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Abstract

All governments who provide primary and secondary education must choose the number
of years of schooling needed to earn educational credentials such as a high school diploma. We
exploit a policy change in China to estimate the impact of this choice on schooling decisions
and labor supply. The policy extended the length of primary school by one year and was rolled
out gradually across China over 25 years. We show this has reallocated 850 billion person-
hours from labor to schooling to date, as the vast majority of affected individuals chose to
earn a credential despite the additional year in school this required. We use this result to
estimate the labor market returns to an additional year of schooling, holding highest credential
constant. We show that the year generates small average returns in the labor market, but
is highly redistributive towards China’s disadvantaged. We then provide evidence that our
estimate is very close to a parameter of central interest: the labor market returns to the human
capital accumulated in a year of school, isolated from the contribution of signaling. A cost-
benefit exercise estimates that the policy, while redistributive, generated a likely net loss of
tens of billions of dollars. We conclude with evidence that some of results are generalizable to
other contexts in the developing world.
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I. INTRODUCTION

A crucial role of government is to provide and regulate schooling, and a key decision governments
face is to determine the number of years needed to complete primary and secondary education.
This choice of “credential length” also generates an important empirical regularity: across the
majority of developing and developed countries, most individuals leave school and enter the labor
market after completing a given level of school and earning a credential, such as a middle or high
school diploma1. Credential length policy thus determines how most of the world’s people spend
the early productive years of their lives. Furthermore, this is an active policy area, with recent
changes to credential length in several developing countries.

In this paper, we exploit a policy change in China to estimate this type of policy’s impact
on schooling decisions and labor supply. In addition, we use this as variation to estimate three
key parameters characterizing the demand for educational credentials in modern-day China, the
returns to schooling in the Chinese labor market that accrue through human capital accumulation
as opposed to signaling, and the public finance implications of the policy we study.

In 1980 the Chinese government announced that it would increase by one the number of years
needed to complete primary school while leaving unchanged the national curriculum and length
of all other levels of schooling. This policy was rolled out gradually across localities over 25
years and has induced over 400 million people to spend an additional year in primary school so
far. The policy was implemented as a part of efforts to prepare China’s labor force for the shift
from a command to a market economy.

The policy went into effect in each locality at a time when the modal student (also the me-
dian) left school after spending eight years in school, five in primary and three in middle school,
and receiving her middle school diploma. The policy changed the parameters of the schooling
decision individuals faced. Now eight years of schooling meant six years in primary, two in mid-
dle, and no middle school credential. To keep credential attainment constant, our modal student
would have to spend an additional year in school and thus out of the labor market2. Given the
bunching at credential attainment years we observe prior to the policy, more than 75% of students
in our sample faced a similar decision, either at the middle school, high school, or tertiary margin.
Figure I depicts the Chinese education system before and after the policy change and this modal
student’s post-policy schooling decision.

1According to the 2014 Current Population Survey, approximately three quarters of US citizens aged 30-64 finish their
schooling in a credential attainment year. In our data from China, this fraction is more than 80%. We show in Section VI
that similar ratios present in 48 of the 74 countries in which we have Demographic and Health Surveys data on completed
years of schooling.

2Though middle school was made compulsory in 1986, in Appendix 3 we show evidence that the rollout of the
compulsory middle school policy has little effect on whether or not individuals complete middle school or earn at least a
middle school credential.
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Figure I: Years of schooling to earn credentials, pre- and post-policy
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This figure depicts the length and structure of the Chinese education system before the policy is
implemented in the left column, and after the policy is implemented in the right column. The y-
axis represents the number of years needed to complete a credential under normal circumstances.
Before the policy, it took five years to finish a primary school credential, as represented by the
height of the box labeled “Primary” in the left column. Middle, High, and Tertiary refer to junior
high school, senior high school, and university, respectively. To finish Middle School before the
policy is implemented, an individual would need 8 years of school - five years of Primary and
three of Middle, which can be read from the top line of the “Middle” box. The dashed bold line
stemming from the y-axis at y = 8 indicates that prior to the policy, the median and mode of years
of schooling is 8. The right column depicts the change introduced by the policy, adding an extra
year to the time it takes to attain a Primary credential. The thick lines connecting the left and
right columns depict the change in the total number of years it takes to earn each credential. The
dashed red lines show the trade-off that the modal student faces after the policy.
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We identify the causal effect of the policy on schooling and labor market outcomes using a re-
gression discontinuity (RD) design with time as the running variable3. We compare outcomes of
treated and untreated individuals within each locality, restricting our attention to those leaving pri-
mary school within a few years of when the policy took effect. This approach is similar to recent
work studying the impact of a sudden change in compulsory education in the UK (Oreopoulos,
2006; Clark and Royer, 2013). We take advantage of the fact that the policy was rolled out grad-
ually across China to flexibly capture differential regional trends, protecting against the risk of
upward bias in our research design (Stephens and Yang, 2014). We determine if, when, and how
the policy is implemented in each of China’s prefectures by collecting and coding hundreds of
official government documents, known as “educational gazetteers,” which report implementation
at the local level.

We first estimate the impact of this policy on years of schooling and the attainment of edu-
cational credentials. We show that total years of schooling increased by nearly one for affected
individuals, and we find no evidence of individuals offsetting the extra year of primary school
with a decrease in years of post-primary schooling or credential attainment. This pattern is driven
by a high and inelastic demand for earning a credential. In data on completed years of schooling,
we observe extensive bunching at credential attainment years prior to implementation of the pol-
icy. After the policy, we show that this bunching persists, and we find no evidence that the policy
changed the characteristics of who earns which credential. This means that the vast majority of
affected individuals chose to forgo a year of wages in the labor market to earn their final creden-
tial, and that the policy has reallocated nearly one trillion person-hours from the labor market to
the pursuit of schooling to date4.

We use these results to estimate a parameter of central interest in labor economics: the labor
market returns to an extra year of schooling, holding highest educational credential constant. We
exploit the large sample size of the 2005 Chinese mini-census to generate a precise but small
estimate: the extra year increases monthly income by 2.03%. We find no evidence that the ad-
ditional year affected other labor market indicators such as entrepreneurial activity, employment
status, and type of employer, i.e., private vs. government, suggesting that the income gains we
observe are likely to be flowing through the human capital accumulation channel and not through
selection into different types of employment.

This result is quite robust. Its magnitude and precision are stable across specification and
the choice of how many years of data around the first treatment year to include in the estimation
sample. We conduct a permutation test, drawing 1,000 sets of placebo treatment years and using
them to estimate placebo treatment effects. The distribution of these placebo estimates is centered
around zero and the true estimate falls well beyond two standard deviations from the mean, strong

3This could also be called an event study, but we use the RD label, as we make heavy use of the machinery for
establishing causal inference in that literature (Imbens and Lemieux, 2008; Lee and Card, 2008; Lee and Lemieux, 2010).

4China’s educational yearbooks estimate that 332,321,868 children graduated with six years of primary school between
1984 and 2009. The number of students leaving primary school between 2010-2015 under the six-year regime, assuming
negligible drop-out from primary school, is 90,045,459. The number graduating under this regime between 1981 and
1984 is not listed in the yearbooks. Using the proportions given in Figure A.1, we estimate that it is likely to be no more
than a few million students. We assume individuals spend 2,000 hours working in a year. We multiply the number of
affected individuals to date by the year of lost labor hours each forgoes to generate an estimate of approximately 0.85
trillion person-hours of labor reallocated to schooling between 1981 and 2015.
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evidence that our estimate is not merely a mechanical result of our choice of research design.
In contrast to our estimate of a two percent return to the year of schooling, other credibly

identified estimates from China and the developed world range from eight to 20 percent (Angrist
and Krueger, 1991; Ashenfelter, Harmon, and Oosterbeek, 1999; Oreopoulos, 2006; Liu and
Zhang, 2013). The naive correlation between years of schooling and earnings in our data is eight
to 14 percent per year of schooling. We claim that much of the difference between our estimate
and these much higher estimates is driven by our ability to shut down the signaling contribution to
the returns to schooling by holding highest credential constant. We show three pieces of evidence
in support of this claim.

The first is that the extra year appears to generate learning. We observe higher cognitive
skills test scores among the treated group5 as well as higher income gains among subgroups for
whom we expect the extra year of learning to be particularly beneficial. Furthermore, the extra
primary year is similar to other years of schooling in its curricular content, dispelling the concern
that this is a “wasted” year. The second is a set of results showing that our estimate is unlikely
to be biased downward by experience differentials6, attenuation, general equilibrium effects, or
a possible gap between our reduced-form treatment effect estimate and an IV estimate of the
parameter. The third is that our estimate is similar in magnitude to that of Li, Liu, and Zhang
(2012), the only other well-identified work we are aware of which attempts to disentangle the
human capital and signaling contributions to the labor market returns to schooling in China. We
use parameter estimates from our analysis and Li, Liu, and Zhang’s work to make a back-of-the-
envelope calculation of the relative importance of human capital accumulation and signaling in the
naive labor market returns to schooling we observe in the cross-section. Our calculation suggests
that between 57 and 60 percent of these returns are flowing through the signaling channel, with
the remainder coming from the returns to human capital accumulation in school.

A primary impact of this policy is the reallocation of 850 billion person-hours from work
to school. We perform a cost-benefit analysis to quantify the public finance implications of this
reallocation. We borrow the framework used in Duflo (2001), estimating the lifetime value of the
increase in monthly income conferred by the extra year of schooling and comparing it our estimate
of the cost of the lost year of productive activity in the labor market for affected individuals over
the lifetime of the policy. We generate four estimates, and in all but the most favorable scenario
the costs of the policy exceed its benefits by at least tens of billions of US dollars.

Finally, we ask how generalizable are our findings that the demand for educational credentials
is both high and inelastic with respect to the length of time it takes to earn these credentials? To
do so, we examine Demographic and Health Surveys (DHS) data collected in 74 countries on
completed years of schooling. We find patterns of bunching at credential attainment years similar
to those we observe in China, and consistent with a high value of credential attainment, in 48 of
these countries.

5This adds to recent evidence that there can be measurable adult returns to childhood interventions decades after the
intervention runs its course (Heckman, 2006; Chetty et al., 2011).

6Our research design involves comparing treated individuals who have one more year of schooling and one less year
of work experience to untreated individuals with one less year of schooling and one more year of work experience. We
calculate Manski bounds to show that the wage premium to the extra year of experience that the untreated benefit from is
low, on the order of 0-1.7 percentage points.
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Our paper contributes new evidence to three lines of empirical research on the economics
of education. The first line of research tries to disentangle the relative importance of signaling
and human capital in driving schooling decisions and the returns to schooling (Lang and Kropp,
1986; Tyler, Murnane, and Willett, 2000; Bedard, 2001; Grenet, 2013; Clark and Martorell, 2014).
The second line uses large changes in schooling policy from the developing world to assess the
merits of different policy options and their distributional effects (Duflo, 2001; Banerjee et al.,
2007; Lucas and Mbiti, 2012). The third shows the long-term impacts of early life schooling
interventions on cognitive ability and earnings in adulthood (Chetty et al., 2011; Fredriksson,
Öckert, and Oosterbeek, 2013).

