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ABSTRACT

Promotion Incentives in the Public Sector:
Evidence from Chinese Schools

We provide evidence that promotion incentives influence the effort of public employees by
studying China’s system of promotions for teachers. Predictions from a tournament model
of promotion are tested using retrospective panel data on primary and middle school
teachers. Consistent with theory, high wage increases for promotion are associated with
better performance, teachers increase effort in years leading up to promotion eligibility,
and reduce effort if they are repeatedly passed over for promotion. Evaluation scores
are positively associated with teacher time use and with student test scores, diminishing
concerns that evaluations are manipulated.
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1 Introduction

Public servants comprise a large proportion of formal employment in low-income countries, but
service delivery is often poor (World Bank, |[2004)). In many developing countries, where teachers
account for a large share of public sector workers, there are widespread complaints about high
rates of teacher absenteeism and poor learning outcomes (Glewwe, 2002)). Similar concerns
are voiced in developed countries about systems in which teachers enjoy high job security
and pay is determined by education levels and seniority rather than by performance. In such
settings, teacher characteristics are only weakly correlated with student learning (Podgursky
and Springer, 2007)). As a result, there has been great interest in reforms that incentivise
teachers, in particular through pay for performance schemes that link bonuses to student test
scores (Muralidharan and Sundararaman, 2011; Glewwe and Muralidharan, 2015). The United
States’ No Child Left Behind Act included linking school sanctions to student performance to
improve accountability in many states, with varying success on the types of effort exerted by
teachers, and on student outcomes (Barlevy and Neal, 2012; Reback et al., 2014)).

China has taken a much different approach to incentivising teachers, and civil servants more
generally, by establishing a sophisticated system of annual performance evaluations that inform
promotion decisions (Ding and Lehrer, 2007b). In Chinese public schools, teacher absence
is very rare, and student achievement is sometimes spectacular, as evidenced by students in
Shanghai scoring top in the world in all three tests on the Programme for International Student
Assessment (PISA) exams (OECD)] 2014). However, the design and performance of China’s
public service promotion system has received little attention or systematic study.

In this paper, we provide empirical evidence on how China’s promotion system influences
the performance of teachers in public schools. We test theoretical predictions of a tournament
model of promotions using retrospective panel data on primary and middle school teachers in
Gansu province in western China, and find evidence that effort responds to promotion incentives
in a manner remarkably consistent with theory. Specifically, we show that in Chinese schools,
promotions reward outstanding performance and are associated with large pay increases, per-
formance is greater when wage increases are larger, performance improves as the teacher gets

closer to the year in which she is eligible for a promotion, teachers who are repeatedly passed



over for promotions exhibit deteriorating performance, and the larger the number of teachers
competing for a promotion, the worse is the performance of teachers at the extremes of the
skill distribution. Although we focus attention on teachers, key features of the evaluation and
promotion system are the same for all public employees in China. Thus our results may help
shed light on the puzzle of how China has grown so rapidly despite having weak institutions
for protecting property rights and guarding against corruption, which some argue threaten the
sustainability of China’s growth (Acemoglu et al., 2012).

Nearly all previous studies of promotion systems focus on private sector employees, often
testing whether pay within companies increases substantially with promotion rather than reflect-
ing current marginal productivity (Medoff and Abraham), [1980; Baker et al., [1994)). Only a few
link promotion incentives to direct measures of effort or performance (Kwon, [2006; Campbell,
2008]).

The performance of promotion systems may differ in the public sector in comparison to the
private sector. Work output or productivity may be more difficult to quantify (Dixit, 2002),
and public service jobs may involve multiple tasks or multiple principals to a greater degree
than private sector jobs, making optimal incentives for specific tasks weaker (Holmstrom and
Milgrom, 1991). Teacher performance pay schemes have generally produced positive results on
the outcomes they incentivise (e.g., test scores) (McEwan) 2015); however, they have also been
subject to teachers gaming the system (Cowgill, 2015; |Glewwe et al., |2010; |Jacob and Levitt,
2003)), and may also have unintended dynamic effects on teacher effort (Macartney, 2014)).

Unfortunately, there are few rigorous empirical studies of promotion systems in the public
sector. |Ashraf et al. (2014) find that career incentives induce the selection of more career-
oriented individuals into the health services sector in Zambia. Dal B6 et al. (2013) and |Ferraz
and Finan| (2009) find that higher pay in Brazil attracts political leaders who are more effective
at delivering public services, while |[Enikolopov| (2011)) finds that US mayors receive higher pay
if they promote economic growth. These studies do not focus directly on promotion decisions.
Previous research on promotion outcomes has found that provincial and city officials in China
are more likely to be promoted if they achieve high rates of economic growth (Li and Zhou,, 2005}
Landry, |2008]). A study by Haeck and Verboven (2012)) also examines promotion incentives in the

education sector, showing that the wages of professors of a European university do not respond



to the external labour market, and that those with better research and teaching performance
are more likely to be promoted. However, none of the studies described above distinguish
clearly whether the link between performance and promotions or higher pay reflects selection or
incentive effects. This study is the first of which we are aware to provide empirical evidence that
performance in the public sector responds directly to incentives. Thus, in addition to informing
the current debate on teacher incentives and accountability in both low-income countries and
in developed countries such as the United States about reforming teacher pay structures and
evaluations, this paper also contributes to the literature on promotions and effort incentives
more generally.

The rest of the paper is organized as follows. The next section describes the promotion
system for teachers and public servants in China. Section [3| presents theoretical predictions
to be tested empirically, based on intuition from a tournament model of promotions. Section
[] introduces the data and key variables. Section [f] presents the empirical specifications and

results, and Section [6] concludes.

2 China’s Promotion System

In China, all civil servants compete with their colleagues for promotions based on extensive
annual performance evaluations. In the education sector, teachers in primary schools can be
assigned to four different ranks: intern, primary level 2, primary level 1, and primary high level.
In middle school, teachers can be assigned to one of five ranks: intern, middle level 3, middle
level 2, middle level 1, and middle high level. Primary level 2 is equivalent to middle level 3,
primary level 1 is equivalent to middle level 2, and primary high level is equivalent to middle
level 1 in terms of administrative status. Teachers are all hired as interns and then promoted.
Promotion to a higher rank is accompanied by a substantial increase in salary, as we show
below.

There are specific rules regarding the years of service required before a teacher is eligible to
apply for promotion to each rank. Once promoted, the years of service required for promotion
to the next rank apply. All teachers begin as interns in their first year, and are promoted up

the rank levels successively. Appendix Table provides the number of years teachers must



wait until promotion eligibility for each rank, based on their level of education.

Most teachers in the sample completed vocational college or regular college, with nearly all
of the rest completing vocational high school or regular high school. Almost all middle school
teachers are college graduates. In China, after completing middle school, the best students
usually attend regular high school which requires passing a competitive exam, and others enrol
in vocational high schools or exit schooling. Entrance to regular and vocational colleges is also
based on competitive exams taken by regular high school graduates. The required educational
credentials for teachers has increased significantly over time.

Apart from needing to wait the requisite number of years before applying to the next rank,
promotion applications also require the attainment of minimum scores on annual performance
evaluations. Annual evaluations are conducted on a four point scale: excellent, good, pass, and
fail. To be eligible for promotion, teachers must obtain either two ‘good’ annual performance
evaluation scores or one ‘excellent’ evaluation score in the past five years. Other promotion
requirements may vary by county or education district (typically comprising all of the schools
in a township). For example, in some education districts teachers must publish an article in a
teaching journalE There are also teaching awards for teachers at the county, education district,
or school levels that can influence promotion eligibility.

Each year the Education Bureau of each county determines the specific number of promotions
available for each rank in each education district, and teachers are informed of the quota numbers
by the district education officials. The timing of the announcement is uncertain and will not
generally coincide with the beginning of the school year, as it depends on budget and other
considerations. All teachers who have fulfilled the minimum conditions are then considered for
rank promotions after annual evaluations at the end of each school year.

Annual teacher performance evaluations assess multiple dimensions of teachers’ performance,
grouped into four categories: 1) student test scores, 2) work ethic and attitude, 3) preparation
(lesson plans, homework, reporting etc.) and 4) teacher attendance. A point system is used,
and although there is variation across districts, student test scores generally have the highest

weight (34.2% on average), followed by preparation (29.5%), attitude (23.2%), and attendance

!The requirements for this also vary, with some counties simply requiring a summary of the teacher’s teaching
experience, and some counties ranking publications by the quality of the journal.



(13.2%)E| Weights for each category and the specific indicators and points used to evaluate
performance within each category are determined by a district committee typically comprised of
principals, vice-principals, and outstanding teachers from schools in the district. Interviews with
teachers made clear that most do not have a precise idea of what the specific weights are, but
they do know the components. The committee draws upon information from assessments based
on direct classroom observationﬁ assessments by other teachers in the school (peer review),
questionnaires from students, data on student test scores, and principal reports of the teacher’s
attendance, preparation, and attitude. Once final scores are agreed upon within the committee,
there are fixed percentages of teachers who receive ‘excellent’ and ‘good’ evaluation scores.
These percentages are set at higher levels of government (provincial and national) and did not
change during the period of our study. The names of the recipients of excellent and good
evaluation scores are announced at an annual meeting of all teachers at the school. Since
there is an explicit quantitative formula and the results are announced publicly, the ability
of committees to manipulate evaluation scores is limited; however, this practice will vary by
district. The district committee in charge of evaluations also makes recommendations on who
should be promoted each year subject to final approval by the County Education Bureau, based
on another point system that incorporates the history of annual evaluation scores, publications,
awards, and other district-specific criteria. Note that the decision regarding quotas for the
number of promotions available for each district is set at the county level, and teachers compete
with other teachers in their district for promotions.

Principals also are evaluated annually using a point system and receive promotions and
salary increases based on the performance of their school. A committee appointed by the County
Education Bureau visits each school every year and observes the school’s facilities and grounds,
collects test score data, surveys teachers about the principal’s management of the school, looks
through the school accounts, etc. This process helps make the system of promotions incentive
compatible, avoiding to a great degree the problems of influence activities for which promotions

are often criticised (see [Fairburn and Malcomson, [2001). Unlike in many countries, teacher

In some districts, mean test scores are used, and in other districts, value added test scores are used. Test
scores from different subjects count equally in the performance evaluation.

3Teachers are typically observed once per semester. Senior teachers on the evaluation committee may assist
in such evaluations. Teachers observing each other in public lectures for purposes of training and improvement
also is common practice.



unions do not exist in China, and so play no role in the design or implementation of the
promotion and compensation systems.

