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ABSTRACT
There is a significant gap in academic achievement between rural and
urban students in China. Policymakers have sought to close this gap by
improving the quality of teaching in rural areas through teacher profes-
sional development (PD) programs. However, there is limited evidence
on the effectiveness of such programs. In this paper, we evaluate the
impact of a PD program-National Teacher Training Program (NTTP) and
find that the NTTP has no effect on math achievement. We also find that
while the program has a positive effect on math teaching knowledge of
teachers, it has no significant effect on teaching practices in the class-
room. Taken together, these results indicate that teachers may have
improved their knowledge for teaching from NTTP, but did not apply
what they learned to improve teaching practices or student learning.
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1. Introduction

Students in rural Chinese schools have less access to education than do their urban peers, and the
education that they receive is of lower quality. Rural students have low levels of educational
attainment and persistently drop out of school across all post-primary levels of schooling (Liu
et al. 2009; Yi et al. 2012; Shi et al. 2015). Several empirical studies have found that, in rural junior
high schools, the dropout rate ranges from 18 to 31 percent across a number of Chinese provinces
(Yi et al. 2012; Mo et al. 2013; Loyalka et al. 2013; Li et al. 2015; Shi et al. 2015; Wang et al. 2015). In
large cities, nearly 90 percent of students attend academic high school. In contrast, at most, only 20
to 30 percent of junior high graduates in rural areas attend academic high school (Liu et al. 2009; Li
et al. 2017). Further, in terms of academic challenges, such as competitive school entrance exams,
students from rural areas perform significantly worse than do urban students (Loyalka et al. 2014).

A number of factors could be related to rural students’ underperforming their urban counter-
parts in educational outcomes. One potential reason for the achievement gap is the fundamental
differences in family investment in, and parental care for, students in rural versus urban areas
(World Bank 2001; Huang and Du 2007; Luo et al. 2009; Wang et al. 2009; Ye and Pang 2011).
Research from developed countries has shown the quality of teaching to be another important
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factor that affects educational outcomes among both advantaged and disadvantaged students
(Darling-Hammond 2000; Rivkin, Hanushek, and Kain 2005; UNESCO, 2006). Evidence shows that
a one-standard deviation increase in teacher quality will lead to a 0.15 to 0.24 standard-deviation
improvement in student math achievement (Rockoff 2004; Rivkin, Hanushek, and Kain 2005;
Aaronson, Barrow, and Sander 2007; Kane and Staiger 2008; Fryer 2017). In a survey of education
polices and student achievement conducted in all 50 states, Darling-Hammond (2000) found that
teacher preparation and certification in the United States significantly correlates with student
academic performance. Such work highlights the importance of teacher quality in improving
student academic performance.

There are fewer studies of teacher quality in developing countries, but those available confirm
that differences in teacher quality can significantly affect student achievement. One such study
found that, in Peru, teachers with a high aptitude in math increased student achievement on
standardized math tests by approximately 0.09 standard deviations (Metzler and Woessmann
2012). In China, teachers of the highest professional rank more positively affect rural students’
achievement than do teachers of a lower rank (Chu et al. 2015).

Although there may be a number of ways to improve the quality of teaching for rural students
(e.g., improving incentives for teachers; Muralidharan and Sundararaman 2011; Muralidharan 2012;
Loyalka et al. 2016), policymakers in developing countries have placed great stock in teacher
professional development (PD) programs (Cobb 1999; Villegas-Reimers 2003; Vegas 2007). In
theory, PD programs seek to help teachers gain subject-specific knowledge (Dadds 2001), use
appropriate pedagogical practices (Darling-Hammond and McLaughlin 1995; Schifter, Russell, and
Bastable 1999), develop positive attitudes toward teaching (Cobb 2000), and, ultimately, improve
the learning of students (Villegas-Reimers 2003). The importance of PD is further supported by
empirical evidence from developed countries. For example, in a review of experimental evaluations
of PD programs in developed countries, Yoon et al. (2007) found that the academic achievement of
students whose teachers participated in PD programs increased by 0.54 standard deviations
compared to students whose teachers did not participate in PD. These positive findings lend
credence to the efforts of policymakers from developing countries who believe that PD improves
the quality of teaching in their rural areas.

In recent years, the Chinese government has invested heavily in teacher PD programs. In 2010,
China’s government launched the National Teacher Training Program (NTTP), the country’s flagship
teacher PD program (MOE and MOF, 2010).1 Beyond improving teaching quality in general, one of
the major goals of the NTTP is to improve the quality of teaching in rural regions and improve the
learning of rural students (Ministry of Education and Ministry of Finance (MOE and MOF) 2010).
Given the high level of investment in the NTTP and its ambitious goals, the program is currently
one of the key national government initiatives for improving the human capital of rural students
and the equity of educational outcomes between rural and urban students in China. To improve
the PD of teachers, the Ministry of Education has prescribed that the training content should focus
on ethics in teaching, subject-specific knowledge, and pedagogical practices in proportions of 10,
40, and 50 percent, respectively (MOE, 2012).

Although policymakers in China and other developing countries invest billions of dollars in
teacher PD programs each year (e.g., Yan, 2013; Government of Chile 2003; Government of India
2013), there is only limited evidence regarding whether these programs are effective (Bruns and
Luque 2014). At best, policymakers have obtained only subjective feedback from the teachers who
have been trained and the trainers who run the programs (e.g., Zuo and Su 2012). Although
researchers also have compared different PD programs, studied the potential of new teaching
technologies, and assessed teacher learning and other outcomes within these programs, using
quantitative approaches (Garet et al. 2001; Borko 2004; Olakulehin 2007; Overbaugh and Lu 2008;
Owston et al. 2008), few studies have demonstrated a causal relationship between the evaluated
programs and student outcomes. In particular, there have been few large-scale, rigorous
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evaluations of the effects of teacher PD programs on student achievement in developing countries
(Table 1).

One of these exceptions that we know of is Yoshikawa et al.’s (2015) study, which assesses the
impact of a pilot PD program for early childhood education teachers in 64 preschools in Chile.
Yoshikawa et al. found that the PD program moderately affected emotional and instructional
support as well as classroom organization. The study’s results, however, do not indicate any impact
of the program on the cognitive outcomes of students.

Further, to our knowledge, there have been few large-scale empirical evaluations of PD pro-
grams in China. The only example that we know of is a study by Zhang et al. (2013) that involved
123 English teachers from 70 migrant schools in Beijing. Zhang et al. found that a short-term PD
program had no significant impact on either teacher performance or student English test scores.
The PD program evaluated, however, was created by the research team rather than by the
government. There has been no large-scale empirical evaluation of the NTTP in China. Only one
recent study describes a current teacher PD program system in China (Liu, Liu, C, and Loyalka 2016)
but failed to evaluate the impact of PD programs on student achievement.