The rest of the paper proceeds as follows. In Section II, we discuss the history of education in
modern China and describe the policy we study. In Section III, we describe the data we use and
our identification strategy. Section IV contains empirical results related to educational attainment
and Section V provides our empirical results relating to the labor market. In Section VI we
perform the cost-benefit analysis and draw policy implications. Section VII concludes.

II. A BRIEF HISTORY OF PRIMARY AND SECONDARY EDUCATION IN MODERN CHINA

China’s education system has grown substantially in size and scope since the end of the Chinese
Civil War in 1949. Education levels at that time were quite low: only 20% of the population was
literate, and fewer than 40% of school-aged children were enrolled in school (Hannum, 1999).
The new government increased spending on primary education after independence and vastly
expanded the number of schools across the nation at all levels (Liu, 1993). During the period
1950-1980, a series of policy experiments and natural disasters racked China, leaving in its wake
an educational system which varied greatly in scope and structure across provinces. Even so,
literacy jumped to more than 50% by 1976 and average educational attainment rose to over 7
years (UNICEF, 1978). After the Cultural Revolution ended in 1976, China’s education system
moved towards standardization (Hannum et al., 2008). In January 1978, the Full-Time Ten-Year

Primary and Middle Education Teaching Plan (Draft) mandated national harmonization of the
length and structure of primary, middle, and high school7 in all provinces. This set the length of
primary school to be five years in schools across the country.

At the end of 1980, the Central Committee of the Communist Party of China and State Council
issued the Decision on Several Problems Relating to Universal Primary Education, the policy
whose changes we use for our analysis. This policy mandated that the total years of primary
and secondary education be extended to twelve years, including a shift from five to six years
of primary school8. It allowed gradual adoption of the primary school length change across
localities, putting more pressure on urban schools (Liu, 1993). Figure A.1 plots national data on
the proportion of students in six year (or equivalent) primary school systems, showing gradual
adoption of the six year primary system between 1980 and 2005. About 60 percent of localities
switched to a six year system between 1981 and 1993, relatively few made the change in the

7In China, middle school and high school are referred to as junior middle school and senior middle school. We refer
to them here as middle school and high school to facilitate a layperson’s understanding.

8In Shanghai and a few other localities, this policy was implemented instead by requiring that middle school last four
years instead of three.
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mid-1990’s, and the rest shifted in the late 1990’s and 2000’s, reaching near-universal adoption
in 2005. As explained in Footnote 4, we estimate that the policy has induced approximately 425
million students to spend a sixth year in primary school so far.

This policy was announced early on in Deng’s time as China’s de facto leader and at the
beginning of the country’s transition from a planned to a more market-oriented economy. One
of Deng’s early directives was that education should “face the demands of the new era and meet
head-on the challenges of the technological revolution.” The policy we study was implemented as
part of his larger move in the late 1970’s and early 1980’s to prepare China’s labor force to adapt
to this new economic arrangement (Vogel, 2011).

This policy did not change the age at which children entered school, nor did it change the
primary school, middle school, or high school curricula. Rather, the intent of the change was
that primary school students be taught the same material over a longer period of time to ensure
mastery of the curriculum.

We conducted a series of structured qualitative interviews with affected students, teachers,
and parents to collect a richer account of what happened during this extra year and how it was
perceived. Students and teachers reported that in the first year or two after the reform, the content
of the extra year consisted of a review of what was covered in the fifth year of primary school and
the addition of elective courses, such as physical education and music. After the adjustment pro-
cess was completed, students and teachers reported that the primary school curriculum previously
covered in five years was extended more smoothly over six years. In practice, this meant more
time allowed for review and ensuring the foundational concepts of the primary curriculum were
mastered by all students. Generally, respondents felt the extra year was most likely to have helped
those of lower ability. More than half the respondents mentioned the loss of a year of productive
work as the main downside of the policy.

The extra year of schooling posed logistical and personnel challenges. The policy required
primary schools to hold and teach an extra cohort of children, but these schools were given no
additional resources to do so. Gazetteer records and our interviews indicated that the additional
burden of housing and schooling this extra cohort in a given primary school involved assigning
more work to existing teachers and dividing up existing facilities, as opposed to building new
structures and hiring new staff. When asked about the effect of this extra burden on the quality
of education, respondents generally thought it unlikely to have a substantial impact. This claim
is consistent with the rote nature of Chinese primary education during this time, which we argue
is likely to dampen a possible negative relationship between class size and learning. As we
document later in the paper, this additional burden was gradually offset by secularly declining
cohort sizes over time.

The gazetteers document that the transition from five to six years of primary school was
carried out in a number of ways. Table A.2 gives six examples of how the policy was enacted,
taken from gazetteers in different implementing cities and counties across the country. In some
cases, the transition was accomplished by enforcing the policy immediately, forcing all students
who had not graduated from primary school, including those in fifth grade at the time, to remain in
primary school an extra year. In other cases, it was accomplished by selecting a cohort of students
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(e.g. third graders) after which all students must complete six years of primary schooling. In
other instances, a portion of the exiting cohort of students was sent on to middle school after
their fifth year of primary school while the rest remained to finish a sixth year. This practice was
explained in the gazetteers as a method to smooth the flow of students during the first year or two
of transition, after which all subsequent cohorts would then take six years.

The decision of when to implement the policy was made at the local level. Though upper-level
pressure certainly played a factor, as we discuss in Section III, most counties had the ultimate say
on the year in which the switch was made9. Our data bears this out, and in section III.C we
address the issues surrounding discretion in timing of implementation and the attendant concerns
of omitted variable bias.

Our gazetteer data show no evidence of any other policy change which was regularly co-
incident with the change we study. A separate policy issued in April 1981 by the Ministry of
Education mandated that the length of high school to be extended from two years to three by the
end of 1985. This implementation occurred over a much shorter time frame than the extension
of primary school from five to six years: by 1984, 90% of students in high school were in three
year programs; in contrast, it was not until 2003 that more than 90% of primary school students
were in six year programs (National Institute, 1984). In 1986, the Chinese government made
middle school compulsory, but we show in Section VI that this law appears to have little impact
on the middle school attainment of observations in our estimation sample. We argue this is due
to two factors. One, there is widely documented porous enforcement of the law in rural areas
(Fang et al., 2012). Two, in urban areas education levels are already high at the time of the policy
announcement and so the law is binding for relatively few urban residents.

III. DATA AND IDENTIFICATION STRATEGY

This section describes the data sources and empirical methods of the paper. We show evidence
that the main identifying assumptions for the research design are satisfied, and address a set of
issues which could confound causal interpretation of our results.

III.A. Data Sources

Our sources of data are listed in Table A.1. There are two main sources of observational data:
the 2005 Chinese mini-census and the 2010 wave of the China Family Panel Studies (CFPS). The
2005 Chinese mini-census collects basic data on family structure, highest educational credential
attained, health, and income, and contains 2.6 million observations10. The CFPS is a new, na-
tionally representative panel data set containing information from over 30,000 individuals in rural
and urban China across 25 provinces, representative of 94.5% of China’s population11. Summary

9Local educational gazetteers document that, in most cases, counties within a prefecture implemented the policy in
the same year or within a few years of each other.

10Though the full sample is approximately 13 million observations, researchers are granted access to 20% sub-samples
of the parent dataset.

11The data include all provinces but Tibet, Xinjiang, Inner Mongolia, Hainan, and Ningxia. The CFPS is conceived of
as a panel, with six waves planned, taking place in 2010, 2012, 2014, 2016, 2018, and 2020. For this analysis, we use
only the 2010 wave. The project is organized by a team of economists and sociologists at Peking University and collects
a rich set of data on family structure, income, expectations, and several other social and economic indicators. Detailed
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statistics on demographic, education, and employment characteristics of our sample population
are given in Table A.3 for each data set, separately for rural and urban residents.

We also collect our own data from two sets of national archives to determine which observa-
tions in the census data were affected by the policy we study. The shift to six-year primary school
was implemented at different times in different places both across and within China’s provinces,
as shown in Figure A.2. We hired a team of research assistants to read through county educational
gazetteers stored in the Chinese National and Peking University Archives, to determine if, when,
and how the policy was implemented in each locality12. Figure A.3 shows a page from one of
these gazetteers.

We determine the year the policy was implemented, separately for rural and urban residents13,
in 280 of the 345 prefectures14 in the census data. Of those 65 prefectures in the census we are
unable to code, 45 either implemented the policy gradually across counties within a prefecture,
so that we could not identify a unique prefecture-level treatment year, or instead changed to a
system of five years of primary school with four years of middle school instead of the six primary
plus three middle format we study. The remaining 20 had no record of implementing the policy
in the currently available educational gazetteers.

Determining Treatment Status in the CFPS Data

We use the gazetteer data to identify which individuals in the census are treated by the policy and
which are not. In the CFPS dataset, the location of observations is anonymized to the provincial
level, which prevents us from using the gazetteers to determine treatment status. Nonetheless,
the CFPS has a few traits which make it particularly desirable. It collects detailed data on how
many years individuals spend in each level of schooling and identifies which individuals reside
in a given county. The gazetteers document that the policy is sometimes implemented at different
times between counties within prefectures. As a result, analysis at the county level is important
to understand precisely how the policy was rolled out in each location.

We apply a mean-shift algorithm (Fukunaga and Hostetler, 1975) to the CFPS data to deter-
mine treatment status for observations in the CFPS. Our algorithm generates, for each county,
the most likely cohort in which the number of years spent in primary school jumps from five to
six15. Its implementation in our context is straightforward - for observations in a given county,
we regress individual-level years of primary school on a constant and an indicator function for
having graduated in or after a given year:

si = g0 + g1 ·1{ti � t⇤}+ ei (1)

We estimate 27 regressions for each county, corresponding to every possible treatment year in our
data, t⇤ 2 [1981,2007]. In this equation, si is the number of years individual i spent in primary

information about the sampling structure and overall plan for CFPS is available in Lv and Xie (2012).
12Recent work by Almond, Li, and Zhang (2013) uses Chinese gazetteers to identify when land-reform policy was

implemented in different counties across the country.
13In many prefectures, urban implementation occurred before rural implementation.
14Counties, prefectures, and provinces are the Chinese geographic divisions of interest to this study. There are several

counties in a prefecture and several prefectures in a province.
15This mean-shift approach is similar to that used Munshi and Rosenzweig (2013).
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school, ti is the year in which she graduated from primary school, and ei is an i.i.d. error term.
The year (t⇤) with smallest sum of squared residuals (ssr) is the predicted treatment year for that
county16. This exercise generates a treatment year for each county in our estimation sample17. In
Appendix 3, we use national statistics and the application of both archival and mean shift methods
to a third observational data set, the China Labor-Force Dynamics Survey18, to corroborate the
reliability of the mean shift method’s identified treatment years.