Wage rates reflect availability of fiscal revenue (Ding and Lehrer, 2007b)), and can also reflect
the priorities of current leaders. In addition to increasing substantially with each higher rank,
wages also increase over time, often in the form of inflation adjustments or periodic national or
provincial policies to increase the salaries of public employees. We note that because County
Education Bureaus have a local monopoly (there are almost no private schools in these areas)
and determine assignments of teachers to schools, there is very limited mobility of teachers across
schools, and even less across counties because County Education Bureaus can administratively
block teachers from making such a move. Teachers are only moved for specific reasons, such as a
change in work location of a spouse, or because they have subject-specific skills that are needed
in another school or county. Salaries are very similar across public schools within the same
counties, providing little incentive to switch schools within the county to pursue higher pay.
Han| (2013) notes that beginning in 2001, Gansu began to centralize teacher allocation across
schools. She finds, however, that differences in wages and other benefits are not significantly
different across counties that did and did not centralize earlyﬁ China’s residential registration
system links access to public goods and services to one’s place of official registration, which also

inhibits labour mobility (Chan et al., 2008)).

3 Theoretical Predictions

In this section, we present a set of theoretical predictions on how the promotion system should
function and influence teacher performance, which we later take to the data. To fix ideas, we
first sketch out basic features of a one-period tournament model of promotions and provide
intuition for the main predictions, referring readers to |Gibbs (1989) and (Gibbs (1995) for more
details and proofs. We also extend the Gibbs model and present predictions about dynamic
incentives when the tournament occurs over multiple periods.

In a one-period tournament model, n teachers in a district compete for a fixed number of

4In related work, [Han et al|(2014)) find that schools in Gansu that centralized teacher deployment faster from
2001 to 2003 performed more poorly in terms of test scores and teacher work hours. Our data are from 2007 by
which time the centralization of teacher deployment was long completed.



promotion slots, k, or with a promotion rate p = k/n. Wage increases associated with promotion
are taken to be exogenous. Teachers differ in their own skill, s, which is not directly observable
by principals. Teachers have informed beliefs about their own skill. Teachers exert effort, e, in
their job (capturing both hours and intensity of effort), which is costly and gives them disutility
C'(e) that increases convexly with e. Performance of teacher i is measured by ¢; = s; + €; + v;,
where ¢; is output and v; is an error term.

Each teacher’s probability of promotion depends on her skill and on her effort, and on the
skill and effort of his or her competitors. Thus, in each tournament a teacher’s probability of
promotion can be written as p = p(e, s, £, S, p,n) where E and S are vectors of other teachers’
efforts and skills, respectively, and p and n are the promotion rate and number of teachers in
the tournament, respectively. The county government offers a reward for promotion, AEV,
which is the change in expected lifetime utility gained from winning a promotion relative to not
being promoted. This change mainly reflects the greater lifetime income associated with the
wage increase that comes with promotion but could also reflect non-pecuniary benefits and the
option value of possible future promotions.

The teacher chooses effort to maximize the expected reward minus the disutility of effort:

mgx{p(e,s,ﬂ,ﬁ,ﬁ, n)AEV — C(e)} (1)

The first order condition for optimal effort sets the marginal cost of effort equal to the gain
in utility times the marginal effect of effort on the probability of promotion:
dp(e) Saﬁyﬁuﬁ’ ’I’l)

C'(e) = . AEV (2)

With appropriate assumptions, we can solve for the Nash equilibrium effort levels of this
game. We note that with imperfect information, effort will depend on beliefs about one’s own
skill (s) and that of others, which may not be fully accurate. In deriving predictions for the
static model, we assume away such error, but later we discuss how beliefs may be updated
when we extend the model to multiple periods. From the FOC (equation ) we see that effort
depends on the gain in expected utility from promotion, in particular the wage gain that a

teacher would receive if promoted, and the marginal effect of effort on promotion probability



(MPE). The MPE depends on the number of competitors (n), the promotion rate (p), and skill
(s). Thus, we can express the reduced form equation for the determinants of each teacher’s

effort as follows:

e = f(AEV,MPE), MPE = h(p,n, s)
(3)
e =e(AEV,p,n,s)

The assumptions and results of this tournament model deliver a number of testable predic-
tions. First, we can test for evidence of two important features of promotion systems; these two
conditions must hold in order for the model to predict behaviour:

Condition 1. Wages increase substantially after promotion, independent of changes in
education or experience.

Condition 2. Greater effort (and skill) increases the probability of promotion.

Next, we present a number of predictions related to the determinants of effort predicted by
the model:

Prediction 1. Effort incentives are greater the higher the wage increase if promoted. In
the model, this corresponds to a higher AEV in equation .

Prediction 2. Average effort is greatest when the promotion probability is close to one
half.

This will be true in models in which individuals have no knowledge about their skill level,
or if the distribution of skills is concentrated around the median (for example, the normal
distribution). This is because the chance that greater effort will influence promotion outcomes
falls as promotion probability moves closer to one or zero. For example, if the promotion
probability is close to zero, it is less likely for effort to matter, because only a few persons will
be promoted, so effort will matter only for those with very high random draws of luck (when
priors about skill are homogeneous) or very high skill levels (if skills are known). Similarly,
when the promotion probability is close to one, effort will matter only for those with very low
draws of luck (when priors about skill are homogeneous) or very low skill levels (if skills are
known).

Prediction 3. Given promotion rate p, incentives decrease monotonically with distance

from the marginal skill percentile.



Define a marginal skill teacher as one whose skill percentile is equal to 1 — p. This is the
teacher for whom effort incentives are highest. For example, if 1/3 of teachers are promoted,
the teacher with the highest incentives is the one who believes she is at the 2/3 skill percentile
(from the bottom). Such a teacher is on the margin between being promoted and not being
promoted based on his or her skill level, so that effort will make the most difference to her
probability of promotion.

Prediction 4. Given heterogeneity in skills, and holding p constant, as the number of
competitors increases (higher n) effort increases for those with skill near the marginal skill
percentile and decreases for those far from the marginal skill percentile.

This is because with more competitors, the contest becomes more precise in that the variance
of the threshold score required to win is reduced. With only a few competitors, even with
relatively low skill, individual effort might still matter if there is a chance that competitors
also have low draws of skill or luck. However, with many competitors, there is less uncertainty
about one’s relative position, so for those whose skills are very low (or very high) relative to
the marginal skill percentile, effort is much less likely to influence outcomes.

In practice, promotion tournaments for teachers in China are not completed in a single
period. Rather, evaluations occur every year while promotions occur after multiple years of
teaching, and failure to be promoted in one year does not preclude promotion in future years.
Thinking about the model in terms of multiple periods leads to further predictions about how
effort responds to the timing of promotion incentives.

We focus first on how a specific rule in China’s promotion system influences effort incentives
over time. As described earlier, to be eligible for promotion, a teacher must have completed X
years of service (depending on her level of education) and must have obtained one ‘excellent’
or two ‘good’ evaluations within the past five years to become eligible for promotion. Our next
prediction concerns the timing of incentives in relation to the year of promotion eligibility.

Prediction 5. As long as ¢t < X — 5, there is little incentive to exert effort because in all of
the subsequent five years, the teacher is ineligible for promotion so the performance evaluation
has no bearing on promotion. In the years from ¢t = X —4 to t = X, the marginal probability of
effort increases because with each additional year of service the number of future eligible years

that can be influenced by current effort increases by one year. In year ¢ = X — 4 for example,
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there is one year in which current effort affects probability of promotion and the teacher is
eligible for promotion (t = X + 1). In year t = X — 3 there are two such years (t = X + 1
and t = X + 2), etc. In all subsequent years, the teacher is eligible for promotion in each of
the subsequent five years (there are always five ‘eligible years’) so there is no further increase
in effort incentives. For a more detailed proof of Prediction 5, see Appendix

Another dynamic aspect of incentives is how a teacher’s effort responds to updated beliefs
about his or her relative skill. Our next prediction regards the way in which effort responds to
one important type of information, the promotion outcome itself.

Prediction 6. A teacher’s effort declines as she continues to be passed over for promotion
year after year.

The simple intuition for this prediction is that continued failure reveals negative information
that should discourage teachers, leading to lower effort. Assume that in year 1, teachers begin
with a prior belief (s1) about their skill, while their true skill is s. Their beliefs can change
over time as teachers update their beliefs based on new information. Because the probability
of promotion is a positive function of both skill and effort in the previous year, the lack of
promotion in a year in which the teacher is eligible for promotion provides an unambiguously
negative signal to the teacher about her relative skill level. Using Bayesian updating, if a teacher
is passed over for promotion in period ¢, the teacher will adjust downward her estimate of her
relative skill level. In other words, s; < s;_1 if the teacher is not promoted in period ¢ > X.

A number of factors influence the extent to which the teacher believes the failure to be
promoted is informative about her skill level. For example, if very few teachers can be promoted
because of few quota positions available for higher ranks (low p) or if the teacher knows that
some other teachers are better performers and are likely to be promoted before her (meaning
that she believes her skill percentile is further from 1 — p than that of her competitors), then it
may take repeated promotion failures before she substantially revises downward her assessment
of her relative skill level. However, as additional years pass without promotion, the teacher’s
estimate of her relative skill level should eventually fall, further increasing the gap between

estimated relative skill s; and 1 — ;5E| From earlier, we know that the larger this gap, the lower

5We may wonder whether, once the better teachers are promoted, those remaining in the rank may believe
they have higher relative skill. However, there still will be many teachers in the rank who are not yet eligible for
promotion (including new entrants to the rank) as well as older, likely less skilled teachers who are retiring. We
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the marginal probability of effort.

Another potentially important source of information that could influence assessments of
one’s relative skill level is the annual evaluation score, which can be considered a type of
intermediate feedback. However, it is difficult to predict how such feedback will influence effort
incentives or to estimate the relationship empirically. There is an emerging literature that
examines how feedback influences the outcomes of dynamic tournaments. Only a few studies
consider heterogeneous contestants. Ederer| (2010) shows that in a model with two contestants
with differing ability, interim feedback has the effect of lowering effort incentives for both high
and low ability types. The effect is more pronounced and equilibrium effort is lower when
differences in ability are greater. When differences in ability are small, however, equilibrium
effort is higher since both contestants are close to the margin. Thus, interim information
may help teachers learn about their skill, enhancing the validity of the model’s predictions
assuming that individuals are informed about their own skill level. However, in our context the
informational content of annual evaluation scores remains limited in important respectsﬁ

Our final prediction follows from our assumption that the possibility of promotion is what
provides effort incentives.

Prediction 7. After being promoted to the highest rank, effort incentives no longer exist.

