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Abstract
Cognitive abilities have a great impact on individuals’ socioeconomic status. Among
the factors that affect cognitive ability, early childhood development and preschool
education are vital. However, evidence on the effect of preschool attendance on the
urban-rural cognition gap from large-scale samples is almost nonexistent. Based on a
nationally representative dataset from the China Education Panel Survey, this study
fills this gap by presenting evidence of a significant cognition gap between urban
and rural middle school students. We find a consistent positive relationship between
preschool attendance and cognitive ability in grade 7 and grade 9 based on ordinary
least squares and propensity score matching estimations. Results based on a BlinderOaxaca decomposition suggest that the differences between urban and rural
students in preschool education account for 28% to 44% of the between-group
cognition gap. We also simulate the effects of policy interventions meant to develop
preschool education on the narrowing of the urban-rural cognition gap.
Keywords: Education equality, Urban-rural gap, Preschool education, Early childhood
development, Cognition

Introduction
Cognitive ability is a developmental result of schooling and significantly impacts socioeconomic outcomes and individual behaviors throughout the life cycle (Huang and
Xie, 2013). In adolescence, cognitive ability can affect individuals’ educational access
and academic performance (Glewwe et al. 2017; Huang and Xie, 2013) and relate to intimate relationships and deviant behavior (Huang and Xie, 2013). In adulthood, cognitive ability influences individuals' career choices, work experiences, and income
(Heckman et al. 2006). Cognitive ability is also a critical factor that influences intergenerational mobility, explaining 20% of intergenerational income persistence (Blander
et al. 2007).
A survey of some rural and underdeveloped areas in China, however, has found that
the cognitive development of rural children lags behind that of urban children (Li et al.
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2017), which is an important explanation of the high dropout rate in rural middle
schools and the lack of access to high school and higher education for rural students
(Khor et al. 2016; Li et al. 2015; Li et al. 2017). In the long term, this gap in cognitive
development will affect the accumulation of human capital, economic development,
and social equity in China (Khor et al. 2016). Therefore, to promote the social mobility
of rural youth and block the intergenerational transmission of poverty in rural families
by improving the accumulation of human capital, we need to understand the cognition
gap between urban and rural students in China, its underlying causes, and possible policy intervention tools.
Among the factors that affect cognitive ability in childhood and adolescence, early
childhood development and preschool education are vital (Almond and Currie 2011a).
Such experiences are early life instruments that improve individual ability, promote social mobility, and are both equitable and efficient (Heckman 2013:38). However, there
is also a disparity in preschool attendance between urban and rural children in China.
In 2008, the proportion of 0 to 6-year-old children in cities, towns, and villages was
18%, 21%, and 61%, respectively. However, the proportion of kindergarten children in
cities, towns, and villages was 25%, 32%, and 43% (World Bank 2011). Furthermore, the
benefit of preschool education to rural children is relatively low (Peng et al. 2011) due
to the poor quality of care and education provided by rural kindergartens (Luo et al.
2009), the relatively low proportion of full-time teachers, and the significantly higher
ratio of children to full-time teachers/staff than in urban kindergartens (World Bank
2011).
What is the impact of a preschool education experience on the cognitive levels of
and the gap between urban and rural children? We lack evidence based on national
samples to answer this question. Using the baseline data from the China Education
Panel Survey (CEPS), this article explores the cognitive ability gap between urban and
rural middle school students as it relates to preschool education. This article attempts
to answer the following four questions. (1) Is the cognitive ability gap between urban
and rural middle school students a nationwide phenomenon? (2) Does attending preschool in the past affect the current cognitive ability of middle school students? (3) To
what extent could the cognition gap between urban and rural students be attributed to
their different preschool education experiences? (4) If we implemented a nationwide
policy to develop preschool education, to what extent could we narrow the cognition
gap between urban and rural students?
Studying the cognition gap between urban and rural students and the impact of preschool education on that gap has important theoretical significance. Due to data limitations, few studies on social stratification and educational inequality in China have
focused on cognitive ability (for example, Huang et al. 2015; Xu and Xie 2015; Zhang
et al. 2015; Huang and Xie, 2013). A large number of studies on educational inequality,
especially the disparity between urban and rural education, have mainly focused on the
differences in school conditions, funding, and teachers at the school level, or the differences in students’ educational attainment at the individual level. There are very few
studies tracing the progression of educational stratification back to preschool education
before compulsory school enrollment. To the best of our knowledge, very few studies
explore the influence of preschool education on the cognition gap between urban and
rural students by using national samples. Therefore, this article could help to expand
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the scope of research on urban-rural educational inequality, clarify the process of educational stratification, and present Chinese evidence on the impact of preschool
education.
Moreover, this study also has policy implications. In light of the phenomenon that
the opportunity gap in higher education between urban and rural students has not narrowed and may have even expanded after the expansion of higher education, some
studies have traced the roots of this gap to the inequality of opportunities between
urban and rural areas at the time of the high school entrance examination (Li et al.
2015; Li 2014; Wu 2013) and the lack of cognitive preparation among rural students
during preschool and primary school (Li et al. 2017). Liu (2014) also points out that the
influence of cognitive ability on stratification in higher education is greater than that of
family background. Therefore, exploring the causes of the urban-rural cognition gap related to preschool education could help formulate better policies to promote education
equity.

Literature review
Cognitive ability and neo-human capital theory

Theodore W. Schultz and Gary S. Becker, Nobel laureates in economics, proposed the
concept of human capital. This concept refers to the technology and knowledge that can
be concentrated within individuals through school education, on-the-job training, health
care, immigration, and other forms of investment and that can provide sustained returns
(Becker 2007: XVII).
There are some limitations to the classical theory of human capital. First, the measurement of human capital is not perfectly accurate. Classical theory measures human capital
as a form of investment, such as years of schooling and the length of on-the-job training
(Li and Zeng 2012), making it difficult to examine differences in the quality of the final results after individuals have received the same amount of education. Some studies have
found that the number of years of schooling required for the working-age population to
reach the World Bank's 2nd level of basic literacy varies from 9 years to 16 years across
countries (Liu 2018).
Second, the classical theory of human capital ignores the timing of capacity formation
and posits that human capital investments in different stages can replace each other (Li and
Zeng 2012). However, studies in cognitive neuroscience and developmental psychology have
shown that there are critical and sensitive periods to develop competence (Heckman 2007).
Therefore, more and more economists have proposed to establish a “new human capital based on ability” (Hanushek 2010). Its core is composed of “skill” and “capability,”
including cognitive abilities and non-cognitive abilities. It attempts to explain the
process by which capability is formed (Li and Zeng 2012) and emphasizes that the formation of capability should be viewed from a dynamic and life-cycle perspective (Heckman 2007).