III.B. Empirical Strategy

Our identification strategy is a simple regression discontinuity design with a discrete running
variable: distance in years between an individual’s birth cohort and the first cohort affected by
the policy change we study (Lee and Card, 2008). We compare outcomes of individuals finishing
primary school just before the policy is implemented in a given locality (county or prefecture) to
those in the same locality finishing primary school just after implementation. The gradual rollout
of the policy across time and space allows us to make this comparison while controlling flexibly
for cohort, place, and cohort-by-region fixed effects.

For causal interpretation of our results, we require that within our geographical unit of interest,
there is continuity in the conditional expectation of the outcome variable across the assignment
threshold (Lee and Lemieux, 2010). We test this assumption on three fundamental predetermined
characteristics which could affect our dependent variables, either through sorting or another selec-
tion mechanism: relative cohort size, gender composition of cohort, and proportion of individuals
with a household registration certificate (hukou) from an urban area. Figure II plots these data,
condensed to distance-to-treatment-year (the number of years between an observation’s cohort
and the first affected cohort) bin means. This figure shows no visible discontinuity at the treat-
ment threshold. Due to the discrete nature of the running variable, we cannot run a McCrary
(2008) test for bunching. Instead, as recommended in Lee and Card (2008), we use our main
regression equation to estimate the “effect” of the treatment on the three predetermined variables
for each dataset. In all cases we fail to reject a zero effect.

Following Imbens and Lemieux (2008) and Lee and Lemieux (2010), our main estimating
equation is an ordinary least squares regression of ylci, the outcome of interest for individual i in
birth cohort c and locality19 l, on a short set of key regressors:

ylci = b0 +b1 ⇤Treatedlc +b2(tlc|tlc � 0)+b3(tlc|tlc < 0)+b4Vi +lc +µl +hcr + elci (2)
16An example of this process is shown in Figure A.4, which shows the histogram of cohort-mean years of primary

school in a county and plots the ssr estimates generated by Equation 1 for each treatment year. The ssr sequence reaches
its minimum at 1997, where we also observe a clear shift upwards in mean years of primary school from approximately
five to six.

17Beginning with 162 counties in the CFPS, we exclude the 18 counties from Shanghai, as they implemented the policy
by extending middle school instead of primary school. Of the remaining 144, we only those 112 counties in which we can
detect a clear policy change. Appendix 3 lists the inclusion criteria used to determine this sample. Our empirical results
are robust to using data from all 144 non-Shanghai counties.

18The China Labor-Force Dynamics Survey (CLDS) is a panel survey similar to CFPS. We use it to corroborate the
reliability of the Mean Shift method we use on CFPS. We do not use the CLDS for our main regressions as it has neither
the large sample size of the census nor the fine-grain locality information of the CFPS (CLDS indicates only which
prefecture individuals are in, not which county).

19As mentioned earlier, this is at the county-level in the CFPS data and prefecture in the census.
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Figure II: Predetermined characteristics across the treatment threshold
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This figure shows suggestive data testing our main exclusion restriction, i.e., that there is continu-
ity in the conditional expectation of the outcome variable across the treatment threshold. The red
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on the y axis are indicated in the title above the sub-figure.
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Here Treatedlc is an indicator variable equal to 1 if the individual belongs to a cohort finish-
ing primary school in or after the first affected cohort in her locality. tlc is the locality-specific
distance-to-treatment-year. We estimate the coefficient on distance-to-treatment-year separately
for treated and untreated groups to account for pre- or post-policy trends (e.g., the possibility
that the effect may differ over time elapsed since the treatment year, as counties get better at im-
plementing the policy) in order to ensure that b1 captures only the difference between pre- and
post-policy means20 (Gelman and Imbens, 2014). Vi is a vector of predetermined characteristics
which includes, at the individual level, gender, ethnicity, residence permit status, and urban/rural
residence, which can vary within a county or prefecture. Locality (µl) and either cohort (lc)
or cohort-by-region21 (hcr) fixed effects are also included in all specifications unless otherwise
stated.

Following Lee and Card (2008), we test that our estimated coefficients are stable across the
choice of how many years around the treatment threshold we include in the estimation sample.
We show this stability for two main empirical results. For the rest, our estimates use the sample
limited to five years before or after the first treated cohort in each place. All regression results
we present use robust standard errors clustered at the county or prefecture level (Bertrand, Duflo,
and Mullainathan, 2004). We restrict our time frame to cohorts leaving primary school between
197622 and several years before the sample is drawn (1995 in the census data and 2003 in the
CFPS data) to give most individuals enough time to finish their schooling career before being
observed.

III.C. Potential confounders

The implementation of this policy across space and time was decided upon by local (province,
prefecture, and county-level) bureaucrats. We have shown evidence that our main identification
assumption is upheld and, as we are comparing within prefectures and counties, we do not need
the timing of the policy to be randomly assigned across localities (Black, Devereux, and Salvanes,
2005; Meghir and Palme, 2005). If, however, there were another policy or external phenomenon
correlated with both when the policy was implemented in a given locality and the later schooling
decisions or labor market outcomes of affected individuals, our results would suffer from omitted
variable bias.

Though it is impossible to rule out the existence of any external driver of both the timing of
the policy and our outcomes of interest, we fail to find evidence of such a factor among a set of
likely candidates. First, as recommended by Stephens and Yang (2014), we control for cohort-
by-region fixed effects. If such an external phenomenon were geographically auto-correlated, for
example due to intra-provincial policy coordination, these fixed effects would dampen its impact
on our estimates. Second, we show the geography of the timing of implementation in each of
China’s prefectures according to archival records. Figure A.2 provides a heat map of prefecture

20In Table A.2 we give six examples from gazetteers of how the policy is implemented which speak to the need to
control for the possibility of implementation varying over time.

21China can be separated into four well-recognized regions: East, Northeast, Central, and West.
22This coincides with the end of the Cultural Revolution and the end of the chaos it brought to the educational system

of China.
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implementation years, with lighter shades indicating earlier implementation. This map shows a
wide distribution of timing of implementation with no obvious geographical pattern aside from
later implementation in some prefectures in the central region. Third, we searched the gazetteers
for mention of a policy or external influence that was regularly coincident with the implementation
of the policy we study and found no such pattern. As these documents serve as official records of
policy implementation, this strongly suggests absence of a consistent confounder.

Finally, as in Black, Devereux, and Salvanes (2005), we use OLS to estimate the relation-
ship between timing of policy implementation and prefecture-level characteristics (e.g. gender
composition, mean income, and proportion of respondents working for the government) for those
prefectures in our estimation sample. While correlations here do not necessarily threaten causal
interpretation of our results, they give a descriptive account of what may have driven implemen-
tation choice. The results of this regression are given in Table A.4, and show that only the central
and northeastern regional dummies are statistically significant correlates of timing of implemen-
tation, consistent with the map in Figure A.2.

A final concern is the potential for migration to bias our results. We cannot reliably estimate
treatment effects for migrants for two reasons: there are far fewer of them in our data and their
treatment status is more difficult to pin down because we do not have data on precisely when they
moved. In light of these limitations, we exclude migrants from our analyses. If the treatment
effect is different for migrants and non-migrants or the policy affects who is likely to migrate, our
estimates will differ from the true population average treatment effect. As there are far more rural-
urban than urban-urban migrants, this is more likely to be a concern in rural areas. We test for an
effect of the treatment on cohort size and characteristics of individuals in our rural sample, and
find no significant relationship between treatment status and cohort size or gender composition.
This suggests the extra year of primary school did not affect the propensity to migrate for the
population as a whole, or differentially for men and women. Beyond these tests, there is little
we can do about this concern, but the sample size of the census gives us the statistical power
to conduct these tests with precision and the relatively high response rate of the CFPS (97% for
households, 72% for identified adults within households) suggests that, at the very least, any
migration-induced selection bias will be minimal (Lv and Xie, 2012).

IV. EMPIRICAL RESULTS - SCHOOLING

In this section, we estimate the impact of the policy on individuals’ schooling outcomes. First,
we show that the policy was indeed effective at extending the number of years individuals spent
in primary school by one year. We then estimate the impact of this change on individuals’ later
schooling outcomes. These outcomes include years spent in post-primary schooling, whether or
not an individual attains one of two post-primary credentials (a middle school or high school
diploma), and drop-out. We finish this section looking at the effect of the policy on vulnerable
subgroups and on the characteristics of individuals with each credential.

We first examine whether the policy had its desired effect of increasing primary school for
affected individuals. Figure III plots distance-to-treatment-year bin means of the proportion of
individuals spending six or more years in primary school in our CFPS sample, overlaid on es-
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Table I: Effects of the policy on schooling outcomes - average treatment effects

Outcome CFPS 2005 Census
Probability: at least six .547***
years of primary school (.0294)

Years spent in all levels .66***
of school (.209)

Years of post-primary .0928
schooling (.204)

Highest credential: at least .00368 -.00495
middle school (.0319) (.00303)

Highest credential: at least .000299 .00628*
high school (.0263) (.00327)

Dropped out of school, -.00017
any level (.00137)

Observations in sample 2,680 243,548

* p<0.10, ** p<0.05, *** p<0.01. Each cell presents a treatment effect estimate from a separate
regression with the relevant robust standard error below, in parentheses. Standard errors are
clustered at the county (CFPS) or prefecture (census) level.

timates of their confidence intervals. Prior to implementation of the policy, the proportion of
students spending at least six years in primary school is between 20 and 30% of the population.
This 20-30% comprises mainly individuals performing poorly in school who are made to repeat a
grade23. At the policy implementation year it jumps to over 80%, increasing to nearly 100% over
the next ten years. Results from the regression analog to this exercise are presented in the first row
of Table I. We estimate that the treatment causes a 0.547 increase (SE 0.029) in the probability
of taking a sixth year of primary school for those who graduate from primary school within five
years after the policy is implemented.

This is an underestimate of the “first stage” of the policy: a sixth year of primary schooling
post-policy is a deliberate expansion of the primary curriculum, as opposed to a forced repetition
of the fifth year of primary school. Furthermore, as shown in Figure III, this probability estimate
increases as we increase the bandwidth around the treatment year. We argue these circumstances
give us a sharp rather than a fuzzy discontinuity, allowing us to consider none of the pre-policy
group and nearly all of the post-policy group to be “treated.”

Recall that this policy was implemented in each locality at a time when over 75% of students
went on to get at least some post-primary schooling. Affected individuals could potentially hold

23Data from the baseline wave of the China Education Panel Survey (CEPS), a new, nationally representative dataset
collected by scholars at Renmin University of China, corroborate this claim. In the CEPS dataset, approximately 16% of
surveyed individuals repeated at least one year in school.

14



Figure III: Proportion of students spending at least six years in primary school before and after
policy change
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This plot shows distance-to-treatment-year bin means of the proportion of individuals spending
at least six years in primary schooling before and after the policy. The vertical line separates the
affected (to the right of the line) and unaffected (to the left) cohorts.
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Figure IV: Distribution of post-primary schooling before and after policy change
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This plot shows the probability mass functions of post primary schooling for observations in the
CFPS data graduating from primary school within five years before (pre-) and after (post-) the
policy implementation year in each county. Note that the bunches at 0, 3, 6, 9, and 10 correspond
to primary, middle school, high school, technical college, and university credential attainment
years, respectively.

total years of schooling constant by offsetting the additional year of primary school with one less
year of post-primary school24. Figure IV shows, separately for untreated and treated observations
finishing primary school within five years of the treatment year, the distribution of post-primary
schooling. This figure summarizes our main empirical results related to the effect of the policy
on post-primary schooling. We see extensive bunching at credential attainment years and little
visible difference between the treated and untreated groups in either the location or the magnitude
of this bunching25.

