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Abstract

Wages are positively correlated with years of schooling. This correlation is largely
driven by two mechanisms: signaling and skill acquisition. We exploit a policy change
in China to evaluate their relative importance. The policy, rolled out from 1980 to 2005,
extended primary school by one year. Affected individuals must then complete more
schooling to obtain their highest credential, the main signal of interest. If the primary
mechanism behind schooling returns is signaling, we would expect little change in
the distribution of credentials in the population, but a large increase in schooling. If
skill acquisition dominates, we should see no change in length of schooling but a
change in credentials. Our results are consistent with the signaling story. Further
consistent with such a story, we estimate that the labor market return to another year
of schooling is very small, though greater for the less-educated. We estimate that
this policy, while redistributive, generates a likely net loss of at least tens of billions of
dollars, reallocating nearly one trillion person-hours from the labor market to schooling

with meager overall returns.
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1 Introduction

Wages and years of schooling are strongly positively correlated both in developed and
developing countries. The cross-sectional estimates of the average labor market pre-
mium to an additional year of schooling range from 10-30% (Psacharopoulos and Pa-
trinos, 2004). Economists believe that these returns largely flow through two channels
(Weiss, 1995). The first is that schooling endows students with skills that are valuable to
employers (“skill acquisition”). The second is that schooling acts as a sieve, putting stu-
dents through a costly process which provides employers with information about the level
of a valuable but unobservable endowment (“signaling”). This information is most often
conveyed through an individual’s highest educational credential, for example a college
diploma (Hungerford and Solon, 1987).

The ideal policy experiment to tease apart the relative contribution of these two chan-
nels would hold either highest educational credential or years of schooling constant while
varying the other. One option is to vary whether a credential is conferred, holding con-
stant years of schooling, as in Tyler et al. (2000) and Clark and Martorell (2014). We
could also study the response to a policy which varies the amount of schooling it takes
to get a credential. If skill acquisition is the dominant source of the returns to school-
ing, this type of policy should keep years of schooling constant and therefore change
the share of individuals with a given credential. If signaling is the main source of re-
turns, such a policy will see little change in credentials but a change in years spent in
school. In addition, if signaling is the primary source of returns, we should also see that
the marginal change in skills induced by the policy should have limited returns. In this
paper, we study a policy change in China which hews very closely to this second type of
experiment.

In 1980 the Chinese government announced that it would increase by one the num-
ber of years needed to complete primary education while leaving unchanged the national
curriculum and length of all other levels of schooling. This policy was rolled out gradu-
ally over 25 years and has induced over 400 million individuals to spend an additional
year in primary school so far. The policy was implemented in each locale at a time
when over 75% of individuals proceeded to middle school or beyond and the median

student left school after receiving her middle school diploma. When affected by the pol-



icy, this median student could either keep total years of schooling constant by forgoing
the credential she would have attained in the absence of the policy', or keep credential
attainment constant by spending an additional year in school. Figure 1 gives a graphical
representation of the Chinese education system pre- and post-policy as well as the two
models’ predictions of how the median student would respond.

We identify the causal effect of the policy on schooling and labor market outcomes
using a simple regression discontinuity design. We compare treated and untreated indi-
viduals within each locale, restricting our attention to those leaving primary school within
a few years of when the policy takes effect. This approach is similar to recent work
studying the impact of changes in compulsory education in the UK (Oreopoulos, 2006;
Clark and Royer, 2013). Unlike these studies, which examine the impacts of a policy im-
plemented at once across an entire nation, we take advantage of the fact that our policy
was rolled out at different times in different places across China to net out cohort, place,
and cohort-by-region fixed effects. This protects against the threat of upward bias from
geographically autocorrelated secular trends, shown to affect similar exercises in the US
(Stephens and Yang, 2014). To determine the treatment status of individuals in our data,
we conduct a large archival data collection exercise, examining records from each of
China’s 345 prefectures documenting if, when, and how the policy was implemented.

We begin our analysis by estimating the impact of this change on credential attain-
ment and years of schooling. As noted above, if schooling returns are primarily due to
signaling, optimal response to such a policy should increase schooling (by approximately
one year) and leave credentials unchanged. If skill acquisition is the primary source of
returns, we should observe a constant number of years of school and a change in cre-
dentials. Our results are consistent with the signaling model’s predictions. We find evi-
dence that years of schooling increased by nearly one for affected individuals, and there
was no evidence of a decrease in credential attainment or years of post-primary school-
ing to offset the extra primary year. This means the policy has reallocated nearly a trillion
person-hours from the labor market to the pursuit of schooling. We also find no evidence

that the policy changed the characteristics of who gets what credential, which allows us

"Though middle school was made compulsory in 1986, in Section 6.2 we show evidence that the rollout of
the policy has little effect on whether or not individuals complete middle school or earn at least a middle school
credential.



to estimate the return to an extra year of primary school, holding highest educational
credential constant.

Our estimates of the returns to schooling also suggest the importance of the signaling
channel. We exploit the large sample size of the 2005 Chinese by-census to generate
a precise but small estimate of the labor market returns to this additional year of pri-
mary school, holding highest educational credential constant. The extra year increases
monthly income by 2.03%. We find no evidence that the additional 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 channel and not the result of the policy in-
fluencing wages through selection into different types of employment. These returns are
quite small relative to the 8-14% per-year premium to earning a credential seen in these
same data. The extra year of primary school is review, but this is similar to the last year
of middle and high school, both of which also devote a large portion of instructional time
to review for entrance exams. These results suggest that more than half of the per-year
returns to earning a credential, naively estimated in the cross section, are likely flowing
through the signaling channel.

We estimate higher returns from this extra year accruing to those with less school-
ing, the intended beneficiaries of the policy. This result is akin to recent work showing
that increased instructional time is an important mechanism behind the success of a
group of high-performing New York charter schools in improving outcomes for the un-
derprivileged (Dobbie and Fryer, 2013). We measure no difference between the treated
and untreated in cognitive ability scores, either overall or at several quantiles of interest.
This adds to recent evidence that there can be measurable adult labor market returns to
childhood interventions long after any measured cognitive ability gains wane (Heckman,
2006; Chetty et al., 2011).

Both the response to the policy and the estimate of the returns to the additional year
of schooling suggest that a large portion of the returns to schooling in China flow through
the signaling mechanism. We develop a simple model of the household’s schooling
decision to formalize the reasoning behind our interpretation and discuss the plausibility

of the assumptions needed to apply its predictions to our data.



Our paper contributes new evidence to two lines of empirical work on signaling and
skill acquisition. One set of studies highlights a set of cases where schooling decisions
are driven by the signaling value of attaining a credential (Lang and Kropp, 1986; Be-
dard, 2001). To it, we contribute evidence from a more general case where the entire
population is shocked with a change in the length of time required to obtain a credential.
The second set of studies shows significant positive returns to endowing an individ-
ual with a signal while holding years of schooling constant. This work uses naturally
occurring, plausibly exogenous variation to causally estimate the value of a signal, ex-
ploiting either arbitrary test passing thresholds or comparing otherwise similar education
reforms that vary in whether they also confer a signal on the treated population (Tyler
et al., 2000; Grenet, 2013; Clark and Martorell, 2014). Our study contributes evidence
from the converse of what these papers study - we vary years of schooling, holding high-
est educational credential constant, and estimate the returns to this marginal change in
human capital.

