

15%

BSID III

3343

6-30

49%

Colombia

$14,500

BSID III

1420

12-24

30-40%

Mexico

$19,500

BSID II

896

12.5-23.5

36%

South Africa

$13,400

BSID III

122

3-12

39%

Data sources:
1. Central Intelligence Agency of the United States, 2018
2. Authors’ survey
3. Scott Rozelle, “Human Capital Roots of the Middle Income Trap: Rural China’s Health, Nutrition, and
Education” (presentation, Xi’an, China, November 15, 2016)
4. Attanasio et al. (2015b)
5. Fernald et al., (2005)
6. Rademeyer and Jacklin (2013)
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Figure 1. Correlation of developmental scores and household asset index across
different communities
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Figure 2: Correlation of developmental scores and the household asset index
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Appendix I Table 1: Developmental delays at different age in months
Age

Age

(6~18 months)

(18~30 months)

0.46

0.55

(0.50)

(0.50)

0.57

0.45

(0.50)

(0.50)

0.56

0.49

(0.50)

(0.50)

0.40

0.14

(1=yes)

(0.49)

(0.35)

Observations

2203

1150

Cognitive delay
(1=yes)
Language delay
(1=yes)
Social-emotional delay
(1=yes)
Motor delay

Data source: Authors’ survey.
Notes: We calculate overall summary statistics using sampling weights for each observation. The
proportions for each sub-population in rural China are 37.7% for western China rural communities, 1.4%
for resettlement migration villages, 42.0% for central China rural communities and 18.8% for migrant
communities. We calculate the sampling weights using the following formula: sampling weight =
proportion of sub-population in total population / proportion of sub-population in sample. In our data,
the sub-population proportions in the sample are the following: 86.0% for western China rural
communities, 4.0% for resettlement migration villages, 3.8% for central China rural communities, and
6.1% for migrant communities. Therefore, the sampling weight for western China rural communities is
0.44 (which is equivalent to 37.3%/86%), the sampling weight for resettlement migration villages is
0.35 (which is equivalent to 1.4%/4%), the sampling weight for central China rural communities is
11.1 (which is equivalent to 42%/3.8%), and the sampling weight for migrant communities is 3.08
(which is equivalent to 18.8%/6.1%).
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Appendix I Table 2: Difference in developmental delays between communities (without
controls)
Cognitive

Language

Social-emotional

Motor

Delay

Delay

Delay

Delay

-0.03

-0.07**

0.08*

-0.00

(0.05)

(0.03)

(0.04)

(0.06)

-0.06

-0.12**

-0.05

-0.05

(0.07)

(0.06)

(0.08)

(0.08)

-0.12***

-0.22***

-0.20***

-0.16***

(0.04)

(0.03)

(0.03)

(0.04)

0.54***

0.61***

0.59***

0.35***

(0.01)

(0.01)

(0.01)

(0.01)

Controls

NO

NO

NO

NO

Observations

3349

3349

3342

3346

2

0.007

0.026

0.020

0.015

Resettlement community
Central China rural community
Migrant community
Constant

Adj. R

Data source: Authors’ survey
Notes: We take the western rural communities as the comparison sub-population. We controlled for
nothing. Standard errors are in parentheses.
*p<0.1; **p<0.05; ***p<0.01
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Appendix I Table 3: Difference in developmental delays between communities (with
controls)
Cognitive

Language

Social-emotional

Motor

Delay

Delay

Delay

Delay

0.00

-0.01

0.09**

0.06

(0.04)

(0.03)

(0.04)

(0.04)

-0.03

-0.04

-0.02

0.06

(0.05)

(0.04)

(0.09)

(0.06)

-0.02

-0.07***

-0.14***

-0.06

(0.04)

(0.04)

(0.05)

(0.05)

Controls

YES

YES

YES

YES

Observations

3233

3233

3232

3232

2

0.032

0.0463

0.023

0.183

Resettlement community
Central China rural community
Migrant community

Adj. R

Data source: Authors’ survey
Notes: Controls include interactive parenting inputs (Told story to baby yesterday, Read book to baby
yesterday, Sang song to baby yesterday, Played with baby yesterday, and over 2 child books in
household), child’s age, gender, premature birth, maternal age and education, whether the mother is the
primary caregiver, whether the household receives a welfare benefit, and household asset index.
Household asset index is constructed using polychoric principal components on the following variables:
tap water, toilet, water heater, washing machine, computer, internet, refrigerator, air conditioner, motor
or electronic bicycle, and car. All standard errors account for clustering at the village level. Standard
errors are in parentheses. *p<0.1; **p<0.05; ***p<0.01
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Appendix I Table 4: Correlates between interactive parenting inputs and infant/toddler
developmental scores
Cognitive
Language
Social-emotional
Motor
Scores
Scores
Scores
Scores
Told story to baby yesterday
0.06
0.01
0.02
0.01
(1=yes)
(0.07)
(0.08)
(0.05)
(0.07)
Read book to baby yesterday
(1=yes)
Sang song to baby yesterday
(1=yes)
Played with baby yesterday
(1=yes)
Over 2 child books in household
(1=yes)
Anemic
(1=yes)
Stunting
(1=yes)

0.04
(0.11)
0.04
(0.04)
0.07*
(0.04)

0.07
(0.11)
0.17***
(0.04)
0.05
(0.04)

0.03
(0.10)
0.12***
(0.04)
0.06*
(0.04)

-0.01
(0.11)
0.10***
(0.04)
0.04
(0.04)

0.10**
(0.04)
-0.06
(0.04)
-0.12*
(0.06)

0.08*
(0.04)
0.01
(0.04)
-0.13**
(0.07)

0.10**
(0.04)
-0.04
(0.03)
-0.13**
(0.06)