The regression results for our schooling outcomes are given in the rest of Table I. The second
row shows our estimate of the effect of the policy on total years of schooling to be 0.660, signifi-
cant at the 1% level. This implies that the vast majority of Chinese citizens induced by the policy
to attend an extra year of primary school chose not to offset this with less post-primary schooling.

24This assumes the extra year of primary school does not confer a major gain in skills sufficient to induce individuals
to proceed further in schooling. We provide evidence for this assumption in the next section.

25Zero years of schooling is the end of primary school, three is the end of middle school, six the end of high school,
nine the end of technical college, and ten the end of university.
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Our estimate of the effect of the policy on years of post-primary schooling is positive (0.093) but
statistically indistinguishable from zero. The standard errors we generate can exclude anything
larger than a 0.32 year decrease in post-primary schooling in response to the extension of primary
school and also admit positive estimates of up to a 0.5 year increase. In Panel A of Figure V, we
show that our point estimate of the impact of the policy on post-primary schooling is stable over
nine different bandwidth choices, as recommended in Lee and Card (2008). In no case are we
able to reject a zero effect26.

We next use the census data to examine the effect of the policy on credential attainment.
The census has coarser data on educational achievement (only highest credential attained, not
years spent in each level of schooling) but is two orders of magnitude larger than the CFPS
data. In the fourth and fifth rows of Table I, we estimate the effect of the policy on whether
or not an individual earns at least a middle school credential and whether or not she earns at
least a high school credential, using both census and CFPS data. The effect of the policy on
middle school completion, estimated using the census data, is negative but small and insignificant
(0.0049, SE 0.0030, from an untreated group average of 0.725). We can reject anything larger in
magnitude than a one percentage point decrease on the probability of completing middle school.
The estimated effect on finishing high school is small, positive (0.0063), and significant at the
10% level. We find no effect on the probability of dropping out. These small standard errors speak
to the statistical power the census affords us relative to the CFPS in measuring even small effects.
In short, we find no evidence of a decrease in post-primary schooling to offset the lengthening of
primary school.

One possible explanation for this overall pattern of no net change in post-primary schooling
is a change in composition of who earns which credential. The zero effect could mask two
countervailing phenomena: first, some individuals advancing further than they would by virtue
of the skills gained in the extra year, and second, others reducing post-primary schooling by an
entire credential. To test for this possibility, we perform two exercises. First, we look for changes
among those subgroups we would expect to be most likely to be induced by the policy to offset
the extra primary year with fewer post-primary years; second, we explicitly test for changes in
composition of background characteristics at each level of schooling.

Previous work has shown that Chinese households in the 1980’s and 1990’s often chose to
allocate fewer resources to women (Li, 2003). Income is also much lower in rural areas of China
than in urban areas, and women from rural areas are thus doubly disadvantaged. We anticipate the
extra year of forgone wages needed to earn a credential poses the greatest burden for these three
groups. If this is true, we are most likely to find a downward shift in their post-primary schooling
to offset the extra year of primary school.

We test these predictions in Table II, which shows the subgroup-specific treatment effect es-
timates for the same outcomes examined in Table I. The estimated treatment effects are largely
negative, as predicted, and consistently so for rural women, the most disadvantaged group (Con-

26In Figure A.5, we show the event study graphs for these effects for both the raw data (left column) and cohort-
demeaned residuals (right column) for total years of schooling (top row) and years of post-primary schooling (bottom
row). We see the same patterns as in the regression coefficients: an upward jump of about one year of total schooling at
the treatment threshold, and no downward jump in post-primary schooling at the treatment threshold, both for the raw and
demeaned data.
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Figure V: Stability of main regression estimates across bandwidth choice

Panel A - Treatment effect estimates and confidence intervals for post-primary schooling

.166
.226

.072 .093

−.006 −.012 .003

−.103 −.083

−.6

−.4

−.2

0

.2

.4

.6

.8

T
re

a
tm

e
n
t 
e
ff
e
c
t 
e
s
ti
m

a
te

2 4 6 8 10

Number of years around treatment year included in sample

Data source: CFPS
Dependent variable: years of post−primary schooling

Panel B - Treatment effect estimates and confidence intervals for log monthly income
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Table II: Effects of the policy on schooling outcomes for vulnerable subgroups

Outcome Female Rural Rural female
Years of post-primary schooling
CFPS -0.2020 0.2357 -0.0472

(0.2951) (0.2673) (0.4008)
Graduated from middle school
CFPS -0.0355 0.0550 0.0304

(0.0498) (0.0462) (0.0696)

Census -0.0057 -0.0049 -0.0044
(0.0043) (0.0046) (0.0063)

Graduated from high school
CFPS -0.0221 0.0238 0.0133

(0.0400) (0.0195) (0.0352)

Census 0.0043 -0.0016 -0.0030
(0.0039) (0.0025) (0.0028)

Dropped out of school, any level
Census 0.0037* -0.0003 0.0047*

(0.0019) (0.0021) (0.0028)

Observations in CFPS sample 1,277 1,293 592
Observations in Census sample 126,081 157,308 81,490

* p<0.10, ** p<0.05, *** p<0.01. Each cell presents a treatment effect estimate from a separate
regression with the relevant robust standard error below, in parentheses. Standard errors are
clustered at the county (CFPS) or prefecture (census) level.

nelly and Zheng, 2003). The magnitude of the estimates is uniformly small, however, and only for
dropout rates do they reach statistical significance at the 10% level. We estimate but do not present
effect estimates for other groups (such as men, those from western and non-western provinces,
and urban areas), which we find to be more consistently positive but similarly small relative to
their respective standard error estimates.

The second exercise estimates a version of our main empirical specification to test for com-
positional changes. We replace the single treatment variable with four dummy variables for the
treatment interacted with an individual’s highest educational credential (primary, middle, high,
or tertiary). For outcome variables, we use a set of predetermined characteristics to proxy for
household resources allocated to the child and scholastic ability, the most likely predictors of ad-
justment on the credential margin. We proxy for resources allocated to the child with number of
siblings and gender. We use parents’ highest credential (mother’s and father’s separately) to proxy
for scholastic ability. Wald tests of the equality of the treatment-by-credential level coefficients
tell us whether the proportion of individuals with the predetermined characteristic of interest hold-
ing a given credential changes, relative to that proportion among those holding other credentials,
across the treatment threshold. We use the CFPS data for these tests, and fail to reject equality
of the treatment-by-credential coefficients on number of siblings, mother’s and father’s highest
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educational credential, and gender (p-values 0.740, 0.665, 0.135, and 0.660, respectively). We
conclude from these analyses that the characteristics of who earns which credential are unlikely
to change substantially as a result of the policy.

V. EMPIRICAL RESULTS - THE LABOR MARKET

In the previous section we studied the effect of a policy which adds an extra year to primary school
on schooling outcomes, assuming individuals could adjust their level of post-primary schooling
up or down to compensate for or reinforce the policy’s effects. We found that the policy induced
the vast majority of Chinese citizens to spend an extra year in primary school while leaving their
highest educational credential unaffected. In this section, we will treat the variation from this
policy as an experiment which induced all affected individuals to spend an extra year in school
while holding their highest credential constant. In the first subsection, we estimate the effect of
the policy on labor market outcomes and run robustness checks. In the second, we show several
pieces of evidence which suggest that our treatment effect estimate is quite close to the parameter
we are after, isolating the labor market returns to the human capital accumulated during a year
of schooling from the signaling effect of receiving an additional credential that often confounds
such work (Weiss, 1995; Card, 2001).

V.A. Estimation results and robustness

We use Equation 2 to estimate the effect of this additional year of schooling on various labor
market outcomes, including employment status, type of employment for the employed (i.e., self-
employment, government sector employment, and private sector employment), and monthly in-
come. Though China was strictly a command economy as recently as 1978, reforms enacted in
the 1980’s and 1990’s pushed the Chinese labor market to more closely resemble that of a market
economy as early as the late 1990’s (Cai, Park, and Zhao, 2008).

We use the 2005 mini-census data for all of the analyses in this section due to its large sample
size27. We restrict our attention to urban residents, as in rural areas treatment effect estimates
would be muddied by the impact of the treatment on the decision to work in agriculture or not
and selective loss to migration is more of a concern. Our main dependent variable of interest is the
natural logarithm of monthly income28. We also investigate the effects of the policy on whether
the individual is employed and whether she is employed in a government job, in the private sector,
or works as an entrepreneur. In the regression results presented in this section, we add highest
credential fixed effects to the right hand side of Equation 2 and use the same sample restricted to
five years on either side of the treatment year for estimation29.

27By 2005, we expect most workers to earn wages that are at least strongly correlated with their relative productivity
(Zhang et al., 2005).

28When estimating the effect of the policy on income, we drop those 266 observations from the five-year bandwidth
estimation sample (163 in the treatment group, 103 in the control; out of 66,691 observations) who are working but report
zero monthly income.

29We do not have labor histories for individuals, and so cannot apply the normal Mincerian equation using years worked
(experience) as an independent variable. Instead, we assume individuals are gaining experience in each year they are not
in school. Under this assumption, the birth year (cohort) and credential level fixed effects are a sufficient statistic for the
experience of the individual.
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Regression results are given in Table III. We find no evidence that the policy had any effect on
whether or not an individual is working, with a treatment effect very close to zero (0.26 percent,
from a treated group mean of 77.7 percent) and standard errors precise enough to reject anything
larger than a 1.2 percentage point increase or a 0.8 percentage point decrease in this probability.
Our estimate of the effect of the policy on whether the individual works for the government
(as opposed to for the private sector or as an entrepreneur) is similarly precisely estimated and
indistinguishable from zero. This result suggests that the policy is unlikely to have had a large
effect on whether or not an individual is working and, if so, whom she is working for.

Next, we estimate the effect of the policy on the natural log of monthly income. We add
employer-type fixed effects to this specification to more precisely estimate our parameter of in-
terest, the income returns to the extra year of schooling30. Our first specification uses cohort
and locality (prefecture) fixed effects. Here we find a gain of 1.94% in monthly income, sta-
tistically significant at a 99% confidence level. Recent work (Stephens and Yang, 2014) shows
that previous efforts to estimate the returns to schooling using strategies similar to ours may have
been biased upward and suggests including cohort-by-region fixed effects to mitigate this bias.
Implementing this recommended approach, we next estimate Equation 2 with the addition of co-
hort fixed effects specific to each of China’s regions (East, Northeast, Central, and West). Our
treatment effect estimate increases slightly, to a 2.03% gain, and remains significant (the standard
errors change by less than three hundredths of a percentage point). Panel B of Figure A.5 shows
the corresponding event study plot.