Though our estimate of the return to an additional year of schooling is 3-7 times
smaller than most credibly identified estimates from the developed world (Angrist and
Krueger, 1991; Oreopoulos, 2006), it is similar in magnitude to recent work using twins
in China (Li et al., 2012b). Our estimate is also larger than the zero estimated effect on
earnings of extending the length of the basic track of German high school by one year
(Pischke and von Wachter, 2008).

A primary impact of this policy is the reallocation of 0.85 trillion person-hours from
work to school. We perform a cost-benefit analysis exercise leaning heavily on that of
Duflo (2001), comparing the value of the increase in income gained from the extra year
to the lost year of productive activity in the labor market. As in Duflo’s study, our time
frame ranges from the first graduating cohort affected by the policy in 1981 to 2050. This
exercise generates four sets of estimates. In all but the most favorable scenario, the
costs of the policy exceed its benefits by at least tens of billions of 2005 US dollars.

Finally, we draw policy implications from our research. We estimate that the policy
has moved nearly one trillion person-hours? from the labor market to schooling so far, at

a likely fiscal loss. This result highlights the importance of a seemingly arbitrary policy

2National statistics on rollout of the policy indicate that more than 400 million individuals have been affected
to date. We assume individuals spend 2,000 hours working in a year.



choice: how long should each level of schooling last? We use DHS data to show that
bunching at credential attainment years is a relatively common phenomenon in develop-
ing countries, and argue that this policy decision is under-researched given the massive
resource stakes involved.

The rest of the paper proceeds as follows. In Section 2, we discuss the history of
education in modern China and describe the policy we study. In Section 3, we describe
the data we use and our identification strategy. Section 4 contains empirical results
related to educational attainment and Section 5 provides our empirical results relating
to the labor market. In Section 6, we interpret our results using a simple conceptual
framework and several ancillary analyses and perform the cost-benefit analysis. Section

7 concludes.

2 A brief history of primary and secondary education in

modern China

China’s education system has grown substantially in size and scope since indepen-
dence. In 1945 when the country was founded, education levels were quite low — only
20% of the population was literate, and less than 40% of school-aged children were in
school (Hannum, 1999). The country poured resources into primary education after in-
dependence, shortening the length of primary school from six years, which it had been
traditionally, to five, and vastly expanded the number of schools across the country at
all levels (Liu, 1993). In the 1950’s, 60’s, and 70’s, a series of policy experiments and
disasters racked China, leaving in its wake an educational system which varied greatly
in length and structure across provinces. Nonetheless, literacy rose to more than 50%
by 1976 and the average educational attainment of the populace 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 harmo-

nization of the length and structure of primary, middle, and high school® in all provinces.

3In 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.



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 should gradually be extended to
twelve years. It encouraged gradual adoption of six year primary school throughout the
country, putting more pressure on urban schools (Liu, 1993). In practice, the policy was
implemented at different times in different places. The policy decrees that the length
change be implemented “according to local conditions,” and in hundreds of counties
primary education remained at five years of length until the early 2000s. Appendix Figure
A.1 plots national data on the proportion of students in six year (or equivalent) primary
school systems, showing gradual adoption of six year primary education between 1980
and 2010. About 60 percent of locales switched to a six year system between 1981 and
1993, relatively few made the change in the mid-1990’s, and the rest shifted in the late
1990’s and 2000’s, reaching near-universal adoption in 2007.

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, it was implemented
as part of Deng Xiaoping’s move in the late 70’s and early 80’s to prepare China’s la-
bor force to “face modernity” (Vogel, 2011). In qualitative interviews that we conducted
with parents, teachers, and students who experienced the change, many added that the
policy was most likely to benefit those with the lowest ability.

The transition from five to six years of primary education could be done in a number
of manners. Appendix Table A.1 gives six examples of how the policy was enacted, taken
from gazetteers in different implementing cities and counties across the country. In some
cases, this 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 (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 3, most counties
had ultimate say on the year in which the switch was made. Our data bears this out, and
in later sections we address the issues surrounding this discretionary implementation
and the attendant concerns of omitted variable bias.

Our gazetteer data show no evidence of any other policy change which was regularly
coincident 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 education from five to six: by 1984, 90% of
students in high school were in three year programs; in contrast, it wasn’t until 2003 that
more than 90% of primary school students were in six year programs (National Institute,

1984).

3 Data and identification strategy

This section describes the data sources and empirical methods of the paper. We match
archival data on policy implementation to data from the census and large, nationally
representative cross-sectional surveys to estimate the causal impact of the policy on ed-
ucational and labor market outcomes using a regression discontinuity design. 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.

3.1 Data sources

We use three main sources of data, listed in Table 1. The first is the 2005 Chinese
by-census, which collects basic data on family structure, highest educational credential
attained, health, and income, and contains 2.6 million observations*. The second is the

China Family Panel Studies (CFPS), a new, nationally representative dataset containing

4Though the full sample is approximately 13 million observations, researchers are granted access to 20%
sub-samples of the parent dataset.



information from over 30,000 individuals in rural and urban China across 25 provinces,
representative of 94.5% of China’s population®. The third dataset is the China Labor-
force Dynamics Survey, which is similar to CFPS in its scope and ambition, but focuses
on participants’ work and other economic activities. The latter two data sets collect
detailed information on how many years individuals spent in each level of schooling
(e.g. five in primary, three in middle school, and one in high school), which allow us to
examine whether the policy we study affected the number of years spent in each level of
post-primary schooling as well as highest credential attained.

The policy we study was implemented at different times in different places both across
and within China’s provinces, as shown in Figure 2. We hired a team of research assis-
tants to comb 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 locale, as in recent work by Almond et al. (2013). We are able to determine
the year the policy was implemented in 280 of the 345 prefectures’ 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
prefecture-level treatment year, or 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 avail-

able educational gazetteers.

3.1.1 Determining treatment status from the data when geographical data are

anonymized

The CFPS dataset has a few traits which make it particularly desirable - as in the Labor-
force Dynamics Survey, it collects detailed data on how many years individuals spend in

each level of schooling, but its sample size is twice as large and it identifies which indi-

5The 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 information about the sampling structure and overall plan for CFPS
is available in Lv and Xie (2012).

6 Appendix Figure A.4 shows a page from one of these gazetteers.

7Counties, prefectures, and provinces are the Chinese geographic divisions of interest to this study. There
are many counties in a prefecture and many prefectures in a province.



viduals 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.
CFPS county names are anonymized, so we cannot use the archival records to as-
sign treatment status. Instead, we apply an algorithm to the data to generate, for each
county, the most likely cohort in which the number of years spent in primary school
jumps from five to six. The mean shift model we apply (Fukunaga and Hostetler, 1975)
is similar to that used in Munshi and Rosenzweig (2013). It is a simple statistical tool,
often used in fields such as machine learning and digital recognition, to identify where
structural breaks are most likely in a dataset. Its implementation in our context is straight-
forward - separately by county, we regress individual-level years of primary education on

a constant and an indicator function for having graduated in or after a given year:

s; = PBo+ Puxl{t; > t"} + ¢ (1)

We estimate 27 regressions for each county, corresponding to every possible treatment
year in our data, t* € [1981,2007]. In this equation, s; is the number of years of primary
education for individual i, ¢; is the year in which she graduated from primary school, and
€; is an i.i.d. error term. The year (t*) with smallest sum of squared residuals (ssr) is the
predicted treatment year for that county®. This exercise generates a treatment year for
each county in our estimation sample®. In Appendix A3, we use national statistics and
the application of both archival and mean shift methods to the China Labor-Force Dy-
namics data to corroborate the reliability of the mean shift method’s identified treatment

years.

