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INTERVENTION, EVALUATION, AND POLICY STUDIES

Does One More Year Matter? Dosage Effect of the
One-Village-One-Preschool Intervention in Rural China

Si Chena , Chen Zhaob, Chen Chena, Zhiping Wub, Catherine E. Snowa, and
Mai Lub

aHarvard Graduate School of Education, Cambridge, Massachusetts, USA; bChina Development Research
Foundation, Beijing, China

ABSTRACT
The One-Village-One-Preschool (OVOP) initiative aims to guarantee
early childhood education (ECE) to all children in high-poverty villages
in China. A challenge to policymakers is to balance expanding the
scale with lengthening service duration. Following 23,775 children
from preschool (4-year-old) to fourth-grade (10-year-old) in a poverty-
stricken county, we found: 3-year and 2-year-OVOP groups started off
the first-grade with a similar level of performance in Chinese, English,
and math, lagging behind the well-resourced township-public-ECE
group by 0.14 SDs. However, by the third or fourth-grade, the 3-year-
OVOP group had emulated the township-public-ECE group, whereas
the 2-year-OVOP group lagged by about 0.2 SDs. Our finding sug-
gested that 1 more year in ECE for children in high-poverty-villages
can counteract the long-term fade-out effect.
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Early childhood education (ECE) is, in the long run, the most effective and cost-efficient
intervention to leverage when addressing the inequalities that occur due to poverty
(Engle et al., 2011). Great efforts have been made worldwide to grant ECE accessibility
to low-income communities. As initial access has been widely established, scholars and
practitioners have started looking into the necessity for improved length of ECE service
for individuals in poverty (Jenkins et al., 2016). Would more years of ECE pay off with
improved long-term development? This question, which is of interest to all policy mak-
ers who operate within the constraints of limited budgets, is of preeminent importance
in the context of China: in 2009, the China Development Research Foundation (CDRF)
of the State Council of China launched the One Village One Preschool (OVOP) initia-
tive, which aims to guarantee ECE access to all children in China. This initiative will be
written into national policy in the next 3 years. Promising levels of progress have been
made since the initiative’s launch; however, what remains to be decided is if ECE service
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should cover 2 years (equivalent to 1 year of pre-kindergarten (PreK) þ 1 year of kinder-
garten in the U.S. context) or 3 years (equivalent to 2 years of PreK þ 1 year of kinder-
garten) of services for each child (To clarify, the 3-year OVOP group started at age 4,
and the 2-year OVOP group started at age 5). This study aimed to address this question
by comparing the long-term achievement (up to 4th grade in elementary school) of chil-
dren in high poverty communities in rural China who received 2 or 3 years of the
OVOP intervention compared to those who received early childhood services in other
auspices or not at all.

Background

Early Childhood Intervention for Low-Income Families

Poverty poses social, psychological, biological and safety threats to child development
(Walker et al., 2011). Researchers have pointed to ECE as the most effective leverage
against poverty-induced inequality in social and human capital (Engle et al., 2011;
Richter et al., 2017). Studies have shown that among all children who received early
education interventions, children from high poverty families benefited the most
(Berlinski et al., 2008) in school readiness and long-term academic success (Duncan &
Magnuson, 2013; McCoy et al., 2017). Nevertheless, children in impoverished families
were half as likely to attend ECE as their high-income counterparts (UNICEF , 2015)—a
phenomenon known as “accessibility inequality.” Accessibility inequality further exacer-
bates achievement gaps between social economic classes; for example, proxy measures of
stunting and poverty indicate that 43% (250 million) of children younger than 5 in low
SES families in developing countries are at risk of not reaching their developmental
potential (Black et al., 2017). To address this accessibility challenge, many developing
countries have devoted financial (Fiszbein & Schady, 2009; Handa & Davis, 2006), nutri-
tional (Hoddinott et al., 2008), and educational (Baker-Henningham et al., 2009) resour-
ces to improve access to ECE for young children placed at high risk by poverty.

In the case of China, the ECE attendance rate increased seven-fold (from 11% to
77%) between 1976 and 2016 (Li, 2017). Nearly all children (98.4%) in urban areas in
China have access to ECE (Ministry of Education China, Office of the Press Secretary,
2017), whereas only 30.1% of children from the poor and rural areas (mostly located in
central and western China) have access to ECE (Zhang, 2015). The China Development
Research Foundation (CDRF) of the State Council of China launched the One Village
One Preschool (OVOP) initiative in 2009, with the aim of guaranteeing ECE access to
all young children in rural China in next decade. The OVOP initiative will be intro-
duced in detail below.

Value Added by One More Year in ECE

Building on success in improving ECE access for young children, scholars have pro-
posed expanding exposure to ECE for children in poverty by providing ECE to younger
children, in order to address the adversity due to poverty that begins early in life
(Duncan et al., 2012). This proposal raises as a central question the possibility of dosage
effects, specifically, the value added to developmental outcomes by 1 more year in ECE
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(Reynolds et al., 2011). Many have found that greater participation in ECE contributed
to better cognitive development for low SES children (Behrman et al., 2004; Dearing
et al., 2009), but some studies found longer ECE duration to be associated with negative
effects (Datta Gupta, & Simonson, 2010; Magnuson et al., 2007; Vandell et al., 2010). In
a meta-analysis of dosage effects, Nores and Barnett (2010) concluded that programs
shorter than 1-year yielded effect sizes of 0.2 SDs, whereas programs that lasted 3 years
yielded only 0.3 SDs, rather than the 0.6 that might be expected. Indeed, many ECE
programs produce nearly maximum effects with the first year of service (e.g. Gormley &
Gayer, 2005). Although additional years of ECE can produce modestly higher effects
than a single year (Belsky et al., 2007; Burchinal, 1999; Domitrovich et al., 2013; Skibbe
et al., 2011; Wen et al., 2012; Zaslow, 2013), the size of the gains declines in subsequent
years (Arteaga et al., 2014; Reynolds et al., 2011; Tarullo et al., 2013). This led scholars
to argue that additional years of ECE may be redundant (Reynolds et al., 2011) as they
do not provide unique increments to learning and development.