The influence of early childhood care and education on cognitive ability
Theoretical perspectives

The early stage of life is a critical and sensitive period for ability development. At this
stage, interventions for the development of infants and children and the provision of
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education and care have immediate and short-term effects on their cognitive development. However, does this influence continue into adolescence and even adulthood?1 To
answer this question, various disciplines have put forward different theories, and their
common ground is to dynamically view human development from a life-cycle
perspective.
The fetal origins hypothesis argues that the nutritional status of the fetus during uterine development is closely related to various diseases in adulthood (Barker 1990). Since
then, many studies in sociology and economics have expanded this hypothesis to examine the effects of embryonic and early environments on individual socioeconomic outcomes (Almond and Currie 2011B).
Cognitive neuroscience and developmental psychology studies on the process of
neural development show that early life experiences have a lasting impact on the formation of ability. “The ages of 2 to 3 are a critical period for the development of individual oral language; the ages of 4 to 6 are the best period for children’s visual
identification and perception of shapes in images; the ages of 5 to 5-and-a-half are the
best time to master the concept of numbers; the ages of 5 to 6 are the period when
children’s ability to master vocabulary develops fastest” (Pang et al. 2003). Benjamin
Bloom, an American psychologist, points out that the first five years after birth are an
important period of cognitive development. Approximately 50% of the intelligence
measured at the age of 17 develops from the embryonic stage to the age of 4; approximately 30% develops from the ages of 4 to 8, and approximately 20% develops from the
ages of 8 to 17 (Zhen et al. 2016). The “window of time” for cognitive development is
relatively small. Once we understand this window of time, we can benefit significantly.
Therefore, preschool education could have a continuous impact on cognitive ability.
Studies in the social sciences have also explained why early interventions and preschool education have long-term effects. Heckman (2006) summarized four key points
from the research on early development interventions: (1) the formation of the brain
structure and ability is affected by genetics and the environment, (2) the formation of
later abilities depends on the accumulation of previous abilities, (3) cognitive abilities
and non-cognitive abilities rely on each other, and (4) there is a critical period in the
development of ability during which plasticity and sensitivity to environmental impacts
are the strongest. This critical and sensitive period in the development of cognitive ability occurs in early childhood. Heckman and his collaborators propose the “technology
of skill formation,” emphasizing that the development of capabilities can be altered
through conscious investments or interventions. This theory posits that the formation
and development of human capability has two important features: (1) self-productivity:
capability is self-reinforcing, and the abilities formed in former stages can promote the
development of ability in later stages, and (2) dynamic complementarity: the productive
efficiency of an intervention or investment in ability at a certain stage depends on the
individual’s previously acquired ability. The more ability is accumulated in the previous
stage, the higher the rate of return to the intervention in the current stage is. These
two features of ability production combine to form a long-term mechanism of influence: “skills beget skills” (Heckman 2007; Cunha and Heckman 2007). This theory has
1

The relevant literature regards the impact of a preschool education on infants and children under 10 years
old as a “short-term effect,” and the impact on children over 10 years old as a “long-term effect” (Gong et al.
2016).
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also been confirmed by empirical evidence that shows that early development interventions are the form of human capital investment with the highest rate of return and that
their value exceeds that of subsequent investments in school education and on-the-job
training (Heckman 2006).

Empirical evidence

Some review studies on early intervention programs in the USA over the past 50 years
have found that by the end of such programs, the interventions have improved the cognitive abilities of the participants by approximately 0.23 standard deviations. The shortterm effects of early interventions and preschool education on cognitive ability have
been confirmed (Almond and Currie 2011a; Blau and Currie 2006).
However, findings on the long-term effects of preschool education are mixed. Some
studies have found that preschool education has long-term positive effects on cognitive
ability and educational attainment (Almond and Currie 2011a; Blau and Currie 2006).
Campbell and Ramey (1995) followed participants in the Carolina Abecedarian Project in
the USA and found that the IQ scores of the experimental group at the ages of 8 and 15
were 0.33 standard deviations higher than those of the control group. Heckman et al.
(2013) found that the Perry Preschool Project had a long-term impact on the academic
performance of the involved children. Nevertheless, some other studies have found that as
time goes by, the impact of early/preschool interventions fades away (Magnuson and
Duncan 2016). One explanation for this paradox is that the quality of the intervention
program is of great importance. The evidence supporting the long-term effects of preschool education is mainly derived from longitudinal studies of high-quality interventions,
but those studies that have not found long-term effects or have found limited long-term
effects are mainly based on national/state-wide survey samples. In these samples, the quality of the preschool education programs the children attend varies. Therefore, in the long
run, the effects of high- and low-quality intervention programs offset each other.
The number of relevant studies in China is relatively small, and most such studies are
small sample studies. Luo et al. (2012) investigates 505 children from rural families in
three provinces and six counties and finds that the level of cognitive development
among children who received a formal preschool education is significantly higher than
that of children without a preschool education. A study of 370 children from two townships in Guizhou Province found that rural children who attended formal kindergartens
or preschool classes perform significantly better in terms of school readiness, literacy,
and mathematics than those in the control group (Rao et al. 2012). Chen and Liu
(2017) study a sample of 5177 15-year-old students in Shanghai and find that preschool
education has a significant positive effect on mathematics, reading, and scientific literacy. Wang et al. (2017) use CEPS data to demonstrate that preschool attendance has a
long-term impact on students’ cognitive abilities and academic performance. However,
Gong et al. (2016) employ data from the China Family Panel Studies (CFPS) and find
no robust, significant relationship between preschool education and cognitive ability.