8An example of this process is shown in Appendix Figure A.5, which shows the histogram of mean years
of primary education in a county and plots the ssr estimates generated by Equation 1 for each treatment year.
The ssr sequence reaches its global minimum at 1997, where we also observe a clear shift upwards in mean
years of primary education from approximately five to six.

9The CFPS collects data from 144 counties across China, excluding Shanghai, which implemented the
policy by extending the length of middle school instead of primary school. We include 112 of these 144
counties in our final estimation sample. Appendix A3 lists the inclusion criteria used to determine this sample.
Our empirical results are robust to using data from all 144 counties.
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3.2 Empirical strategy

Our identification strategy is a simple regression discontinuity design. We compare out-
comes of individuals finishing primary school just before the policy is implemented in
a given county to those in the same county finishing primary school just after imple-
mentation. 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 selection mechanism: relative cohort size, gender com-
position of cohort, and proportion of urban residence permit holders. Figure 3 plots these
data, condensed to distance to treatment year means, and shows no visible discontinuity
at the treatment threshold. Due to the discrete nature of the running variable, we can-
not 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 Lee and Lemieux (2010) and Imbens and Lemieux (2008), our main esti-
mating equation is an ordinary least squares regression of y,;, the outcome of interest

for individual i in place p (either county or prefecture), on a short set of key regressors:

Ypi = Bo + B1 * Tpi + B2 x f(tpi — 1) + BsVi+ At + pp + Ner + € (2)

Here T},; is an indicator variable equal to 1 if the individual, 4, belongs to a cohort finishing
primary school in or after the identified treatment year in her place, p. The term f (¢, —t5)
is a linear function of the time elapsed between the place-specific year of treatment, ¢,

and the year in which the individual graduated from primary school, t,;. f(-) is linear

10Estimation equations such as ours without cohort-by-region fixed effects are shown in Stephens and Yang
(2014) to generate upwardly biased estimates.
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and is estimated separately'’ for treated and untreated groups (Gelman and Imbens,
2014). V; 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. Place (u,), cohort ()\;), and cohort-by-region ()
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 our two main empirical results. For the rest,
we estimate on 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 et al., 2004). We restrict our time frame to
cohorts leaving primary school between 1976'2 and several years before the sample is
drawn to give most individuals enough time to finish their educational career before being

observed (1995 in the census data, and in 2003 in the CFPS data).

3.3 Potential confounders

The implementation of this policy across space and time was decided upon by provin-
cial and county-level bureaucrats. We have shown evidence that our main identification
assumption is upheld and, as we are identifying off of differences within each county,
this local discretion is potentially of less concern for us. It may, however, raise specific
concerns of omitted variable bias which must be addressed for causal interpretation of
results.

If there were another policy or external phenomenon correlated with both when the
policy was implemented in a given place and the later educational decisions or labor
market outcomes of affected individuals, our results would suffer from omitted variable
bias. To address this concern, we take a few measures. First, as recommended by

Stephens and Yang (2014), we control for cohort-by-region fixed effects. If such an exter-

"We include this to capture two possibilities: one, that the effect may differ over time elapsed since the
treatment year, as counties get better at implementing the policy, and two, that there may be an existing pre-
or post-trend that we wish to control for so that 51 captures only the difference between pre- and post-policy
means. In Appendix A.1 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.

12This 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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nal phenomenon were geographically autocorrelated, these fixed effects would dampen
its impact on our estimates. Second, we show the geography of the timing of implemen-
tation in each of China’s prefectures according to archival records. Figure 2 provides
a heat map of prefecture implementation years, with lighter shades indicating earlier
implementation. This map shows a wide distribution of timing of implementation with
no obvious geographical pattern beyond later implementation in some provinces in the
central region. Third, we searched the gazetteers for mention of a policy or external in-
fluence that was regularly coincident with the implementation of the policy we study and
found no such pattern. Ultimately, it is impossible to conclusively rule out existence of an
unknown omitted factor driving both the local bureaucrat’s choice of when to implement
the policy and individual educational decisions and later labor market outcomes. We
have shown, however, that we are unable to find evidence of one among the set of likely
candidates.

A final concern is the potential for migration to bias our results. Despite the best
efforts of the data collectors, we are less likely to observe migrants than non-migrants.
If the treatment effect is different for migrants and non-migrants or the treatment affects
who is likely to migrate, our estimate of the treatment effect will differ from the 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 the effect of the treatment on
size and characteristics of individuals in our rural sample, and find no significant relation-
ship between treatment status and cohort size or cohort gender composition. Beyond
these tests, there is not much 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 rela-
tively high response rate CFPS reached (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).

4 Empirical results - education

In this section, we estimate the impact of extending the length of primary school by one

year on individuals’ later educational outcomes. First, we show that the policy was indeed
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effective at increasing the number of years individuals spent in primary school. We then
show our treatment effect estimates for years spent in post-primary education, 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 the characteristics of individuals with each credential.

This policy was implemented in each county at a time when almost 80% of students
went on to get at least some post-primary education. If human capital accumulation were
the main goal of attending school, these individuals would be likely to hold total years of
schooling constant by offsetting the additional year of primary school with one less year
of post-primary school3.

We first examine whether the policy had its desired effect of increasing primary school
for affected individuals. Figure 4 plots distance-to-treatment year means of the propor-
tion of individuals getting six or more years of primary education in our CFPS sample
overlaid on estimates of their confidence intervals. Prior to implementation of the pol-
icy, the proportion of students getting at least six years of primary school is between
20 and 30% of the population. At the policy implementation year it jumps to over 80%,
increasing to nearly 100% in the decade following implementation. Results from the re-
gression analog to this exercise are presented in the first row of Table 2. We estimate
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.

Figure 5 shows, separately for untreated and treated observations, the PDF of the
number of years of post-primary education. This figure also uses CFPS data, and re-
stricts the sample to students who graduate from primary school within five years of the
policy implementation year. This figure nicely summarizes our main empirical results
related to the effect of the policy on post-primary education. We see extensive bunching
at credential attainment years'#, and little visible difference between the treated and un-
treated groups in either the location or the magnitude of this bunching, suggesting that

there was no net offsetting behavior in response to the lengthening of primary school.

3In the absence of the extra year of primary school conferring a major gain in skills which induces individuals
to proceed further in schooling.

14Zero 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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The regression results for our education outcomes are given in the rest of Table 2.
The second row shows our estimate of the effect of the policy on total years of education
to be 0.660, significant at the 1% level. This result is consistent with all individuals in-
duced by the policy to spend an additional year in primary school displaying no offsetting
downward adjustment in post-primary schooling. 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 6,
we show that our point estimate on post-primary education is stable over nine different
bandwidth choices, as recommended in Lee and Card (2008). In no case are we able to
reject a zero effect’®.