We next explore heterogeneity in treatment by subgroups, shown in Table IV. The coeffi-
cients shown here are from an estimating equation similar to equation 2, only replacing the single
treatment variable with interactions between the treatment variable and a dummy for membership
in the mutually exclusive and exhaustive subgroups of interest (e.g. men and women, govern-
ment and non-government workers) and excluding the un-interacted treatment variable from the
equation for ease of interpreting each subgroup-by-treatment coefficient. Panel A shows that
the estimated gain from the additional year is monotonically decreasing in highest educational
credential, consistent with the goals of the policy and with the proportional contribution of an
additional year of schooling diminishing as total years of schooling increases. As mentioned in
the introduction, this result is also consistent with a study that identifies increased instructional
time as a key mechanism contributing to the success of a set of New York City charter schools in
raising achievement among underprivileged students (Dobbie and Fryer, 2013).

Panel B shows a higher return to the extra year for women than for men, consistent with
other work on returns to schooling by gender in urban China (Hannum, Zhang, and Wang, 2013).
Panel C shows that private sector workers appear to enjoy all of the wage premia from the extra
year. This difference is unsurprising, as pay is almost certainly more closely linked to the relative
productivity of labor in the private sector than in the government (Li et al., 2012). Independently
run Wald Tests reject equality of the coefficients for both differences.

We attempted to investigate the possibility of further conditional treatment effect heterogene-
ity, e.g. gender-by-occupation or gender-by-education level returns, but our research design is

30Results omitting these fixed effects are similar in magnitude, varying by less than 0.5%.
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Table III: Effects of the policy on labor market outcomes

Outcome Estimates
Panel A: average treatment effects
Currently employed 0.0026

(0.0052)

Works for government 0.0035
(0.0062)

Log of monthly income, using cohort and place 0.0194***
fixed effects (0.0073)

Log of monthly income using cohort, place, and 0.0203***
cohort-by-region fixed effects (0.0071)

Panel B: effect on log of monthly income, by highest credential†

Primary school 0.0694***
(0.0279)

Middle school 0.0503***
(0.0095)

High school 0.0257***
(0.0092)

Tertiary schooling -0.0098
(0.0093)

Panel C: effect on log of monthly income, by gender
Men 0.0081

(0.0085)

Women 0.0375***
(0.0086)

Panel D: effect on log of monthly income, by employer
Government -0.0139

(0.0086)

Enterprise 0.0327***
(0.0076)

* p<0.01, ** p<0.05, *** p<0.01. Data: census. For first row, N=86,240. For all other regressions,
N=66,425. Panel A presents results from four different regressions. In panels B, C, and D, we
present coefficients from a single regression as specified in the panel title. Panels B, C, and D
present coefficients of a dummy variable for membership in the group given in the left column
(e.g. those whose highest credential is primary school) interacted with the treatment dummy. All
samples include only urban residents and non-migrants. Robust standard errors are given below
the coefficient estimate in parentheses and are clustered at prefecture level. †Panel B coefficients,
when weighted by proportion of sample given in column 4 of Table V, sum to 0.0213.
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Table IV: Effect estimates on log monthly income, by subgroup

Dependent variable: log monthly income

Panel A: Effect estimate by highest credential†

Primary school 0.0694***
(0.0279)

Middle school 0.0503***
(0.0095)

High school 0.0257***
(0.0092)

Tertiary schooling -0.0098
(0.0093)

Panel B: Effect estimate, by gender
Men 0.0081

(0.0085)

Women 0.0375***
(0.0086)

Panel C: Effect estimate, by employer
Government -0.0139

(0.0086)

Enterprise 0.0327***
(0.0076)

*p<0.10, ** p<0.05, *** p<0.01. Data: census. N=66,425. Each panel presents result from a
separate regression. Results presented are estimates of the coefficient of a variable which is a
dummy for membership in the group given in the left column (e.g. those whose highest credential
is primary school) interacted with treatment status. All samples include only urban residents and
non-migrants. Robust standard errors are given below the coefficient estimate in parentheses and
are clustered at prefecture level. †Panel A coefficients, when weighted by proportion of sample
given in column 4 of Table V, sum to 0.0213.
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too data-intensive to precisely estimate these effects, even using the census data. Comparing
the treated and untreated, within subgroups of subgroups in each locality, limited to a narrow
bandwidth around the treatment year, leaves us with too few observations per locality to generate
precise estimates using the RD design as specified.

Next we perform a few robustness checks. In Panel B of Figure V, we present our estimates
of the effect of the policy on log monthly income and their confidence intervals for the same
nine different choices of sample bandwidth as in Panel A of that figure. Both the magnitude of
the coefficient and its ability to reject a zero effect are stable across a wide range of bandwidth
choice, suggesting that our result is robust to large changes in the estimation sample. Table III
shows that the coefficient estimate is also robust to the inclusion/removal of cohort-by-region
fixed effects.

There is still concern that our research design, if specified incorrectly, could mechanically
generate a difference between the treated and control groups unrelated to the effect of the pol-
icy. To test for this, we conduct a permutation test. This is a Monte Carlo-type analysis which
estimates the distribution of treatment effects for years in which the policy does not occur. First,
we draw 1,000 placebo treatment years for each prefecture (sampled from the full support of the
estimation sample’s potential years, 1981-1997). Then, using the treatment status assigned by
these placebo years, we estimate the placebo treatment effect on wages for each draw. Figure VI
gives the probability density function for these estimates. The placebo treatment effect estimates
are normally distributed, with a mean of -0.0010 and a standard error of 0.0084, putting the true
estimate of 0.0203 well beyond two standard deviations from the mean. We conclude that the
sign and significance of our estimates are not merely a mechanical result of our research design.
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Figure VI: Permutation test results - distribution of effect estimates of placebo treatment on log
monthly income from 1,000 draws of placebo years
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V.B. Mapping our estimate to the parameter of interest

In this section, we investigate how to map our treatment effect estimate to the parameter of greater
interest - the labor market returns to the human capital accumulated in a year of schooling, iso-
lated from the contribution of signaling. We noted in the introduction that our treatment effect
estimate is a factor of four to ten lower than most other estimates of the returns to schooling from
China and beyond (Ashenfelter, Harmon, and Oosterbeek, 1999; Card, 2001; Liu and Zhang,
2013). It is also much lower than the eight to 14 percent return per year we observe in the naive
correlation between income and years of schooling in our data (results given in Table A.5). We
claim that much of this gap between our estimate and the naive mincerian return is driven by
our ability to shut down the signaling contribution to the returns to schooling by varying years of
schooling while holding highest credential constant. This section provides several pieces of evi-
dence suggesting that our treatment effect estimate is likely very close to the returns to schooling
parameter that we are after.

First, we provide evidence that there was substantial learning in this extra year of primary
school. We test for a difference between the treated and untreated in cognitive skills, as measured
by a test administered to adult respondents in the CFPS survey. Figure VII plots the kernel
density functions for treated and untreated individuals using the five year bandwidth sample. The
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Figure VII: Kernel density of cognitive skills test score, by treatment status
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This plot shows the kernel density of cognitive skills test scores for observations from the CFPS
data, plotted separately for those in affected and unaffected cohorts, in the five year bandwidth
sample.

two distributions track each other quite closely, but there is a visible rightward shift in the treated
distribution. A Kolmogorov-Smirnov test rejects the equality of the two distributions with a p-
value of 0.003. The difference in distributions is most stark in the left tail, where previous work
suggests we would be most likely to find it (Meghir and Palme, 2005; Dobbie and Fryer, 2013).
The difference between the the left tails of the two distributions is 0.1 to 0.3 standard deviations,
very similar to the estimated impact of a remedial primary education program in India (Banerjee
et al., 2007). This result, alongside our estimate of the effect of the extra year on monthly income,
adds to evidence that childhood interventions which may initially generate increases in test scores
or cognitive skills often bring labor market returns decades after the initial intervention (Heckman,
2006; Chetty et al., 2011).

In addition, we observe larger estimates (i.e., larger income gains) among subgroups for whom
we expect an extra year of learning to be particularly beneficial - those with less schooling, private
sector workers, and women. If we assume diminishing returns to schooling, we would expect
those with fewer years of schooling to enjoy a larger marginal benefit from a given improvement
in human capital. Economic logic suggests private sector workers are likely to be paid more than
government employees for a given increase in relative productivity. As discussed earlier, we also
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know from other work on China that the labor market returns to schooling are higher for women
than men (Hannum, Zhang, and Wang, 2013).

The nature of the sixth year of primary school could also contribute to the gap between our
estimates and the parameter of interest. While the fact that this additional year did not add new
curriculum could potentially explain the small effect estimate, we note that the last year of both
middle school and high school are primarily review for entrance exams to the next level of school-
ing, suggesting the extra year that we study is not so unusual in its content (Larmer, 2014). Our
estimates of the returns to this sixth year may therefore be similar to the returns to these other
years of schooling. In further support of this claim, we note that the only other well-identified
estimate of the returns to schooling in China which attempts to disentangle the contributions of
signaling and human capital is similar in magnitude. Li, Liu, and Zhang (2012) estimate that
an additional year of schooling brings a 2.7 to 3.8% increase in earnings, using within-twin-pair
differences in schooling to mitigate the potential for unobserved ability correlated with creden-
tial attainment (closely related to the contribution of signaling, as in Spence (1973) and Lange
(2007)) to bias the results.

Second, we show there is little evidence of a gap between our treatment effect estimate, which
estimates the effect of the policy on self-reported monthly income, and the true returns to school-
ing. There are four issues to report on here: mapping from reduced form to IV estimates, dealing
with attenuation bias, the possibility that the general equilibrium effect of the policy is smaller
than the parameter we are after, and estimating the range of potential downward bias stemming
from the fact that the treated group has one less year of work experience than the untreated group
due to the additional year spent in school.

Though it is common to “inflate” the reduced form treatment effect coefficient through divid-
ing it by the proportion of individuals affected by the policy (the “first stage”), we argue that is
inappropriate in our scenario for the following reasons. First, the proportion affected is unstable
over bandwidth choice: the five year bandwidth estimate of the proportion of individuals induced
to spend six years in primary school as a result of the policy is 0.55, while the 10 year estimate
is almost 0.8. These estimates come from use of the CFPS data. Panel B of Figure V shows that
the effect estimate of the policy on monthly income is stable across bandwidth choice, an esti-
mate generated using the census data. This dispels concerns of downward bias because of either
attenuation from misclassification of treatment status or a first stage substantially smaller than
one. If such bias were to present in our estimates, we would expect the treatment effect estimate
on income to increase with the number of years around the bandwidth we include in our sample,
as this would increase the proportion of correctly identified observations. Given the stability we
observe across the different bandwidth specifications for the coefficient estimate of the policy on
income, we conclude the threat of this downward bias in our estimate is low.