However, Jenkins et al. (2016), in an Oklahoma pre-K study, implicated the qual-
ity of the ECE experience by showing that children attending Head Start at age 3
and transitioning to academic pre-kindergarten programs at age 4 had better pre-
reading skills than children who attended Head Start at both ages 3 and 4. From a
policy perspective, prior dosage studies suggest investment in 1 year of ECE is the
most cost-efficient approach unless multiple years of ECE were aligned to children’s
developmental progression while also adding new academic challenges in subse-
quent years.

The Long-Term Effect and the “Fadeout Phenomenon”

Numerous research studies have found ECE to have a long-term effect on participants’
achievement in later years of schooling (Broekhuizen et al., 2016; Schweinhart, 2016) as
well as their lifelong well-being (Barnett, 1998; Heckman et al., 2006). In studies of
ECE’s effect on primary school achievement, Berlinski et al. (2009) found a year of ECE
was associated with an 8 percent increase in third grade test scores for a sample in
Argentina. Hungi and Ngware (2018) found students from Uganda who attended ECE
outperformed their counterparts who did not attend ECE in 6th grade math by 6 to 12
percent. In one study in Denmark, attending high quality preschool was reported to be
associated with 0.01 to 0.02 SDs improvement in ninth grade test scores (Bauchm€uller
et al., 2014).

Growing evidence, however, has shown that most of the benefits from public ECE
interventions remained short-term, fading by end of kindergarten or early grades of pri-
mary school (Puma et al., 2010; Weiland & Yoshikawa, 2013). Children who attended
ECE tend to regress to the grand average by the third grade (Lipsey et al., 2013; Puma
et al., 2012), the widely discussed “fadeout phenomenon” (Bailey et al., 2017; Bassok
et al., 2018; Lipsey et al., 2015; Miller & Bassok, 2019). Although Jenkins et al. (2018)
showed that professional supports to teachers substantially mitigated fadeout between
kindergarten and first grade, more studies agreed that the benefits of preschool pro-
grams are sustained minimally or not at all. For example, in a study of the Tennessee’s
Voluntary Pre-K Program, Lipsey et al. (2015) showed that program participants

JOURNAL OF RESEARCH ON EDUCATIONAL EFFECTIVENESS 219



significantly outperformed nonparticipants at the end of the preschool year, but the per-
formance of participants was matched or even exceeded by nonparticipants by the end
of the second grade.

Prior studies have shown that the third grade in primary school is a critical year in a
child’s academic growth. It is the grade in which students from disadvantaged back-
grounds, such as racial minority students (Fryer & Levitt, 2006) or students living in
poverty (Hernandez, 2011), showed a significant achievement gap that is not explainable
by observable covariates. It is also the grade in which teaching transitions, at least in
Anglophone countries, from a focus on “learning to read” (simple decoding) to “reading
to learn” (deep comprehension) (Fiester, 2010). Simple decoding skills are usually fully
covered by the first 2 years of primary education, but deep comprehension skills are not
readily trained in schools. They not only require a large amount of vocabulary that is
not taught in school, but also an understanding of real-world concepts that rely on rich
environmental and parental input (Snow et al., 1998), something that children in pov-
erty often lack. Skill differences that were not usually tested in kindergarten or the pri-
mary grades may manifest themselves as an achievement gap in test scores by the third
grade. For example, differences in the number sense skills in kindergarten or in the first
grade may evolve to become the mathematical proficiency gap by the third grade
(Jordan et al., 2010). Further, the achievement gap that emerges after the third grade
has a lasting impact on students’ high school performance and college enrollment levels
(Lesnick et al., 2010).

No study, to the best of our knowledge, has examined the relationship between the
duration of ECE enrollment and the magnitude of long-term fade out. One additional
year of ECE may yield a small and marginal increment of knowledge or skills at the end
of preschool but are these increments substantial enough to counteract the ECE fade
out by the third or fourth grade? Or conversely, do the incremental knowledge or skills
accumulated in an extra year of ECE fade out by the third or fourth grade? This is a
question that interests both policy makers and educational theorists around the world.
Unfortunately, there has not been any research on either the ECE duration effect or the
fade out phenomenon in China; thus, one purpose of the current work is to explore
whether duration effects and fadeout phenomena apply to the Chinese context.

One Village One Preschool: The Chinese Experience

In China, fast but concentrated economic growth has led to an expanded wealth gap
between families from urban and rural areas. In 2016, the ratio of average per capita
disposable income (PCDI) of urban to rural China was 2.72 (China State Statistics
Bureau, 2017). As mentioned earlier, nearly all children (98.4%) in urban areas of China
have access to ECE (Ministry of Education China Office of the Press Secretary, 2017),
but only 30.1% of children from the poor and rural areas have access to ECE
(Zhang, 2015).

Before the above mentioned OVOP initiative, there were only two types ECE centers
that families in rural China could choose from: township public or township private
ECE. Supported by public funds, public ECE centers in towns usually enjoy better phys-
ical environments, better teacher compensation, longer teacher retention, and higher

220 S. CHEN ET AL.



teacher-student ratios (1:18) than private centers (1:30). In contrast, private ECE centers
in rural Chinese towns are inferior on several indicators of quality, including facilities
and teacher preparation. Private centers mainly serve parents and children who are
unable to access public centers due to household registration issues, financial and com-
muting concerns, or SES background. Almost all ECE centers were built in town cen-
ters, with very few in the neighboring villages that the towns administer. Regardless of
the type of ECE, if a parent from a village wishes to send his/her child to ECE, he/she
has to bring the child to the town center. Travel distance and the cost of tuition may
deter families living in remote villages from participating.

Launched by China Development Research Foundation (CDRF) of the State Council of
China in 2009, the One Village One Preschool (OVOP) initiative is the only nation-wide
preschool program that aims to provide accessible free early education experience to chil-
dren in remote villages. Our earlier study (Chen et al., 2019) has shown that OVOP has posi-
tive fadeout-resistant impacts on young children’s academic achievement in elementary
schools. In particular, whereas the test score rankings of students from the no-ECE and
township private ECE groups decreased by the later years of elementary school, students
from the OVOP group and the township public ECE group gained in rankings.