The overall goal of this study is to examine the effect that the NTTP has on student achievement
in rural China. To this end, we first examine the impact of the NTTP on the math achievement of
rural students. Next, we seek to understand the causal mechanism through which the NTTP affects
student achievement. To do so, we examine whether the NTTP was able to improve either the
knowledge of math or the teaching practices of teachers. We also seek to develop an explanation
of the effect (positive, negative, or none) that the NTTP might have on students.

The remainder of the paper is organized as follows. In Section 2, we provide the background of
the teacher professional development programs in China. In Section 3, we describe the conceptual
framework for how a teacher PD program might be expected to improve student achievement. In
Section 4, we present the study’s methodology, including the sampling process, the nature of the
intervention, our data collection effort, and our analytical approach. Section 5 provides the results
of the study, and Section 6 concludes.

2. Background: teacher professional development programs in China

In China, there is a considerable number of government-run teacher PD programs. The largest
program, run by the national government, is the NTTP. Others are run by regional and local
governments – provincial, prefectural, and county. There are five main areas of differences between
the NTTP and non-NTTPs: sources of funding, goals and target populations, training format,
opportunities to participate in the training, and total hours of training.

The first difference between the NTTP and non-NTTPs is the source of funding. The NTTP is the
highest level of a teacher PD program in China and is the only program that is supervised and
funded by the central government. Each province has a provincial NTTP office that is responsible
for organizing the NTTP training under the instruction of the central government. The financial
investment in the NTTP is larger than that for non-NTTPs, which are organized by different (lower)
levels of government. For example, the provincial non-NTTPs are organized and funded by
provincial governments, and the prefecture non-NTTPs are organized and funded by prefecture
governments.

The second difference is related to the goals and target populations of the programs. One of
the major goals of the NTTP is to improve the quality of teaching in rural regions and the level
of learning of rural students (Ministry of Education and Ministry of Finance (MOE and MOF)
2010). Thus, the main target population of the NTTP training is rural teachers who teach in
China’s nine-year compulsory education system. Although non-NTTPs also pay attention to
improving the teaching quality of rural regions, their main focus is to promote PD for all
teachers in their local areas. Thus, the target population of non-NTTPs is not only rural teachers
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in the nine-year compulsory education system but also teachers in urban areas and high school
teachers.

The third difference between the NTTP and non-NTTPs is that they differ in training format. The
NTTP has two forms: on-site training and online training. We focus on the on-site training program
and note that most non-NTTPs are conducted through on-site training.

Fourth, the number of slots for participation in the NTTP is relatively scarce as compared to the
number that are offered for the non-NTTPs. For example, in Shaanxi Province, during each year
from 2011 to 2013, only 1.6% of teachers were able to attend an on-site NTTP. In contrast, 14%
were able to participate in an online NTTP (Liu, Liu, C, and Loyalka 2016).

Finally, the NTTP offers more training hours per course than do non-NTTPs. Liu, Liu, C, and
Loyalka (2016) show that the NTTP (online and on-site) provided the most cumulative training
hours per teacher in 2013 (33 hours), whereas provincial non-NTTPs offered 17 hours of training
and prefecture non-NTTPs offered 19 hours.

3. Conceptual framework

Based on a review of literature on teacher PD programs (Chapman, Chen, and Postiglione 2000;
Cohen and Hill 2000; Garet et al. 2001; Fishman et al. 2003; Yoon et al. 2007), we present
a conceptual framework of the causal chain in which a PD program (here, the NTTP) ultimately
raises student achievement. This framework assumes that teachers who attend the PD program will
learn the materials taught during the program and that the material is designed such that teachers’
instruction approaches will improve.

Research has shown that, if a PD program is not designed well, it results in only limited impacts
(Ball and Cohen 1999; Yoshikawa et al. 2015). Several studies have found that one-day workshops
often make teacher PD intellectually superficial, disconnected from deep issues of curriculum and
learning, fragmented, and noncumulative (Ball and Cohen 1999; Wilson and Berne 1999). In a study
of a PD program in Chile, Yoshikawa et al. (2015) found that a lack of content-focused, devel-
opmentally specific curricula was one of the leading reasons that the training failed to improve
children’s outcomes.

A well-designed PD program should be sustained, intensive, and content-focused to have
a positive and lasting impact on classroom instruction and teacher performance (Ball and Cohen
1999; Wilson and Berne 1999; Garet et al. 2001; Yoon et al. 2007). One study found that providing
textbooks and other reading material alongside the training; linking participation to incentives,
such as promotion or salary implications; and maintaining a specific subject focus in the training,
among other factors, resulted in positive impacts on student learning (Evans and Popova 2016).
Further, program implementers most commonly mention providing mentoring follow-up visits,
engaging teachers for their opinions and ideas, and designing programs in response to local
context as related to positive impacts on student learning.

Figure 1 presents our framework. We examine three aspects related to the successful improve-
ment of teacher PD for student achievement outcomes (teachers, students, and principal/school)
across two phases (during and after PD training). In this framework, teachers are the direct
participants in PD and are responsible for applying what they learned from PD to teach their
students. Principals and schools provide the environment or institutional supports for teachers to
participate in PD and to change their teaching practice. In the first phase (during PD training),
teachers who receive training spots must attend and fully participate in the PD program. The PD
programs must include an explicit focus on the subject matter to help teachers enhance their
understanding and instruction of the subjects that they teach (Borko 2004; Yoon et al. 2007). That
is, teachers must improve their teaching knowledge and/or skills through the PD program.

Further, the PD program itself should not disrupt student learning. For example, if the PD
program is held during the semester at a central location, and teachers must be away from school
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to receive the training, the full support of the principal or the school staff is needed to ensure that
students are assigned a good substitute teacher.

In the second phase, after learning the material that was presented in the training program,
teachers apply their learning in their classrooms. To incorporate their learning into their teaching
practice, however, teachers must have the motivation, beliefs, and skills to overcome such barriers
as limited time for preparation and instruction or limited materials and resources (Showers, Joyce,
and Bennett 1987; Borko 2004). One of the effective ways to incentivize teachers to apply new
teaching practice is performance pay, i.e., pay that is directly tied to student achievement scores
(Muralidharan and Sundararaman 2011; Muralidharan 2012; Loyalka et al. 2016), which requires the
schools to assess teachers based on student achievement.

The knowledge that teachers gain from the PD programmust be suitable for their own students, i.e., is
actionable in their own class. There are two conditions that determinewhether the teaching knowledge is
actionable. First, it is considered actionable when teachers adapt the new instructions from the PD
program to the conditions of the classroom, enabling students to understand the subject matter well.
This requires that the teaching knowledge provided by the PD program be based on a valid theory of
action in regard to local classrooms (Hiebert and Grouws 2007; Yoon et al. 2007) and be aligned with the
students’ thinking. Second, new teaching knowledge is considered actionable when the school environ-
ment supports teachers in transforming their teaching practices. If teachers cannot adapt the new
instructions to the current teaching resources, principals must be willing to provide new teaching
resources. In this regard, the principal also should be open to changes in teaching practices. If all of
these conditions are satisfied, teachers can successfully apply knowledge from PD programs into their
teaching practices. Finally, the changes needed to ensure positive outcomes take time to develop and
implement (King and Behrman 2009).