We next use the census data to examine the effect of the policy on credential attain-
ment. 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 2, we estimate the effect of
the policy on whether or not an individual gets at least a middle school credential and
whether or not she gets at least a high school credential using both census and CFPS
data. The effect of the policy on middle school completion estimated on the census
data is negative but small (0.0049, from an untreated group average of of 0.725) and
insignificant (SE 0.0030), and we can reject anything larger than a one percentage point
decrease on the probability of completing middle school. The estimated effect on finish-
ing high school is small, positive (0.0063) and not significant at conventional levels. 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. We interpret the totality of these results as evidence there was no systematic
downward adjustment of post-primary schooling to offset the additional year of primary

school, consistent with the signaling model’s predictions.

SIn Appendix Figure A.7, we plot the trends over distance-to-treatment year bin means in raw data (left
column) and cohort-demeaned residuals (right column) for total years of education (top row) and years of
post-primary education (bottom row). We see the same patterns as in the regression coefficients: an upward
jump of about one year of total education at the treatment threshold, and no downward jump in post-primary
education at the treatment threshold, both for the raw and demeaned data.
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One possible explanation for this overall pattern of no net change in post-primary
schooling is a change in composition of who gets 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 at each level of
schooling.

The subgroups we expect to be most affected by the policy are women, as previous
work has shown that Chinese households in the 80’s and 90’s often chose to allocate
fewer resources to women (Li, 2003); rural residents, because of the lower income lev-
els in rural areas; and women from rural areas, who are doubly disadvantaged. Table
3 shows the subgroup-specific treatment effect estimates for the same educational out-
comes examined in Table 2. The estimated treatment effects are largely negative, as
predicted, and consistently so for rural women, the most disadvantaged group. 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 compositional 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). Our set of predetermined characteristics serve as the
outcome variables. Wald tests of the equality of the treatment-by-credential level coef-
ficients tell us whether the proportion of individuals with a given set of predetermined
characteristics within a credential changes relative to that proportion in the other creden-
tials across the treatment threshold. We use CFPS and CLDS data for these tests, and
fail to reject equality of the treatment-by-credential coefficients on an individual’s number

of siblings, mother’s and father’s education, and gender (p-values 0.35, 0.93, 0.83, and
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0.66, respectively).

5 The labor market

In this section we estimate the impact of the policy on various labor market outcomes, in-
cluding employment status, type of employment for the employed (i.e. entrepreneurship,
government sector employment, and private sector employment), and monthly income.
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
capitalist labor markets as early as the late 1990’s (Cai et al., 2008). We use the 2005
by-census data for all of the analyses in this section for its sample size, and in 2005
we expect most workers to earn wages that are at least strongly correlated with their
marginal product (Zhang et al., 2005). 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 loss to migration is more of a concern.
From our results on whether or not the composition of individuals in each credential level
changed, we conclude that the main effect of the policy was to force nearly everyone
to spend an extra year in primary school while holding their highest credential constant.
Under that assumption, we can use our identification strategy to isolate the labor market
returns to this extra year of school from the confounding effect of receiving an additional
credential that often biases such work (Weiss, 1995).

Our main dependent variable of interest is the natural logarithm of monthly income.
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 whether she is
an entrepreneur. In the regression results presented in this section, we add educational
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 estimation.

Regression results are given in Table 4. 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
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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. We conclude from this
that it is unlikely that the policy has its impact through a selection of treated individuals
into different jobs.

Next, we estimate the effect of the policy on the natural log of monthly income. We
add employer-type fixed effects to control for changes in China over time between pro-
fessions. Our first specification uses cohort and place (prefecture) fixed effects. Here we
find a gain of 1.94% in monthly income, statistically significant at the 99% level. Recent
work by 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 sug-
gests including region-by-cohort fixed effects to mitigate this bias. We next execute our
specification with cohort fixed effects specific to each of China’s regions (East, North-
east, Central, and Western). 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 6 presents our treatment effect estimates for
log monthly income and their confidence intervals for the same nine different choices of
sample bandwidth. This figure demonstrates the stability of both the magnitude of the
coefficient and its ability to reject a zero effect across a wide range of bandwidth choice.

There is still concern that, given the secular increase in education levels and incomes
in China over this period, our research design comparing those graduating from primary
school earlier to those graduating later may be “stacking the deck” in favor of finding a
positive and significant estimate. To test for this, we conduct a Monte Carlo exercise
in which we draw 1,000 placebo treatment years for each county (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 7 gives the probability density function for these
estimates. The placebo treatment effect estimates are normally distributed, with a mean

of -0.001 and a standard error of 0.0084, putting the true estimate of a 2.03% increase
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in wages well beyond two standard deviations from the mean. We conclude that the
significance and sign of our estimates are not merely a mechanical result of our research
design.

We next explore heterogeneity in treatment by subgroups, shown in the lower rows
of Table 4. The measured effect is monotonically decreasing in level of education, con-
sistent with a simple model of diminishing returns to training at a given level (i.e., dimin-
ishing returns to reviewing the primary school curriculum) and in accord with the stated
intention of the policy to benefit those less well off. As mentioned in the introduction,
this result is 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 rais-
ing achievement among underprivileged students (Dobbie and Fryer, 2013).

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 marginal
product of labor in the private sector than in the government (Li et al., 2012a). We ob-
serve 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 et al., 2013). Independently
run Wald Tests reject equality of coefficient for both differences.

We attempted to investigate the possibility of further conditional treatment effect het-
erogeneity, e.g. gender-by-occupation or gender-by-education level returns, but our re-
search design is 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 place to generate precise estimates using the RD design as
specified.

Our average treatment effects are small relative to the benchmark estimates of the
returns to an additional year in developed countries (Oreopoulos, 2006). A potential
explanation for this discrepancy is the difference between partial and general 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
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of an educational policy change which affects 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 existence'®.

We next test for a difference between the treated and untreated in cognitive ability,
as measured by a test administered to adult respondents in the CFPS survey. Figure 8
plots the kernel density functions for treated and untreated individuals using the five year
bandwidth sample. The two distributions track each other quite closely. Statistically, we
cannot reject their equality using a Kolmogorov-Smirnov test, and quantile regressions
run simultaneously at the 20th, 35th, 50th, 65th and 80th quantiles all fail to reject a zero
effect of the treatment on cognitive ability. These results notwithstanding, we believe that
the earning gains we estimate are likely to be the result of skills acquired in the extra
year of primary school. If this is true, our results add to the evidence that childhood in-
terventions which initially generate increases in cognitive ability often bring labor market
returns well after measurable ability gains fade (Heckman, 2006; Chetty et al., 2011).

Our estimates of the effect of the policy on monthly income are small compared to
naive estimates of what an additional year of education brings based on cross-sectional
observation at the time our census data are collected. Table 5 plots the average monthly
income for an individual holding each of five credentials - primary, middle, high school,
technical college, and university. In column (1), it gives the per-year income bonus of
earning that credential, calculated from the credential bonus (shown in column (2)) di-
vided by the number of years it takes to get that credential. Our naive estimates of the
per-year premium to earning a credential are between 4 and 7 times as large as our
average treatment effect estimate of the return to the extra primary year. Although the
sixth year of primary school is a review of the previous five years, the final years of middle
school and high school are also largely review in preparation for an entrance exam. This
suggests that estimates of the returns to this sixth year are likely to be similar to those
to other years of schooling. The discrepancy between the measured impact of the sixth

year and the per-year premium of attaining a credential suggests that skill acquisition is

6To 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 everyone benefitting
from 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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unable to explain the entire per-year credential premium we observe in the cross-section.