Cognitive development of urban and rural children

At present, there are few studies focusing on the cognition gap between urban and rural
children in China. Based on CFPS data, several studies have found that the cognitive ability
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of rural children and adolescents is significantly lower than that of their urban counterparts
(Huang et al. 2015; Zhang et al. 2015; Huang and Xie, 2013). Another national survey of
more than 12,000 students in grades 4 to 6 found that the cognitive ability of urban students
is significantly higher than that of rural students (Tao et al. 2015).2 The disparity in ability
between urban and rural children has appeared at even earlier stages of childhood. According to a survey of families in six counties in three central and western Chinese provinces,
the score on the preschool enlightenment education test for 4- to 5-year-old rural children
was much lower than that of urban children of the same age (Luo et al. 2012).
The literature as mentioned above shows that cognitive ability has important social
and economic value, and preschool education can advance cognitive ability. Although
the long-term effects of preschool education are uncertain, there are at least short-term
effects. Therefore, this study proposes several hypotheses to be verified: (1) there is a
significant gap in cognition and significant inequality in preschool attendance between
urban and rural students, (2) preschool education has long-term effects on the cognitive ability of middle school students, (3) the differences in preschool experiences between urban and rural students is an important explanator of the current cognition
gap, and (4) policies that popularize preschool education in rural areas can narrow the
urban-rural cognition gap to an extent.

Methodology
Data

This study uses the baseline data from the China Education Panel Survey from 2013 to
2014. This survey targeted middle-school students in grade 7 and grade 9. Through a
multi-stage stratified sampling method, four sampling units—including county (district), school, class, and student/parent/headteacher/main subject teacher/school
leader—were sampled in turn. Data on 19,487 middle school students from 112 schools
and 438 classes in 28 counties (districts) were collected from the baseline survey.3
Variables
Definition of urban and rural observations

In this study, the “urban” and “rural” samples are defined according to the household
registration (hukou) of the students in the survey.4 The measurement of the control
variable “household registration” defined in a later section is the same. This definition
is mainly based on the following two considerations. First, in China, access to many
basic public services, including preschool education, is linked to household registration.
Defining the urban and rural samples according to household registration rather than
the location of the school ensures that the household registration status of the students
in the survey was the same status they had when they were facing the different options
2

During the revision to respond to the peer reviewers, we identified two more relevant studies. Zhao et al.
(2017) and Jiang (2017) both used CEPS data to demonstrate that there was a significant gap in cognitive
ability between urban and rural students, but the two studies did not examine the contribution of a
preschool education to the cognitive gap.
3
For details, please refer to the User Manual for the Baseline Data of the China Education Panel Survey
(CEPS) (http://www.cnsda.org/index.php?r=projects/view&id=72810330).
4
On the basis of the variables for the students’ household registration provided by CEPS, “non-agricultural
household registration” and “resident household registration” are combined into “non-agricultural household
registration,” which is used to define “urban students” in this study. “Rural students” are defined as holders of
an “agricultural household registration.”
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for preschool education (whether to participate in preschool education or not). This is
certainly true for students whose household registration status remained unchanged.
For those rural students who had changed from agricultural household registration to
urban household registration after they had obtained their preschool education, their
household registration statuses at these two-time points would be different. However,
the size of this group of students is relatively small (n = 460), and its impact is not
significant.
Second, many students have agricultural household registration (migrant children
with a nonlocal and agricultural household registration) studying in urban schools. If
the samples were defined by the school’s location, we would obtain an urban group
composed of students with two different household registrations. Although these migrant children are currently studying in urban schools, many of their experiences before
migrating to the city were quite different from those of students with urban household
registrations. Hence, the factors influencing their cognitive abilities would be quite different. Although the definition of rural and urban samples may result in an urban
group with some “rural” students who have converted to non-agricultural household
registration, the size of this subsample is far smaller than the number of migrant students who have gone to the city to study but have not changed their household registration. Compared with a definition for urban and rural samples according to school
location, a “purer” urban-rural grouping can be obtained by using household
registration.

Dependent variable

CEPS designed a set of cognitive test questions for grade 7 and grade 9. This study uses
the standardized score after conversion as the dependent variable to measure students’
cognitive ability.

Independent variables

CEPS asked respondents whether they had attended kindergarten or preschool after the
age of three. We construct the core independent variable “received preschool education
(yes = 1)” based on this question.
The length of preschool education (the duration of the stay in kindergarten) may also
be different between urban and rural students. Therefore, when we compare the preschool education experiences of urban and rural students, we also investigate the length
of the kindergarten experience. According to national policy, kindergartens accept children three to six years old. CEPS asked the students whether they had attended a kindergarten or preschool class after the age of three, and it asked them how old they
were when they had started kindergarten or preschool. A small number of students reported that they were admitted into kindergarten before they were 3 years old or after
they were 6 years old. To ensure the consistency of the answers to these two questions
and their conformity with national policy, we remove the observations whose admission
age was younger than 3 years old or older than 6 years old. Then, we assume that once
children enter kindergarten, they continue to attend kindergarten until they enter primary school. The duration of their stay in kindergarten is calculated by subtracting the
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age of kindergarten admission from the age at primary school admission reported by
the students.

Other control variables

Following existing studies (Gong et al. 2016; Liu and Xie, 2015; Wang et al., 2017), we
control for other factors that may affect students’ cognitive abilities. These factors include:
(1) Individual-level variables: gender (male = 1), age, ethnicity (Han = 1), household
registration (agricultural household registration = 1), physical disability (various
disability statuses = 1), whether a student is a single child (single child = 1).
(2) Family-level variables: the years of education of the most-educated parent, the subjective self-evaluation of the family’s current economic status (dummy variables for
“family’s economic status is middle class” and “family’s economic status is wealthy,”
with “family’s economic status is poor” as the reference group), size of the family
book collection (dummy variables for “collection of books is medium-sized” and
“collection of books is relatively large or large,” with “collection of books is small”
as the reference group), whether parents are at home (dummy variables for “one
parent is not at home” and “both parents are not at home,” with “both parents are
at home” as the reference group).
(3) School-level variables: the local ranking of schools (dummy variables for “top
schools” and “above-average schools,” with “below-average schools” as the
reference group), and the school type (private school = 1).
(4) Regional-level variables: since the level of regional development affects access to
educational opportunities and the educational performance of individuals, we also
control for the average length of schooling of the residents in the district/county
and for the region where the school is located (dummy variables for “central
region” and “western region,” with “eastern region” as the reference group).
We limit the analytical sample to respondents with no missing values for any variable.
The sample for the analysis ultimately includes 17,748 students.5 Given that grade 7
and grade 9 use different cognitive tests and their total scores are different, it is reasonable to analyze these two grades separately.
The descriptive statistics of the variables6 show that there are significant differences
in cognitive abilities and preschool education experiences (admission rate and duration
of the kindergarten experience) between urban and rural students in grade 7 and grade
9 (see Tables 1 and 2 for details). Compared with urban students, a higher proportion
of rural students have disabilities; a higher proportion of rural students have siblings;
the education level of rural students’ parents is lower; their family economic status is
worse; the proportion of rural students whose family book collection is medium-sized
is generally higher, while the proportion whose family book collection is relatively large
or large is significantly lower; a higher proportion of rural students have parents who
are not at home (especially when both parents are not at home); a higher proportion of
5

The sample size is 15,191 when analyzing the difference in the duration of the kindergarten experience
between urban and rural students.
6
To save space, only the variables with statistically significant differences are briefly explained here. Detailed
results can be obtained from the authors.
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Table 1 Cognitive ability of urban and rural students
Grade

Sample

7

Nationwide

9

N

Mean

Diff.