4. Method

4.1 Sampling

We conducted an evaluation of the NTTP for primary school math teachers in Shaanxi Province,
located in northwest China. Its provincial GDP per capita is 46,928 yuan (approximately 7,640 US
dollars); Shaanxi ranks 14th among the 31 mainland provinces of China in terms of GDP per capita
(CNBS, 2014). Of the ten prefectures in Shaanxi Province, our study was conducted in two: Weinan,

Figure 1. Framework for how the NTTP affects student achievement.
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which ranks ninth in terms of GDP per capita among all Shaanxi prefectures, and Xianyang, which
ranks fifth (Shaanxi statistical bureau 2014).

Teachers who participated in the evaluation were selected from a much larger group of teachers
who had been chosen to receive NTTP training through a standard process across China. According
to China’s national teaching development policy, teachers are required to participate in a certain
number of hours of PD training each year. The policy rules, however, contain no reference as to
which type of program counts toward these hours. China’s government offers non-NTTP PD
programs at different levels – provincial, prefectural, and county (Liu, Liu, C, and Loyalka 2016).
In the case of the (national) NTTP, the central office in Beijing decides which trainings will take
place each year, and then each province’s NTTP office allocates training slots to each prefecture.
Each prefecture allocates the slots to each county. Finally, at the county education bureau level,
officials choose the schools that are required to send teachers to that year’s NTTP. The criteria used
by county officials differ across regions, but, during interviews, we learned that schools were often
given priority according to size and past rates of participation in the program. Specifically, the
number of training slots allocated to a given school depends on the number of teachers in the
school and past rates of participation (e.g., if the school sent a large number of math teachers to
the NTTP in a previous year, the school might be allocated fewer slots in the NTTP for math
teachers the next year). Although the number of slots assigned to each school in each year is
different, on average, teachers of rural schools in the same county have roughly an equal
opportunity to participate in NTTP for the subject they primarily teach. The exact registration
process for individual teachers varies across schools.

We considered whether schools preferentially choose which teachers to send to the NTTP (e.g.,
giving the best teachers a slot in the training and ignoring the poorly-performing teachers). From
our interviews with NTTP officials, local principals, and teachers, we believe that this is not the case.
Although each school is responsible for collecting applications and submitting them to the county
education bureau, every teacher reserves the right to apply to the program and to submit his or
her application.

In fact, it is not the case that schools send only the best teachers to the NTTP. In some cases,
schools prefer to keep strong teachers in the school because, in most schools, there are, for
example, only one or two math teachers for each grade. If a teacher participates in the NTTP
during the semester, it is often difficult for schools to find substitute teachers to take care of their
students. Thus, some schools choose to send those teachers who teach less important (non-math)
courses to the math NTTP. We excluded these teachers in our study by limiting our sample to
teachers who taught math in one of our sample grade levels (3rd–6th grade). Moreover, because all
sample schools have only one or two math teachers for each grade, it can be difficult to determine
who is better to teach a certain grade.

To select our treatment sample for the evaluation, the research team first secured access to the
list of all teachers who had been enrolled in the NTTP (for the year of our study). It should be noted
that the research team was not involved in choosing the NTTP teachers; they already had been
chosen by the time we launched our study. In the study prefectures, a total of 63 teachers were on
the initial list of NTTP trainees.

The next step was to choose the treatment teachers from the overall list of trainees. To select
a sample representative of the majority of schools in Xianyang and Weinan prefectures, we
excluded teachers who came from schools that did not provide all six grades of primary school
education. We further limited our sample to teachers who taught math in one of our sample grade
levels (3rd–6th grade). After applying the exclusion criteria, we were left with 34 treatment teachers
across 34 treatment schools.

The final step in choosing the evaluation sample was to determine which class and set of
students were to be the beneficiaries of the NTTP. If a teacher in our sample taught math at more
than one grade level, we randomly selected one grade level for inclusion in our study. If a teacher
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taught more than one math class in the same grade, we included all classes in that grade level in
our sample.

We then selected teachers who did not participate in the NTTP to serve as a control group. Our
control group comprised teachers selected in one of two ways. The first group of control teachers
was selected from the same schools as the treatment teachers (within-school control teachers).
The second group of control teachers was selected from different schools from the treatment
teachers (across-school control teachers).

The within-school control teachers were selected using the following procedure: We called each
treatment school to ask whether there were other math teachers who taught at the same grade
level as our treatment teacher. If there was more than one other teacher, one was randomly
selected as our control teacher. (If there was only one, that teacher was the control.) If there was
not another math teacher in that grade level, then we did not select a within-school control
teacher from that school. In total, we were able to sample 16 within-school control teachers. For
each within-school control teacher who taught more than one math class at the same grade level
as our treatment teacher, we randomly selected one of those classes for inclusion in our sample.

The across-school control teachers were selected according to the following protocol: First, we
travelled to the Bureau of Education of each county where our treatment schools were located and
collected information on all primary schools in that county. Specifically, we collected information on: (a)
the distance between our treatment school and the other primary schools in that county; (b) the number
of students in each school; and (c) the tongkao (standard exams organized by the Bureau of Education of
each county) ranking of each school. We used these three criteria for several reasons.

First, the closer the control schools are to the treatment schools, the more similar they are in terms of
local culture, school environment, administrative policy, student pool (i.e., students from similar back-
grounds), and other factors at the school level that may be related to student academic
performance. Second, the number of students represents school size, which the literature suggests is
correlatedwith student performance (Kuziemko 2006). To rule out potential imbalances in this regard, we
chose schools that had a similar number of students. Third, because the tongkao ranking is conducted at
the county level, and students in each county were given the same standard tests, schools with a similar
tongkao ranking reflect, to a certain extent, similar teaching and teacher quality. We used these three
criteria to determine the overall nature of a school, which allowed us to choose a matched control school
for each treatment school. Because schools were not randomly assigned to the treatment group –
assignment to the treatment group was based on government rules – the best that we could do was to
choose a matched control school for each treatment school by using these three criteria. In total, there
were 34 pairs of treatment and control schools.2

After we selected the control schools, we used the following two-step procedure to select across-
school control teachers: First, we contacted the principal of each school and asked for a list of math
teachers who taught the same grade level as the treatment teacher from the matched school. Next, we
randomly selected one teacher from that grade level for each control school. In total, we selected 34
across-school control teachers. If the teacher taught more than one math class in the same grade as our
treatment teacher, we randomly selected one class for inclusion in our sample.