Another potential explanation for this discrepancy is the difference between partial and gen-
eral equilibrium effects. The policy we study affects a far larger proportion of the population
than most studies which generate large effects, and it could be that the competition among many
workers with the same ability gain drives down the labor market returns to the extra year. There
are two reasons why we think this is unlikely to be the case. One, another study of an educational
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policy change which increases years of schooling for nearly half of the UK population finds much
larger labor market returns (Oreopoulos, 2006). Two, we test for these general equilibrium effects
and find no evidence of their existence31.

Finally, we need to account for the fact that income increases with age and that some of this
may be due to the returns to experience. As in all exercises attempting to estimate the returns to
a year of schooling, we face the conundrum that an individual with one more year of schooling
has one less year of experience in the labor market, and so our estimate may capture the returns
to a year of schooling minus the returns to a year of experience. We calculate upper and lower
bounds on this potential contribution, as in Manski (2013). The lower bound is 0, reflecting a
world in which the returns to a year of age are entirely due to maturity. To calculate the upper
bound, we assume that the difference between the average income of a 36 year old and a 35 year
old with the same credential is entirely due to experience, and we calculate a weighted average of
the per-year-of-age income premium we see in our data:

Â
age=t

wt(Incomet � Incomet�1) (3)

wt is the proportion of individuals in our estimation sample of age t. This generates an upper
bound of 0.0168, suggesting that the upper bound of the range of estimates corrected for this bias
would be 0.0371, still less than half of the lowest value in our naive mincerian per-year return
estimates.

We can use these results and three assumptions to make a back-of-the-envelope calculation
about the relative contribution of the signaling and human capital accumulation channels to the
correlation between schooling and income. Our first assumption is that the returns to schooling
flow only through two channels, the returns to skills gained and returns to the signal provided
by the individual’s highest educational credential. Our second assumption is that the final year
of middle school and high school, each of which is also a review, yield the same return as our
estimate of the return to the sixth year of primary school. Our final assumption is that the other
years of schooling give twice the boost of the review years (i.e. 4.06%, slightly larger than the
per-year estimate Li, Liu, and Zhang (2012) generate using twins for identification). Under these
assumptions, we estimate that the signaling channel accounts for 57.2% of the returns to a middle
school degree and 60.0% of the returns to a high school degree we observe in the cross-section.

VI. INTERPRETATION AND DISCUSSION

This section of the paper has two parts. First, we perform a cost-benefit calculation of the policy’s
impacts. We finish the section with a discussion of the policy implications of our analysis.

31To run this test, we divide our sample into three groups based on when the policy was implemented: 1981-85,
1986-1990, and 1991-1995. The earlier the implementation, the more individuals exposed to the extra year of primary
schooling, and so the closer the area is to the general equilibrium state of all workers being treated with this extra year.
Though the earliest implementing group has a smaller treatment effect estimate than the later two groups (0.013, 0.033,
and 0.031 for early, middle, and late implementers), consistent with the general equilibrium effect being smaller than the
partial equilibrium effect, a Wald test fails to reject the equality of these three coefficients (p-value of the f-test: 0.32).
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VI.A. Cost-benefit Analysis

We next use our results to generate an estimate of the net benefit of the program. We borrow
our framework directly from Duflo (2001), focusing on the private gains and losses and ignoring
the other potential benefits of increased wages (e.g. decreases in fertility and child morbidity).
Though we are aware that this type of exercise involves a precarious amount of uncertainty (Man-
ski, 2013), it is useful to gain some insight into the net effect of such a tremendous reallocation
of resources.

As in Duflo’s analysis, we choose our time frame to span from the first cohort in which some
students leaving primary school are affected by the policy, 1981, to the end of 2050, and assume
an annual discount rate of 5%. Our cost estimate has as its sole argument the lost year of wages32,
wit , that affected students i forgo during the year t they spend in school instead of in the labor
market

Cost = Â
i

wit (4)

For each cohort, we determine what proportion of individuals leave school with a primary, middle,
high school or tertiary credential, and count the year lost as the last year they spent in school33.
We then calculate the total value of the years lost for all students in each cohort from 1981 to the
last cohort entering the labor force in 2050, using the same formula for the value of wages used in
the benefit calculation below. Unlike Duflo, we do not incorporate a deadweight loss of taxation,
as we assume there is no productive activity displaced by the policy other than the reallocation of
affected individuals’ time.

Our structure for estimating the benefit of this policy is also taken directly from Duflo’s analy-
sis. Specifically, we estimate the sum of income gains for all affected cohorts over the time frame
we have chosen:

Bene f it = Â
t

Â
c

aGDP(t)S(c, t)P(c)b (5)

Here a is the share of labor in GDP34, S(c, t) is the size of cohort c divided by the total
working population in year t. P(c) is the proportion of cohort c affected by the policy, and b is
our estimated effect of the policy on income. We sum the benefits earned by each cohort in the
labor force in each year, assuming people work from when they leave school until age 6535.

In Table V, we present four cost-benefit estimates for the period 1981-2050, varying two key
assumptions about the nature of b . The first is whether to assign the average treatment effect to all
individuals or to take into account the changing educational profile of the Chinese citizenry over
this time and use the credential-specific treatment effects and data on the distribution of highest

32We assume that the extra year of primary school does not induce individuals to remain in the workforce for longer.
In Appendix 4 we discuss other costs and our decision not to include them in this calculation.

33For example, an individual born in 1975 would start school in 1981. If her highest educational credential is a middle
school degree and she was affected by the policy (and so she spent nine years in school), her “lost year” would be 1990.

34This labor share data comes from Karabarbounis and Neiman (2014). The rest of the data used in this section was
downloaded from stats.gov.cn and the World Bank’s World Development Indicators, projected forward using multi-year
moving averages.

35This is a simplifying assumption. For those working in factories, the official retirement age is 60 for men and 50-55
women, but individuals often work well beyond these ages. In addition, the official age is slated to be changed in the
next five years. Using the official retirement age would reduce the amount of years during which benefits accrue and thus
reduce our estimate of the benefits of the policy.
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Table V: Cost-benefit calculation: 1981-2050

Assumption about heterogeneity
in b1 by highest credential held

b1 estimate Using average Using credential-specific
used for rural areas treatment effect for all treatment effects

Using estimates from urban areas -36,462 34,902

Using rural effect estimates from our data -82,390 -212,220

Costs 178,497 -

Cost-benefit calculation for cohort leaving -456.4
primary school in 2014 (urban b1, average b1 )

*Estimates in millions of 2015 US Dollars.

educational credential in each cohort. The left column’s figures use the average treatment effect
estimates, while the figures in the right column use credential-specific estimates. The second is to
decide how to estimate the effects for rural China. So far we have presented estimates for urban
areas only, citing concerns about migration, the possibility for intensive or extensive reallocation
of labor between agriculture and the non-farm rural labor market, and the great changes affecting
rural China over this period. The policy, however, was implemented in both urban and rural areas
and, until 2011, more than half of China’s population was rural. To assess the likely fiscal impact
of the policy on all of China, rural and urban, we present two sets of estimates. In the first row,
we use the urban estimates on returns for both urban and rural residents. In the second row, we
use the treatment effect estimates specific to urban and rural areas (the average treatment effect in
the left column, then the credential-specific effects estimated off of only rural residents) weighted
by the population share in a given year for the two groups.

Under three of the four scenarios, the policy’s costs exceed its benefits by tens of billions of
dollars. To provide an estimate of the current per-year cost of the policy, we compare the value
of a lost year of productive work to the lifetime productivity benefits of the extra year of primary
schooling for the cohort leaving primary school in 2014. We estimate this too to be a net loss of
456 million dollars. These figures underestimate the total costs, as we do not compute the value of
parents’ expenditures during that extra year on students’ food, clothing, and other necessities. A
conservative estimate of these would add hundreds of dollars to the per-person cost of the policy,
which is tens of billions more in costs over the policy’s lifetime.
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VI.B. Policy Implications

We conclude this section with the policy implications of our research. Together, our results high-
light the massive amount of resources that can be reallocated by a seemingly arbitrary policy
choice: how many years should children spend in each level of school? To gain an idea of the
generalizability of this finding, we analyzed the most recent DHS data from those 74 countries in
which the number of years a respondent spends in school is collected. In 48 of these countries, we
found evidence of bunching at multiple credential attainment years similar to that shown in Figure
IV. We are less confident about the robustness of the DHS data to concerns about reporting error
than we are for the Chinese data, but these patterns are consistent with our claim that government
decisions on how long to make each level of schooling have massive resource implications36.

Though we estimate the policy to be a net loss in China’s case, it was redistributive: those with
lower levels of schooling gained the most from it. This section’s analysis reveals that bunching
at credential attainment years is commonly found in developing countries. In such countries, a
policy similar to the one we study which adds a year to the lowest level of schooling could be an
effective way to ensure the less well-off gain skills valued in the labor market. The bleak cost-
benefit estimates we generate in China’s case are driven by the large increase in the proportion
of individuals with secondary and tertiary credentials over time. In a country where the average
number of years spent in school is lower and grows less quickly than it did in China between 1980
and 2015, the benefits of such a policy could well exceed the costs.

VII. CONCLUSION

In this paper, we exploited a massive policy change in China’s educational system to study how
household decisions on children’s schooling respond to extending the length of primary school
by one year. We observe extensive bunching at credential attainment years both before and after
the policy. The vast majority of affected individuals spent an additional year in school, sacrificing
an entire year of earnings, in order to earn the credential they would have attained in the absence
of the policy. These results allowed us to generate a new parameter estimate of the returns to
a year of schooling, holding highest educational credential constant. We found a small but pre-
cisely estimated two percent increase in monthly income which is higher for individuals with less
schooling, those whom the policy set out to assist.

We then showed that our estimate of the effect of the extra year of primary school on income
is quite close to a parameter that has long been of interest to labor economists: the labor mar-
ket returns to the human capital accumulated in schooling independent of the contribution from
the signaling mechanism. Finally, we estimated the costs and benefits of the nearly one trillion
person-hours this policy has reallocated from the labor market to the pursuit of schooling, finding
that in most scenarios the policy generates a net loss of tens of billions of dollars.