By 2020, OVOP will be incorporated into national policy that guarantees each pov-
erty-stricken village with at least ten 3–6-year old children a minimum of one local,
cost-free ECE center. To achieve full coverage of all poverty-stricken villages in China,
about 100,000 OVOP centers will need to be built. As of 2018, 2,800 OVOP centers had
been established in nine provinces. Cumulatively, 170,000 children have benefited from
the OVOP program. It is estimated that enrolling each student costs 1700-2300 RMB
(240–330 USD) annually

In the year 2012–2013, the OVOP initiative was in an early stage of development,
and the total amount of funding was limited. Because the annual funding per classroom
was the same across all centers, CDRF could not guarantee the 3-year program to all
centers. Thus, 3-year centers were assigned to the poorest villages among the poverty-
stricken villages, and 2-year centers were assigned to the rest. However, there were
many village-level factors that determined the poverty metric of a village; if we compare
the average family incomes between the children enrolled in the 2-year and 3-year cen-
ters, they were very similar. The 2-year and 3-year OVOP centers were nearly the same
in teacher recruitment, school facilities, curriculum, and admissions policy, since they
were given the same amount of annual funding per classroom.

The assignment of 2-year versus 3-year centers reflected the tradeoff between expand-
ing the number of centers and prolonging the duration of attendance in the extreme
poverty regions. As the scale of this national project continues to expand, this tradeoff
remains an active topic of discussion among policy makers and scholars. It is thus of
imminent importance to evaluate whether sustainable benefits of 1 more year of access
to the OVOP program for children’s long-term development offset the additional cost.

Research Questions

In this study, we obtained a complete sample of all fourth-grade students in Songtao, a
national level poverty-stricken county in southwestern China. Each student had one of

JOURNAL OF RESEARCH ON EDUCATIONAL EFFECTIVENESS 221



five different ECE experiences: 3-year OVOP, 2-year OVOP, 3-year township public
ECE, 3-year township private ECE, or no ECE. Using multinomial propensity score
weighting to balance the covariates (e.g. gender, single child, poverty level, left-behind
child, parent occupation and residential registration status) that may influence the ECE
enrollment, we asked:

RQ1: Did the two OVOP groups achieve a higher score rankings than the no-ECE, township
private or township public ECE groups by the end of the first grade in elementary school? In
addition, did the 3-year OVOP group differ from the 2-year OVOP group?

RQ2: Assuming linear growth for each group from the first to the fourth grade, did the
two OVOP groups achieve a steeper growth rate, compared to the other three groups from
the first to the fourth grade in elementary school? In addition, did the 3-year OVOP group
and the 2-year OVOP group have different growth rates?

RQ2: Assuming a discrete rate of growth for each group from the first to the fourth grade,
did any of the five groups showed a decrease in rankings at the third grade? If there were
declines in rank, did the 3-year OVOP group and the 2-year OVOP group have different
magnitude of decline?

Method

Research Site

The participants of this study were from the Songtao Miao-Ethnic-Minority
Autonomous County (Songtao) in Guizhou Province. Guizhou is one of the five poorest
and most economically undeveloped provinces in China. It is located in the southwest-
ern mountainous part of China. Guizhou is also one of the most ethnically diverse prov-
inces in China; 37% of the population are members of ethnic minority groups.

Songtao County has a population of 740,000, and ethnic minority groups (primarily
of the Miao ethnicity) account constitute more than 68.1% of the population.

Sample

The sample for this study is a complete dataset of all fourth-year elementary school stu-
dents in Songtao county, Guizhou province, during the year 2015 to 2018 as docu-
mented by the county education department. All of the information used in the analysis
in this article was provided by the country education department. The county education
department in Songtao has information in each child’s schooling record that includes
schooling history (e.g., which type of kindergarten the child attended) and the final
exam scores in each subject for each school-year starting from elementary school. The
registration of this information is mandated by law in China. The analytic sample
included all children for whom test scores at grade 4 were available. Due to the
Compulsory Education Law in China, the attrition from grade 1 to grade 4 was less
than 0.5%, suggesting that our sample represents something close to the entire Songtao
4th grade population in 2018.

The total sample was 23,775 students with the following preschool experiences: 1,712
of them did not attend any early childhood education center prior to elementary school
(no-ECE group), 11,674 attended township public kindergartens (111 number of 3-year
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Town-Public group), 4,921 attended private township kindergartens (109 number of 3-
year Town-Private group), 3,813 attended OVOP for 2 years (200 number of 2-year-
OVOP group, enrolled in 2013), and 1,656 attended OVOP for 3 years (100 number of
3-year-OVOP group, enrolled in 2012).

Table 1 shows the students’ first year grades, as well as their background informa-
tion. In general, students who went to township public kindergartens had higher first
year grades in elementary school, and they were also more likely to come from
higher SES backgrounds. Students who went to township private kindergartens had
the second-best SES background on average, yet their first-year elementary school
grades were the second-lowest among the five groups. Students who went to 3 or 3
years of OVOP had similar SES backgrounds to those who did not enroll in any
ECE. These three groups were equivalently the lowest SES groups. The no-ECE
group had the lowest first year grades in elementary school, whereas the 2-year and
3-year OVOP groups had equivalently the second-best first-year elementary school
grades among the five groups.

The 3-year and 2-year OVOP groups are very similar on most variables except that
the 3-year OVOP had more boys and fewer children with special needs than the 2-year
OVOP group (marked † in Table 1). Compared to the resource-rich township public
kindergartens, the 3-year OVOP group had fewer children from single child families,
more left- behind children, a higher probability of poverty, lower maternal education,
lower probability of township Hukou (residence permit), and less probability of Han
ethnicity. Parents of public township kindergarten children had a significantly higher
percentage of township Hukou than other groups.

OVOP: The Intervention

The OVOP intervention encompasses the physical buildings and facilities established as
OVOP centers, the educational components (e.g. curriculum, classroom teaching, and

Table 1. Descriptive statistics grouped by ECE types.
3-year-OVOP 2-year-OVOP Town Private Town Public No ECE

Sample size 1,656 3,813 4,921 11,674 1,712
Chinese-year-1
mean 76.80 76.60 68.00 78.80 60.80
(sd) (16.80) (16.20) (16.60) (15.60) (14.90)

Math-year-1
mean 76.90 76.50 68.00 78.70 60.80
(sd) (16.80) (16.20) (16.70) (15.50) (15.10)

English-year-1
mean 76.80 76.50 68.00 78.70 60.80
(sd) (16.80) (16.20) (16.70) (15.50) (15.10)

Sum-score-year-1
mean 230.00 230.00 204.00 236.00 182.00
(sd) (49.80) (47.90) (49.30) (45.80) (44.30)

Single child 44.60% 43.20% 47.80% 49.20% 42.00%
Left behind child 39.30% 38.60% 28.20% 17.10% 37.40%
Child w/ special need 6.76% 8.86% 4.57% 2.28% 8.05%
Poverty 12.70% 14.00% 2.23% 0.53% 14.10%
Mom w/ high school edu 23.30% 23.20% 39.70% 50.50% 24.80%
Mom township Hukou 11.40% 12.40% 26.30% 80.80% 14.30%
Dad township Hukou 7.25% 8.03% 22.70% 75.60% 6.52%
Han ethnicity 20.10% 18.10% 36.90% 39.30% 21.30%
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teacher training) of the OVOP program, and the policy and organizational operations
(e.g. funding, policy making) of the OVOP initiative.