The sample at the time of the baseline survey (October 2014) consisted of 84 teachers (34 treatment
teachers, 16 within-school control teachers, and 34 across-school control teachers) and 3,289 students. By
the timeof the endline survey in February 2015, however, therewas some student attrition. Due to various
reasons (dropouts, absences, death, and missing data), 223 students (71 students in the treatment group
and 152 students in the control group) did not complete our endline survey. This means that the attrition
ratewas 7 percent. Therewas no attrition of teachers, however. Thus, in total, our final sample included 84
teachers and 3,066 students. In total, there were 1,141 students in the treatment schools and 1,922
students in the control schools.

To examine whether attrition of students affected our results, we regressed attrition status on
the treatment variables. A comparison of the attrition rates between the treatment and control
groups shows that treatment status did not affect the attrition rate (Table 2). Further, we checked
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for the balance on observable characteristics among the students and teachers who participated in
both the baseline and endline surveys. As seen in Table 3, the characteristics of treatment and
control students are fully balanced (Rows 1 to 8). In terms of teacher characteristics, Table 4 shows
that one key outcome variable (standardized Math Knowledge for Teaching test scores; Row 1) and
most of the control variables (including teacher gender, whether the teacher completed university,
and whether the teacher has the highest rank) are balanced. We did find significant differences in
terms of two variables: whether the teacher majored in math and his or her teaching experience
(Table 4, Rows 4 and 6).3 To account for the imbalance in these variables in our subsequent
analyses, we controlled for them in our regressions. After adding control variables, we saw no
significant change in the point estimates for each outcome, suggesting that the imbalance is not
significant enough to affect internal validity.

4.2 Intervention

Our intervention was conducted at the teacher level. All treatment teachers participated in the
NTTP after the baseline survey. The PD program in which they participated was organized by two
top-ranked primary schools under the oversight of the Shaanxi provincial NTTP office. The research
team did not have any input into the training. This was a training program run fully by the
education system. The instructors in the program were blind to the study. During the two-week

Table 2. Comparisons of attrition between the treatment and control groups.

Dependent Variable: Attrition
(1 = student left, 0 = student remained) (1) (2)

1. Treatment students (yes = 1; no = 0) −0.02 −0.01
(0.01) (0.01)

School-pair fixed effect Yes Yes
Student Characteristics NO Yes
Observations 3289 3289
R-squared 0.001 0.004

Source: Authors’ survey
*** p < 0.01, ** p < 0.05, * p < 0.1
Note: Cluster-robust standard errors adjusted for clustering at the student-
teacher level in parentheses.

Table 3. Student characteristics at baseline.

Treatment
group

Control
group Difference: (1) – (2) P-value

(1) (2) (3) (4)

Variable Mean Sd Mean Sd

Student Characteristics
1. Standardized math test score (SD) −0.00 [1.00] 0.00 [1.00] −0.01 (0.06) 0.91
4. Student age (year) 9.67 [1.41] 9.59 [1.39] 0.09 (0.08) 0.28
5. Female student (1 = yes, 0 = no) 0.48 [0.50] 0.47 [0.50] 0.01 (0.02) 0.63
2. Student is a left-behind child (1 = yes, 0 = no) 0.15 [0.36] 0.15 [0.36] −0.00 (0.01) 0.94
3. Student lives at school (1 = yes, 0 = no) 0.07 [0.25] 0.08 [0.27] −0.01 (0.02) 0.47
6. Mother completed junior high school (1 = yes, 0 = no) 0.41 [0.49] 0.41 [0.49] 0.00 (0.02) 0.92
7. Father completed junior high school (1 = yes, 0 = no) 0.41 [0.49] 0.43 [0.50] −0.02 (0.02) 0.34
8. Teacher teaching practice index (reported by students,
SD)

0.02 [0.44] −0.01 [0.45] 0.03 (0.03) 0.43

Number of observations 1144 1922 3066

Source: Authors’ survey
*** p < 0.01, ** p < 0.05, * p < 0.1
Cluster-robust standard errors adjusted for clustering at the student-teacher level in parentheses.
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program, all treatment teachers were released from regular teaching duties to receive training at
a centralized location in the prefecture.

The curriculum of the treatment teachers’ PD program followed the basic mandated framework
of the NTTP. According to the teaching materials that we observed the treatment teachers using,
there were sections of the training classes that were focused on ethics in teaching, subject-specific
knowledge, and pedagogical practices (Ministry of Education (MOE) 2012). The instructors of the
NTTP were top teachers from the highest-ranked primary schools in the prefecture. These teachers
were selected as trainers due to their reputation for being knowledgeable about teaching math.
Training sessions were conducted for six hours per day; sessions consisted primarily of lectures,
with short intervals for lesson modeling, questions, and discussion.

The NTTP provided only the basic components of the in-program training and did not provide
any in-classroom follow-up instruction. In other words, after the training, neither the NTTP instruc-
tors nor any other NTTP staff went to any of the schools of the treatment teachers. There was no
attempt to observe whether teachers applied what they learned, to identify any weaknesses in the
teaching practices of teachers, or to instruct teachers on how to address such weaknesses. The only
post-training follow-up occurred through the establishment of an online group-chat for teachers,
which was organized by the teachers themselves, not by the NTTP staff.

4.3 Data collection

We collected data based on student and teacher responses to a baseline survey (October 2014) and
an endline survey (February 2015). The student baseline survey consisted of three blocks. In the
first block, students provided basic demographic and family background information, including
age, gender, whether he or she was a left-behind child,4 boarding status, and whether his or her
father or mother had completed at least junior high school.

In the second block, students completed a checklist of practices, which might have been
influenced by participation in the PD program, that they observed in their teachers.5 The checklist

Table 4. Teacher characteristics at baseline.

Treatment group Control group Difference: (1) – (2) P-value

(1) (2) (3) (4)

Variable Mean Sd Mean Sd

Teacher Characteristics
1. Teacher MKT test score (SD) −0.03 [1.16] −0.11 [1.07] 0.08 (0.26) 0.77
2. Female teacher (1 = yes, 0 = no) 0.85 [0.36] 0.82 [0.39] 0.03 (0.07) 0.62
3. Teacher completed university
(1 = yes, 0 = no)