0.06
(0.04)
-0.03
(0.04)
-0.14*
(0.08)

Controls

YES

YES

YES

YES

County Fixed Effect
Tester Fixed Effect

YES
YES
2845

YES
YES
2845

YES
YES
2843

YES
YES
2844

0.197

0.195

0.146

0.165

Observations
Adj. R2
Data source: Authors’ survey

Notes: All development scores are non-parametrically standardized for age (measured in months). Controls
include child’s age, gender, premature birth, maternal age and education, whether the mother is the primary
caregiver, whether the household receives a welfare benefit, and household asset index. Household asset index
is constructed using polychoric principal components on the following variables: tap water, toilet, water heater,
washing machine, computer, internet, refrigerator, air conditioner, motor or electronic bicycle, and car. We also
control for Bayley tester fixed effects and county fixed effects. All standard errors account for clustering at the
village level.
*p<0.1; **p<0.05; ***p<0.01
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Appendix II: A Cross-Dataset Analysis to Show the Representativeness of Our Sample
In order to demonstrate that the data used in this paper are fairly representative of a large
part of China’s rural infants/toddlers, we compare our survey data with three large-scale data
sets in China (CFPS 2014, CHIP 2013, CLDS 2016). These data sets are introduced as
follows.
•

The China Family Panel Survey (or CFPS) is a widely used, nationally
representative study that has been carried out every two years by the Institute of
Social Science Survey (ISSS) at Peking University since 2010. In 2014, the
research team surveyed around 14,000 households, 37,141 adults and 8,617
children in 25 of 31 administrative divisions of mainland China. The sampling
frame represents 95% of China’s total population, which makes the sample
nationally representative (Xie & Hu, 2014).

•

In order to investigate the income distribution of China, Beijing Normal
University has conducted the Chinese Household Income Project (CHIP). CHIP
has five waves, in 1989, 1996, 2003, 2008 and 2013. The sample of CHIP 2013 is
a subsample of the annual integrated household survey conducted by the National
Bureau of Statistics. It contains 18,948 households and 64,777 individuals from
15 provinces, 126 cities, and 234 counties (CHIP Dataset Homepage).

•

The China Labor-force Dynamic Survey (CLDS) is a comprehensive database of
the Chinese labor force aged 15-64. It is a survey based on both individual and
household level data. In 2016, the CLDS sample covered 401 villages in 29
provinces. The sample consists of 14,226 households and 21,086 individuals
(Wang, Zhou, & Liu, 2017).

We compared three social characteristics among the surveys: gender distribution of
infants, mother’s education level, and mother’s age distribution. In order to keep the basic
features consistent, we only used data on families with infants 6-30 months old with rural
hukou. We consider these three datasets nationally representative because of the national
representativeness of the full sample in CFPS/CHIP/CLDS. The results indicate that our
sample is representative for most of rural China. The specific conclusions are as follows.
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•

Gender distribution

Appendix II Table 1. Gender distribution of 6-30 month old infants
(unit: %)
Female
Male
Observations
CFPS 2014
46.03
53.97
932
CHIP 2013
44.34
55.66
654
CLDS 2016
45.39
54.61
760
Authors’ survey
48.27
51.73
3352
As is shown in Appendix II Table 1, the distribution of female and male infants
in each group of data is very similar.
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•

Highest education level of mothers

Appendix II Table 2. Highest education level of mothers who have 6-30 months old infants (unit: %)
CHIP
CFPS 2014
CLDS 2016
Authors’ survey
2013
Illiterate/Semi-illiterate
9.66
1.11
2.56
3.67
Primary School

22.47

11.13

13.26

17.11

Junior High School

43.89

61.78

50.96

55.20

Upper Secondary School

15.72

18.74

20.13

15.18

Three-year college

6.64

6.12

8.63

5.89

Four-year college and above

1.63

1.11

4.47

2.95

Observations

859

539

626

3326

70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00

Illiterate/Semi-illiterate

CFPS 2014

Primary School

Junior High School

Authors’ survey

Senior High School/
Secondary School

Three-year College

CHIP 2013

Four-year College and
above

CLDS 2016

Appendix II Figure 1: Linear graph of highest education level of mothers who have 6-30 month old

infants

As is shown in Appendix II Table 2 and Appendix II Figure 1, the trends of highest education
level of mothers who have 6-30 month old infants are almost identical across the different
data sources. Mothers who have attended junior high school account for the highest
proportion. The share of mothers who have attended college and above is the lowest. CFPS
exhibits a lower educational level overall, which might be due to underestimation. Family
members with lower levels of education are more likely to stay at home; thus, this group of
people is more likely to complete that survey’s questionnaire than family members with
higher levels of education (who are less likely to be at home at the time of the interview (Xie,
2012)).
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•

Mother’s age distribution

Appendix II Table 3: Mother's age distribution (unit: %)
Age

CFPS 2014

CHIP 2013

CLDS 2016

Authors’ survey

[15,25)

29.81

24.58

17.72

28.19

[25,35)

62.43

63.40

70.42

62.32

[35,45)

7.62

11.46

9.86

8.89

[45,55)

0.00

0.55

1.39

0.36

[55,65)

0.13

0.00

0.62

0.24

Observations

748

541

649

3320

80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00
[15,25)
CFPS 2014

[25,35)

[35,45)

Authors’ survey

[45,55)
CHIP 2013

[55,65)
CLDS 2016

Appendix II Figure 2: Linear graph of mother's age distribution

In Appendix II Figure 2, the mother’s age distribution lines of CFPS, CHIP and Author’s
survey are almost coincident. The trend of CLDS is a little different from the others because
CLDS targets the working-age population (aged 15-64) and the other surveys target the full
population of China. As we can see, most mothers’ ages range from 25 to 35.
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