We can use these results to make a back-of-the-envelope calculation about the rel-
ative contribution of the signaling and human capital channels. If we assume that the
final year of middle school and high school, which is also a review, give a similar boost to
earnings, and other years give twice that boost (i.e. 4.06%, slightly larger than the per-
year estimate Li et al. (2012b) generate using twins for identification), then the signaling
channel would account for 57.2% of the returns to a middle school degree and 60.0% of

the returns to a high school degree.

6 Interpretation and discussion

This section of the paper has three parts. First, we model a household’s decision about
their child’s schooling to identify conditions under which we can detect the signaling
motive vis a vis skill acquisition in our empirical results. We then enumerate a set of other
mechanisms which could generate similar results, describing their empirical plausibility

in our setting. We finish the section with a cost-benefit calculation of the policy’s impacts.

6.1 Modeling the schooling decision

To formalize how we interpret our empirical results through the lens of the signaling/skill
acquisition literature, we use a simple model of a household’s schooling decision based
on Becker (1975). In this model, a household decides after how many years, s € [0, 5],
their child leaves (post-primary) schooling'” and enters the labor market'®. This deci-
sion’s arguments are the expected future benefits of schooling, b(s), and the costs of
schooling, ¢(s). We assume that the benefits are increasing and concave, i.e. b/'(s) > 0

and v”’(s) < 0, and that costs are increasing and convex, ¢’(s) > 0 and ¢’(s) > 0.

7Recall that in our estimation sample, nearly 80% of observations go on to get at least some post-primary
schooling and primary school is compulsory for all.

8We abstract from discussions about investment in children depending on the bargaining outcome between
individual parents and/or parents and the child. For a treatment of these issues, see Bobonis (2009). We also
abstract from issues of multiple children and inequality aversion here. As educational levels are rising over
this period, multiple children and inequality aversion on the part of the parents will only make it more likely for
us to observe a downward shift in post-primary attainment among treated individuals, as the shock of “extra”
education to one child raises expenditure and also pushes the parent to reallocate from the affected child to
unaffected children. We see no such downward shift. Finally, we assume once a child leaves school, she is
unable to return.
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The first order condition of this calculus determines the optimal level of schooling, sx,
satisfying o' (s*) — ¢/ (sx) < ¥ (s) — c/(s) for all s # sx and b/ (sx) — /(sx), b'(s) — '(s) > 0.

We introduce the competing motives of signaling and skill acquisition by making dif-
ferent assumptions about the shape and continuity of b(s), and generate heterogeneity
in schooling choice across households by introducing the role of household wealth in
the cost of schooling, e.g. ¢(s) — ¢(s,w). Specifically, a family’s wealth determines the
marginal utility that would be earned from the child leaving school and entering the labor
market. The utility cost of a child going to school is negative and decreasing in wealth,
%u’f”) < 0 and % < 0, reflecting the notion that the opportunity cost of a child’s
time is decreasing in the level of consumption her household enjoys'®. We assume that
the distribution of wealth in the population is continuous over a range that produces a
non-degenerate distribution of schooling in the population in both the signaling and skill
acquisition scenarios.

The first link from this framework to our empirical results has to do with the distribu-
tion of schooling in the population, as in Lang and Kropp (1986) and Bedard (2001). In
the world where skill acquisition is the only benefit that accrues with schooling, we as-
sume that the acquisition of skills is a continuous, gradual process, b(s), with b(s) smooth
and nonzero within a range (b, b) such that the distribution of schooling is not degener-
ate. Under these assumptions, the distribution of schooling in the population would then
closely resemble the distribution of wealth.

Signaling is introduced by adding the assumption that at certain levels of s, s; € {S;}
a signal is conferred and b'(s) discontinuously increases. These spikes are meant to
capture the notion of “credentialism”, that obtaining a credential confers benefits in the
labor market outside of the process of skill acquisition (Spence, 1973; Weiss, 1995).
Adding this assumption changes our prediction of the distribution of schooling in the
population for the same distribution of wealth. Formally:

Proposition 1: Let f(s;) be the probability mass function at schooling level s;. Under
credentialism, f(s;) > f(s;) < f(sx) for two consecutive credential-attainment years?

i,k € {S;}, and any non-credential attainment year j ¢ {S;} satisfying i < j < k.

91n the Appendix, we develop predictions for a model which adds an additional layer of heterogeneity in
ability endowments. As we do not have ability measures before children finish primary school, we are unable
to take its predictions to our data.

20For example, the year one finishes middle school and the year one finishes high school.
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This result follows directly from our assumptions about the marginal benefit of creden-
tial and non-credential attainment years. Under our assumptions about the smoothness
and regularity of the cost function, the extra benefit conferred by the credential induces
bunching at credential attainment years. In the absence of credentialism, the assump-
tions we have made so far imply no such bunching. Figure A.9 shows the distribution of
schooling, assuming a uniform distribution of wealth, for the two regimes.

This framework also generates substantially different predictions of the response to
the policy we study. If we assume that the main effect of the policy for the majority of the
population is to raise the cost of all additional post-primary schooling by the additional

forgone year of wages it requires, we generate Proposition 2:

Z 1{Sip05t 7& Sip,,.e} |credentialism< Z 1{Sip05t # Sip,,.e} |no credentialism

3 ’L

In prose, the skill acquisition model predicts a decrease in the amount of post-primary
schooling for a larger proportion of the population than the signaling model, which pre-
dicts no change in the equilibrium number of years of post-primary schooling for most,
save the few for whom the increase in marginal cost is enough to edge the marginal cost
schedule above the marginal benefit peak of the pre-policy equilibrium attainment level.
The proof for this is straightforward. The main credentialism assumption is that there

exist credential attainment years s; € {S;} such that v/(s;) > b/(s;) for all s; ¢ {S;}.

This implies that for a given cost change ¢ — ¢/, P(%* = 0) |credentiatism™> P(% =
0) |no credentialism if ¥ € {S;} and we have our result. If we relax our previous assump-
tion on the nature of the distribution of wealth, the strong inequality becomes weak.
Appendix Figure A.10 displays a case demonstrating with the intuition behind this propo-
sition.

This simple model formalizes how we interpret our empirical results. We see both
extensive bunching at credential attainment years and little difference between the pre-
and post-policy distribution of schooling, both predictions of the credentialist model. Of
course this it not conclusive proof of signaling; the model presented in the previous sub-

section abstracts from many important aspects of reality which could generate bunching

at credential years in the absence of credentialism as we have defined it. In the next
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subsection, we list the most likely candidates, describe their theoretical implications, and

discuss their empirical plausibility in explaining our results.

6.2 Alternative explanations for bunching at credential attainment

years

The main competing hypothesis that could explain our education results is that students
were unable to adjust their final level of education either upward or downward, and so the
patterns we observe would be best explained by the institutional details of the Chinese
educational system and not the signaling value of attaining a credential. With respect to
downward adjustment, the first and foremost concern is that China’s 1986 compulsory
education law, which stipulated that all Chinese students had to complete primary and
middle school, may have prevented many students in our study from adjusting down-
ward the number of years of middle school they attained. Recent empirical work has
shown the law was gradually implemented and remains porously enforced, with many
locales not implementing it until the mid-2000’s (Fang et al., 2012). That study shows
the policy induced individuals to spend 0.8 extra years in middle school. Though we can
replicate their results using their empirical specification, when we apply the treatment
years identified in that study to our data using our RD design, we find no significant dif-
ference between treated individuals in terms of either years spent in middle school or the
likelihood that individuals completed at least a middle school degree.