Buildings and Facilities
One critical challenge that children and their families living in rural villages faced was
the commuting time for ECE. Few villages had ECE centers before the implementation
of OVOP. Typically, parents and children needed to spend hours commuting to schools
in townships, which is a significant investment of time and discourages participation.
Therefore, OVOP aims to provide centers within reach of villages and neighboring fami-
lies. The OVOP rents, repairs and decorates unused buildings that belong to elementary
schools or village committees as venues. A CDRF survey indicates that 75% of OVOP
centers are located within 30-minutes’ walking distance to children’s homes.

Besides the basic settings of classrooms, the survey found 65% of the centers have facili-
ties to serve lunch and 32% have spaces where children can take afternoon naps. Some
OVOP centers offer supplementary nutrition like afternoon snacks, and vitamin tablets.

Teacher and Professional Development
Local Education Bureaus manage the recruitment, selection, and orientation training of
OVOP teachers. Typically, OVOP recruits graduates from local vocational schools or
colleges who understand the dialects, ethnic languages, and culture of the area. CDRF’s
statistics from 2018 show that the average age of OVOP teachers is 28-years-old; 42.81%
graduated from local teacher training vocational schools or colleges.

OVOP teachers have multiple professional development opportunities. Depending on
the Education Bureau of each county, every school year the OVOP teachers may attend
lectures, visit township public kindergartens, and study with experienced teachers from
city kindergartens.

Class Organization and Curriculum
Most OVOP schools have a relatively small class size. The teacher-child ratio of OVOP
schools is around 1:17, which is larger than the ratio of the low-quality township kin-
dergartens and close to the ratio of well-resourced township public kindergartens. A sig-
nificant feature of OVOP classes is that the children are of mixed-ages. More than half
OVOP schools have only one class where children aged from 3 to 6-years-old play and
learn together. Mixed-age ECE is not common in China, and there is no curriculum for
mixed-age ECE available for use. OVOP teachers rely on the curriculum of the local
township public kindergartens and teachers may not design their own lesson plans. No
particular, well-designed curriculum has been developed for OVOP yet.

Sponsors and Funding of OVOP

Sponsors
The OVOP has three major sponsors: CDRF, county governments, and other charitable
organizations. CDRF initiated the project, provided plans, raised seed funding, moni-
tored the project, and sponsored an evaluation. Local governments signed contracts
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with CDRF and collaborated with local villages and schools. They decided the number,
location, and management of OVOP centers. The County Education Bureau is in charge
of the daily schedule, teacher recruiting, professional training, and quality monitoring.

Funding
CDRF raised funds from enterprises, charitable organizations, and individuals to cover
the basic cost of each OVOP. Typically, an OVOP with 20 students has operational
costs of 30,000–50,000 RMB (about $4,500–$7,500) annually, which equals $225–$375
per student per year. CDRF pays for supplemental nutrition at a cost of 1.5 RMB per
day ($0.22). CDRF also subsidizes each teacher 1,300 RMB ($194) and provides a 300
RMB ($45) commuting allowance per month. Every semester, a teacher has a training
budget of 500 RMB ($75), while a classroom has an equivalent budget for toys and
books. The monitoring and evaluation budget for each OVOP is 2,200 RMB ($328)
per year.

Local governments provide each OVOP with 20,000 RMB ($3,000) to rebuild the
campus, renovate, and decorate the classroom environment, and purchase furniture and
playground equipment. Public funding from local governments provides extra subsidies
to teachers and their professional development. Some counties provide more funding to
cover CDRF’s expenses. It is noteworthy that the competitive salary and professional
benefits hardly attract township teachers to transfer to the villages because the living
conditions in the village are much worse than in the township. CDRF adopted the “hire
local and train local” strategy to recruit local villagers who recently graduated from high
school. The salary and benefits were designed to attract local youth who would other-
wise have left the village in search of better-paying jobs to stay and teach in the village.

The Development of OVOP

Phase 1: 2009–2011
The first two experimental field sites of the OVOP were Ledu, in Qinghai Province and
Xundian, in Yunnan Province. CDRF started by renting unused village residences as
venues, recruited qualified teachers, and provided at least two-half day ECE service in
rural villages. During this period, an OVOP only opened for half days, to allow one
teacher to rotate between two centers every workday.

Phase 2: 2012–2017
The rich experiences of OVOP in Ledu and Xundian have been extended to fifteen
national level poverty-stricken counties in Guizhou (our study site—Songtao county—is
in Guizhou province and joined the OVOP Initiative in Phase 2), Sichuan, Hunan,
Xinjiang, Shanxi, and Gansu provinces.

Phase 3: 2017–Present Day
To respond to the national Targeted Poverty Alleviation Policy (Hu, 2016), the OVOP
moved from being a social experiment to large-scale ECE policy for rural China. The

JOURNAL OF RESEARCH ON EDUCATIONAL EFFECTIVENESS 225



goal of OVOP during this phase was to improve the quality of OVOP, bring compre-
hensive ECE coverage to the most vulnerable 20% of children in China free of charge,
and to build at least one OVOP center in every qualifying village.

Measures

Outcome
Academic achievement tests in Chinese, mathematics, and English were administrated at
the end of the school year in the first to fourth grade. Within each grade, we calculated
students’ standardized score (z-score) for each subject as well as for the sum score. We
term the standardized scores respectively, Chinese, Mathematics, English, and total.
Each score was treated as the outcome variable in separate models. We only had access
to students’ final test scores, but not item scores. Thus, we could not calculate the
internal reliability of the tests.