36Countries in which we observe bunching at credential attainment years had more than twice the per-capita GDP than
those without bunching. If productive characteristics for non-agricultural occupations are less observable than those for
agricultural work (under the assumption it is more difficult to observe brains than brawn), the greater signaling among
richer countries we observe is consistent with a larger contribution of signaling to schooling returns in economies with
more developed non-agricultural labor markets.
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In our policy analysis, we argued that our paper shines light on an important research lacuna:
government policy which sets the length of each level of schooling is under-researched given
the amount of resources at stake. In addition to the value of the time these policies reallocate,
over three trillion US dollars are spent worldwide on education by national governments each
year (World Bank, 2012). Essentially every government on the planet must decide how long
nationally-sanctioned school will last and how much to spend on it. Providing more informed
guidance on how to make these decisions is an important next step for education research in
economics.
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APPENDIX

APPENDIX 1 - APPENDIX FIGURES

Figure A.1: National data on proportion of students in six year primary education
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Figure A.2: Timing of implementation by prefecture

Note: In some cases, prefecture boundaries have changed since the archive was published. In
these cases, we take the prefecture level-average of the treatment year in all previous prefecture
capitals falling within the new prefecture. In prefectures that are colored white, we are unable to
assign a unique prefecture-level treatment year for reasons discussed in Section III.
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Figure A.3: Example of a page from a county gazetteer
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Figure A.4: Example of mean shift algorithm identifying year of policy implementation
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Figure A.5: Event study plots
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Figure A.6: Evidence of students’ ability to adjust on lower and upper margins

Panel A: Ability to adjust on lower margin
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Panel B: Ability to adjust on upper margin

0

.2

.4

.6

.8

1

P
ro

p
o

rt
io

n
 a

d
v
a

n
c
in

g
 t

o
 n

e
x
t 

le
v
e

l

1980 1990 2000 2010

Year

Primary to middle school Middle to high school

High school to university

Data source: Chinese Ministry of Educational Statistics

43



Figure A.7: National statistics and province-level CDFs of policy implementation
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These plots show the proportion of individuals enrolled in six-year primary schools in the 24 non-
Shanghai CFPS provinces. The sequence of hollow circles represent the proportion of treated
counties in a given province by year according to county-specific implementation years identified
in the CFPS data. The sequence of solid circles are from publicly available, Chinese Ministry
of Education statistics on the number of schoolchildren benefiting from six year education in a
given province by year. Measurement error and policy experimentation cause these to briefly
trend downward in a few cases.
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Figure A.8: National statistics and province-level CDFs of policy implementation
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These plots show the proportion of individuals enrolled in six-year primary schools in the 24 non-
Shanghai CFPS provinces. The sequence of hollow circles represent the proportion of treated
counties in a given province by year according to county-specific implementation years identified
in the CFPS data. The sequence of solid circles are from publicly available, Chinese Ministry
of Education statistics on the number of schoolchildren benefiting from six year education in a
given province by year. Measurement error and policy experimentation cause these to briefly
trend downward in a few cases.
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Figure A.9: Comparing archival and algorithmically identified treatment years
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APPENDIX 2 - APPENDIX TABLES

Table A.1: Data sources

Data Year(s) Sample Relevant Policy year Geographic
source collected size contents identification specificity

method

County Various 345* Date policy imple- N/A County**
educational mented, implemen-
gazetteers tation details

Mini-census 2005 2.59m Schooling: highest Archival Prefecture**
credential, dropout records
Labor market:
income, employment

China Family 2010 33,600 Schooling: years Algorithm County
Panel Studies spent in each
(CFPS) level of schooling

Labor market:
income, employment

China Labor- 2012 16,253 Schooling: years Algorithm force Prefecture
Dynamics spent in each and archival
Survey (CLDS) level of schooling records

*Number of prefectures for which we collect gazetteer data
**Note: There are multiple counties in each prefecture
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Table A.2: Anecdotes on implementation of six year primary education from across China

Locality Strategy of Changing 5-Year to 6-Year Primary Education Source
Beijing In 1969, the length of primary education was shortened to five

years. Starting from September 1st, 1980, the length of primary
education was prolonged to six years, with the fifth-grade

students continuing to be in the old system and students of other
grades entering into the new system.

Beijing
General

Education
Chronicle

(Part I)
Xinle

County,
Hebei

Province

In 1967, the length of primary education was shortened to five
years. Starting from August 1985, first-grade students and one

half of second-grade students entered into the new six year
system, while the rest of students remained in the old system.

Xinle
Educational
Chronicle

Nanjing
City,

Jiangsu
Province

In 1969, the length of primary education was shortened to five
years. Starting from 1982, the length of primary education was

prolonged to six years in urban districts and children started
primary education at the age of six. By contrast, the length of
primary education remained to be five years until 1999 in five

other counties (Jiangning, Jiangpu, Liuhe, Gaochun, and
Lishui).

Nanjing
Educational
Chronicle

Wuyi
County,
Zhejiang
Province

In 1984, first-grade students entered into the new six year
system in half of primary schools, with the other half following

the next year. In 1987, however, all primary schools were
required to resume the five year system. In September 1999, all
primary schools were restored to the new system of six years.
The final cohort under the old system graduated in June 2004.

Wuyi
Educational
Chronicle

Dongying
District,

Shandong
Province

In 1997, the compulsory education system changed from the
5-3 (years of primary school-years of middle school) to the 5-4
system. In 2003, first-grade students entered into the new 6-3

system.

Dongying
District

Chronicle
(1998-2005)

Xishui
County,
Hubei

Province

In 1986, the first-grade students entered into the new 6-3 system
in the primary schools located in county seats, while other

primary schools remained in the old 5-3 system. In 1987, the
first-grade students in the primary schools located in the

township entered into the new 6-3 system. In 1991, first-grade
students in the remaining primary schools entered into the new

6-3 system.

Xishui
Educational
Chronicle

(1986-2006)
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Table A.3: Summary statistics

Data set
Census CFPS

Proportion Rural Urban Rural Urban
Demographics

Female 0.518 0.517 0.458 0.494
Ethnic minority 0.172 0.070 0.081 0.050

Highest credential
Middle school 0.575 0.337 0.489 0.417
High school 0.060 0.319 0.157 0.231
Tertiary 0.007 0.302 0.029 0.141

Labor market characteristics
Currently working 0.909 0.780 0.597 0.693
Private sector 0.181 0.317 0.151 0.320
Entrepreneur 0.074 0.120 0.383 0.195

Observations 157,308 86,240 1,293 1,387

This table presents descriptive statistics of demographic, educational, and labor market charac-
teristics for our two main datasets using the five-year bandwidth estimation sample. This is the
same sample used to generate the regression estimates presented in the paper’s main tables.

Table A.4: Regression of prefecture characteristics on timing of treatment

Variable Coefficient Standard error
Proportion male -1.281 6.558
Proportion minority 0.023 0.751
Proportion urban 0.020 1.352
Proportion with government job 1.700 3.515
Mean log income -0.322 0.657
Mean education level (1-5 scale) 0.122 0.829
Central region -1.340*** 0.472
Northeast region -1.940*** 0.503
Western region -0.323 0.503

Treatment year summary statistics 1986.1 2.229
Data: census. Robust standard errors in parentheses.
N=240 prefectures. * p<0.10, ** p<0.05, *** p<0.01

49



Table A.5: Putting our estimates in context

(1) (2) (3) (4)
Percent of

Credential Per-year Percent estimation
Credential premium return employed sample

Primary school - - 62.3 3.0

Middle school 23.7 7.93 66.9 28.9

High school 25.3 8.42 77.7 31.8

Technical college 25.7 8.58 92.1 22.8

University 55.7 13.9 95.8 13.4

Our estimate of the return to - 1.9-2.0 - -
a sixth year of primary school

Li et al. (2012) twins estimate - 2.7-3.8 - -
of the returns to year of schooling

N = 85,048. Data: census. Sample: 5-year bandwidth, employed urban residents. Column
(1) gives the naive estimate of the total income bonus from gaining a given credential. The
degree premia are: middle school relative to primary earners, high school relative to middle, and
technical college and university both relative to high school. Column (2) presents the per-year
premium to each credential, calculated by dividing the value in Column (1) by the number of
years it takes to earn that credential.
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APPENDIX 3 - DETAILS ON OUR USE OF THE MEAN SHIFT MODEL

As we use an algorithm to determine treatment year status for observations in the CFPS, we
introduce a few safeguards to ensure that we are not erroneously choosing a year when there is no
change in treatment status or not enough evidence to determine the year. Specifically, we exclude
counties in which:

1. The cohort-level median number of years of primary school in a given county is never less
than 5.5 before the identified treatment year or is never more than 5.5 after;

2. The mean shift model predicts a treatment year after which individuals have less primary
schooling, that is, g1 < 0 in equation 1;

3. There are more than four cohorts for which we have no observations within five years
before or after the identified treatment year (that is, data for at least five of the ten cohorts
in this county’s restricted bandwidth sample are missing).

This exercise excludes 32 of the 144 non-Shanghai counties, or about 78% of the sample. All of
the results we show are qualitatively similar with the entire 144 county sample and are available
by request.

As a final check of accuracy, we visually compare the treatment year generated by the mean
shift model to each county’s histogram. In four cases, our inspection of the histograms suggested
a year more than one year different than the mean shift model’s choice and we use this visu-
ally identified year in our main analyses, controlling for those counties whose year was chosen
visually as opposed to algorithmically.

To check that these algorithmically identified years are credible, we conduct two exercises.
First, we compare the mean shift years for all counties within each province to national statistics
on provincial-level implementation, shown in Figures A.7 and A.8. The two series track closely
and their correlation is 0.7759. Second, we apply both the mean shift and archival match policy
year identification methods to the China Labor-force Dynamics Survey data. Figure A.9 shows
the distribution of the difference between archival and algorithmically identified treatment years.
These values are normally distributed around 0, and in 67% of prefectures the years identified by
the two methods are within 3 years of each other. This amount of discrepancy is not surprising,
as in the gazetteers we see that counties occasionally implemented at different times within a
prefecture. Additionally, the number of observations in cohort-by-prefecture bins in the Labor-
force Dynamics dataset is small, which implies imprecision (relative to using the CFPS) in our
ability to algorithmically determine the implementation year.

ALTERNATIVE EXPLANATIONS FOR BUNCHING AT CREDENTIAL ATTAINMENT YEARS

In our theoretical framework, we abstract from several phenomena which could generate bunching
at credential attainment years and inelasticity of demand for credentials with respect to credential
length in the absence of credentialism. The most prominent of these potential confounders are
compulsory schooling laws, price differentials between levels of schooling, supply constraints,
high human capital accumulation in credential attainment years, the lottery value of sitting a high
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school or college entrance exam, the cultural value of credential attainment, and reporting bias.
In this section we deal with each in turn, providing evidence which suggests that few of these
issues are of concern and none can account for more than a fraction of the bunching we set out to
explain.

China’s 1986 compulsory education law stipulated that all Chinese students had to complete
primary and middle school. While the policy could conceivably have generated much of the
bunching at the middle school credential attainment year we observe, we estimate that it is un-
likely to have done so. Recent empirical work shows the law was gradually implemented and
remains porously enforced, with many places not implementing it until the mid-2000’s (Fang
et al., 2012). Using province-specific policy implementation years from that study, we estimate
the policy’s rollout has no effect on whether individuals attain a middle school credential or on
the number of years they spend in primary school37. We believe this null result is driven by
porous enforcement of the law in rural areas and the fact that, in urban areas, high educational
attainment levels (as seen in our data) make the law non-binding for the vast majority of affected
individuals. Further supporting the claim of porous enforcement in rural areas, recent work has
shown that as recently as 2010 the proportion of students not completing middle school was over
20% in some areas of rural China (Mo et al., 2013). In Panel A of Figure A.6, we show that
the cohort-specific proportion of students who get less than a full middle school education (three
years of post-primary schooling) is stable at around 20% throughout most of the period we study.