Furthermore, as recently as 2010, the proportion of students not completing middle
school was estimated at over 20% in some rural areas (Mo et al., 2013). In Panel A of
Appendix Figure A.8 we plot cohort means of total years of education and superimpose
a plot of the cohort-specific proportion of students who get two years of post primary
education or less (recall that a middle school credential usually takes three). Though
there is a downward trend after 1986, the proportion of students not completing middle
school is stable at around 20% throughout most of the period we study, suggesting that
a large proportion of students in this period would have been able to adjust on the lower
margin should they have desired to do so.

A related possibility is that large increases in costs between schooling levels are

generating the bunching at the final year of each credential. There are in fact substan-
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tial increases in costs between schooling levels and there is evidence that these form
binding constraints for China’s rural poor (Liu et al., 2009). For the majority of the popu-
lation, however, this appears not to be the case. We know that 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 ascent to
higher levels of schooling is oversubscribed (Kipnis, 2011; Butrymowicz, 2012; Larmer,
2014) While there is no conclusive study on the matter that we are aware of, we inter-
pret the available evidence as indicative that the discrete jumps in costs between levels
of schooling in China are unlikely to explain the majority of the bunching we observe,
particularly not in urban areas where incomes are higher and costs are less likely to be
a constraining factor

This pattern of oversubscription speaks to the other side of the institutional rigid-
ity argument - supply constraints. Demand for schooling exceeding supply could also
generate the bunching and non-response of post-primary schooling to the extension of
primary school we observe. Though we know that the number of college entrance exam
takers has greatly exceeded the number of college entrance spots for the last half of
the 20th century, national-level data shown in Panel B of Appendix Figure A.8 provides
suggestive evidence that over the period we study supply constraints are being contin-
ually relaxed both at the university and high school levels (Ministry of Education of the
People’s Republic of China, 2013).

Even in the presence of these supply constraints, we are left with the question of
why so many individuals finish school at the credential attainment year. In our estimation
sample, 54% of middle school finishers did not ascend to high school, and 56% of high
school finishers did not ascend to tertiary education. Ideally, we would like to know to
what extent these individuals, and those who go on to complete university, remain in
schooling until the end of a credential because they value what they learn in school as
opposed to doing so because they want the signal (or some other benefit) conferred by
obtaining a credential. Here we provide suggestive evidence about the likely motives,
but a conclusive answer to the question is beyond the scope of this research.

In China, the final year of middle school and high school is spent primarily on review

for the entrance examination to the next level. The content of this year is unlikely to be
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new or, for that matter, useful for much beyond passing the entrance exam to proceed
to the next level. This structure therefore makes it unlikely that skill acquisition alone
would explain the bunching at credential attainment years and zero effect of the policy
on post-primary schooling that we observe.

It is possible that students who remain in school until the end of a credential do so be-
cause they want to advance to the next level of schooling (either for the skills gained there
or the signal), and the expectation value of sitting the entrance exam is great enough to
make it worthwhile to endure the review year. Again, institutional features suggest this
explanation is unlikely to account for the majority of our results. In most schools in China,
a student’s performance is frequently evaluated, in some cases to an excessive degree
(Kipnis, 2011). While there is some evidence that in China and elsewhere in the develop-
ing world, households’ views on the returns to schooling (Loyalka et al., 2013) and their
own children’s ability (Dizon-Ross, 2014) can be over-optimistic, the same research on
ability also shows that frequent contact with accurate assessments of a child’s ability are
likely to correct these misperceptions, at least in the context of the household education
decision we study?' (Dizon-Ross, 2014). We argue, then, that a large proportion of these
students who finish a credential but do not ascend to high school are not marginal cases
for passing the entrance exam?? and so the “lottery value” concept appears unable to
account for more than a small portion of the results we are trying to explain, given what
we know about the Chinese system and individuals’ response to information about their
own ability.

Finally, it is possible that some of the bunching we observe could be merely the result
of measurement error from recall bias. If individuals respond that the length of time they
spent in a given level of schooling was however many years it takes to finish that level
of schooling, regardless of whether or not they spent that many years in that level, we
would overestimate the extent of bunching. We provide two pieces of evidence that this
is unlikely to be the case. One, we see that respondents appear to accurately report

when the years spent in primary school went from five to six, even when it is 25 years

21Mobius et al. (2011) study a similar setting the lab, where decision-makers are treated with information
that contradicts the decision-maker’s perception about his own ability, and find the opposite conclusion, that
new information can reinforce a bad prior.

22This is impossible to know without access the distribution of publicly announced grades of students in the
first and second years of middle and high schools, but our best guess is that more than 50% know that they
will not ascend.
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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. Second,
we look for 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.

6.3 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 (Manski, 2013), it is useful to gain some insight into the net effect
of such a tremendous reallocation of resources.

As in Duflo, 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 wages?®3, w;;, that affected students i forgo during the year ¢ they spend in

school instead of in the labor market:

Cost = Z Wit
i

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 school?*. We then calculate the total value of the value of 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

23We assume that the extra year of primary school does not induce individuals to remain in the workforce for
longer. In the appendix we discuss other costs and our decision not to include them in this calculation.

24For example, an individual born in 1975 would start school in 1981. If their highest credential attained is a
middle school degree (and so spent nine years in school) and they were affected by the policy, their “lost year”
would be in 1990.
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is no productive activity displaced by the policy other than the reallocation of students’
time in the workforce.
The benefit of this policy is estimated to be the sum of all wage gains for all affected

cohorts over the time frame we have chosen:
Benefit = Z Z aGDP(t)S(c,t)P(c,t)5
t 7

Here « is the share of labor in GDP?°, S(c,t) is the fraction of total wages earned by
cohort ¢ in year t. P(c) is the proportion of cohort ¢ affected by the policy, and 3 is our
estimated effect of the policy on wages. 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 652,

In Table 6, we present four estimates, varying two important assumptions about the
nature of 8. 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
schooling in each cohort. 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, differential switching between agriculture and the non-farm labor market, and
the great changes affecting rural China over this period. The policy, however, was im-
plemented in both urban and rural China. Furthermore, until 2011, more than half of
China’s population was rural. We present two sets of estimates - in the first row, we use
the urban estimates on returns for urban and rural residents. In the second row, we use
the treatment effect estimates for rural areas (first the average treatment effect, then the
credential-specific effects estimated off of only rural residents).

We give both the net and gross benefit of the policy over this period under each of the
four scenarios (type of treatment effect by treatment of rural areas). Under three of the

four scenarios, the cost of the treatment exceeds the benefit in wages by tens of billions

25This 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.

26This 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 in which
benefits were enjoyed and thus reduce our estimate of the benefits of the policy.
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of dollars. In the scenario in which we impute the urban, credential-specific estimates
to rural residents, we see a positive estimate of about four billion dollars. Furthermore,
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.
Such costs are likely to 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.