4 The Gansu Survey of Children and Families

The Gansu Survey of Children and Families (GSCF) provides a unique data source that enables

us to test the conditions and predictions of the model. The GSCF is a longitudinal study of rural

thus expect that not being promoted for multiple years will cause a downwards revision to a teacher’s beliefs on
their relative skill.

5Despite receiving interim feedback from annual evaluations, teachers are still unlikely to have very complete
information about their skill level relative to their competitors. They often do not know the full history of
evaluation scores and other credentials of other teachers, especially those who teach in other schools. They also
do not know the record of other teachers on specific requirements for promotion other than annual evaluation
scores (i.e., publication in teaching journals, teaching awards, etc.). Even if a teacher has herself received either
two good evaluation scores or one excellent score, she will still be unsure of her promotion probability, since
that is a necessary but not sufficient condition for promotion. Unfortunately, it is beyond the scope of this
paper to fully model or test the dynamic impact of interim feedback in the form of annual evaluation scores on
subsequent effort. Given the promotion rules used in Chinese schools, it would be important to know the full
history of evaluation scores of all teachers in a given rank in an education district to understand how they would
influence subsequent effort. These data are not available. A practical concern is that if we were to regress annual
evaluation scores on lagged scores, it would be difficult to disentangle incentive effects from mean reversion or
serial correlation, especially given the short period of data available.
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children in Gansu province in northwest China. The main survey sampled 2,000 children aged
9 to 12 in the year 2000 living in 100 villages in 42 districts in 20 randomly sampled counties.
In order to understand the supply side of the educational system, all principals and teachers in
the main primary and middle schools attended by the sample children in each village were also
surveyed, providing detailed information on the background of principals and teachers, their
time allocation, and their remuneration. Generally speaking, in rural counties in Gansu there
is one primary school in each village and one middle school in each district. Each sample child
can (often) be linked to his or her homeroom teacher. A second and third wave of the GSCF
followed the same children in 2004 (at age 13 to 16) and 2007 (at age 16 to 19). In 2007 (at the
end of the 2006/07 school year), individual and household questionnaires, as well as achievement
tests, were also administered to a new cohort of 1,500 children aged 9 to 15.

This study uses a retrospective panel dataset constructed for teachers spanning the years
2003 to 2006, based on surveys of 2,100 teachers collected during the third wave of the GSCF
in 2007. It was only in the third wave that retrospective data was collected on past teacher
evaluation scores (data was collected for the years 2003-2006), as well as full promotion and
education histories. For example, the panel of evaluation scores is constructed by taking the
reported performance evaluation score in each of 2003-2006 and creating a separate variable for
each year, and then transforming the data to long format. This procedure is also followed for
other variables that change over time (for example, the teacher’s rank, experience, etc.). The
average sampling rate of teachers in the schools is 76%, 40% of schools have a 100% sampling
rate, and only 27% of the schools have a sampling rate lower than 50%[|

Table [1| provides summary statistics on teachers in the sample, including breakdowns by
teacher rank in 2006/07. Among the teachers, 36% are female. Teachers in higher ranks tend
to be male, older, more experienced, better educated, and more likely to have received teaching
awards or published papers in teaching journalsﬁ Teachers in higher ranks also performed
slightly better on their teacher placement tests (on the subjects of education, psychology, and

language) taken when teachers apply for their first teaching job before they begin teaching,

"The sampling rate is calculated from the total number of teachers in the school as reported in the Principal’s
questionnaire. The rate is: number of teachers interviewed / total number of teachers reported by the principal.
The principal reports the number of teachers in the school in the current year, and the number of teachers who
have joined and left the school in the past three years (including the current year).

8These characteristics are consistent with the findings of Ding and Lehrer| (2007b)) describing teachers in much
wealthier Jiangsu Province.
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which we take as an indicator of ability prior to having any teaching experience. Of course,
some of these differences in performance across ranks may be related to differences in years of
experience.

To construct a measure of teacher ability, we define an ‘ability index’ using the teachers’
scores on the three teacher placement tests. Scores are first standardized by the year in which
the tests were taken. Then, for each year of the data (2003-2006) the following measure of
relative skill is calculated: [S — ave(S)]/ave(S) where S is the standardized score on the tests
for a teacher, and ave(S) is the average of the scores of the teachers in the same rank in the
same education district] An index of normalized scores for the three tests was constructed
using Principal Components Analysis (PCA)H To study whether being at the extremes of the
skill distribution affect incentives (for example, Prediction 3), we define dummy variables for
whether a teacher falls into the top or bottom 10% of this skill measure.

As expected, average salaries increase substantially with rank. The biggest jumps are from
primary 2 to primary 1, followed by middle 2 to middle 1, and then middle 1 to middle high.
As the penultimate row of Table |1| shows, the average salary increases are 22.2%, 19.6%, and
17.8%, respectively.

Table 2l describes the teacher time use data. We have data on how teachers use their time in
2007. The 2007 GSCF survey asks each teacher “in a typical week, how many hours do you spend
on...”. Time use data is collected for the following teaching-related activities: teaching classes,
grading homework, preparing lesson plans, participating in research activities, coaching students
outside class, organising extracurricular activities, home visits, and disciplining students. We
also sum up the total number of hours spent on these activities and report the total number of
hours per week. Teachers at lower rank levels spend more hours per week on grading, lesson
plans, and with students, which could reflect greater motivation or incentives, or a learning
effect if more experienced teachers use their time more efficiently. Teachers in higher ranks also
spend slightly less time teaching classes. Interestingly, teachers in the highest rank (middle

high) work substantially fewer hours. So, promotions do not only entail higher pay, but also

9We standardize the test scores by the year in which the test was taken to account for the fact that the test
changes each year and could change systematically in difficulty over time.

10 Another index was also constructed that standardized each of the variables and then summed them. This
did not affect the results.
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less work [H]

Table [3| provides a breakdown of evaluation scores by rank for the years 2003-2006. For
most teachers, four years of data are recorded, so the total number of teacher-year observations
of evaluation scores is 6,421. Not many teachers receive an evaluation score of ‘fail’, but the
majority of the evaluation scores are a ‘pass’. There is evidence that strict limits are enforced on
the share of teachers who can obtain good evaluations, as the proportions of teachers receiving
each type of evaluation score are quite similar across ranks. The data show that approximately
10-15% of teachers receive ‘excellent’ evaluation scores and 30-40% receive ‘good’ evaluation
scores, and this is consistent across ranks.

We note that only 20 teachers (0.85%) in the sample reported switching counties between
2003 and 2007@ Further, the average proportion of teachers in a school who leave the school
(for reasons not related to retirement) is only 3.7% per yearE

Figure [I] shows how long it takes to be promoted to each of the rank levels for all teachers
for whom we have data from 2003 to 2006. Figure [I| shows, by rank level, the cumulative
distribution of how long it took to be promoted from one rank level to the next for those
who have been promoted (the cumulative percentage of teachers who were promoted within a
particular number of years). From intern to primary 2, promotion is very fast, usually within two
yearsE Most teachers who get promoted from primary level 2 to primary level 1 do so within 4
to b years, so promotion at this level also appears to be routine. For promotions from primary
level 1 to primary high level, the distribution of the number of years until promotion is far more
spread out. There tends to be a steady stream of promotions, and it takes almost ten years on
average to attain this promotion. Promotion from intern to middle 3 almost always takes one
year or less. At middle level 3 rank, promotion also is almost inevitable, with most teachers
promoted within 4 years. The promotions from middle level 2 to middle level 1 look similar to
those from primary level 1 to primary high. They are more spread out, but the majority occur
between 5 and 10 years. Very few people (less than 25%) are promoted from middle level 1 to

middle high level in this sample, and the promotions that do occur take considerably longer

110nly 7 teachers in the data report having other sources of income during school terms, indicating that
teachers spending less time in teaching are taking more leisure rather than pursuing other types of work.

12 A1 the results are robust to dropping these 20 teachers (results not reported).

13This is reported in the principal’s questionnaire.

14The teachers who are promoted in less than one year are cases in which a teacher was hired in the middle of
a school year and promoted in the next school year, making it less than one calendar year.
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(at least ten years). The differences in the promotion rates and timing across different ranks
provide a good opportunity to study differences in effort due to differing promotion rates, as

well as to study how effort evolves over time.

5 Empirical Framework and Results

This section describes the empirical tests of the conditions and predictions of the model and
presents the results of the empirical analysis. We present the estimating equation and results
for each condition and prediction in turn. We begin with Condition 1 (that wages increase with
promotion) and Condition 2 (that high evaluation scores lead to promotions). Before turning to
the predictions on teacher effort, we present evidence to justify the validity of using evaluation
scores as a measure of effort. Next, we present the tests and results for Predictions 1-7 on the
determinants of performance. Depending on data availability and the relationships of interest,
the empirical specifications examine cross-sectional variation controlling for county fixed effects
(Predictions 1-4), or focus on panel variation using teacher fixed effects (Predictions 5-7).

In the regression analysis, we focus on three rank levels for both the promotion and for
the performance regressions: primary 1, middle 2, and middle 1. Promotions routinely occur
within a limited duration of time for lower ranks (primary 2 or middle 3), and there are no
further promotions after primary high and middle high levels. Thus, the teachers with primary

1, middle 2 and middle 1 rank levels most clearly have promotion incentives.

5.1 Promotion and Wages

To test Condition 1, that wages increase with promotion, we estimate Mincer-type wage regres-
sions in which the log of the monthly wage is regressed on rank level dummies, and controls
are added for experience, experience squared, education level dummy variables, and the most
recent evaluation score. The coefficients on the rank dummy variables reveal the returns to
promotion after controlling for human capital factors that determine labour productivity. We
control for county fixed effects since wages are set at the county level, and we cluster standard
errors by county.

Tables [4] and [5| contain the results from wage regressions for primary school and middle
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school teachers, respectively. The first column presents results of a regression of the log of
monthly wage on rank level dummy variables; the second column adds controls for teaching
experience and teaching experience squared; and the final column includes dummy variables for
the highest level of education completed, as well as the performance evaluation score for the
most recent year (2006)E The omitted rank levels are primary 2 for the primary school teacher
regressions, and middle rank 3 for the middle school teacher regressions.