0.18 [0.39] 0.30 [0.46] −0.12 (0.08) 0.13

4. Teacher majored in math (1 = yes,
0 = no)

0.15 [0.36] 0.32 [0.47] −0.17* (1.00) 0.08

5. Teacher has highest rank (1 = yes,
0 = no)

0.15 [0.36] 0.24 [0.43] −0.09 (0.09) 0.30

6. Teaching experience (1 = over
15 years, 0 = equal or below
15 years)

0.21 [0.41] 0.46 [0.50] −0.25** (0.09) 0.01

7. Teacher who undergone provincial
PD in the past year (1 = yes,
0 = no)

0.26 [0.45] 0.20 [0.40] 0.06 (0.09) 0.47

8. Teacher who undergone
prefecture PD in the past year
(1 = yes, 0 = no)

0.35 [0.48] 0.42 [0.50] −0.07 (0.10) 0.49

Number of observations 34 50 84

Source: Authors’ survey.
*** p < 0.01, ** p < 0.05, * p < 0.1
Notes: Teacher MKT test score means teacher math knowledge for teaching test score.
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includes 13 items, consistent with those used in the Programme for International Student
Assessment (PISA) survey (OECD 2014). Students responded to items that were presented with
a 4-point Likert-type response of ‘every lesson,’ ‘most lessons,’ ‘some lessons,’ and ‘never or hardly
ever’ in response to: How often do these things happen in your mathematics lessons: the teacher
sets clear goals for our learning; teacher asks me or my classmates to present our thinking or
reasoning at some length; the teacher gives different work to classmates who have difficulties
learning and/or to those who can advance faster; the teacher assigns projects that require at least
one week to complete; the teacher tells me about how well I am doing in my mathematics class;
the teacher asks questions to check whether we understood what was taught; the teacher has us
work in small groups to come up with joint solutions to a problem or task; at the beginning of
a lesson, the teacher presents a short summary of the previous lessons; the teacher asks us to help
plan classroom activities or topics; the teacher gives me feedback on my strengths and weaknesses
in mathematics; the teacher tells us what is expected of us when we get a test, quiz or assignment;
the teacher tells us what we have to learn; the teacher tells me what I need to do to become better
in mathematics.

Using student responses to this checklist, we created an index (teaching practice index) of
a group of variables (the 13 items of teaching practice) according to the generalized least squares
(GLS) weighting procedure described in Appendix A of Anderson (2008).6 As the index is based not
on teacher responses, but, rather, on students’ observations of teachers, we believe that it is more
likely to reflect teachers’ actual practices.

In the third block of the student survey, students were given a 30-minute standardized math
test. The math test items were drawn from the Chinese National Curriculum Framework (MOE,
2011). We prepared and administered the test ourselves to ensure that students and teachers could
not prepare for the test. The enumeration team closely proctored the exams to strictly enforce time
limits and minimize cheating. The scores were standardized by scaling them into z-scores by
subtracting the mean and dividing by the standard deviation of the math score distribution of
all students tested. These standardized scores are used as our key measure for assessing student
baseline math achievement.

We administered the teacher baseline survey in two blocks. In the first block, enumerators
collected information on the characteristics of teachers. Specifically, we solicited information on
each teacher’s gender, educational attainment, whether he or she majored in math, whether he or
she had obtained the highest teaching rank, and his or her teaching experience.

In the second block of the teacher baseline survey, we administered the 40-minute
Mathematical Knowledge for Teaching (MKT) test, designed by a research team at the
University of Michigan (Study of Instructional Improvement and Learning Mathematics for
Teaching Project; Hill, Schilling, and Ball 2004). According to the manual, the MKT test is
designed not to test the specific math knowledge of teachers but, rather, to test the knowledge
for teaching math to students. For example, the MKT test seeks to test teachers’ knowledge of
reasoning about mathematics and student thinking as well as how well teachers are able to
solve mathematical problems that arise in the process of teaching. Thus, the MKT test was
designed to be used in a number of contexts, no matter which curriculum teachers are
expected to teach.

The versions of the test that we used comprise approximately 20 specific questions that ask
teachers to explain how they would teach specific mathematics problems to students. We used two
versions of the test: Version A (19 questions) and Version B (21 questions). They are inherently the
same test and differ only in terms of expression and combination of questions. This test has been
used in many studies (Delaney et al. 2008; Agodini et al., 2009; Bell et al. 2010; Copur-Gencturk and
Lubienski 2013; Faulkner and Cain 2013; Hill, Rowan, and Ball 2005). The MKT test scores of teachers
were standardized for ease of interpretation (Hill, Rowan, and Ball 2005; Daleny et al., 2008).
A higher MKT score indicates that a teacher is more capable in the areas of teaching math.
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In February 2015, we returned to all of the sample schools to conduct a follow-up survey. The
procedures for conducting the endline survey were identical to those for the baseline survey with
two exceptions. First, we did not ask students or teachers for their basic background
information. Second, we gave Version B of the MKT to all teachers who had received Version
A at baseline. We also gave Version A of the MKT to the teachers who had received Version B at
baseline. We did this to avoid the issue of teachers’ being able to recall the answers that they gave
during the baseline survey.

4.4 Analytical approach

Here, we introduce the analytical approach we used to examine the impact of the NTTP on both
student academic achievement and teachers’ knowledge of math teaching practices. We assess the
impacts, using ordinary least squares (OLS) regression with school-pair fixed effects.

4.4.1 OLS Model for examining the impact of the NTTP on student academic achievement
We use unadjusted and adjusted OLS regression analysis to estimate how student achievement in
the treatment group changed relative to student achievement in the control group. The unad-
justed model is:

Yi ¼ α0 þ α1Ti þ φp þ εi (1)

Where Yi represents the endline math achievement score of student i; Ti is a dummy variable that
equals 1 if the math teacher of student i participated in the NTTP treatment, and 0 otherwise; and
εi is a random error term. It also includes a school-pair fixed effect, φp. Note that, because there
were 34 pairs of treatment schools and control schools in our sample, the matrix φp comprises 34
school-pair dummy variables.

To control for potential confounding effects of student and teacher characteristics, we also adjusted for
additional covariates (Xi and Zi). We call equation (2), below, our adjusted school-pair fixed effect model:

Yi ¼ β0 þ β1Ti þ β2Xi þ β3Zi þ φp þ εi (2)

where Xi represents a vector of student characteristics at baseline, including standardized baseline
math test score, age, female student (1 = yes, 0 = no), student is a left-behind child (1 = yes, 0 = no),
student lives at school (1 = yes, 0 = no), mother completed junior high school (1 = yes, 0 = no), and
father completed junior high school (1 = yes, 0 = no). The additional term, Zi, represents a vector of
math teacher characteristics, including baseline female teacher (1 = yes, 0 = no), whether the
teacher completed university (1 = yes, 0 = no), whether the teacher majored in math (1 = yes,
0 = no), whether the teacher has the highest rank (1 = yes, 0 = no), and teaching experience (1 = over
15 years, 0 = equal to or below 15 years). See Tables 3 and 4 for the descriptive statistics of these
variables. In addition, equation (2) also includes a school-pair fixed effect term φp.