Effect size

Urban

4332

0.154

0.248***

0.290

0.327***

0.399

0.362***

0.438

0.478***

0.570

Rural

5104

− 0.094

West region

Urban

1181

0.120

Rural

1111

− 0.207

Nationwide

Urban

3637

0.215

Rural

4675

− 0.147

Urban

1046

0.243

Rural

973

− 0.236

West region
Notes: (1) *p < 0.1, **p < 0.05,

p < 0.01

***

rural students attend above-average schools, while a lower proportion attends top
schools; a higher proportion of rural students attend private schools; a higher proportion are from the central region, but a lower proportion is from the western region.
Compared with their urban counterparts, the rural students live in the district/county
with a lower average education level of local residents.

Empirical strategies
Descriptive statistics used to describe the differences between urban and rural areas

We use descriptive statistics to analyze whether there is a significant gap between
urban and rural students’ cognitive levels and preschool education experiences and
whether this gap is a nationwide phenomenon.

Table 2 Preschool experience of urban and rural students
Grade

Sample

N

Mean

Diff.

Effect size

Urban

4332

85.66%

8.22%***

0.212

Rural

5104

77.45%

Urban

1181

87.47%

13.39%***

0.346

Rural

1111

74.08%

Urban

3637

84.11%

9.71%***

0.239

Rural

4675

74.40%

Urban

1046

85.28%

14.36%***

0.354

Rural

973

70.91%
0.45***

0.328

0.75***

0.577

0.57***

0.422

0.91***

0.722

1. The proportion of preschool attendance
7

Nationwide

West region

9

Nationwide

West region

2. The duration of preschool education (the years of staying at kindergarten)
7

Nationwide

West region

9

Nationwide

West region
Notes: (1) *p<0.1, **p<0.05,

p<0.01.

***

Urban

3688

2.42

Rural

4317

1.97

Urban

1011

2.47

Rural

954

1.71

Urban

3145

2.31

Rural

4041

1.74

Urban

919

2.34

Rural

857

1.43
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Ordinary least squares (OLS) model and propensity score matching (PSM) estimation to
identify the effect of preschool education

To strictly identify the long-term effect of preschool attendance on cognitive ability, we
would need to use a randomized experiment and continuous tracking of the students.
However, such longitudinal data is almost unavailable in China. Therefore, most studies
based on survey data have first conducted OLS estimations and then adopted PSM
(e.g., Gong et al. 2016; Chen and Liu 2017) or instrumental variable (e.g., Borraz and
Cid 2013) estimations to reduce estimation bias. Since the data in this paper is crosssectional and appropriate instrumental variables are unavailable, we use an OLS model
and PSM to estimate the effect of preschool education.
The OLS model is shown in formula (1):
Cognitivei ¼ α þ β  Preschooli þ γ  X i þ εi

ð1Þ

Cognitivei is the standardized cognitive test score of student i. Preschooli is a dummy
variable indicating whether the student received a preschool education, and Xi is a set
of control variables. Since the CEPS sampling process includes clustering and the
homogeneity in students from the same school is high, the standard errors are adjusted
by clustering at the school level. OLS estimation is conducted by grade. In each grade,
we first estimate the model on three nationwide samples—the urban sample, the rural
sample, and the pooled sample; then, we focus on the western region and estimate the
model on the above three samples but restricted to those from the western region. In
sum, 12 models are estimated.
Preschool attendance is self-selected. There are significant differences in many characteristics between the preschool attendees (treatment group) and the preschool nonattendees (control group). For example, the treatment group is younger; it has a higher
proportion of single child; it has a higher proportion of students of Han ethnicity; and
it has a lower proportion of students with a disability. The family socioeconomic status
of students in the treatment group is higher (parents’ education levels are higher, family
economic status is higher, the family collection of books is larger, and the proportion
of absent parents is lower). The quality of the schools the treatment group students attend is higher, and the level of education attainment in the region from which treatment group students come is higher.
Although the OLS model controls for these confounding variables, it is difficult to
ensure that the students in the treatment and control groups are comparable in terms
of the different combinations of each confounding variable as the number of confounding variables increases. PSM can solve this problem. PSM can simulate one (or more)
control case that is close to the treatment case in all respects and thus obtain comparable cases by estimating a one-dimensional propensity score based on multiple confounding variables and controlling for it (Hu 2015:36–37); this method does not
depend on the specification of the regression model. Therefore, it is often employed to
conduct causal inference with non-random survey data as a robustness test for OLS estimation (Gong et al. 2016). In this study, PSM is conducted as follows. First, the probability of individual receiving preschool education, that is propensity score, is estimated
by using a probit model. When estimating the propensity score, we control for a set of
individual, family, and regional level covariates that may affect students’ preschool
attendance.
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Second, the cases whose propensity scores are in the common support are matched.
Four matching methods are adopted to ensure the robustness of the estimation results:
caliper matching (caliper = 0.01), nearest-neighbor matching within a caliper (caliper =
^pscore , k=4), kernel matching (using the default kernel function and bandwidth),
0.25 σ
and local linear regression matching (using the default kernel function and with bandwidth = 0.5).
Third, by determining whether the standardized differences in the variables between
the two groups are less than 10% after matching, we can validate whether the matching
has effectively balanced the data.
Finally, the average treatment effect on the treated (ATT) is calculated by using the
matched samples; that is, for those who have received a preschool education, the ATT
is the average difference in their cognitive ability between two states: receiving a preschool education (factual) and not receiving a preschool education (counterfactual).
In the PSM estimation process, 12 different samples are estimated, as previously described for the OLS model.
The contribution of preschool education to the urban-rural cognition gap based on a
Blinder-Oaxaca decomposition