Rank level premiums are significant and increasing at each higher rank. According to the
specifications with full controls, at the primary level, compared to primary 2 teachers, wages
for primary 1 teachers are 7.5% greater and wages for primary high teachers are 13.5% greater.
For middle school teachers, compared to middle 2 teachers, wages for middle 1 teachers are
8% greater and wages for middle high teachers are 24% higherm These results show that
promotions are rewarded by significant salary increases independently of experience, education,
and ability, confirming Condition 1 and providing prima facia evidence that promotions are
used to incentivise effort. Similar results form the main findings of earlier empirical studies
of promotion systems in the private sector. Additionally, the coefficients on the performance
evaluation score are not statistically significant when the rank level dummies are included. This
result suggests that recent performance does not directly affect wages; but rather influences
wages via promotion to a higher rank. After controlling for education and rank, there is a
positive return to experience of about 2% per year. However, these increases are not necessarily
due to improving skill or effort with experience; they could reflect inflation adjustments and

normal periodic increases in salaries for teachers and other public sector employees.

5.2 Promotion Determinants

To test Condition 2, we estimate a linear probability modeﬂ of whether teachers are promoted
and test whether high evaluation scores influence the probability of being promoted. We esti-
mate the following equation using retrospective panel data for primary 1, middle 2, and middle

1 rank teachers:

15We also try a version with experience dummy variables and find that the relationship is actually quite linear.

When the results of Tables and [5|are compared to regressions that do not include county fixed effects, there
is little change in the R?s.

'"The marginal effects from probit regressions are almost identical.
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Plirct+1 = ¥0 + Y1eViret + P2Dre + 903ln(n7“7't) + ©4Qirrt + SOSXirct + QOGXcrt + Ye + €iret, (4)

where priy.¢+1 is a dummy variable for whether teacher 7 in rank 7 in county c is promoted
to the next rank at time ¢ + 1, ev;..¢ is the teacher’s evaluation score at time ¢, p,.. is the
promotion rate for rank r in county ¢, n,,; is the number of teachers in rank r in district 7 at
time t, a;rr¢ is the ability /skill of teacher ¢ in rank r in district 7 at time ¢, X;,.¢ are individual
teacher level control variables, X.,; are county-rank level time-variant controls, ~. is a county
(or district, or school) level time invariant unobserved factor, and €;.¢; is an individual teacher
level time-variant unobserved factor. To reduce the possibility of omitted variable bias, we
control for all teacher and other characteristics that may affect effort and be correlated with
promotion decisions. The coefficient (; tells us whether higher teacher evaluation scores lead to
promotions, and thus, whether we can expect the promotion system to motivate teacher effort.
We run three different models, one with county fixed effects, one with district fixed effects, and
one with school fixed effects[!8]

Next, we briefly describe the right-hand side variables. ev;.t is an ordinal variable for
the different evaluation score categories (fail, pass, good, excellent)m To measure p,., the
promotion rate, we use the proportion of teachers in a county that historically are promoted at
that rank within a ‘reasonable’ number of years. Using the whole sample, we first calculate the
number of years it took for each teacher to be promoted from one rank to another, accounting
for education level (we have each teacher’s entire promotion history). A ‘reasonable’ number
of years is defined as the number of years within which, for each rank and education level
overall, half of the teachers were promoted. Then for each rank, county, and education level, we
calculate the proportion of teachers that were promoted within that number of yearsm We only
include promotions before 2003 to ensure that this is a predetermined variable for the sample

being analysed, so this is a historical promotion rate in the county. We split the promotion rate

8Teacher fixed effects is not very well powered since there are too few teachers in any particular school with
a promotion observed in the four years for which we have evaluation score data.

19Results are robust to using a dummy variable for an excellent or good evaluation score.

29There is no relationship between the promotion rate and county size, so measurement error whereby smaller
schools may have promotion rates farther from 50% should not be a concern in this context.
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into quintiles, and the average promotion rate in the quintiles is 11%, 37%, 52%, 68%, and 89%
in the first to fifth quintiles, respectively. We leave the third quintile as the omitted category.
We split the promotion rate into quintiles and omit the middle quintile because of Prediction
2; that average effort incentives are lower when the promotion rate is further from one half.

To measure n, we use the number of teachers in the same rank in the district in a given
year@ In the regressions, we use in(n) H The ability variables are dummy variables for whether
the ability index is in the top 10% or bottom 10% of the skill distribution of teachers in the
same rank and district in the same year.

In Xt we include a dummy variable for whether the teacher is female, dummy variables
for the education level of the teacher (high school, vocational college, and college), the number
of years of experience, the scores on each of the three teacher placement tests (education,
psychology, and language), and dummy variables for whether the teacher is in the pre-eligibility
period (t = X — 5 tot = X — 1) or post-eligibility period (¢ > X)) for promotion.

Including county fixed effects sweeps away potential bias from time-invariant county-level
unobservables. Since promotion rates are set at the county-rank level, we may be worried that
teacher characteristics at the county-rank level affect the promotion rates that are chosen. To
address this possibility, we also include county-rank level means of teacher characteristics (X¢y¢),
including the proportion of female teachers, average experience, an interaction term between
proportion female and average experience, and the proportion of teachers in the county-rank
with different levels of education.

The results are presented in Table [6] The coefficient on the evaluation score is positive and
significant at the 1% level. This confirms Condition 2: that higher evaluation scores do indeed

lead to promotions.

21The number of teachers in each rank is adjusted by the under sampling rate at the school. This is calculated
using the total number of teachers in the school as reported by the school principal. The principals did not report
on the total number of teachers by rank, so the total number reported was compared to the number of teachers
interviewed in the school to calculate the sampling rate and the under sampling rate of the school. The number
of teachers in each rank was then adjusted as follows: number interviewed * (1 + under sampling rate). This
assumes that that there were no systematic differences in the number of teachers that were not interviewed by
rank, and the adjustment was applied in the same way for each rank. We check correlations between the sampling
rate and the variables included in our regressions. The average correlation is 0.06, which is very low. Thus, we
do not believe that bias due to correlations between the sampling rate and the number of teachers variable would
occur due to measurement error.

22The regressions use the log number of teachers because we expect the effects to be proportional rather than
linear; we do not expect the same effect going from two to three teachers compared to going from 22 to 23
teachers. Additionally, the distribution of the number of teachers in a rank in a district has a long upper tail.
Finally, logs fit the data better; the R? is higher when log number of teachers is used.
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One difficulty in estimating the above equation is simultaneity bias caused by the fact
that promotion probability could influence teacher effort and thus their evaluation scores. The
direction of this bias is unclear because changes in promotion probability are expected to have
different effects on teachers at different parts of the skill distribution. Although this issue is
of second order, as a robustness check, we use wage differences between a teacher’s rank and
the next higher rank in a given county (AEV)E as an instrument for evaluation scores@
We find that the coefficient on the instrumented evaluation score is larger, suggesting that

our OLS coefficients if anything underestimate the impact of evaluation scores on promotion

probability |

5.3 Evaluation Scores and Effort

The remainder of the empirical work will focus on the determinants of teacher effort. As a proxy
for effort, we will be using the teacher’s evaluation scores. This is because four years of data
are available on evaluation scores, compared to only one year of data for other effort measures.
However, evaluation scores should be a strong proxy for effort after controlling for measures of
skill. This section will test this claim.

To provide evidence that annual evaluation scores reflect actual effort exerted by teachers,
we perform two tests. The first uses cross-sectional data on teacher time use which is available

for all teachers for one year (2007). The second uses student test scores, which also are available

23To measure AEV, we use differences in log wages so that the coefficient magnitudes can be interpreted
approximately as the effect of percentage changes in wages. However, all results presented here are robust to
using absolute wages instead. The teacher herself is excluded from the average wage calculation for the rank and
county in which she currently teaches.

24The exclusion restriction assumes that wage increases for different ranks within the same county are exogenous
and are not influenced by the evaluation scores of teachers or by unobservables correlated with teacher evaluation
scores. China’s education system is highly decentralized. It is the job of the local school board to implement the
national curriculum, and county governments have substantial authority in setting teachers’ wage rates. Wage
levels reflect the availability of fiscal revenue (Ding and Lehrer, |2007b), and the spending priorities of current
leaders. Differences in the characteristics of teachers in different ranks within the same county are controlled for
by including county-rank mean teacher characteristics described earlier. Furthermore, wages affect promotions
only through evaluation scores, because a teacher can obtain a significantly higher wage only by receiving a high
evaluation scores and being promoted. The wage regression results (Tables |4] and [5) show that after controlling
for rank level, wages are not influenced by the annual performance evaluations, and so are plausibly exogenous.
Additionally, there is no teacher union in China so concerns that may be present in other countries, such as
high ranked teachers being able to negotiate higher wage gaps for themselves and being able to influence their
likelihood of promotion, are not a concern in this context. As such, wage rates are taken to be exogenous to
teachers.

25However, although wage differences statistically significantly increase evaluation scores in the first stage, the
first-stage F-statistic is weak (7.3) and the second stage impact of evaluation scores on promotion probability is
not statistically significant at conventional levels.
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for one year (2007) for those teachers whose students were part of the GSCF child sample. We
estimate Probit models of the probability of obtaining an ‘excellent’ or ‘good’ evaluation score
including different fixed effects (county, district, school) and test whether time use and or test
scores significantly predicts high evaluation scores after controlling for a full set of teacher
control variables ]

The time use variable is the log of total number of hours spent on all teaching-related
activities in a given week as described abovem Math and language test score data exist for
some of the teachers’ students. The GSCF primarily focuses on children, and for the new cohort
of children included in the main survey in 2007, we have data on their test scores in math and
language. Because the survey mainly tracked children and then subsequently interviewed the
other teachers in that child’s school, we do not have test score data for more than one year for
a particular teacher (teachers cannot be linked to other rounds of the survey due to the lack
of consistent ID codes) and for many teachers we have no test score data. Furthermore, the
GSCF children are linked to their homeroom teachers, and we only use a math (or language)
test score if the homeroom teacher teaches math (or language). Applying this criteria, there
are too few math scores to support analysis, so we focus on language test scores. We first
standardize the language test scores by the grade level of the student, and we then average
over the teacher’s students (ranging in number from 1-9 students per teacher). The fact that
we do not have complete test score data for all of the teachers’ students has two statistical
consequences. The first is measurement error, which will bias our results toward zero, making
our estimates conservative ones. Second, the degree of measurement error will depend on the
number of student test scores available, leading to heteroscedasticity. We can correct for this

problem using appropriate regression Weights@

26There is no significant difference in time use or test scores between the categories of ‘excellent’ and ‘good’
evaluation scores.

2"Log of total hours is used because the data shows a long right tail. Additionally, logs fit the data better —
the Log likelihood is higher.