To examine whether the NTTP had greater impacts on certain subgroups, we used
a heterogeneous effects model to estimate treatment parameters. The heterogeneous effects
model is essentially equation (2) with an additional interaction term between the NTTP treatment
variable and a student background variable (measured using the baseline survey data). We chose
several different types of student background variables to interact with the treatment variable,
including baseline student math test score, student age, female student, and student is a left-behind
child. In all regressions, we included a school-pair fixed effect.
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4.4.2 OLS Model for examining the impact of the NTTP on math knowledge for teaching and
teaching practices
The primary outcome variables for teachers were (a) math knowledge for teaching (MKT) test score
and (b) the teaching practices index. As with the examination of the impacts of the NTTP on
student outcomes, we first conducted unadjusted analyses, using the following model:

Yj ¼ η0 þ η1Tj þ φp þ εj (3)

where Yj represents the outcome variable of teacher j; Tj is a dummy variable that equals 1 if the
teacher participated in the NTTP and 0 otherwise; and φp is a school-pair fixed effect.

We also conducted an adjusted analysis, which controls for teacher-level covariates (Zj). The
adjusted school-pair fixed effect model is as follows:

Yj ¼ λ0 þ λ1Tj þ λ2Zj þ φp þ εj (4)

where Zj represents a vector of math teacher characteristics, including baseline MKT test score/baseline
math teaching practice index, teacher gender, whether the teacher completed university, whether the
teachermajored in math, whether the teacher has the highest rank, and teaching experience.

5. Results

5.1 Effect of the NTTP on student academic achievement

Our analyses suggest that the NTTP has no impact on student academic achievement. In the
unadjusted model, the estimate of the impact of the NTTP on student achievement was small in
magnitude and not statistically significant (Table 5, Column 1, Row 1). After adding controls for
student and teacher characteristics and school fixed effects, we found that the NTTP actually
produces a small, negative impact on student academic achievement. The result was not signifi-
cantly different from zero, however. Finally, results from the adjusted school-pair fixed effect model
showed that the NTTP decreased the academic achievement of treatment students by 0.07
standard deviations (Table 5, Column 2, Row 1).7 This result is statistically significant at the 10%
level. In other words, at a minimum, the evidence suggests that teacher participation in the NTTP
does not increase student achievement and may even harm student achievement. Given the
government’s sizeable investments in the NTTP, these results are concerning. Improving the
achievement of rural students is one of the top goals of the nation’s flagship teacher PD program.8

We also were interested in determining whether the NTTP has differential impacts on different
subgroups of students. To test this, we examined heterogeneous effects by applying the treatment
variable separately to each student background characteristic of interest (baseline student math test
score, student age, student gender, and whether the student is a left-behind child). This analysis showed
no significant heterogeneous impacts of the NTTP on student academic achievement for any of these
variables (Table 6, Rows 2 to 5).

5.2 Unpacking the causal chain: effect of the NTTP on teacher math knowledge for
teaching and teaching practices

Our analysis showed that the NTTP did not improve student academic achievement (and may even
be harmful for student learning). One reason for this finding is that the NTTP was simply ineffective
in teaching teachers new skills. To check for this possibility, we looked at the impact of the NTTP on
teacher math knowledge for teaching. According to our unadjusted model, the NTTP increased the
MKT test scores of treatment teachers by 0.55 standard deviations relative to control teachers
(Table 7, Column 1, Row 1).9 This result is significant at the 5% level. The results were consistent
after controlling for school-pair fixed effects and teacher characteristics. We found treatment
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teachers’ average MKT test score to be 0.36 standard deviations higher than that of control
teachers, which is significant at the 5% level (Table 7, Column 2, Row 1).

Although the NTTP failed to improve student achievement, our results tentatively suggest that the
teachers may have learned more about how to teach math. This finding suggests that the null impact of
the NTTP on student achievement cannot be attributed to a lack of improvement in themath knowledge
for teaching. It is clear, however, that whatever knowledge teachers learned in the training was not
translated into improved student achievement.

One possible explanation for the disconnection between teacher and student achievement is that,
even if the NTTP improved teacher knowledge of teaching math, teachers may not have changed their
teaching practices after completing the NTTP. Indeed, even though the Ministry of Education has
prescribed that 50 percent of NTTP training material should focus on pedagogical practices, our results
show that the effect of the NTTP on teaching practices is negligible. In the endline, the teaching practice
index of the treatment teachers rises slightly, to 0.019 standard deviations, while the index of the control
teachers falls slightly, to −0.011 standard deviations. Importantly, however, the difference between the
teaching practice indices of the treatment and control teachers was not statistically significant. Although
the unadjusted model shows that the teaching practice index of the average teacher in the treatment
group is 0.03 standard deviations higher than that of the average teacher in the control group, this is not
significant (Table 8, Column 1, Row 1).

The results fromour adjusted school-pair fixed effectmodel also show that theNTTP has no significant
impact on teaching practices (Table 8, Column 2, Row 1). In view of the possibility that student responses

Table 5. The effect of the NTTP on student academic achievement (Shaanxi Province, China).

(1) (2)

Dependent variable:
Endline student math score (SD) Unadjusted Adjusted

1.Teacher participates in teacher training (1 = yes, 0 = no) 0.00 −0.07*
(0.04) (0.04)

2. Baseline student math score (SD) 0.52***
(0.02)

Student characteristics NO YES
Teacher characteristics NO YES
School-pair fixed effect YES YES
Constant −0.00 1.63***

(0.03) (0.28)
Observations 3,066 3,066
R-squared 0.148 0.413

Source: Authors’ survey. *** p < 0.01, ** p < 0.05, * p < 0.1.
Notes:
(a) Cluster-robust standard errors adjusted for clustering at the student-teacher level in

parentheses.
(b) The unadjusted model does not control for student characteristics or teacher characteristics,

while the adjusted model does. The student characteristics include: student age, gender,
whether the student is a left-behind child, whether the student lives at school, whether the
student’s mother completed junior high school, and whether the student’s father completed
junior high school.

(c) The teacher characteristics include: teacher gender, whether the teacher completed univer-
sity, whether the teacher majored in math, whether the teacher has achieved the highest
teaching rank, and teaching experience, whether teacher undergone provincial PD in the
past year, Teacher who undergone prefecture PD in the past year.

(d) The unadjusted model and the adjusted model both include a school-pair fixed effect. Since
there were 34 pairs of treatment schools and control schools in our sample, we include
a matrix made up of 34 school pair dummy variables.

(e) Additionally, we ran another analysis that considers the two types of control teachers by
adding a dummy variable that equals 1 if the teacher was a within-school control teacher and
0 otherwise. The results of this approach are substantively identical to the above estimates.
They are reported in a supplemental appendix available online (https://reap.fsi.stanford.edu/
publication/impact-teacher-professional-development-programs-student-achievement-rural-
china).
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are unreliable (and to carry out a supplemental approach), we conducted independent classroom
observations in eight randomly selected classrooms (four control classrooms and four treatment
classrooms)10 but did not observe any difference in teaching styles between treatment and control
teachers.