Based on the OLS model, the Blinder-Oaxaca decomposition is used to explain the
mean difference between groups. The mean difference between groups can be attributed to two effects: the difference in the “endowments” between the two groups; the
difference in the “rate of return” to those endowments. The term “endowment” refers
to the value of each independent variable that influences the dependent variable, while
the term “rate of return” refers to the effect of each independent variable. For example,
in this study, the influence of preschool attendance on the urban-rural cognition gap
has two aspects: (1) access to kindergarten is different between the two groups and (2)
the influence of preschool attendance on cognitive ability (the rate of return to preschool) is different between the two groups.
We conduct OLS estimations similar to formula (1) for the urban and rural samples
separately. For the sake of simplicity, we do not list the variable for preschool education
(Preschool) separately but put it into the covariate X. Then, the mean difference in cognitive ability between the urban and rural groups can be expressed by formula (2):

 

Cognitiveu −Cognitiver ¼ αbu þ βbu  X u − αbr þ βbr  X r




ð2Þ
¼ X u −X r βbr þ X u βbu −βbr þ ðαbu −αbr Þ
The subscripts u and r denote the urban and rural samples, respectively. The first
item on the right side of formula (2) is the “explained part” or “endowment effect,”
which measures the contribution of the differences in endowments to the urban-rural
cognition gap. The second and third items are the “unexplained parts” or “coefficient
effects,” which measure the contribution of the differences in the regression coefficients
and intercept to the urban-rural cognition gap.
Policy simulation

Based on the effect of preschool education and the difference in urban and rural preschool education opportunities estimated with the OLS model, we simulate the effect
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of a policy to popularize preschool education on the narrowing of the cognition gap between urban and rural students. See the results section for details.

Results and discussion
Differences in cognitive ability and preschool experiences between urban and rural
students
The urban-rural cognition gap

The urban-rural cognition gap has the following two features (see Table 1 for details).
First, the differences in cognitive ability between urban and rural middle-school students are universal and nationwide. The disparity in cognitive ability between urban
and rural students in grade 7 is 0.248 standard deviations, and that in grade 9 is 0.362
standard deviations. This difference is not only significant (P < 0.01) but is also a
medium-sized effect (Cohen’s d > 0.2). This may be because the grade 7 students were
admitted into the school later than the students in grade 9. With the development of
the education system, the gap between urban and rural areas has been narrowed.7
Second, the urban-rural cognition gap is a typical western-region problem. The results show that the disparity in cognition between urban and rural students is most
prominent in the western region when the nationwide sample is divided into eastern,
central, and western subsamples for analysis.8 The difference in cognitive ability between urban and rural students in grade 9 in western China is as wide as 0.478 standard deviations, which is a very large difference (Cohen’s d > 0.5). It may be related to
the population distribution and resource concentration in the region. On the one hand,
the western region in China is vast and sparsely populated, and resources are heavily
concentrated in urban areas. On the other hand, rural areas in the western region are
extremely underdeveloped, and most nationally designated poor counties are located in
this region. The striking urban-rural gap in the western region is the consequence of
the nexus between resource agglomeration in urban areas and underdevelopment in
rural areas. This implies that to narrow the disparity between urban and rural areas,
policies should be focused on the western region. Therefore, we examine the national
sample and the western region subsample separately in the following sections.
Preschool experiences of urban and rural students

There is a significant difference in preschool experiences between urban and rural students. First, the proportion of urban children who have received a preschool education
is significantly higher than that of rural children, and the gap is medium-sized (Cohen’s
d > 0.2). Similarly, this gap is more pronounced among students in grade 9 and those
in the western region (see Table 2, Part 1).9
7

This result cannot be interpreted as indicating that the cognitive gap among grade 7 students will widen as
they progress into grade 9 because in the cross-sectional data that are used here, the grade 9 and grade 7 students are not in the same cohort. Further tests on this issue would be possible if longitudinal data were available. We appreciate the reviewer offering this suggestion.
8
To save space, we do not report the results for the eastern and central subsamples.
9
In the CEPS data, no matter how many years of preschool education children have received and no matter
how old they are when they enter kindergarten, they are counted as having received a preschool education.
Therefore, the proportion of children who have received a preschool education that is calculated based on
this dataset is higher than the gross enrollment rate for preschool education that is released by educational
administrations. To save space, the results for the eastern and central subsamples are not shown in the
article.
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Second, the duration of preschool education is longer among urban children. The
World Bank found that approximately 48% of rural children in China had received one
year of preschool education, rather than the 3 years of kindergarten generally received
by urban children (World Bank 2011). Our data show that 47.58%, 35.84%, and 11.67%
of urban students entered kindergarten at the ages of 3, 4, and 5, respectively, with an
average enrollment age of 3.76. The proportion of rural students entering kindergarten
at the ages of 3, 4, and 5 was 33.21%, 37.06%, and 20.05%, respectively, with an average
enrollment age of 4.08 years. The second part of Table 2 shows that the difference in
the duration of preschool education between urban and rural students is not only significant but is also remarkable in size. Especially in the western region, the gap is extremely large (Cohen’s d > 0.5).

The effect of preschool attendance on cognitive ability
Results of the OLS model

The results of the OLS regression are as follows (see column 2 of Table 3 for details).
First, there is a significant and robust relationship between preschool attendance and
cognitive ability. On average, in the nationwide sample (the western sample), the cognitive ability of the students who had received a preschool education is 0.1 (0.22) standard deviations higher than that of the control group. This demonstrates that preschool
education has long-term effects on cognitive ability. Compared with the coefficients of
the other variables, the coefficient of the preschool education variable is not only robust
but is also relatively large in magnitude. To control for inter-school heterogeneity, we
also estimated a school fixed-effects model and a hierarchical linear model (HLM) and
found that the results do not change significantly.10
Second, the effect of preschool attendance is more prominent in the western subsample. It is partly because other factors that may affect the development of cognitive
ability are generally scarce in the western region. For example, the level of paternal
education is lower, and family book collections are smaller. As a result, the impact of
preschool education on cognition is substantial.
Third, the preschool effect is larger in magnitude for the grade 7 sample than the
grade 9 sample. It may be due to the cohort effect: the two grades do not include the
same observations, so there are differences in the sample distribution. It may also be
due to the period effect: compared with the grade 7 students, the grade 9 students received a preschool education earlier and faced different education policies and environments. For example, the quality of the preschool education received by the grade 9
students may be lower than that of the grade 7 students. To be sure, it may also be due
to the age effect: the older the age of the students or the higher the grade is, the more
prominent the roles of the other factors affecting cognitive ability are, which, to a certain extent, offsets the role of preschool education. It is necessary to use longitudinal
data to test the above hypothesis strictly. In short, this result cannot simply be interpreted as indicating that the effect of preschool education fades away with an increase
in grade level.
Fourth, for grade 7 students, the effect of preschool education is more prominent
among urban students. Especially in the western region, the estimated effect for the
10

To save space, the results of these models are not shown in this article.