28Define z to be student test scores and Z to be the estimated mean test score for each teacher based on N
observations, and p, to be the true population mean of x. The variance of Z equals the variance of z divided
by N, or 02 = O'ﬁ/N. We want to estimate the equation y = Su, + €, where y is the evaluation score and us is
the true mean of z, but we only have data on Z, which is a noisy measure of u, (in other words, T = ps + €5).
Then, the regression equation with estimated means of  and measurement error is: y = % — B¢, + €. Here, it is
transparent that the measurement error becomes part of the measurement error of y. The variance of the error
term of this regression can be written as: S, = 82(S./N)+ S, where S, Sz, and S, are the sample variances for
y, x, and €, respectively. It is easy for us to estimate S, and S, for each observation, and then calculate Se. S,
is the variance of the regression error term, which can be estimated by squaring the predicted regression errors.
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We include teacher controls including the age of the teacher, a dummy variable for a female
teacher, dummy variables for the level of education of the teacher, and the ability, promotion
quintile, and number of teachers.

The results for time use are presented in Table [7| Panel A. Column (1) includes county
fixed effects, column (2) includes district fixed effects, and column (3) includes school fixed
effects@ Standard errors are clustered at the level of the fixed effect. The log of total time use
is positively and significantly related to the evaluation scores@

We present the results for language test scores based on the same specification in Table
Panel B. Column (1) again includes county fixed effects, column (2) includes district fixed
effects, and column (3) includes school fixed effects. Once again, standard errors are clustered
at the level of the fixed effect. Student test scores are also positively and significantly related
to the probability that a teacher receives an ‘excellent’ or ‘good’ evaluation score. These two
relationships provide evidence that variation in evaluation scores reflects differences in actual

effort exerted.

5.4 Determinants of Effort

To test the remaining predictions, we estimate two regression specifications for the determi-
nants of teacher effort based on equation — one that controls for county fixed effects and
another that controls for individual teacher fixed effects. The first enables us to test the impact
on performance of wage differences across ranks (Prediction 1), (historical) promotion rates
(Prediction 2), relative skill (ability) (Prediction 3), and the number of teachers in the contest
(Prediction 4). The second enables us to control for individual heterogeneity in ability and
motivation to identify the impact on performance of time to promotion eligibility and changes
in tournament conditions over time (Predictions 5 and 6), and also provides a second test of

Predictions 3 and 4 using panel variation.

Sz is the variance of test scores, which is a constant that can be calculated directly from the test score data x.
Using the above equation with the variance terms, we can then calculate S. for each observation and take its
mean as a scalar estimate of Se for the sample. Now, we can estimate Sy as a function of N and three constants,
using S, = B%(S:/N) + S.. Then, we can correct for heteroscedasticity by reweighting the sample by 1/\/57,
This also is roughly equivalent to weighting the observations by 1/+/N, which produces nearly identical results.

2%Tn the school fixed effects column, we lose observations because the Probit regression drops all cases in which
all of the outcomes in a particular school are either positive or negative.

30YWe also run analogous regressions using each of the different categories of teacher time use separately, and find
that the categories of the number of hours spent grading, tutoring, and disciplining students are most impactful.
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In these regressions, we interpret the annual performance evaluation scores to be a measure of
effort. The evaluation scores are the only measure for which multiple years of data are available,
which is necessary for estimating the individual fixed effects speciﬁcation@ As noted in the
model description, evaluation scores also may reflect teachers’ skill, so interpreting evaluation
scores as a measure of effort requires that we control adequately for differences in teachers’ skills
in the regressions. Individual fixed effects control for all time-invariant skill differences across
individuals, and in specifications without individual fixed effects, teacher skill can be controlled
for separately using measures of education, experience, and teacher ability (as measured by
placement tests). Once again, we focus on primary 1, middle 2, and middle 1 rank levels.

The first equation is specified as follows:

evz}ct = (o + C1Awre + (2Pre + CBalO,iTTt + C4a90,ir‘rt + <5ln(nr‘rt) + CGln(ant) * A10,irrt+
(7[71(717»7—,5) * a90,i7"7't + €8Xirct + C9Xcrt + Ye + Uirct

(5)

Here, ev},, is again the evaluation score of teacher i at rank r in county c in year t. Aw, is
the increase in wages if promoted to the next rank in the county, p,. is the historical promotion
rate for those with rank r in county ¢, n,+ is the number of teachers in the same rank in the
same education district (7), a10,irr+ and agoirr+ are indicator variables for whether the ability of
teacher ¢ is below the 10th percentile or above the 90th percentile of teachers in the same rank
in the same district, X;,. are teacher level controls, X.; are district-rank controls as before,
Yo captures county-level unobserved, time-invariant factors, and v;..; is an error term which
includes omitted individual and district characteristics. Note that contests are between teachers
in the same district, but the wages and promotion rates are set at the county level.

We expect that ¢; will be positive and significant (Prediction 1). This would tell us that

promotion contests with higher wage gaps elicit higher levels of performance. This coefficient

31We treat the evaluation score as a continuous measure, rather than estimating an ordered probit model. This
is because ordered probit (and ordered logit) cannot be estimated with teacher fixed effects, and because probit
regressions of the same form where the outcomes are a dummy variable for receiving an excellent evaluation score,
or for receiving an excellent or good evaluation score, yield consistent results.
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is identified from different wage increases between rank levels within the same county (again,
teacher i’s wage is excluded from the calculation of the average for her current rank). Assuming
that the ability distribution has a bell-shaped distribution, we expect that promotion rates
nearer one half will elicit higher average performance than promotion rates further from one
half (Prediction 2). To test this, we include dummy variables for four quintiles of promotion
rates, omitting the middle quintile. We expect that these coefficients will be negative. We also
expect that teachers with ability levels nearer the marginal skill percentile (equal to 1 — p) will
exhibit better performance (Prediction 3). As such, we include dummy variables for teachers
in the top and bottom 10% of the ability distribution, since these teachers are expected to be
far from the marginal skill percentile. Since those at different extremes of the skill distribution
may differ in the distance to the marginal skill percentile and have different intrinsic motivation,
we include separate variables for the two extremes. The promotion model predicts that the
coefficients on these dummies will be negative. Finally, we expect that the further a teacher
is from the marginal skill percentile, the more performance will decrease with more teachers in
the contest (Prediction 4). Thus, we interact skill (the dummy variables for teachers in the top
and bottom 10% of skill) and the number of teachers (in logs). We expect these coefficients to
be negative. We include the same teacher and county-rank level controls as in Table [6]

Table presents the results from estimating equation . County fixed effects are controlled
for, and standard errors are clustered at the county level. We find that average levels of
performance are higher with higher wage gaps. The coefficient on the difference in log wages
from one rank to another is positive and significant, confirming Prediction 1. On average, a
10% increase in the ‘prize’ increases the evaluation score by 0.04.

We also find evidence for Prediction 2; that average performance is higher the closer is p*
to 1/2. Since the omitted category is a dummy variable for promotion rates in the middle
quintile, we expect performance incentives to be highest here, and to be lower for both lower
and higher promotion rates. The coefficients on the dummies for the first, fourth and fifth
quintiles are negative and that for the fourth quintile is marginally significant. The coefficient
on the promotion rate in quintile 2 is of the opposite sign, but is not statistically different
from zero. The coefficients on ability interacted with the number of teachers competing are

imprecisely estimated. In addition, the education test score positively and significantly predicts
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higher evaluation scores, confirming that it captures a dimension of ability that predicts better
performance.

Next, we estimate a second specification for the determinants of evaluation scores that con-
trols for individual teacher fixed effects. This specification has the great advantage of controlling
for time-invariant individual-level heterogeneity in skill or motivation. The estimating equation

is the following:

*
Vet = 01 Dipet + 62010,irrt + 03090 477t + 0aln(Nirer) + O5In(niret) * a10,irre+
56ln(ni7“0t) * a9 irrt 1 ire + Viret-

(6)

Here, Dj,¢t is a set of dummy variables for years before and after eligibility for promotion
(accounting for the level of education), ¢;,. is the individual teacher fixed effect, and vj,« is the
error term. In Dj,..¢ we include dummy variables separately for each year from ¢t = X — 7 and
t = X —6 to test whether effort incentives are zero when a teacher is more than five years before
promotion eligibility (Prediction 5). We omit the dummy variable for ¢ = X — 5. We include
dummy variables from t = X — 4 to ¢t > X + 15. With the reference period being t = X — 5,
the period five years before promotion eligibility, we expect that the coefficients on the time
dummy variables for t = X — 4 to t = X should be increasing (Prediction 5). After many
years of promotion eligibility, we expect that the coefficients will begin declining (Prediction 6).
Thus, we predict an inverted-U shape in performance with respect to years to eligibility in a
given rank.

The difference in wages and the promotion rate drop out with the inclusion of individual fixed
effects because they do not vary for individual teachers over time@ Note that by controlling for
teacher fixed effects, the coefficients on the ability variables and in(n) (plus their interaction) are
identified from changes in the relative ability of teachers and the number of teachers over time

as the pool of competitors changes (due to retirement and promotions). The inclusion of in(n)

32In practice, wage rates and promotion rates could change over time. However, in our data we can only
estimate wage gaps at the time of the survey and historical promotion rates, see Section
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interacted with the ability dummies provide a second test of Prediction 4 (that as the number of
competitors increases, the effort levels of teachers far from the marginal skill percentile decrease).
We expect the coefficients on these interaction terms to be negative (d5 < 0 and d¢ < 0).

For this regression, which focuses on the behaviour of teachers over time, the inclusion of
teacher fixed effects is essential to account for selection. The dummy variables for years after
promotion eligibility would be biased without the teacher fixed effect, as it is likely that worse
teachers would take longer to be promoted. However, even the coefficients on the dummy
variables for the years preceding eligibility for promotion can be biased. The number of years
that a teacher must wait before becoming eligible for promotion depends upon their education
level. A teacher’s education level is not exogenous and can also change if teachers earn degrees
while teaching. As a result, we believe that any effort regressions including dummy variables
for years after promotion eligibility should include a teacher fixed effect to account for selection.

The results of estimating equation |§| are reported in Table @ Column (1) reports the coef-
ficients, column (2) reports standard errors clustered at the teacher level (the level of the fixed
effect), and column (3) reports two-way clustered standard errors at the teacher and district-
rank levelsﬂ Results are very consistent across both specifications. Confirming Prediction 4,
Table [0] shows that the coefficients on the number of teachers interacted with ability in the top
and bottom 10% of the ability distribution are negative, and the coefficient on the number of
teachers interacted with ability in the top decile is marginally significant.