7 Discussion and policy implications

In this paper, we exploited a massive policy change in China’s educational system to
study how household decisions on children’s post-primary schooling respond to extend-
ing the length of primary school by one year. We find that the vast majority of individuals
chose to spend another year of school and transport fees and forgo a year of wages to
get the credential they would have attained in the absence of the policy. We used the
results from this exercise to generate a new parameter estimate of the returns to a year
of education, holding highest educational credential constant. The extra year of school
generates a small but precisely estimated two percent increase in monthly income which
is higher for those with less education, those who the policy set out to assist.

We then framed these results in the context of the literature on the contributions of
signaling and skill acquisition to the returns to schooling. We interpret our results as
suggestive that the signaling value of attaining a credential is the dominant driver behind
schooling decisions in China in the modern era. 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 education, finding that in most scenarios the policy will be a net
loss of tens of billions of 2005 US dollars.

We conclude 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 Demographic and

Health Surveys data from those 74 countries in which the number of years a respondent
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spends in school is collected. In 48 of these countries?’, we found evidence of bunching
at multiple years similar to that shown in Figure 5. We are less confident about the ro-
bustness 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 the decisions on the length of
credentials have massive resource implications.

Though the extra year appeared to be a net loss in China’s case, it was redistributive:
those with lower levels of education gained the most from it. In many countries there
appears to be similar bunching at credential attainment years. Our results suggest that
in such countries, a policy to extend the final year of 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. In a
country where the average number of years spent in school is lower and grows less
quickly than in China, the benefits of such a policy could well exceed the costs.

Finally, we believe that our paper shines light on an important research lacuna: gov-
ernment 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.

27These countries had more than twice the per-capita GDP than those without bunching. It is likely that pro-
ductive characteristics are less observable in non-agricultural occupations (e.g. brawn as opposed to brains),
and the greater signaling among richer countries we observe is consistent with a higher importance of signaling
in economies with more developed non-agricultural labor markets.
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Figures and tables

Figure 1: Length of each credential, pre- and post-policy
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Figure 2: Timing of implementation by prefecture
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published. In these cases, we take the prefecture level-average of the treatment year in
all previous prefecture capitals falling within the new prefecture.
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Figure 3: Predetermined characteristics across the treatment threshold

Relative cohort size

39

o o s ° °
wsx X8 % % g
. . ¥ & o .
® . 5 x e
04 4 ¢ L T S S
o R g @
X
02 <
0
T
Proportion female
o
55 ¢ o < o o
M X ¥ X
M M %4 @ 2 x X x X x & X X x b3 % X
5 x o 3 5 >
. * . : ° 'S o
45 5 . :
. o
. 3
: T
Proportion with urban household registry
6
4 ) Q 3 ® X
% x X % X X X X % (); ¥ % ¥ X x %4 x b A .
2 6o o © © o ° % o o oo o
3 ‘ |
-10 10
Distance to treatment year
X Census <& CLDS  CFPS



Figure 4: Proportion of population affected by policy

Proportion of cohort with at least six years of primary school
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Figure 5: Distribution of post-primary education by treatment

PDFs of post—primary schooling
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1 or 2) graduating from primary school within five years of the
policy implementation year.
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Figure 6: Stability of main regression estimates across bandwidth specifications
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Figure 7: Estimates from 1,000 draws of placebo-policy years
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Figure 8: Kernel density of cognitive ability score, by treatment status
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Table 2: Education regressions - main sample

Outcome CFPS 2005 Census
Probability: at least six 0.547***

years of primary school (0.029)

Years spent in all levels 0.660***

of school (0.209)

Years of post-primary 0.093

schooling (0.204)

Highest credential at least 0.004
middle school (0.032)

Highest credential at least 0.000
high school (0.026)

Dropped out of school, any
level of school

-0.0049
(0.0030)

0.0063*
(0.0033)

-0.0002
(0.0014)

Robust standard errors in parentheses, clustered at the
county/prefecture level. * p<0.10, ** p<0.05, *** p<0.01
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Table 3: Education regressions - vulnerable subgroups

Outcome Female Rural Rural female

Years of post-primary schooling

CFPS -0.2992 0.2727 -0.3409
(0.3714) (0.3319) (0.5381)

Graduated from middle school

CFPS -0.0351 0.0589 -0.0177
(0.0576) (0.0618) (0.0794)

Census -0.0057 -0.0049 -0.0044

(0.0043) (0.0046) (0.0063)
Graduated from high school

CFPS -0.0466  0.0131 -0.0241
(0.0469)  (0.0202) (0.0316)

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 946 927 412

Observations in Census sample 126,081 157,308 81,490

Robust standard errors in parentheses, clustered at the county/prefecture
level. * p<0.10, ** p<0.05, *** p<0.01
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Table 4: Labor market results - entire sample

Outcome Estimates
Panel A: average treatment effects
Currently employed 0.0026
(0.0052)
Works for government 0.0035
(0.0062)
Log lof 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 qualification
Primary school 0.0657**
(0.0312)
Middle school 0.0475***
(0.0101)
High school 0.0311***
(0.0096)
Tertiary schooling -0.0066
(0.0095)
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)

For first row, N=86,240. For all other regressions, N=66,425. Robust
standard errors in parentheses, clustered at the prefecture level.
* p<0.10, ** p<0.05, *** p<0.01
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Table 5: Putting our estimates in context

(1) () 3) (4)

Percent of
Per-year Credential  Percent estimation
Credential return premium  employed sample

Primary school - - 62.3 3.8
Middle school 7.93 23.7 66.9 34.2
High school 8.42 25.3 77.7 32.3
Technical college 8.58 25.7 92.1 19.5
University 13.9 55.7 95.8 10.1

Our estimate of the return to 2.03 - - -
a sixth year of primary school

Li et al. (JDE 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. Degree premia
are measured relative to next highest credential: middle school relative to primary earners, high
school relative to middle, and technical college and university both relative to high school.

Table 6: Cost-benefit calculation

Assumption about heterogeneity
between credential holders

Assumption about treatment effect for Using average Using credential-specific
rural areas treatment effect for all treatment effects
Using estimates from urban areas -29,887 28,609
Using rural effect estimates from our data -67,533 -173,951
Costs 146,309 -

*Estimates in millions of 2005 US Dollars.
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Appendices

A1 - Figures

Figure A.1: National data on proportion of students in six year primary education

National data on students in six—year primary education
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Figure A.2: National statistics and province-level CDFs of policy implementation
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Note: hollow circles represent the cdf of proportion of treated counties in a given
province by year according to county-specific implementation years identified in the
CFPS data. 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 trend
downward in a few cases.
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Figure A.3: National statistics and province-level CDFs of policy implementation

Second 12 provinces
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province by year according to county-specific implementation years identified in the
CFPS data. 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 trend
downward in a few cases.
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Figure A.4: Example of a page from a county gazetteer
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¥o B, MM EYTHEEE,

195248, BHFRAMH (XTREFHORE) ARTEAGH (DEETHR)
il HARAWOAFESR, FXEDIARTAETRIAZLNNFET, REHEE
WER, RTMEEF—-RH. 45, RENKEFEFGLTEF-RH, FEO
Bhl, BRAERE, 93F 1A, BFRE (BEABGE D EEFHER) P17
E: ‘KT MEREFE—RH, ARATHEE, dTHE. 86, RHEEFR, FES
ST, NAFME—REIEET.” 28 FNERAN, Z%H,