Page 13 of 22

Zheng et al. The Journal of Chinese Sociology

(2021) 8:14

Page 14 of 22

Table 3 The effect of preschool attendance on cognitive ability
Sample

OLS

PSM
Caliper

Neighbors within Kernel
caliper

Grade 7 Nationwide pooled 0.162***(0.024) 0.172***(0.025) 0.183***(0.027)
***

***

0.178***(0.025) 0.180***(0.032)

Nationwide urban

0.203 (0.042) 0.205 (0.044) 0.252 (0.046)

0.203***(0.043) 0.221***(0.055)

Nationwide rural

0.136***(0.025) 0.135***(0.029) 0.162***(0.032)

0.142***(0.029) 0.136***(0.037)

***

***

Local linear
regression

Western pooled

0.223 (0.044) 0.227 (0.058) 0.247 (0.063)

0.241***(0.055) 0.264***(0.077)

Western urban

0.305***(0.068) 0.284***(0.093) 0.279***(0.096)

0.317***(0.084) 0.345***(0.112)

**

***

0.175 (0.071)

0.175***(0.064) 0.190**(0.079)

Grade 9 Nationwide pooled 0.098***(0.023) 0.100***(0.025) 0.085***(0.027)

0.111***(0.025) 0.130***(0.033)

Western rural

***

***

0.164 (0.047) 0.157 (0.067)
**

*

**

Nationwide urban

0.097 (0.039)

Nationwide rural

0.101***(0.029) 0.111***(0.029) 0.112***(0.031)

0.079 (0.047)

0.053(0.050)
*

0.087*(0.045)

0.103*(0.058)

0.128***(0.028) 0.121***(0.037)

Western pooled

**

0.116 (0.045)

*

0.101 (0.060)

0.136 (0.063)

0.117**(0.059)

0.212***(0.072)

Western urban

0.141*(0.071)

0.096(0.111)

0.062(0.113)

0.064(0.106)

0.116(0.132)

Western rural

0.113*(0.061)

0.139**(0.066)

0.151**(0.071)

0.166**(0.065)

0.198**(0.080)

Notes:(1) Each coefficient is from a separate model; (2) *p<0.1, **p<0.05, ***p<0.01; (3) All control variables are included in
OLS models and the clustered standard errors are in parentheses; (4) The Average Treatment effects for the treated (ATT)
are reported for PSM estimation and the standard errors are in parentheses

urban sample is almost double that for the rural sample. It may be due to the relatively
low quality of preschool education in rural areas, limiting the rate of return to preschool education for rural children.
Fifth, among other influencing factors, the effect of parental education and family cultural capital is robust and significant. Comparing the estimated coefficients for the family economic status variables, we can see that culture is more important than money
for children’s cognitive development. In most models, having a disability has a significantly negative effect on cognition. The impact of school quality on cognitive ability is
not robust, as it depends on the specific sample examined.

Results of the propensity score matching estimation

First, we use a probit model to estimate each individual’s propensity to receive preschool education.11 The results show that the older a student is, the less likely she or
he is to have received preschool education. Additionally, the better the family economic
situation is, the larger the book collection is, and the higher the average education level
in the district/county is, the more likely individuals are to receive preschool education.12 The presence of a physical disability, parental education levels, and ethnicity are
also related to an individual’s access to preschool education (but the effect is dependent
on the specific sample).
Next, four matching methods are used to estimate the ATT. No matter which matching method is used, most observations can be matched successfully.13 The standardized
11

To save space, the prediction result of propensity score is not shown in this article.
These individual or household characteristics are not predetermined before the preschool investment
decision is made. However, it is reasonable to speculate that these characteristics do not change greatly over
time.
13
Most observations that did not match successfully were observations from the western rural areas in grade
7. A total of 51 of the 1111 observations were not matched successfully. For details, see Table A1-1~Table
A1-4 of online supplementary materials.
12
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differences for almost all variables after matching were less than 10%, which validates
that the matching effectively balanced the data.14
Columns 3–6 of Table 3 report the ATT among preschool attendees, and these results do not diverge from the results of the OLS estimation. The only difference is that
for the grade 9 students, the effect of preschool education among urban students is
smaller than that among rural students and is no longer significant. This may partly be
due to the difference between the grade 9 urban and rural samples.
The effect of preschool attendance estimated in this study is close to that estimated
in other studies. For example, Magnuson and Duncan (2016) summarize various early/
preschool intervention programs in the USA over the past 50 years and find that these
programs improved the cognitive ability of participants by approximately 0.23 standard
deviations. Chen and Liu (2017) use the PISA data for Shanghai, China, in 2012 and
find that the effect of preschool education on mathematics, science, and reading literacy
was 0.08 to 0.17 standard deviations.
However, Gong Xin et al. (2016) use CFPS data and find that preschool attendance
and children's cognitive abilities do not have a robust significant relationship. There are
two possible explanations for this. First, the two studies measure cognitive ability differently. The cognitive abilities measured in the CFPS2010 data, which Gong et al. (2016)
used, are “the verbal ability and calculating ability obtained from school education, and
most items are designed according to the content of primary and secondary school curricula. Therefore, the cognitive ability measured by CFPS2010 is highly related to education levels” (Huang and Xie, 2013:126). This measure of cognitive ability is similar to
the “crystallized intelligence” defined by psychologist Raymond Cattell, which refers to
the kind of cognitive ability acquired through experiences, such as language ability,
ability to judge, and association ability, and is highly related to school education. In the
CEPS data used in this paper, the content of the cognitive ability test “does not involve
the specific memorization of knowledge taught by a school curriculum, but measures
students' logical thinking and problem-solving ability” (The User Manual for the Baseline Data of the China Education Panel Survey:8).15 This is similar to Cattell’s definition
of “fluid intelligence”—a physiology-based cognitive ability, such as perception, memory, speed of calculation, and ability to reason. Fluid intelligence develops as the nervous system matures, reaches its peak at middle age, and then decreases slowly.
Therefore, the two cognitive abilities have different connotations and thus distinct effects. The former measures the cognitive ability that is mainly derived from the knowledge taught in the school curriculum, which is greatly affected by the current school.
The latter measures a more “internal” cognitive ability, which is highly related to the
development of the nervous system. Early education aims to intervene precisely in the
development of the human cognitive nervous system during its sensitive and critical
period, so it has a greater impact on fluid intelligence in this sense.
Second, the sample sizes of the two studies are quite different. The sample size in
Gong’s study is less than 3000, while the sample size in this study is 17,748. The sample