5.3 Discussion

Our results indicate that the NTTP fails to improve students’ academic achievement. One possible
reason is that teachers improved their teaching knowledge through NTTP but did not use the
teaching knowledge they learned in the NTTP to improve their teaching practices.

We were interested in why teachers fail to translate their new teaching knowledge into their
teaching practices. Although it was not possible to measure this quantitatively, there are two
reasons why this may have happened. One possibility is that teachers may have lacked the ability
or incentive to convert their increased knowledge into improved teaching practices and, ultimately,
into student achievement. This might be due to the fact that, in most rural schools in China,
workload and attendance are the main criteria that schools use to assess teachers, and student
achievement is not directly linked to teacher performance pay (Shi et al. 2015). Thus, teachers may
not have enough of an incentive to make the effort to change their teaching practices and to
improve student achievement.

Table 6. Heterogeneous effects of NTTP on student academic achievement (Shaanxi Province, China).

Dependent variable:
Endline student math score (SD) (1) (2) (3) (4)

1.Teacher participates in teacher training (1 = yes, 0 = no) −0.07** 0.22 −0.03 −0.08**
(0.04) (0.29) (0.05) (0.04)

2. Teacher participates in teacher training *Baseline student math test score 0.00
(0.04)

3. Teacher participates in teacher training *Student age −0.03
(0.03)

4. Teacher participates in teacher training *Female student −0.07
(0.07)

5. Teacher participates in teacher training *Student is a left-behind child 0.10
(0.09)

6. Baseline student math score (SD) 0.52*** 0.52*** 0.52*** 0.52***
(0.02) (0.02) (0.02) (0.02)

7. Student age (years) −0.16*** −0.15*** −0.16*** −0.16***
(0.02) (0.03) (0.03) (0.03)

8. Female student (1 = yes, 0 = no) −0.04 −0.04 −0.01 −0.04
(0.03) (0.03) (0.04) (0.03)

9. Student is a left-behind child (1 = yes, 0 = no) −0.01 −0.01 −0.01 −0.04
(0.04) (0.04) (0.04) (0.05)

Student characteristics YES YES YES YES
Teacher characteristics YES YES YES YES
School-pair fixed effect YES YES YES YES
Constant 1.61*** 1.53*** 1.61*** 1.62***

(0.24) (0.25) (0.28) (0.28)
Observations 3,066 3,066 3,066 3,066
R-squared 0.413 0.413 0.413 0.413

Source: Authors’ survey. *** p < 0.01, ** p < 0.05, * p < 0.1.
(a) Cluster-robust standard errors adjusted for clustering at the student-teacher level in parentheses.
(b) The student characteristics include: whether the student lives at school, whether the student’s mother completed junior

high school, and whether the student’s father completed junior high school.
(c) The teacher characteristics include: teacher gender, whether the teacher completed university, whether the teacher

majored in math, whether the teacher has achieved the highest teaching rank, and teaching experience, whether teacher
undergone provincial PD in the past year, Teacher who undergone prefecture PD in the past year.

(d) The heterogeneous effects analyses include a school-pair fixed effect. Since there were 34 pairs of treatment schools and
control schools in our sample, we include a matrix made up of 34 school pair dummy variables.
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Another possibility is that, even if teachers have such motivation, the teaching knowledge that
they learned from the NTTP may not have been helpful or appropriate for use in the classroom. In
fact, teachers who were interviewed during pretests/piloting often complained that much of the
material that they learned in NTTP sessions was not actionable. According to our interviews, some

Table 7. The effects of the NTTP on the math knowledge for teaching (MKT) of teachers (Shaanxi Province,
China).

(1) (2)

Dependent variable:
Endline teacher MKT test score (SD) Unadjusted Adjusted

1. Teacher participates in teacher training (1 = yes, 0 = no) 0.55** 0.36**
(0.24) (0.19)

2. Baseline teacher MKT test score (SD) 0.61***
(0.14)

Teacher Characteristics NO YES
School-pair fixed effect YES YES
Constant −0.27* −0.07

(0.16) (0.48)
Observations 82 82
R-squared 0.465 0.735

Source: Authors’ survey. *** p < 0.01, ** p < 0.05, * p < 0.1
Notes:
(a) Cluster-robust standard errors adjusted for clustering at the student-teacher level in

parentheses.
(b) The unadjusted model does not control for teacher characteristics while the adjusted model

does. The teacher characteristics include: teacher gender, whether the teacher completed
university, whether the teacher majored in math, whether the teacher has achieved the highest
teaching rank, teaching experience whether teacher undergone provincial PD in the last year
and whether teacher undergone prefecture PD in the last year.

(c) The unadjusted model and adjusted model both include a school-pair fixed effect. Since there
were 34 pairs of treatment schools and control schools in our sample, we include a matrix
made up of 34 school pair dummy variables.

(d) Two teachers (one that participated in the NTTP and one that did not participate in the NTTP)
were unable to complete the teacher MKT test in the endline survey. Thus we have 82 (instead
of the 84 in our sample) teachers in this analysis.

Table 8. The effect of the NTTP on the teaching practices of teachers (Shaanxi Province, China).

(1) (2)

Dependent variable:
Endline teaching practice index (SD) (Report from Students) Unadjusted Adjusted

1. Teacher participates in teacher training (1 = yes, 0 = no) 0.03 −0.00
(0.03) (0.03)

2. Baseline teacher teaching practice index (SD) 0.32***
(0.02)

Teacher Characteristics NO YES
School-pair fixed effect YES YES
Constant −0.01 −0.07

(0.02) (0.05)
Observations 3066 3066
R-squared 0.068 0.170

Source: Authors’ survey. *** p < 0.01, ** p < 0.05, * p < 0.1
Notes:
(a) Cluster-robust standard errors adjusted for clustering at the student-teacher level in parentheses.
(b) The unadjusted model does not control for teacher characteristics while the adjusted model does. The

teacher characteristics include: teacher gender, whether the teacher completed university, whether the
teacher majored in math, whether the teacher has achieved the highest teaching rank, teaching
experience whether teacher undergone provincial PD in the last year and whether teacher undergone
prefecture PD in the last year.

(c) The unadjusted model and adjusted model both include a school-pair fixed effect. Since there were 34
pairs of treatment schools and control schools in our sample, we include a matrix made up of 34 school
pair dummy variables.
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new teaching methods are impractical for rural students. For example, some teaching methods
require students to collect information by themselves, which is impossible for many rural students
who have no access to the Internet. Moreover, lack of technological support from the schools is
another barrier for teachers to apply their learning to their teaching practices. Several interviewed
teachers stated that some of the methods that they learned from the NTTP require the help of new
technologies, such as multimedia graphing tools and computers, but that it is highly unlikely that
every classroom in rural China will have such equipment. Therefore, it is difficult for the teachers to
transfer what they learned from the NTTP into their teaching practices.