Figure [2| plots the coefficients on the time dummy variables from Table [0} The pattern of
the dummy variables corresponds to Predictions 5 and 6: an inverted-U shape. The omitted
category is t = X — 5, where we expect weak effort incentives. Consistent with Prediction 5, the
coefficients on t = X —7 and t = X — 6 are not statistically different from zero. The coefficients
on the dummy variables from ¢t = X — 4 to t = X show that performance is increasing, apart
from the first year (t = X —4). As teachers get closer to eligibility for promotion, they work
harder. The evaluation scores when t = X —2, ¢t = X — 1, and t = X are significantly different
than the time period ¢t = X — 5, at the 5%, 1%, and 5% levels, respectively. The average
evaluation score five years or more before eligibility (t = X — 5) is 2.5 (between a ‘pass’ and

‘good’ score). Int = X — 2 and t = X — 1, the evaluation score is more likely to be a ‘good’ or

33We also estimate a version that includes two-way clustered standard errors at the teacher and county-rank
levels, and the results are almost identical, so we omit them here.
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‘excellent’ score.

We may be concerned that the increasing trend in performance before promotion eligibility
may be teachers learning over time as they are in the first few years of teaching at a specific
rank level. However, in the pre-eligibility period, the average experience of primary 1, middle
2 and middle 1 teachers is 14, 9 and 14 years, respectively. These are not new teachers and
they are performing the same job as in previous rank levels. Other research finds that teacher
learning from experience comes in the initial few years of teaching (Hanushek and Rivkin, |2006).
Further, the results are robust to dropping all teachers with fewer than five years of experience
(7% of teachers in our sample).

Another concern is that principals may manipulate evaluation scores of teachers who are
nearing promotions, awarding teachers who are becoming eligible with high evaluation scores
so that they can be promoted, and for this reason the scores do not reflect true performance.
Such manipulation could respond to promotion incentives in ways that are similar to effort
incentives. For example, manipulation also might be expected to lead to an upward trend in
scores in the years just before promotion eligibility. Other studies provide evidence against
evaluation scores being manipulated in China. [Park and Hannum| (2001)) showed that rank is a
significant correlate in a regression of student test scores on various teacher characteristics using
data from Gansu. Ding and Lehrer| (2007a)) find that teachers’ ranks explain a much greater
share of variation in student test scores than education or years of experience, also using Chinese
data. The fact that in our data, some teachers in these rank levels are never promoted is also
evidence that promotions are not inevitable, and that evaluations are not manipulated to ensure
that everyone is promoted. Finally, because evaluation scores are announced at annual teacher
meetings and because principals are also evaluated and promoted based on the performance of
their school, this should reduce the incentive to inflate evaluation scores@ Finally, our tests in
Section [5.3] show that evaluation scores are a good proxy for effort.

Figure [2] also shows that many years after promotion eligibility, performance declines. In
fact, thirteen years following promotion eligibility, evaluation scores are on average almost two

points lower (which is very large for a four point scale), and this difference is significant at

34 Another possible type of manipulation is principals assigning teachers to easier or better classes or grades
within the school so that their student’s test scores are higher. However, in Gansu, in primary school there is
generally only one class per grade (Park and Hannum) [2001)), making such manipulation unlikely.
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the 1% level. This provides positive evidence for Prediction 6, suggesting that teachers may
be revising downwards their estimates of their relative skill, or responding to the reduction in
fewer future periods they will be able to enjoy additional income from promotion.

We subject these results to a variety of robustness checks. First, we check that the results
for the ability dummy variables are not sensitive to small changes in the cut-offs. We re-
estimate the effort regressions using the top and bottom 15% of the ability distribution instead
of the top and bottom 10%. The results are contained in Table Column (1). The pattern
of coefficients on the time dummy variables is preserved, and the interpretation of the main
results is unaffected. We also check that the results are robust to the inclusion of the number of
teachers variable, since this is a variable for which some values have been adjusted. Equation @
is estimated again omitting schools with low sampling rates (below 25% and below 35%). Here
as well, the magnitude of the time before and after promotion eligibility dummy coefficients
changes slightly but not the signs (see Table columns (2) and (3)). The coefficients on
the log number of teachers interacted with the top and bottom 10% of the ability distribution
are still negative. Most importantly however, the pattern of the time dummy variables remains
unchanged, and the interpretation of the effect of the number of teachers also remains consistent
with the previous results.

We test for heterogeneity in results for different groups. The regressions were conducted
separately for male and female teachers (results not reported), and no differences were found.
We also check whether Communist party membership makes a difference. Controlling for party
membership does not change the results, and separating the results by party and non-party
members shows an inverted-U pattern for both (results not reported).

Because the evaluation score data are recorded on a four-point scale, we also estimate the
effort regression as an ordered probit model. However, it is not possible to include fixed effects
in ordered probit models (Greene and Hensher, |2010), so we include only observations for the
years before promotion eligibility in order to reduce concerns of selection bias associated with
only non-promoted teachers remaining in the sample. Appendix Table [L3] presents the results,
which are consistent with the full model in Table [l

In order to test Prediction 7, that performance incentives no longer exist after the highest

promotion, we run an analogous regression of evaluation scores on time dummy variables for
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primary and middle high rank levels. Primary and middle high levels are the highest rank levels
a teacher can achieve in primary and middle school; there are no more promotions after this.
They are difficult ranks to attain, and becoming a ‘gaoji’ (high level) teacher carries a great
amount of prestige. Instead of pre- and post-promotion eligibility time dummy variables, we use
dummy variables for the number of years (two to fifteen) since being promoted to the highest
rank (primary high or middle high rank levels). Table [11| contains results of the regression for
primary and middle high ranks, and the top panel of Figure [3| plots the time dummy variable
coefficients for the number of years into the rank. The coefficients are steadily decreasing. The
longer a teacher stays in these ranks, the lower is performance. This result could be consistent
with lack of incentives in this rank, although the response is more gradual than theory might
predict, perhaps reflecting gradual adjustment by teachers or the fact that these teachers are
nearing retirement age and slowing down. By the time a teacher has been at primary or middle
high level for 14 years, the evaluation scores are more than one point lower, and this effect is
significant at the 1% level. At the primary and middle high levels, there are no predictions on
the effect of being at the extremes of the skill distribution or the number of competitors, and
as shown in Table these coeflicients are all insignificant.

One also might be worried about manipulation if principals decide that excellent and good
evaluations should not be ‘wasted’ on high rank teachers. However, similar to the results for
teachers with lower ranks, teachers with primary high and middle high rank levels exhibited a
pattern of time use on teaching activities that mirrored the evaluation scores. In this case, total
time spent on teaching activities declined with more years at the highest rank levels. To show
this, we regress the log of time spent on teaching activities against the number of years into
primary and middle high rank with the same specification as for evaluation scores, but only for
the year 2007 (since that is the year for which we have time use data). We plot the coefficients
on the number of years into the high rank levels in the bottom panel of Figure The log

total number of hours spent on teaching activities declines over time.

35This result is not driven by high rank teachers spending a disproportionate amount of time on tutoring
students outside of school. Less than 10% of total time is spent on tutoring, and high rank teachers spend
approximately the same proportion of time tutoring as do teachers at lower rank levels.
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6 Conclusion

In this study, we have examined the incentive properties of China’s promotion system for public
employees, introducing China’s complex system of annual evaluations and promotions of primary
and middle school teachers. As far as we are aware, this is the first paper to provide empirical
evidence linking promotion incentives to work effort in the public sector, extending a limited
body of previous research focused on the private sector. The Chinese system’s reliance on
promotion incentives also stands as an alternative model to pay for performance schemes in
incentivising teacher performance, although to date it has received little attention.

Theoretical predictions from a tournament model of promotions are largely verified by the
empirical findings. Promotions are associated with significant salary increases. Higher annual
evaluation scores significantly increase the probability of being promoted. These two conditions
suggest that the promotion system should motivate effort. Teachers exert more effort, measured
by annual evaluation scores, when wage increases are greater. Average performance is greater
when the promotion probability is closer to 50%), and increasing the number of competitors leads
to relatively lower performance among those at the extremes of the skill distribution. Teacher
performance increases over time as teachers get closer to the period of eligibility for promotion,
and decreases if they are repeatedly passed over for promotion. Teachers who reach the highest
rank exhibit a steady decline in performance. The evaluation scores are correlated with student
test scores and teacher time spent on teaching, which is inconsistent with evaluation scores
simply being manipulated to help teachers get promoted or for other political reasons. This is
also evidence that evaluation scores are an appropriate proxy for effort.

The findings in this paper suggest that teachers respond to the incentives embedded in
the design of the promotion system. One difference between China’s promotion scheme and
typical pay-for-performance schemes is that evaluations are based on a diversity of criteria and
information sources (including test scores, peer and student assessments, classroom observation,
evidence of innovation in educational practice or research, etc.) which are less likely than pay-
for-performance schemes to lead teachers to focus only on test performance at the expense of
other learning objectives. Unlike pay-for-performance schemes that reward recent performance,

the promotion system provides dynamic incentives that may better enable teachers to set career
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goals, work hard to realize their career ambitions, and encourage them to make longer-term
investments to becoming better teachers.