14

To save space, the balance test results are not shown in this article. See Table A2 of online supplementary
materials for details.
15
For details, please refer to the User Manual for the Baseline Data of the China Education Panel Survey
(http://www.cnsda.org/index.php?r=projects/view&id=72810330).
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size of the former study is small, resulting in low levels of variation among individuals
and relatively less significant estimation results.

The contribution of preschool attendance to the urban-rural cognition gap

We examine the contribution of preschool attendance to the urban-rural cognition gap
with a Blinder-Oaxaca decomposition. The results are shown in Table 4.
In general, the urban-rural cognition gap is attributed to differences in endowments
(preschool education is an exception). It implies that the disparity in cognitive ability
between urban and rural students is mainly due to differences in the characteristics of
the two groups. The results of the decomposition show that the education level of parents and the cultural capital of families are vital determinants of cognitive ability.
Whether students have disabilities and family economic status contribute little to the
cognition gap. School ranking only makes a considerable contribution to the gap within
the grade 7 sample. To an extent, the education level of parents and the cultural capital
of families reflect parents’ ideas, habits, and knowledge regarding raising their children.
The huge difference between urban and rural families in this respect explains the cognition gap to an extent, while the difference in household economic conditions is not
important.
Preschool attendance is an important explanator of the urban-rural cognition gap in
grade 7. It accounts for 27.55% of the cognition gap among grade 7 students in the nationwide sample and 44.37% in the western sample. Specifically, the contribution of
preschool attendance mainly comes from the coefficient effect. In other words, although the gap in preschool opportunities between grade 7 urban and rural students
explains part of the cognition gap, the more important explanation is that the rate of
return to preschool education is different for urban and rural students.
However, preschool attendance is not an important contributor to the urban-rural
cognition gap in grade 9: its contribution is less than 10%. In particular, the contribution of preschool attendance to the urban-rural cognition gap among grade 9 students
in the nationwide sample is almost equal to zero. This is because (1) the proportion of
urban students receiving a preschool education in grade 9 is higher than that of rural
students (see Table 1) and the endowment effect is positive; (2) the difference in the
rate of return to a preschool education between grade 9 urban and rural students is rather small, even for urban students and the coefficient effect is negative; and (3) the
contribution of preschool education to the urban-rural cognition gap is the sum of the
Table 4 The contribution of preschool attendance to the cognition gap
Grade 7
Nationwide pooled

Grade 9
Western pooled

Nationwide pooled

Western pooled

Explained part

85.07%

86.05%

108.90%

115.87%

Unexplained part

14.93%

13.95%

− 8.90%

− 15.84%

Total

100.00%

100.00%

100.00%

100.03%

Preschool attendance
Explained part

4.52%

6.73%

2.71%

3.39%

Unexplained part

23.03%

37.64%

− 1.08%

5.02%

subtotal

27.55%

44.37%

1.63%

8.41%
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above two parts, with the negative effect offsetting the positive effect and resulting in a
very small contribution. The urban-rural cognition gap in grade 9 is mainly explained
by the following factors: whether the student is a single child, parental education levels,
and the size of the household book collection. Given that the total contribution of all
factors is 100%, the increase in the contribution of these factors “dilutes” the effect of
preschool education to a certain extent.
Since the grade 7 and the grade 9 students are not from the same cohort, the difference in the contribution of preschool education to the cognition gap between the two
grades should be explained as a difference between the samples. It cannot be interpreted as implying that when the grade 7 students progress to the next grade, the contribution of preschool education to the cognition gap becomes as small as that in the
current grade 9 sample. The differences between the two samples may come from a
“cohort effect”: the differences in family background and the two groups’ initial cognitive ability levels. It may also come from the period effect: the education system itself
has changed over time and thus has heterogeneous impacts on students. For example,
the quality of the preschool education received by the two groups is different.

The influence of a policy to develop preschool education on the narrowing of the urbanrural cognition gap

The results of the decomposition demonstrate that the urban-rural cognition gap is
mainly caused by differences in preschool education experiences, the education
level of parents, family cultural capital, and the quality of the current school. To
narrow the gap in cognitive ability between urban and rural students, we need to
eliminate the differences in these characteristics between urban and rural students.
Apparently, aside from preschool education experiences, these factors are difficult
or even impossible to affect through public policy. Policies to develop preschool
education, which aim to expand the enrollment in preschool and improve the quality of care and education in preschools, are plausible. Since preschool attendance is
a prominent contributor to the urban-rural cognition gap in grade 7 but makes a
relatively small contribution to the cognitive disparity in grade 9, we use the grade
7 sample to simulate the effect of a universal preschool education policy on the
narrowing of the cognition gap.
Ideally, if the policy ensured that urban and rural children had the same opportunity
to receive preschool education and the effect of that preschool education on them was
the same, the cognition gap would be reduced by 27.55% (in the nationwide sample) or
44.37% (in the western sample). Thus, the effect of the policy intervention would be remarkable, given that the other factors remained the same.
There are differences in preschool education experiences for urban and rural children, including access to, the duration of, and the rate of return to such an experience.
What ought to be the specific policy initiative chosen from among alternatives such as
increasing opportunities, extending durations, and improving the benefits of preschool
for rural children? Following Magnuson and Waldfogel (2005), we simulate the effects
of different intervention schemes. Since increasing the rate of return is related to improving the quality of preschool education, we consider just the effects of the first two
schemes, which are easier to operationalize.
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Increase preschool education opportunities for rural children

If a policy can increase the proportion of rural children entering kindergarten to the
same proportion as that in urban areas, it means that the proportion of rural children
receiving a preschool education would increase to 85.66% (in the nationwide sample)
or 87.47% (in the western sample). When other factors remain unchanged16, a policy
that increases opportunities could reduce the urban-rural cognition gap by 4.44% (in
the nationwide sample) or 6.73% (in the western sample) (see Panel A of Table 5).
However, this policy effect is relatively small compared with the overall contribution
of preschool education to the cognition gap revealed by the decomposition results. It
shows that expanding enrollment in preschool is not sufficient to eliminate the disparity in cognition between urban and rural students. Instead, we should make an effort to
ensure that rural children receive a high-quality preschool education of sufficiently long
duration.