Predictors
In our sample, the major predictor was type of ECE education experience. Every elem-
entary school documented students’ early education experience during the admission
process. There are five types: 3-year OVOP, which served about 7% of the Songtao ECE
participants; 2-year OVOP, serving about 16%; township public kindergarten (public
center), serving about 49%; township private kindergarten (private center), which served
about 21%; or no early childhood education (no ECE) which was 7% of the sample.

OVOP
There were 5,469 students enrolled in OVOP Songtao before they entered elementary
school. 1,656 of the students enrolled in OVOP from 2012 to 2015 (3-year OVOP
group), and 3,813 of the students enrolled from 2013 to 2015 (2-year OVOP group).

Township Public ECE (Public Center)
In our sample, 11,674 students were enrolled in public centers. The township public
ECE settings are funded and supervised by the local government. The Education
Commission of Songtao consults on public centers’ curriculum design and teaching
quality. Typically, teachers working in public centers have more education than those
working in private centers. They also enjoy higher salaries, better social benefits, and
more professional development opportunities.

Township Private ECE (Private Center)
There were 4,921 students in the sample enrolled in private centers, which are run by
private individuals or companies and have limited government support for financial
needs or for the professional development of teachers. Teachers in private centers have
lower salaries and fewer social benefits than do teachers at public centers.
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No ECE
In the sample, 1,712 students had no early childhood education experience.

Control Variables
The National Compulsory Education Information Gathering System (NCEIGS) collects
students’ basic demographic and family information (gender, hukou). CDRF sent out
surveys to collect additional background information, including left-behind status (if
both parents were working in urban regions and not living with the child), special
needs, poverty, mother’s education. Based on child development theories, we selected
critical control variables that matter to young children’s academic achievement and that
may influence the choice of different types of ECE settings. Information on these child-
ren’s demographic features, family, and parental characteristics was collected during
September 2018.

Girl
The dummy variable of gender. We code girl ¼ 1.

Only Child
This dummy variable ¼ 1 means the student is the only child in the family.

Left-Behind Child
The left-behind child ¼ 1 means the student remains in a rural region while both
parents have left the region for work in urban areas. Left-behind children are taken care
of by relatives, usually by grandparents or family friends, who stay in the rural areas.

Special Needs
In our sample there are three types of special-needs children: (a) those with physical
disabilities, (b) intelligence challenges, and (c) orphans. The special needs ¼ 1 means
the child was classified as belonging to at least one of the three categories.

Poverty
Poverty is a dummy variable that indicates the income of the family. Poverty ¼ 1 means
the family total annual income is lower than the Chinese national poverty line (lower
than 320 USD); Poverty ¼ 0 means the family’s total annual income is above the pov-
erty line; it is noteworthy that the average annual individual income was lower than 320
USD in Songtao county as of 2012.

Guardian as Parents
This dummy variable was scored as 1 if the child was living with at least one of his or
her parents.
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Township Hukou: Mother
A score of 0 on this dummy variable indicated that the mother of the child had an agri-
culture household registration (agriculture hukou) and was working in the field of farm-
ing. A score of 1 on this variable indicated that the mother has township Hukou. The
Hukou system in China is a family registration program that can be considered a
domestic passport. People with agricultural Hukous are not given access to social wel-
fare in townships or cities (i.e., public services, healthcare, jobs). Each year there is a
strictly enforced quota on the number of hukous that may be converted. Only people
who have agricultural hukous are allowed to own land for farming (Zhou, 2020).
Predictably, the township public and township private groups were more likely to have
township hukous than the OVOP group.

Township Hukou: Father
Defined and coded in the same manner as the Hukou for mother.

Mother’s Education
The education degree of the mother.

Analytic Approach

A critical challenge of this study was selection bias. Parents who chose different ECE
types differ in ways that may also influence child development. A direct application of
OLS regression cannot parse out the confounding effects. More problematically, OLS
could be heavily influenced by extreme values, especially when sample sizes differ
greatly and covariates overlap poorly between groups (see Ho et al., 2007). Thus, we
used multinomial propensity score weighting (MPSW) techniques to balance the pre-
treatment variables between groups and to minimize bias. MPSW estimation approaches
reconstructed the observational data to mimic experimental data and equated multiple
groups based on the probability of receiving the treatment given pretreatment variables.
By balancing pretreatment variables, MPSW techniques can reduce selection bias in
nonexperimental studies.

Using multinomial propensity score weighing, we have reached a good balance in
each of the covariates between every pair of groups (p value > 0.05 in all cases). The
balance check shows that before weighting, there were significant differences on many
covariates between groups; and after weighting all mean difference p-values or KS test
p-values were bigger than 0.05.

We compared the model before and after applying multinomial propensity score
weighting, the results are identical in terms of the ranking and growth of each group. In
this study, we only reported the result after weighting.

The students in our sample are clustered in schools. Please note that we did not use
multilevel regression although it is typically the preferred choice for a hierarchical data
structure. In this case, elementary school information was a post-treatment variable
(meaning that children went to elementary school after receiving the ECE treatment).
Variables that are in part a consequence of the treatment variable should never be
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controlled for when estimating a causal effect (Ho et al., 2007; Rosenbaum, 1984).
Controlling for the consequences of a causal variable can severely bias a causal infer-
ence. This “post-treatment bias” is common in social science studies (King and Zeng,
2007). It is not advisable to control post-treatment variables after weighting or match-
ing, either as controlled variables or as multilevel clustering (e.g., Chen et al., 2019;
Montgomery et al., 2018), because it would re-introduce post-treatment bias. In our esti-
mation, that would undermine the effect of using the IPW bias reduction (see detailed
statistical explanation in Rosenbaum, 1984). To deliver conservative estimates in nested
data structures without using multilevel modeling, we reported robust standard errors to
protect against Type I error inflation.

Results

Because we were not only interested in the students’ first year elementary school grades
(the intercept) but also the slopes of their longitudinal trajectory, we adopted a longitu-
dinal growth model (Singer & Willett, 2003) in our estimation of the ECE effects for
the Z-score for each subject (and also for the total). We first assumed that the effect of
time (years in our case) was linear. In the alternative models, we relaxed the linear
assumption and treated years as discrete dummy variables. Both specifications are pre-
sented in Table 2, where L indicates linear year, and D indicates discrete year. The refer-
ence ECE type is No-ECE. When year was treated as discrete, the reference year is the
first year. We also allowed the effect of year to vary by ECE types; therefore, we
included interaction effects between year and ECE types in our model.