1960 %, AUGHTEHYERE, RETEREAFLENOFTRDE, KFIER
EARRAF—AHEE, EXRERMBRIE, BF, ZRE-FEFHRATHF
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Figure A.5: Example of mean shift algorithm identifying year of policy implementation
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Number of prefectures

Figure A.6: Comparing archival and algorithmically identified treatment years
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Figure A.8: Evidence of students’ ability to adjust on lower and upper margins

Panel A: Ability to adjust on lower margin

4.5

T
5

I
T
4

3.5

2.5 -

1976 1985 1995 2005
Year graduated from primary school

——o6—— Years of post—primary schooling
—=e—— Proportion not completing middle school

*Vertical line at annoucement of compulsory middle school

Panel B: Ability to adjust on upper margin

T
. .3 .
Proportion not completing middle school

1980 1990 2000
Year

2010

—o—— Primary to middle school ——— Middle to high school
—=—— High school to university

57



Figure A.9: PDFs of educational attainment by dominant mechanism
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Figure A.10: Predicted policy response, by model
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A2 - Tables

Table A.1: Anecdotes on implementation of six year primary education from across China

| Region | Strategy of Changing 5-Year to 6-Year Primary Education |  Source
Beijing In 1969, the length of primary education was shortened to Beijing
five years. Starting from September 1st, 1980, the length General

of primary education was prolonged to six years, with the Education

fifth-grade students continuing to be in the old system and Chronicle
students of other grades entering into the new system. (Part )

Xinle In 1967, the length of primary education was shortened to Xinle
County, five years. Starting from August 1985, first-grade students | Educational

Hebei and one half of second-grade students entered into the Chronicle
Province new six year system, while the rest of students remained

in the old system.
Nanijing In 1969, the length of primary education was shortened to Nanjing

City, five years. Starting from 1982, the length of primary Educational
Jiangsu education was prolonged to six years in urban districts Chronicle
Province 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).

Wuyi In 1984, first-grade students entered into the new six year Wuyi
County, system in half of primary schools, with the other half Educational
Zhejiang following the next year. In 1987, however, all primary Chronicle
Province 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.
Dongying In 1997, the compulsory education system changed from Dongying
District, the 5-3 (years of primary school-years of middle school) District
Shandong to the 5-4 system. In 2003, first-grade students entered Chronicle
Province into the new 6-3 system. (1998-2005)

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

Hubei while other primary schools remained in the old 5-3 Chronicle
Province system. In 1987, the first-grade students in the primary (1986-2006)

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.
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A3 Using 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 median number of years of pri-
mary school a cohort in a given county gets 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 treat-
ment year after which individuals get less primary schooling, that is, 5; < 0, and 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 eleven 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 from us on
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 visually 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 ex-
ercises. First, we compare the mean shift years for all counties within each province
to national statistics on provincial-level implementation, shown in Appendix Figures A.2
and A.3. 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. Appendix Figure A.6 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 sur-
prising, as in the gazetteers we see that counties occasionally implemented at different
times within a prefecture. Additionally, the number of observations in cohort-by-county

bins in the Labor-force Dynamics dataset is small, which implies imprecision (relative to
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using the CFPS) in our ability to algorithmically determine the implementation year.

A4 Theoretical appendix - incorporating the role of ability and the

entrance exam

Here we focus on the transition from high school to college, for which the supply con-
straint is more likely to be binding than earlier transitions, particularly for the latter half
of our study period (Connelly and Zheng, 2003). We study a continuum of families het-
erogeneous in two characteristics, ability endowment of the child and income. We as-
sume income, y, and ability, a, are distributed independently and uniformly: y ~ UJ0, 7],
a ~ Ul0,a], and a_Ly. To simplify, in this section we assume it is always preferable to go
to school if it is affordable and the student is of sufficient ability.

Here the student must have sufficient resources to ascend to the next level of school-
ing. There are absolute minimum levels of ability, a, necessary to even potentially pass
the entrance exam, and income, y, necessary to pay for school should the student get in,
such that if a < a ory < y, then s; = 0. In addition, if both are exceeded, additional ex-
penditure is necessary for all but the brightest, the amount of which is inversely related
to ability endowment?®. This assumption captures a feature of the Chinese education
system as well as of many others in East and Southeast Asia: entrance exams are high
stakes and highly manipulable via test preparation (Lee, 2011; Jayachandran, 2014).
This additional expenditure needed to proceed to the next level includes both money
spent on tutoring, particularly exam preparation courses, and time. Time resources con-
sist of parental time spent helping the child with her studies and time the family allows
the child to spend doing homework and not housework (Zhang et al., 2008). These as-
sumptions generate a schooling threshold in ability-income space, shown in the figure
below, determined by the two absolute minima and the function determining the min-
imum combinations of ability and expenditure (classified as income in the proceeding

figures to simplify notation) needed to pass the test.

28There is a large literature, starting with Becker and Tomes (1976), on whether expenditure on children’s
education is positively or negatively correlated with children’s ability. Our assumption here is only about the
likelihood of a child passing an entrance exam, and is an extension of two simple assumptions: 1) a child’s
likelihood of passing an entrance exam is positively related to both her ability and the amount of resources
spent on exam preparation, and 2) ability and exam preparation are substitutes in the production function for
passing an entrance exam.
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In this framework, there are two direct effects of the compulsory primary education
expansion policy, as shown in the second figure below.

EFFECT 1: g,

Qpre > G By making all children go through an extra year of primary

post*
education, the schooling reform condenses the ability distribution from the left hand side
toward the right, reducing the absolute ability endowment threshold a. This is supported
by the results of Meghir et al. (2013), who find that a compulsory education reform in
Sweden had a similar differential impact on the cognitive skills of those with initially
lower ability endowments. Note that we could use a relative threshold instead of an
absolute one. A relative threshold that allows only a fixed proportion of students to
advance (e.g. “grading on a curve) would allow this result in the presence of noise in
the entrance exam’s capacity to measure ability endowments. This noise introduces
a nonzero probability of failing the test inversely related to ability and money spent on
tutoring.

EFFECT 2: §pre < Upost- 1he policy also increases the income threshold for ascent
- the extra year of schooling represents an additional year of expenditures and forgone
wages to be borne for all households wanting to send their children on to further school-
ing. In the body of the paper we present our results testing for the second effect; we find
some evidence that the most vulnerable may have been affected as predicted. As we do
not have data on cognitive ability before the policy is implemented, we are unable to take

the first test to the data.
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Figure A.11: The schooling choice in income and ability
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Figure A.12: Potential subgroup effects of the policy
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A5 Cost benefit analysis details

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 to %. 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 get 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 one of
our data sets). 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
individuals accruing throughout their lives. This parameter is taken directly from our esti-
mates in Section 5. We assume that the benefits affected individuals enjoy are constant
throughout their lifetimes, and calculate the total value of the earnings gain for each af-
fected individual up to the year 2050. Table A.2 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 exclude these because archival records suggest that in the short term,
the current staff was used to meet most of the increased HR needs imposed by the

policy and classrooms could be split, thus requiring no sizeable infrastructure additions.

65



In the long term, the one child policy meant that the number of children in schools was
decreasing secularly, and so existing staff levels and infrastructure would be housing a
smaller and smaller number of children. We assume that this would largely offset the
need for long term staff and infrastructure adjustments to accomodate the policy. 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, we exclude the possible beneficial impact of the extra

year of schooling on health, fertility and other non-financial outcomes.
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