At the same time, the promotion system fails to provide strong effort incentives for some
types of teachers. Those at the extreme ends of the skill distribution may perceive that their
effort is unlikely to substantially influence their chances of being promoted, which is especially
concerning for students of the lowest ability teachers. Teachers may exert less effort if they
are far from being eligible for promotion or if they are repeatedly passed over for promotion.
Teachers who reach the highest rank levels may lack incentives to continue to exert high levels
of effort. For such teachers, there may be a role for more immediate incentives (e.g., bonus pay)
or other reforms of the existing promotion system (e.g., creating additional rank levels, short-
ening the time to promotion eligibility, etc.). Given the diversity of teacher ability and effort
incentives, it could be optimal to combine immediate performance incentives with promotion

incentives as argued by Kwon (2006).
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Figure 1: Number of Years to Promotion
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Figure 2: Primary 1, middle 2 and middle 1, pre- and post-eligibility time dummies
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Figure 3: Primary and middle high time dummies and log of total number of hours spent per
week on teaching activities
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Table 4: Wage Premia - Primary School

Outcome: Log of monthly wage, 2007

(1) (2) (3)
Primary 1 0.204*** 0.084*** 0.075***
(0.030) (0.023) (0.025)
Primary high 0.361** 0.150%** 0.132***
(0.034) (0.030) (0.033)
Experience 0.021*** 0.022***
(0.004) (0.004)
Experience squared -3.32E-04*** -3.12E-04***
(9.76E-05) (9.35E-05)
Education - middle school 0.037
(0.025)
Education - vocational high school 0.099***
(0.015)
Education - high school 0.048**
(0.011)
Education - vocational college 0.076
(0.050)
Education - four year degree 0.090***
(0.021)
Performance evaluation score, 2006 0.001
(0.005)
Observations 1,029 1,029 1,026
R? 0.400 0.543 0.553

Notes: Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Regressions include county fixed
effects and clustered standard errors at the county level. Performance evaluation score is measured on a scale of

1-4 (fail, pass, good, excellent).
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Table 5: Wage Premia - Middle School

Outcome: Log of monthly wage, 2007

(1) (2) (3)
Middle 2 0.134*** 0.047* 0.040*
(0.030) (0.024) (0.021)
Middle 1 0.318*** 0.127*** 0.119***
(0.035) (0.025) (0.023)
Middle high 0.535*** 0.301*** 0.282***
(0.080) (0.063) (0.058)
Experience 0.021*** 0.022***
(0.004) (0.004)
Experience squared -3.32E-04*** -3.47TE-04***
(9.67E-05) (1.13E-04)
Education - vocational high school -0.016
(0.018)
Education - high school -0.035
(0.041)
Education - vocational college 0.090
(0.112)
Education - four year degree 0.002
(0.022)
Performance evaluation score, 2006 -0.003
(0.005)
Observations 930 930 926
R? 0.390 0.493 0.494

Notes: Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Regressions include county fixed
effects and clustered standard errors at the county level. Performance evaluation score is measured on a scale of
1-4 (fail, pass, good, excellent).
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Table 6: Promotions and Evaluation Scores

Outcome: Promotion of teacher i in year ¢

(1) (2) 3)

coef/se  coef/se coef/se
Evaluation score 0.012%**  (0.010*** 0.011%**
(0.004) (0.004) (0.004)
t=X-5tot=X —1dummy variable -0.007 -0.009%* -0.011%*
(0.005) (0.006) (0.006)
t > X dummy variable 0.022** 0.020* 0.021**
(0.009) (0.010) (0.010)
Constant -0.060*  -0.070** -0.116**
(0.033)  (0.034) (0.052)
Number of observations 3,816 3,816 3,816
R? 0.050 0.053 0.049
Fixed effect County  District School

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Regressions include standard errors clustered at the level of the fixed
effect. Regressions inlucde controls for teacher education levels, experience, gender, the proportion of teachers
promoted, teacher ability index (with dummies for the top and bottom 10%), the log number of teachers in the
district at that rank, the log number of teachers interacted with ability in the top and bottom 10%, county-rank
level variables (average education levels, proportion female, average experience, and average experience interacted
with the proportion female). Regressions also include rank level and time dummy variables. Proportion promoted
is the proportion of teachers in a county that are promoted at that rank within a ‘reasonable’ number of years.
We first calculate the time it took for each teacher to be promoted from one rank to another. Then we calculate
the number of years for which, for each rank and education level in a county, half of the teachers were promoted
within that time. Then for each rank and county we calculate the proportion of teachers promoted within that
‘reasonable’ time. We only include promotions before 2003. This variable is split into quintiles, with the middle
quintile omitted. The ability index was constructed using the teachers’ scores on an education test, a language test
and a psychology test that were taken before the teacher began teaching. Scores are first standardized by the year
in which they were taken, and then for each year the following measure is calculated: [S — ave(S)]/ave(S) where
S is the standardized score on the tests for a teacher, and ave(S) is the average of the scores of the teachers in the
same rank in the same school, to capture relative ability. The index was constructed using Principal Components
Analysis (PCA). Dummies for the top and bottom 10% of this index are included. Performance evaluation score
is measured on a scale of 1-4 (fail, pass, good, excellent).
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Table 7: Evaluation Scores, Time Use, and Test Scores

Outcome: excellent or good evaluation score

Panel A: Time Use

Fixed Effect County  District School
Mfx/se  Mfx/se Mfx/se

Log of total hours 0.10 0.080* 0.088*
0.063 0.047 0.052

N 966 966 966

Panel B: Language Test Scores

Fixed Effect County  District School
Mfx/se  Mfx/se Mfx/se

Average test scores (weighted) 0.010***  0.010** 0.010
0.003 0.005 0.006

N 175 175 175

Notes: p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the level of the fixed effect. Controls
include the age of the teacher, a dummy variable for a female teacher, dummy variables for the level of education
of the teacher, and the ability, promotion quintile, and number of teachers variables included in Table[f] Log of
total time use first sums up the number of hours per week spent on grading homework, preparing lesson plans,
participating in teaching and research activities, coaching of students outside class, organising extracurricular
activities, home visits, and disciplining students, and then takes the log. Language test scores are standardized
by the grade of the student, and then an average is calculated for each teacher. The regressions are weighted to
account for the measurement error caused by teachers having different numbers of students’ test scores in their

average (see details in section 5.3).
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Table 8: Parameters of the promotion system and effort incentives

Outcome: Evaluation score of teacher ¢ in year ¢

(1)
Primary 2, Middle 2, Middle 1

coeflicient se

Difference in log wages (excluding teacher i) 0.936** 0.436
t=X—-5tot=X —1 dummy variable 0.013 0.031
t > X dummy variable 0.096** 0.037
Education - high school -0.150 0.126
Education - vocational college -0.000 0.048
Education - college 0.050 0.058
Experience 0.005 0.004
Female -0.040 0.036
Proportion promoted - quintile 1 -0.013 0.096
Proportion promoted - quintile 2 0.025 0.069
Proportion promoted - quintile 4 -0.117* 0.065
Proportion promoted - quintile 5 -0.115 0.068
Ability in bottom 10% 0.018 0.106
Ability in top 10% 0.020 0.150
Log Number of teachers in rank in township -0.072%** 0.023
Log teachers * ability in bottom 10% -0.016 0.025
Log teachers * ability in top 10% 0.004 0.050
Average education in county rank - high school 0.845* 0.458
Average education in county rank - vocational college 0.266 0.261
Average education in county rank - college 0.279 0.264
Average proportion female in county rank -0.140 0.378
Average experience in county rank -0.011 0.009
Average proportion female * experience in county rank 0.016 0.018
Education test 0.066*** 0.019
Psychology test -0.009 0.024
Language test -0.002 0.017
Constant 2.660%** 0.259
Number of observations 3,423

R? 0.037

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Regression includes county fixed effects and robust standard errors.
Also includes rank level dummies, and year dummies. Proportion promoted is the proportion of teachers in a
county that are promoted at that rank within a ‘reasonable’ number of years. We first calculate the time it took
for each teacher to be promoted from one rank to another. Then we calculate the number of years for which,
for each rank and education level in a county, half of the teachers were promoted within that time. Then for
each rank and county we calculate the proportion of teachers promoted within that ‘reasonable’ time. We only
include promotions before 2003. The ability index was constructed using the teachers’ scores on an education
test, a language test and a psychology test that were taken before the teacher began teaching. Scores are first
standardized by the year in which they were taken, and then for each year the following measure is calculated:
[S — ave(S)]/ave(S) where S is the standardized score on the tests for a teacher, and ave(S) is the average of the
scores of the teachers in the same rank in the same school, to capture relative ability. The index was constructed
using Principal Components Analysis (PCA). Dummies for the top and bottom 10% of this index are included.
Evaluation score is measured on a scale of 1-4 (fail, pass, good, excellent).
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Table 9: Primary 1, Middle 2, and Middle 1 rank effort incentives

Outcome: evaluation score of teacher ¢ in year ¢

(1) (2)
coef se se

Relative age 0.300 0.377 0.385
Log number of teachers in rank in township (N) 0.015 0.082 0.079
Log N * ability top 10% -0.091*  0.052 0.050
Log N * ability bottom 10% -0.044 0.063 0.063
Ability in top 10% 0.322*  0.193 0.193
Ability in bottom 10% 0.038 0.201 0.201
t=X-7 0.057 0.097 0.087
t=X-6 0.011 0.051 0.053
t=X-4 -0.002 0.054 0.052
t=X-3 0.016 0.062 0.067
t=X-2 0.136*%*  0.069 0.070
t=X-1 0.228%**  0.078 0.079
t =X 0.163**  0.080 0.083
t=X+1 0.176*  0.093 0.090
t=X+42 0.249**  0.100 0.085
t=X+3 0.142 0.110 0.102
t=X+4+4 0.130 0.121 0.110
t=X+4+5 0.244*  0.128 0.115
t=X+4+6 0.328%*  (0.144 0.146
t=X+7 0.360**  0.179 0.192
t=X+4+8 0.269 0.182 0.190
t=X+9 0.078 0.228 0.220
t =X+ 10 -0.117  0.199 0.204
t=X+11 -0.278 0.230 0.204
t =X+ 12 -0.108 0.299 0.259
t =X+ 13 -1.722%%%  (0.313 0.319
t=X+4+14 -1.273%%%  (0.351 0.356
t>X+15 -1.171% 0.274 0.282
Number of observations 3,683 3,975
R? 0.022 0.022
Level of clustering Teacher Teacher and

district-rank

Notes: Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Regression includes teacher fixed
effects and clustered standard errors at the teacher level in column (1), and two-way clustering at the teacher
and district-rank in column (2). The ability index was constructed using the teachers’ scores on an education
test, a language test and a psychology test that were taken before the teacher began teaching. Scores are first
standardized by the year in which they were taken, and then for each year the following measure is calculated:
[S — ave(S)]/ave(S) where S is the standardized score on the tests for a teacher, and ave(S) is the average of the
scores of the teachers in the same rank in the same school, to capture relative ability. The index was constructed
using Principal Components Analysis (PCA). Dummies for the top and bottom 10% of this index are included.
Evaluation score is measured on a scale of 1-4 (fail, pass, good, excellent). ¢t denotes time, X denotes the year in
which a teacher becomes eligible to apply for promotion.
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Table 11: Primary and Middle high rank effort incentives

Outcome: evaluation score of teacher ¢ in year ¢

coeff se

Relative age -1.218 (0.763)
Log number of teachers in rank in district (N)  -0.267 (0.309)
Log N * ability top 10% 0.139 (0.229)
Log N * ability bottom 10% 0.229 (0.342)
Ability in top 10% -0.554 (0.798)
Ability in bottom 10% -1.124 (1.234)
2 years in rank -0.118 (0.107)
3 years in rank -0.240%* (0.124)
4 years in rank -0.350** (0.142)
5 years in rank -0.308** (0.156)
6 years in rank -0.407** (0.171)
7 years in rank -0.407** (0.207)
8 years in rank -0.687*+* (0.230)
9 years in rank -0.758%** (0.258)
10 years in rank -0.619** (0.275)
11 years in rank -0.835%** (0.291)
12 years in rank -0.912%%* (0.312)
13 years in rank -0.823** (0.324)
14 years in rank -1.089** (0.450)
15 4 years in rank -0.912 (0.640)
Observations 648