First, by examining the intercept and the main effects of ECEs, we found the Town-
Public group had the highest first year grades in all subjects, followed by the 3-year-
OVOP, 2-year-OVOP, Town-Private, and lastly No-ECE groups. The first-year grades of
the 3-year-OVOP and the 2-year-OVOP groups were not statistically significantly differ-
ent from one another. Town-Private had significantly lower first year grades than
Town-Public and the two OVOP groups but significantly higher than the No-ECE
group. This ranking can be seen from the intercepts in Figures 1 or 2.

Second, the growth slopes were complicated by the significant effect of year and the
significant interaction effects between year and ECE type. It was best summarized by
Figure 1 for linear growth and Figure 2 for discrete growth. Because all the subjects had
nearly identical intercepts and growth trends, we only illustrated the total scores as the
outcomes in Figures 1 and 2.

Focusing on the linear specification of year, in Figure 1, we see nearly flat growth in
the Town-Public group. Town-Public remained the top group across the first 4 years of
elementary school. The 3-year-OVOP group had a positive slope. Its average sum score
increased by 0.02 standard deviations each year. Additionally, by the 4th grade, they had
decreased their gap with the Town-Public group from 0.14 SD to 0.05 SD.

By contrast, the 2-year-OVOP group had a negative slope of 0.03 SD and decrease in
Z-score per year. Although the 3-year-OVOP and 2-year-OVOP had nearly identical
grades in the first year (0.02 SD), the 2-year-OVOP group trailed behind the 3-year-
OVOP group by as much as 0.18 SD by the fourth year. Town-Private had positive
slope similar to the magnitude of the 3-year-OVOP group; its total Z-score grew by
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0.02 per year. Although they were still behind the 2-year-OVOP group by 0.28 SD, their
group average sum score was only 0.01 SD from the grand mean. The No-ECE group
had a negative slope, decreasing by 0.02 SD per year.

We will shift our focus to the discrete specification of year as shown by Figure 2,
where we see that most “eventful” year was grade 3. According to the discrete time
model, the 3-year-OVOP group had surpassed the Town-Public group at year three,
although they fell behind again in year four. The 2-year-OVOP group’s Z-score dropped
by 0.23 SD in comparison to its second year. It increased this gap from 3-year-OVOP,
from only 0.05 SD by the second year to 0.26 SD. The Town-Private group increased by
0.05 SD from the second to the third year. The No-ECE group’s average third year Z-
score was the same as their first year; however, their second- and fourth-year measure-
ments had significantly lower Z-scores by 0.04 and 0.07 SD. The group means for
Figure 2 can be found in Table 3 in the online supplementary materials.

In summary, Town-Public consistently achieved the highest grades on average,
and its Z-score remained flat. The 3-year-OVOP and 2-year-OVOP groups started off
at the same grade in the first year, but the 3-year-OVOP group grew steadily while the
2-year-OVOP group declined. The decline of the 2-year-OVOP was the steepest in grade
3. Town-Private grew at a similar pace to that of the 3-year-OVOP group, with its larg-
est gain occurring in the third year. The No-ECE group ranked last in the first year,
and its ranking kept declining. The relative intercept and trend among the five groups
remained nearly identical for each of the individual subjects.

Although the 3-year-OVOP and 2-year-OVOP groups shared a similarly low SES
background with the No-ECE group, they out-scored the No-ECE group by 0.95 and

Figure 1. Predicted Z-score, with 95% confidence intervals, of the sum of three subjects (Chinese,
math and English) as a function of linear elementary school year and ECE type.
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0.92 SD respectively by the first year of elementary school. They out-scored the No-ECE
by 1.06 and 0.88 SD respectively by the fourth year. Although Town-Private had a simi-
larly high SES background to that of the Town-Public group, and was much higher
than the two OVOP groups, the grades of Town-Private children consistently fell behind
the two OVOP groups. This pattern was confirmed in analyses conducted both with
and without propensity score weighting.

Discussion

Motivated by the new direction of early childhood education policy in China, which
seeks a balance between expanding scale and lengthening service duration, this study
aimed to evaluate the additive effect of 1 more year of the OVOP program on children’s
intercept, growth rate, and potential fade out rate in elementary school. In the context
of China, this is the first study that compared the 3-year OVOP and 2-year OVOP pro-
grams; in the worldwide context, this is the first study to examine the relationship
between ECE duration and long-term fade out. To examine these research questions, we
collected a complete sample from fourth graders from Songtao County in 2018. We
used individual growth modeling with multinomial propensity score weighting approach
to compare students’ Chinese, mathematics, and English test score rankings and growth
among five ECE conditions: 3-year OVOP, 2-year OVOP, township public, township
private or no-ECE.

Our findings showed that (a) 3-year and 2-year OVOP groups achieved similar rank-
ings in all subjects by the end of first grade, which was lower than township public ECE

Figure 2. Predicted Z-score, with 95% confidence intervals, of the sum of three subjects (Chinese,
math and English) as a function of discontinuous elementary school year and ECE type.
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group but higher than the township private or no-ECE group. (b) the 3-year OVOP
group had a positive growth rate, but the 2-year OVOP group had a negative growth
rate. By the third or fourth grade, the 3-year OVOP group had matched the township
public ECE group, and the 2-year OVOP group, although still ranked above the town-
ship private or no-ECE groups, lagged behind the 3-year OVOP group by about 0.2
SDs. (c) when individual growth was modeled to be discrete (rather than linear), we dis-
covered that the 2-year OVOP group had the largest magnitude of fade out at the end
of the third grade, whereas the 3-year OVOP group maintained, and even slightly
improved, its ranking. We discuss three major findings below.