Prolonging the duration of kindergarten for rural children

Some studies have found that the duration of preschool education has a positive effect
on children's cognitive abilities (Chen and Liu, 2017). We employ an OLS model (that
includes the same control variables) and find a significant positive correlation between
kindergarten duration and cognitive ability. The effects of duration are 0.077 and 0.062
standard deviations for the urban and rural students (in the nationwide sample), respectively, and 0.055 and 0.052 standard deviations for the urban and rural students (in
the western sample), respectively.17 Therefore, prolonging the duration of preschool
education for rural children could also narrow the urban-rural cognition gap.
The simulation results in Panel B of Table 5 indicate that if the length of time rural
children spend in kindergarten is extended to the same level as that of urban children,
the cognition gap could be reduced by 11.29% (nationwide sample) or 12.23% (western
sample), even if other factors remain unchanged.
Taking the two initiatives together, if rural children’s access to kindergarten is guaranteed and their kindergarten experience is prolonged, the gap in cognitive ability between urban and rural students could be reduced by 15.73% (nationwide) or 18.96%
(western regions), even if other factors are held constant.
It is worth noting that the effects of the policy intervention are underestimated. First,
the respondents to the CEPS are all enrolled students, and dropouts of the same age
are excluded. The average socioeconomic status of this sample of enrolled students is
higher than that of the full youth population, and this is especially true for the rural
population. Therefore, the real gap between urban and rural children’s preschool education experiences may be larger. This implies that if urban children’s preschool education conditions are used as the benchmark, there is more space to improve rural
children’s preschool education opportunities and prolong their kindergarten experience,
and the corresponding policy effects would be stronger. Second, since the difference in
preschool quality between urban and rural areas is much greater than the differences in
16

Besides assuming that the distribution of each influencing factor in the model remains constant, it is
necessary to assume that the current proportion of urban and rural students remains unchanged. We
appreciate the reviewers for pointing this out.
17
The p values for these coefficients are all 0.000. To save space, the specific results are not shown in this
article.
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Table 5 The effects of policy simulation
Panel A
Policy 1: Increasing preschool
opportunity for rural children ①

Effects of preschool
attendance ②

Average
Gap narrowed④(=③/
improvement③(=①×②) cognition gap)

Nationwide: 77.45%→85.66%

0.136

0.011

4.44%

Western: 74.08%→87.47%

0.164

0.022

6.73%

Policy 2: Extending preschool
duration for rural children⑤

Effects of preschool
duration⑥

Average improvement
⑦(=⑤×⑥)

Gap narrowed⑧(=⑦/
cognition gap)

Nationwide: 1.97 years→2.42 years

0.062

0.028

11.29%

Western: 1.71 years→2.47 years

0.052

0.040

12.23%

Panel B

Panel C
Total effect of the two policies(=④+⑧)
Nationwide

15.73%

Western

18.96%

Notes: (1) The data on the increase of preschool opportunity and the extension of duration are from Table 2; (2) The
effects of preschool attendance are from Table 3; (3) The effects of preschool duration are estimated on the Grade 7 rural
sample of nationwide and western region respectively; (4) The data on cognition gap is from Table 1

education opportunities or education duration, the effect of a policy to develop preschool education that targets equal quality would be stronger. Finally, as the development of ability is a dynamic process of continuous accumulation, the earlier an
intervention is, the more significant its effect is. If an intervention policy could help
rural children to receive the same level of preschool education as urban children in
their infancies, the initial cognition gap between the two groups would be smaller,
resulting in a correspondingly smaller gap in cognitive ability in later life cycle. Because
of these three reasons, the policy effect simulated in this paper can be understood as a
relatively conservative estimation and a lower bound.

Conclusions
Using the baseline data from the China Education Panel Survey, this paper finds a significant gap in the cognitive ability and preschool education experiences of urban and
rural students, especially in the region of western China. The results of the OLS regression and the PSM estimation demonstrate that preschool attendance can significantly
affect the cognitive ability of middle school students. The Blinder-Oaxaca decomposition reveals that preschool education is a vital explanator of the cognition gap between
urban and rural students in grade 7, but it does not contribute much to the cognition
gap between urban and rural students in grade 9. The policy effect simulations show
that certain policies can reduce the cognition gap between students from urban and
rural areas by increasing the opportunities to receive a preschool education for rural
children and prolonging their kindergarten experience.
Given the findings in this study, first, a policy to develop rural preschool education
should pay equal attention to guaranteeing access, prolonging the duration, and improving quality. Simply increasing rural children’s access to preschool education cannot
help reduce the cognition gap between urban and rural students.
Second, policies to develop preschool education should be focused on the western region. In other words, the imbalance between urban and rural areas in terms of education and even social and economic development as a whole is mainly a western China
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problem. If such policies focused on the western region, especially impoverished areas
and the old revolutionary base, minority ethnicity areas, border areas, and underdeveloped areas, the nationwide gap in children's cognitive development between urban and
rural areas would be effectively narrowed.
Finally, the target of a policy to develop preschool education should be a “combination of medical care and education” and involve “cooperation between families and
kindergartens” (Li 2011). This study finds that disabilities limit children’s access to preschool education and affect their cognitive ability. Hence, a policy to develop preschool
education should integrate education, care, and nutrition (Li 2011). The cultural capital
of the family and the education level of parents are also found to have a strong influence on children’s cognitive abilities. Many rural families do not have proper environments of parental reading, and rural parents do not have an awareness of or thoughts
about early/preschool interventions for their children. Therefore, a policy to develop
preschool education would not only rely on institutions to provide early development
services but would also need to provide advice and guidance to parents to improve the
quality of family care and education.
This study has some limitations. Although we have adopted various methods to identify the effect of preschool attendance on cognitive ability, the estimated effects in this
study are not strict causal effects. There is still limited research on the effect of preschool education in China, and more follow-up studies are needed to further understand different aspects of this issue, such as the size of the effect of preschool
education, whether the effect changes with age, and what the mediating mechanism of
the effect is.
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