R? 0.071

Notes: Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Regression includes teacher fixed
effects and clustered standard errors at the teacher level. The ability index was constructed using the teachers’
scores on an education test, a language test and a psychology test that were taken before the teacher began
teaching. Scores are first standardized by the year in which they were taken, and then for each year the following
measure is calculated: [S — ave(S)]/ave(S) where S is the standardized score on the tests for a teacher, and
ave(S) is the average of the scores of the teachers in the same rank in the same school, to capture relative ability.
The index was constructed using Principal Components Analysis (PCA). Dummies for the top and bottom 10%
of this index are included. Evaluation score is measured on a scale of 1-4 (fail, pass, good, excellent).
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C Appendix: Additional Tables

Table 12: Number of years until promotion eligibility - by education level

Rank change

Education level

Number of years to wait

Intern to Primary 2

Any

1 year after hired

Primary 2 to Primary 1

High school and below
Vocational college
College

4 years in the rank
3 years in the rank
1 year in the rank

Primary 1 to Primary high

High school and below
Vocational college
College

10 years in the rank
7 years in the rank
5 years in the rank

Intern to Middle 3

Any

1 year after hired

Middle 3 to Middle 2

High school and below
Vocational College
College

4 years in the rank
3 years in the rank
1 year in the rank

Middle 2 to Middle 1

High school and below
Vocational college
College

10 years in the rank
7 years in the rank
5 years in the rank

Middle 1 to Middle high

High school and below
Vocational college
College

25 years after hired (+ 5 years at Middle 1)
15 years after hired (4 5 years at Middle 1)
5 years after Middle 1
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Table 13: Primary 1, Middle 2, and Middle 1 rank effort incentives before promotion eligibility

Outcome: evaluation score of teacher ¢ in year ¢

coef se
Relative age 0.218 0.299
Log number of teachers in rank in township (N) -0.034 0.041
Log N * ability top 10% -0.092 0.065
Log N * ability bottom 10% 0.012 0.066
Ability in top 10% 0.378%* 0.213
Ability in bottom 10% 0.091 0.214
t=X-7 -0.055 0.154
t=X-6 -0.074 0.081
t=X-4 -0.075 0.087
t=X-3 -0.088 0.094
t=X-2 0.134 0.098
t=X-1 0.242%* 0.099
Cut 1 -2.961%** 0.279
Cut 2 0.121 0.157
Cut 3 1.017+%* 0.160

Number of observations

Notes: Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Regression is estimated using
ordered probit and includes clustered standard errors at the teacher level. Only observations in the time before
promotion eligibility are included to reduce concerns of selection bias. The ability index was constructed using
the teachers’ scores on an education test, a language test and a psychology test that were taken before the
teacher began teaching. Scores are first standardized by the year in which they were taken, and then for each
year the following measure is calculated: [S — ave(S)]/ave(S) where S is the standardized score on the tests for
a teacher, and ave(S) is the average of the scores of the teachers in the same rank in the same school, to capture
relative ability. The index was constructed using Principal Components Analysis (PCA). Dummies for the top
and bottom 10% of this index are included. Evaluation score is measured on a scale of 1-4 (fail, pass, good,
excellent). ¢ denotes time, X denotes the year in which a teacher becomes eligible to apply for promotion.
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D Appendix: Proof of Prediction 5

Assume that teachers have careers lasting 1" periods. They are eligible for promotion after
serving X years. Teachers can be promoted in any year ¢ after they become eligible (¢t > X).
As noted earlier, observed teacher performance in each year t is equal to the sum of skill, effort,
and luck: ¢ = s+ e; + v;. The expected probability of promotion (p;) in any given year ¢
is based on teacher performance in the previous five years (pi(qi—1, ¢—2, ¢t—3, Gt—4, Gt—5)). Two
simplifying assumptions are made: (1) that the impact of effort in one year on the probability of
future promotion is independent of the impact of effort in other years, that is dp;/ dey_;des_; =0
for all 7 and j, and (2) that performance of effort in any of the five years before promotion has
an equal impact on the probability of promotion (dp;/de;i—1 = dp;/de;—o = ... = dp;/ det_5)ﬁ
Now consider a teacher’s optimal effort decision in year t. We can normalise the per-period
utility from wages before promotion to equal zero, and define Uy, > 0 to be the per-period utility
from wages after promotion. In any given year j, the elements of lifetime expected discounted

utility that are affected by effort in that year can be expressed as:

T T
EV; = —c(ej) + Epjy1 Y, B77Un+ (1= Epjy1)[Epjra Y, B77Un+ (1 — Epjo){Epjys
t=j+1 t=j+2
T . T . T .
> B7IUL+ (1 - Epjya)(Bpjya Y B77Un+ (1— Epjra)Epjis Y 877U} (7)
t=j+3 t=j+4 t=j+5

Here, c(ej) is the disutility of effort in year j, 5 is the discount rate, and Ep; denotes the
expected promotion probability given the distribution of draws of luck, where pi(s,e, E,S) is
defined as before. Current effort can alter the probability of being promoted in the subsequent
five years, and once promoted the teacher enjoys higher utility until period T. Note that beyond
year j + 5, the expected probability of promotion is not influenced by current year effort. As
thus formulated, maximisation of with respect to e; defines optimal effort by the teacher.

In years in which there are more than five years before a teacher is eligible for promotion,

effort incentives are zero. That is, effort incentives are zero whenever ¢ < X — 5. Choice of

36These assumptions are made for tractability. As long as effort and performance in each of the previous five
years increases the probability of promotion in years of promotion eligibility, the qualitative results are essentially
the same.
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effort in year t = X — 5 is such that equation is maximised, where j = X — 5:

T T
EVx_s=—clex—s5)+ Epx_a »_ BT U, + (1 - Epx_4)[Epx—s »_ B,
t=X—-4 t=X-3

T T
+(1— Epx_s){Epx—2 Y _ B0, +(1- Epx_a)(Epx—1 Y B~EP,
t=X—2 t=X-1

T
+ (1 - Epx_1)Epx Z BEDULY (8)
=X

However, Epx_4 = Epx_3 = Epx_o = Epx_1 = Epx = 0 since the teacher cannot be
promoted until t = X + 1. As a result, all the terms in drop out except for —c(ex_5). Thus,
effort is zero.

In the five years leading up to the year in which a teacher becomes eligible for promotion,
effort incentives are increasing. That is, effort incentives are increasing fromt = X —4tot = X.
We can write out expressions for choice of effort in years j = X —4, =X -3, j =X — 2,

j=X —1,and j = X using equation @ Inj=X—4:

T T
EVx_4=—clex—a)+ Epx_s »_ B~X DU, + (1 - Epx_3)[Epx— »_ A0,
t=X-3 t=X—2

T T
(1- Epx_2){Epx—1 »_ B~X U, + (1 - Epx_1)(Epx Y _ =0,
t=X—1 =X

T
+(1— Epx)Epx11 »_ B7XTYUNY (9)
t=X+1

However, Epx_3 = Epx_9 = Epx_1 = Epx = 0 since the teacher cannot be promoted

until £ = X 4+ 1. As a result, @ simplifies to:

T

EVx_4=—clex—4) + Epx41 > B°Un (10)
=X +1

A teacher chooses effort in j = X — 4 in order to maximise:
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T
max {EPX—H Z Ry C(BX—4)} (11)

ex—4q
t=X+1

The first order condition is:

This procedure can be repeated for j =X -3, 7 =X -2, =X —1,and j = X.
In j = X —3, after substiting j = X —3 and Epx_s = Epx_1 = Epx = 0, the corresponding

equation for expected lifetime utility is:

T T
EVx_3 = —clex—3) + Epx41 Z B*Un + (1 — Epx41)Epx2 Z B°Uy, (13)
t=X+1 t=X+2

The first order condition is now:

Because of the second simplifying assumption made in the model, that performance of

effort in any of the past five years before promotion has an equal impact on the probability

of promotion (dp;/de;—1 = dpi/dei—o = ... = dpi/de;—3), dgﬁf;l = df@i{f and the first order

condition simplifies to:

dE d -
_ PX+1< o ogtun+ Y ﬁ5Uh(1—EpX+1—pr+z>> (1)

t=X+1 t=X+2

Now we can compare and . Again, because of simplifying assumption (2), we can

: dEpx41 _ dEpx41 .
substitute =72 = 7 in (15) and compare:

dEpx ) dEpx T d
+1 5 +1 4 5
— E B°UR < m ( g B Unp + § B Uh(l — Epx41— EpX+2)> (16)

dex_
X—4 X t=X+1 t=X+2
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which holds as long as Epx1+FEpx42 < 1since B° < % and ZtT:X+1 By, < ZtT:XJFQ B5U,.
The sum of all expected probabilities is indeed less than one, since a teacher cannot be absolutely

certain of promotion in the future. In t = X — 2 the FOC simplifies to:

T T
dE
d(ex—2) = %[ Y BUL+ ) BUN1— Epxi1— Epxy2)+
ex—2
t=X+1 t=X+2
. (17)

( > BUn(1 - Epx41(1 — Epxia — Epxys) — Epxy2(1 — Epxys) — 2Epx43)]

t=X+3

which again is larger than the FOC for j = X — 3. The same procedure can be followed for
j=X—-1and j=X.

In the years after a teacher becomes eligible for promotion (j > X), effort incentives are no

longer increasing. Assume that j > X. We can write an expression for j + 1:

T T
EVjpr = —c(ejp1) + Epjsa ) BUn+ (1= Epjia)[Epjes Y B°Un+ (1= Epjes){Epjsa
t=j+2 t=j+3

T T T
> BUn+ (1= Epja)(Epjrs », B'Un+ (1— Epjys)Epjve »_ 8°Un)} (18)
t=j+4 t=j+5 t=5+6

and compare it to the expression for j:

T T
EVj = —c(ej) + Epjs1 >, BUs+ (1= Epj1)[Epjra Y B°Un+ (1— Epjy2){Epjy3

t=j+1 t=j+2
T T T
> BUn+ (1= Epjis)(Epjra >, BUn+ (1— Epjra)Epjis Y, 8°Un)} (19)
t=j+3 t=j+4 t=j+5

The discounting terms are all equivalent, the expected probability of promotion is non-zero
in all years in both cases (since j > X), and there are an equivalent number of years in which
current effort will affect a teacher’s expected probability of promotion (five). As a result, effort

incentives are not increasing.
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