ECE Effect

If we only focus on the first-grade results, our findings concurred with the prior litera-
ture in two aspects: a positive ECE effect and a negligible dosage effect. Focusing on the
ECE effect, we found that either type of OVOP experience would place the students, on
average, 0.3 SDs above the grand mean. This is not only 0.7 SDs above the no-ECE
group, but also 0.4 SDs above the township private ECE group. Considering the lack of
resources, experience, and high poverty environment in the OVOP program as com-
pared to township public ECE centers, it was not surprising that students in the OVOP
groups did not achieve test scores as high as the township public ECE group by the end
of the first grade. It was, however, somewhat surprising that OVOP groups consistently
outperformed the township private ECE group in all four grades, considering that the
township ECE groups have been operating for many more years than OVOP centers
and that the town centers are relatively more affluent and more stimulating than the vil-
lage locations. Three factors may explain the advantage of OVOP centers over township
private centers: (a) OVOP centers were located in the same villages where the children
live. Several children who went to the township centers had transferred to the OVOP
centers when they found the OVOP was a more convenient and safe choice with the
walking-distance commute, as compared to the daily long-distance travel between vil-
lages and town centers. Vernon-Feagans et al. (2012) showed that exhausting daily com-
muting routines may be associated with negative developmental effects. (b) OVOP
centers offer teachers more competitive salaries than the township private ECE centers,
and OVOP centers also offer government staffing status and government subsidies that
township private centers do not offer. Thus, OVOP centers may retain teachers for a
longer period of time, whereas township private centers are disrupted by high teacher
turn-over. (c) OVOP centers have a higher teacher-student ratio than the township pri-
vate centers, so OVOP children received more attention from teachers in a less crowded
or chaotic classroom environment.

Dosage Effect

Regarding the dosage effect as observed by the end of first grade, we found that the 3-year
OVOP group did not produce significantly more benefit than the 2-year OVOP group. This
finding agreed with most recent research in the dosage effect. Specifically, that additional
years in OVOP did not increase the benefit incrementally (e.g. Arteaga et al., 2014; Ramey
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et al., 2000; Tarullo et al., 2013). This is mainly because, as argued by Jenkins et al. (2016),
most of the public ECE interventions were not designed to build on (academic) gains and
spending 1 more year would not introduce incrementally new knowledge or skills to the
children. Reynold et al. (2011) once suggested that one additional year of ECE intervention
was, in most cases redundant, a pessimistic appraisal of the dosage effect. Had we only
observed the first-grade outcomes, we would have likely accepted this appraisal.

Nevertheless, when we expanded our view beyond the first grade to include the first
to fourth grades trajectories, based on either the linear or discrete model, we came to a
very different conclusion and a much more optimistic evaluation of the dosage effect.
First of all, the linear model showed that the 3-year OVOP group had a positive slope
of 0.02 SDs per year, but the 2-year OVOP group had a negative slope of 0.03 SDs per
year. By the end of the fourth year, the 3-year OVOP had nearly caught up with the
township public ECE group, whereas the 2-year OVOP group trailed behind the 2-year
OVOP group by 0.18 SDs. It was surprising that the two OVOP groups that started off
the first grade with identical rankings in all subjects would diverge from one another by
0.18 SDs in 4 years, with a separation rate of 0.045 SDs per year.

To attain a better understanding of the different trajectories between 3-year and 2-
year OVOP groups, we will now shift our attention to the discrete model. The discrete
model presented one salient message: the 2-year OVOP group had a large magnitude
(0.2 SDs) of fade out at the end of the third grade, whereas the 3-year OVOP group
maintained its ranking and improved slightly. The fade out trend observed in the 2-year
OVOP group confirmed the results of prior studies that show the benefit of public ECE
intervention tends to diminish over the long run, and this decline is the most noticeable
in the third grade.

As explained in the introduction, the fade out phenomenon may be attributable to
the heavy academic focus starting from grade three. A great amount of academic learn-
ing relies on out-of-class knowledge or fundamental cognitive skills that are not usually
measured in preschools or early years in elementary schools, which could explain the
contrasting fade out patterns of the 3-year and 2-year OVOP groups. One additional
year in OVOP, although it did not prepare students with incremental knowledge to help
them excel in tasks encountered in the first grade, may prepare the students with basic,
yet lasting skills that are developmentally appropriate for 4-year old children, such as
(a) world knowledge or vocabulary, (b) phonological awareness, (c) number sense skills,
or (d) self-regulation skills. If children enroll in OVOP at the age of 5 (2-year OVOP
group), they likely have spent their time as 4-year-olds without any formal educational
input (like no-ECE children) since 38.6% of them were left-behind children cared for by
guardians with very limited education. None of these abovementioned skills were meas-
ured in the first or second grade countywide tests; they were nevertheless fundamental
to the advanced academic learning that started beginning in the third grade: world
knowledge and vocabulary are key predictors of reading comprehension (Snow, 2006);
number sense skill is a key predictor of mathematical operation (Jordan et al., 2010);
phonological awareness is a key predictor of English decoding skills (e.g. Torgesen et al.,
1997); and self-regulation is fundamental to long-term learning habits and resilience
(Nota et al., 2004). For example, students can be slow but still accurate in identifying
the Pinyin (phonetic aids for Chinese character reading) in the test in the first or second
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grade. As students reach the third grade, they start to “read to learn” which requires
proficient and fast-processing phonological skills to read without the aid of Pinyin; stu-
dents who had more exposure to early literacy skill training in kindergartens may excel
in this stage. In other words, it is possible that 1 additional year of the OVOP program
yielded “dormant” benefits that were not measured in the first 2 years of elementary
school where the focus of learning or testing was not on deep comprehension; however,
these dormant benefits could develop into critical and observable advantages in various
subjects as the focus of learning or testing shifted to deep comprehension.

Admittedly, we did not measure the intermediate skills that we speculate are at work,
and our speculation remains to be examined in future studies. What we can conclude is
that if we observe the course of a 4-year trajectory, 1 additional year of OVOP made a
huge difference in student learning: it shifted OVOP students from a course of gradual
fade out to sustainable growth that matched that of the children who received the high-
est quality ECE programs (the township public ECE group). The magic ingredient of
the one additional year of ECE remains to be studied in the future.

Future studies should conduct more in-depth explorations of the issue of “dosage.” In
the current study, we used “year” as a general time unit to compare the dosage effects
between 2-year OVOP and 3-year OVOP. Future studies could go deeper, adding the
dimension of early childhood education quality (e.g., dosage of curriculum implemented,
amount of teacher-child interaction, and children’s learning opportunities) to the calcu-
lation of dosage. This information will help us understand why and how the extra year
of preschool makes a difference in future academic outcomes.