The increase in school fees students face as they advance to each higher level of schooling is
also unlikely to explain much of the bunching we observe. Though there is evidence that these
school fee jumps pose binding constraints for China’s rural poor (Liu et al., 2009), it appears that
cost differentials do not determine schooling levels for the majority of the Chinese population.
Reductions in school fees have little impact on overall enrollment, even in rural China (Shi,
2012; Chyi and Zhou, 2014), and there is an abundance of qualitative accounts documenting that
the seats in Chinese universities are oversubscribed (Kipnis, 2011; Butrymowicz, 2012; Larmer,
2014). We test for a relationship between the cost of schooling and enrollment, using our main
estimating equation and the introduction of school fees at the tertiary level in 1995 as plausibly
exogenous variation in the cost gap between levels of schooling (Mok, 2000). We find no evidence
that the increase in cost at this time is associated with a change in the proportion of individuals
advancing to tertiary schooling.

Supply constraints are another possible driver of bunching at credential attainment years.
While this explanation surely accounts for some of the bunching we observe, the importance
of demand exceeding supply in generating bunching at credential attainment years is decreasing
over the duration of our study. As China was continuously expanding its supply of schooling over
the study period, the fertility reduction policies of the late 1970’s and early 1980’s reduced the
number of individuals in a cohort competing for a given number of spots in school. National-level
data plotted in Panel B of Figure A.6 shows that supply constraints are being continually relaxed

37Fang et al. (2012) estimate that the policy generated a 0.8 year increase in the average number of years spent in
middle school. Though we can replicate their results using their chosen empirical specification, when we apply the
treatment years identified in that study to our data using our RD design, we find no significant difference between treated
individuals in terms of either years spent in middle school or the likelihood that individuals completed at least a middle
school degree.
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both at the university and high school levels over the period we study (Ministry of Education of
the People’s Republic of China, 2013).

Supply constraints are most salient at the transition from high school to tertiary education.
Among those bunching at the high school credential attainment year, demand exceeding supply
of university spots can explain only a fraction of the bunching we observe. In our estimation
sample, 56% of high school finishers did not ascend to tertiary education. It is highly unlikely
that these individuals finish their schooling in this year because the ultimate year of schooling
generates a valuable increase in human capital. In China, the final year of high school is spent
almost exclusively on review for the entrance examination to the next level. This year of review,
similar to “cram school,” is unlikely to contribute to human capital accumulation to the same
extent as earlier years in the credential (Larmer, 2014). Another possibility is that the expectation
or “lottery” value of sitting the college entrance exam is great enough to make it worthwhile
for many to endure the final, review year of high school (Banerjee and Duflo, 2011). National
statistics show that, during our study period, 20-50% of individuals who make it to the final year
of high school but do not ascend to tertiary education do not attempt the college entrance exam38.
This means that at least half of the bunching we observe at the end of high school cannot be
explained by the lottery value story.

In China, the cultural value of credential attainment is important. This value, however, is
almost exclusively placed on receipt of a college degree (Kipnis, 2011; Loyalka et al., 2013). As
shown in Figure IV, only a small portion of our sample goes on to this stage and most of the rest
know early on if they are likely to ascend to that level. This candidate explanation is therefore of
little help in explaining the large amount of bunching at non-tertiary credential attainment years.

The last concern we engage is that measurement error from recall bias leads us to overestimate
the extent of bunching. We provide three pieces of evidence that this is unlikely to be the case.
First, we note that our CFPS data collects the years in which individuals enter and leave each
level of schooling, reducing the risk of reporting bias relative to surveys which ask only how
many years are spent in a given level. Second, we see that respondents appear to accurately report
when the number of years of primary school needed to attain a credential changes from five to
six, even when it is 25 years prior to their being interviewed. This suggests that our data on self-
reports of the amount of time spent in each level of schooling are unlikely to suffer from recall
bias. Third, we examine drop-out rates in a sub-sample of the educational gazetteers which report
statistics on how many children are in each level of school. Overall, we find very low drop-out
rates for middle and high school (less than 5% per year), particularly in urban areas, consistent
with our data on self-reports of years spent in school.

APPENDIX 4 - DETAILS OF COST-BENEFIT ANALYSIS

This section outlines our data sources and extrapolation assumptions for the cost benefit analysis
we perform. The costs of the policy we include consist of one year of forgone wages for all
affected individuals. We assume the value of one individual’s forgone year of wages is equal

38Source: China Education Statistical Yearbooks. This 20-50% estimate masks the fact that few technical high school
students take the college entrance exam, while a much larger proportion of regular high school students do so. We are
unable to differentiate between those in technical and regular high school in the census data.
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to a⇤GDPt
Nt

, where Nt is the size of the active workforce in year t. We calculate if and when the
forgone year falls for each individual born on or after 1969 (as the first affected cohort would
be leaving primary school in 1981). To calculate the total number losing a given year in each
cohort, we multiply the total number of individuals in each cohort (generated using data from
the Chinese National Statistical Bureau and World Bank World Development Indicators data) by
the proportion of individuals with a given credential in each cohort (calculated from the CLDS
data). We assume the lost year is the year a person would have entered the labor force in the
absence of the policy, e.g. for someone who was born in 1980 and finishes school with a middle
school credential, we calculate the value of the work they would have done in 1995 when they
would have left school in the absence of the policy (starting school at age 7, spending five years
in primary school and three years in middle school). We assume that those leaving school after
primary school do not lose a year of work, as they will leave school at the age of 12 and are not
likely to immediately enter gainful employment. For simplicity, we assume that everyone enters
school at age 7.

The benefits from the policy consist of the boost in earnings we estimate for affected individu-
als accruing throughout their lives. This parameter is taken directly from our estimates in Section
V. We assume that the benefits affected individuals enjoy are constant throughout their lifetimes,
and calculate the total value of the earnings gain for each affected individual up to the year 2050.
Table A.6 provides our data sources for each of these figures and assumptions used to extrapolate
into the future and where data is not available.

We exclude a few potential sources of costs and benefits, believing them to be several orders
of magnitude smaller than the lost year of wages and the lifetime of income gains. On the costs
side, we exclude the cost of hiring new teachers and the cost of building new facilities. We do so
because archival records suggest that in the short term, the current staff was used to meet most of
the increased personnel needs imposed by the policy and classrooms could be split, thus requiring
no sizable infrastructure additions. In the long term, the one child policy reduced the number of
children in schools, and so existing staff levels and infrastructure house a smaller and smaller
number of children. We assume that this would largely offset the need for long term staff and
infrastructure adjustments to accommodate the extra cohort of primary students. On the benefits
side, we disregard the possible benefit of the creation of new teacher jobs, as our assumption
about the staffing costs of the policy implies very few additional jobs would be created. As in
Duflo’s approach, we exclude the possible beneficial impact of the extra year of schooling on
health, fertility and other non-financial outcomes.

54



Ta
bl

e
A

.6
:C

os
t-b

en
efi

tc
al

cu
la

tio
n

de
ta

ils

R
an

ge
R

an
ge

fo
r

D
at

a
po

in
t

So
ur

ce
of

da
ta

ex
tra

po
la

tio
n

A
ss

um
pt

io
ns

us
ed

W
ha

tu
se

d
fo

r
N

ot
es

B
irt

h
ra

te
pe

r
st

at
s.

go
v.

cn
19

66
-2

01
3

N
/A

N
/A

Si
ze

of
co

ho
rt

A
ss

um
e:

co
ho

rt
si

ze
1,

00
0

w
om

en
co

ns
ta

nt
20

13
-2

05
0

N
um

be
ro

fw
om

en
st

at
s.

go
v.

cn
19

70
-2

01
3

N
/A

N
/A

Si
ze

of
co

ho
rt

-

To
ta

ll
ab

or
fo

rc
e

W
or

ld
B

an
k

W
D

I
19

81
-2

01
5,

G
ap

s
in

Li
ne

ar
tre

nd
To

ta
ll

ab
or

fo
rc

e
C

lo
se

to
(W

or
ld

D
ev

.
fiv

e-
ye

ar
ly

es
tim

at
es

fo
r

be
tw

ee
n

st
at

s.
go

v.
cn

fig
ur

es
,

In
di

ca
to

rs
)

es
tim

at
es

20
20

-2
05

0
es

tim
at

es
bu

tw
ith

pr
ed

ic
tio

ns
fo

r2
02

0-
20

50
to

20
50

Pr
op

or
tio

n
of

co
ho

rt
C

hi
na

La
bo

r-
fo

rc
e

B
irt

h
co

ho
rts

B
irt

h
co

ho
rts

Li
ne

ar
tre

nd
s

fr
om

C
B

es
tim

at
es

w
ith

B
eg

in
ex

tra
po

la
tio

n
at

w
ith

ea
ch

D
yn

am
ic

s
Su

rv
ey

19
69

-1
98

7
19

87
-2

03
5

pr
ev

io
us

9
ye

ar
s

an
d

co
ho

rt-
sp

ec
ifi

c
ef

fe
ct

s
19

87
co

ho
rt

to
av

oi
d

ed
uc

at
io

n
le

ve
l

(C
LD

S)
ru

le
s

of
pr

ob
ab

ili
ty

m
ea

su
re

m
en

te
rr

or
(0


P


1)

Pr
op

or
tio

n
of

co
ho

rt
C

hi
na

’s
N

at
io

na
l

19
81

-2
01

0
20

10
-2

05
0

Fu
ll

co
ve

ra
ge

Pr
op

or
tio

n
af

fe
ct

ed
Eq

ua
te

5
ye

ar
af

fe
ct

ed
by

po
lic

y
B

ur
ea

u
of

af
te

r2
01

0
by

po
lic

y
pr

im
ar

y
+

4
ye

ar
St

at
is

tic
s

m
id

dl
e

w
ith

6
pr

im
ar

y
+

3
m

id
dl

e

A
lp

ha
(la

bo
r’s

sh
ar

e
K

ar
ab

ar
bo

un
is

an
d

19
92

-2
00

9
19

81
-1

99
1

19
81

-9
1:

av
er

ag
e

of
A

rg
um

en
ti

n
fin

al
-

of
G

D
P)

N
ei

m
an

(2
01

4)
20

10
-2

05
0

t+
1

to
t+

3;
ca

lc
ul

at
io

n
20

10
-5

0:
av

er
ag

e
of

t-1
to

t-3

G
D

P
(c

on
st

an
t

W
or

ld
B

an
k

W
D

I
19

81
-2

01
3

20
14

-2
05

0
G

ro
w

th
ra

te
de

cl
in

es
A

rg
um

en
ti

n
fin

al
-

20
05

U
S$

)
an

nu
al

ly
fr

om
20

13
ca

lc
ul

at
io

n
ra

te
to

4%
,a

nn
ua

l
de

cr
ea

se
of

0.
15

%

55


	Introduction
	A Brief History of Primary and Secondary Education in Modern China
	Data and Identification Strategy
	Data Sources 
	Empirical Strategy
	Potential confounders

	Empirical Results - Schooling
	Empirical Results - The Labor Market 
	Estimation results and robustness
	Mapping our estimate to the parameter of interest

	Interpretation and Discussion
	Cost-benefit Analysis
	Policy Implications

	Conclusion