Limitations

There were numerous limitations to this study.

a. As mentioned above, we did not measure or track students’ basic skills other
than subject test scores in preschool or in elementary school. Therefore, we could
not examine the dormant skills that contributed to the long-term bifurcation
between the 3-year and 2-year OVOP groups.

b. we did not observe the classroom practices in the OVOP programs. Teachers
have nearly absolute freedom to dictate the content, the pedagogy and the activ-
ities, so we could not tease out the unique events that occurred during the add-
itional year of OVOP. The research team is undergoing curriculum design to
improve the curriculum quality and consistency. It is also experimenting with
different curriculum and pedagogical features to accommodate the special needs
of children from poverty-stricken villages.

c. Songtao is only one country in southeastern China. Although we collected a
complete sample of the county, we could not generalize our findings to all pov-
erty-stricken counties in China. Nevertheless, there are reasons to believe that
the Songtao case may represent a typical comparison between OVOP and other
types of ECE centers:

Our study site—Songtao County—is one of the counties in Guizhou province offi-
cially categorized as poverty-stricken. Guizhou province was one of the first provinces
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to participate in the OVOP initiative (Phase 2) (the other province was Qinghai).
Guizhou province has by far the most comprehensive coverage of OVOP centers in pov-
erty areas. CDRF intended the Guizhou centers to serve as examples that other provin-
ces could learn from and emulate. Therefore, our study sites were designed to represent
the standard for OVOP centers in China.

The government of each province in China gave the same amount of budget per
pupil to each public kindergarten located in the province. According to Statistical
Announcement on the Implementation of National Education Funds in 2018 (Ministry
of Education of China, 2019), per pupil budget of kindergarten student of Guizhou
Province was identical to the national average (7992 RMB and 7671 RMB). Other prov-
inces ranked in the bottom 30% of GDP in China had similar per kindergarten student
expenditure with Guizhou. Thus, all public kindergartens in each poverty-stricken
county should have similar resources. In addition, the curriculum guidelines for all pub-
lic kindergartens are the same across China. Each province can select one curriculum
(including textbooks) from a list approved by the national Ministry of Education. The
public kindergartens in Songtao County use the similar curricula as other poverty-
stricken counties in China.

Private kindergartens in China have three curricular options: (a) choose from the list
of curricula that are approved by the national Ministry of Education, (b) do not use any
curriculum (very rare), and (c) design their own curriculum. In poverty-stricken areas
in China, most teachers in private kindergartens are not equipped to design curriculum
by themselves. Most of these kindergartens purchase the cheapest curricula from the
approved list. In addition, the amount of tuition that a private kindergarten can charge
is set by Administration of Commodity Prices based on the local family income. Thus,
the private kindergartens in the poverty areas all have about the similar amount of per
pupil budget.

This study replicated our earlier finding of the effectiveness of OVOP program (the
earlier study only examined the OVOP effect and did not examine dosage effect) in a
separate OVOP site in northwestern China (Chen et al., 2019). Thus, it incrementally
strengthened our confidence in the external validity of the OVOP effectiveness. As the
OVOP initiative is expanding to more counties, we will be able to evaluate the general-
izability of the OVOP effect, the dosage effect, and their relationships with the fade
out phenomenon.

We did not have information regarding elementary school characteristics in this
study. Not controlling for the elementary school information should not be considered
a major threat to the validity of our analysis because, as explained earlier, elementary
school enrollment is a post-treatment event in our study context, and there is estab-
lished literature in statistics that shows controlling for post-treatment information may
increase bias in the estimation of treatment effect. Nevertheless, collecting elementary
school information would allow us to examine if, and to what extent, students’ growth
can be attributed to elementary school heterogeneity. While acknowledging this limita-
tion, we argue that the elementary schools in a poverty-stricken county can be consid-
ered homogeneous.

In almost all poverty-stricken counties in China, there are not any elementary
schools at the village level. Elementary schools are only allocated to the township
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centers (this was also the problem with preschool education before the OVOP move-
ment—that all kindergartens were allocated to the townships, not any to villages).
Songtao County has 28 townships, each consisting of about 20 villages. Each town-
ship has 2 or 3 elementary schools that admit all students from the township center
and the villages affiliated with the township non-selectively. In other words, students
from villages go to the elementary schools in the nearest township centers. All town-
ships that equally share (weighted by population) the county-wide fiscal revenue and
subsidiaries from the central government have roughly the same level of poverty.
The teachers in elementary schools are trained and certified by exactly the same
teacher training program organized by the county level education department, in the
county capital. These teachers are randomly assigned to elementary schools in each
township within the county. Teachers rotate between elementary schools every 3-
5 years. Therefore, all elementary schools (and middle schools) are designed to have
equal amounts of resources and to provide an equivalent level of quality in educa-
tion. Thus, we suggest that elementary schools in our study should be considered to
share homogeneous characteristics. It is noteworthy that this egalitarian policy is
only applied to poverty-stricken counties in China; non-poverty counties have a wide
divide in school quality associated with the SES distribution.

This study did not explore the impact of elementary schools’ quality on ECE effects’
longevity for two reasons: limited access to relevant data and to avoid post-treatment
bias. In the future, researchers should consider addressing whether fadeout, maintenance
or recovery of kindergarten impacts is related to elementary school quality by collecting
data on the quality of the elementary schools attended by children in the different
ECE groups.

Our multinomial propensity score weighting approach was intended to balance the
factors that influenced the treatment assignment mechanism; however, it did not address
all possible factors, thus we could not exclude the possibility self-selection bias and
could not make a strong causal argument. We will conduct randomized control trials to
make a robust evaluation of the causal impact of the OVOP program.

Conclusion

The OVOP initiative will be written into China’s the national policy by the next 5 years.
Building upon the initial success of the 2,800 OVOP centers, nearly 100,000 new OVOP
centers will be built in the next decade. In addition to expanding the quantity of centers,
scholars, practitioners, and policy makers are also interested in enhancing the quality
and long-term impact of OVOP programs to help children develop to their full poten-
tial. One possible approach to enhance the quality of the program is to extend the dur-
ation of the program for each child from 2 to 3 years, which will also increase the cost
of supporting each OVOP center. Thus, careful evaluation of the long-term benefits of 1
additional year of the OVOP program will provide important empirical evidence as to
the cost-efficiency of the program. Our study strongly suggested that the evaluation of
the cost-efficiency of public ECE programs in China should look beyond the early years
of elementary school, take into consideration the long-term trajectory, and consider sus-
tainable benefits relative to the fade out trend as one of the key indicators of
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effectiveness. From this perspective, our study has shown that 1 additional year of
OVOP program indeed brought children sustainable long-term benefits.
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