There also may have been offsetting effects. In particular, teachers’ absence from their class-
rooms may have disrupted student learning. The NTTP evaluated in this study was conducted in
urban areas far from the home schools of our sample teachers. As a result, teachers had to leave
their classrooms for two weeks to participate in the training. In most rural schools, each grade has
only one math teacher. Therefore, the absence of the trained teacher may have resulted in the
substitution of teachers who are less familiar with the course curriculum and subject matter or less
motivated to teach well in the treatment teacher’s classroom. It is possible that this temporary
disruption may have had a negative effect on student learning that offset or even exceeded any
positive effects of the NTTP on teaching quality.

We also were interested to know whether teachers who had a math degree performed
differently. To check whether accounting for those who majored in math would make
a difference in our analysis, we examined the heterogeneous effect by including a new interaction
term created by multiplying the treatment variable times the dummy variable (whether a teacher
majored in math). The results are shown in Appendix Table A2, A3, and A4. Our analysis suggests
that the NTTP has a positive heterogeneous effect on student academic performance, which is
significant at the 5% level (Appendix Table A2, Column 2, Row 2). That is, if treatment teachers
majored in math, the academic performance of their students is more likely to have been improved
by the teachers’ attendance at the NTTP. The heterogeneous effect of the NTTP on MKT test scores,
however, is insignificant. Our interpretation of this result is that teachers who majored in math did
not gain any teaching knowledge when they participated in the NTTP (Appendix Table A3, Column
2, Row 2). Ultimately, there is also no significant heterogeneous effect of the NTTP on any of the
teaching practices of the treatment teachers who majored in math (Appendix Table A4, Column 2,
Row 2).

There is one possible explanation for these surprising results. It may be that, in general, teachers
who majored in math already have good training in how to teach math; thus, their students
performed better in math than did the students of teachers who had not majored in math. In
contrast, as they already had their own teaching knowledge system before the NTTP, when they
participated in the NTTP, they may have received conflicting information that confused them, or
they may have thought that they had enough teaching knowledge such that they did not make an
effort to learn from the NTTP. Thus, teachers who majored in math did not increase their math
teaching knowledge by participating in the NTTP, nor did they improve their teaching practices.

6. Conclusions

In general, we find that teacher participation in the NTTP had no positive impact on student
achievement. We did not find a statistically significant difference in math achievement between
treatment and control students in any of our models. In fact, teacher participation in the NTTP may
even have lowered student academic achievement. Our findings also demonstrate that there were
no significant heterogeneous effects.

We then sought to understand why the NTTP did not yield positive impacts. Based on our
analysis, we can tentatively conclude that the lack of impact on student outcomes was not due to
a lack of learning among the trained teachers. We find evidence to suggest that the teachers who
received NTTP training had improved math knowledge for teaching relative to the control teachers.
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This improvement in knowledge, however, did not result in any significant effect on teaching
practices. If the NTTP is faulty in its design, it is likely because it fails to induce teachers to apply
what they learned in the training within their classrooms. In addition, having their teachers attend
the NTTP during the semester may have disrupted normal learning for the students. This mechan-
ism may help to explain the negative impact of the NTTP on student academic achievement.

It should be noted that the study may suffer from a potential limitation because we examined
changes in student achievement after only one semester. It could be that the change in teacher
knowledge eventually will lead to greater gains for students over the course of a school year. In
addition, it could be that future cohorts of students will benefit from the change in teacher
knowledge. These hypothesized effects would nevertheless have to rely on teachers’ having
made a permanent change in the way that they teach. Given that teachers did not change their
math teaching practices in the period of time immediately after participating in the study, the
possibility of students’ benefiting from a change in teacher knowledge may be limited.

The results of this study contribute to a broader policy debate about how to effectively invest in
teacher PD programs, especially in rural China. Recently, there has been increasing support from
officials in the Ministry of Finance of the People’s Republic of China for greater investment in PD
programs for rural teachers (MOE and MOF, 2015). Our results suggest that, if the government is
interested in providing rural teachers with more opportunities to participate in the NTTP, such
programs need to place a greater emphasis on helping teachers convert the skills and knowledge
acquired during training into actual classroom practices.

There are programs in other countries that have such an emphasis. For example, ‘clinical
supervision,’ which has been used as a method to foster teacher development through discussion,
observation, and analysis of teaching ‘in the clinic of the classroom’ (Grimment and Crehan, 1992),
has been used in several countries, including Pakistan (Garder 1995), Nigeria (Tatto 1997), Israel
(Barak, Pearlman-Avnion, and Glanz 1997), and Brunei (Bourke 2001). More research is needed to
determine the effectiveness of such programs. Similar classroom-based interventions, however,
could offer the potential to improve the teaching quality and student educational outcomes in
China.

If there are other PD programs that emphasize improving training effectiveness, the cost
effectiveness of such programs is worthy of government consideration. Because the goal of the
PD program is to improve the students’ academic achievement, the measurement of effectiveness –
the improvement of students’ academic performance – is straightforward (Bartolic-Zlomislic and
Bates 1999; Bartolic-Zlomislic and Brett 1999; Jung 2005) and can be examined by standardized
tests. If the PD program has no or a negative impact on student academic achievement, as in the
case of the NTTP, its effectiveness will be zero, and it can be considered cost ineffective. From
a policy perspective, however, if the PD program has no or a negative impact on students’
academic achievement, the program first should be made effective before there can be
a discussion of cost effectiveness.

If the PD program can improve students’ achievement, its cost effectiveness can be understood
in terms of the cost of one standard-deviation gain in academic performance. Some studies have
used a similar cost-per-unit standard to determine cost effectiveness (Jung 2005; Sylvia et al. 2015).
A study conducted in Japan used the standard of a one-point gain in teacher learning achievement
to show the cost effectiveness of teacher training programs (Jung 2005). Sylvia et al. (2015) used
the standard of a line of visual acuity to estimate the cost effectiveness of a subsidized eyeglasses
program.

Although the notion of cost effectiveness of the NTTP is meaningless, as it has no impact on
student achievement, we would like to discuss the cost elements of the NTTP to assist in the
further design of PD programs. We divide the costs of the NTTP into three categories – capital,
operation, and opportunity – according to the commonplace cost categories of teacher training
programs in the literature (Whalen and Wright 1999; Rumble 2001; Jung 2005). The capital costs of
the NTTP are the costs for the training facility itself. Because the NTTP we evaluated is organized by
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prefectural primary schools, the programs used classrooms as training facilities instead of renting
separate facilities, which means that were no capital costs for this program. There are, however,
costs of using these facilities, such as electricity fees. Operation costs include trainer stipends, NTTP
staff salaries, accommodations (as participating teachers were away from home and had to stay at
a centralized location in the prefecture), and training materials. Opportunity costs are the time that
participating teachers spent on the NTTP, which they could have spent preparing and teaching
their classes, as well as teachers’ travel costs, which they would not have if they did not participate
in the NTTP. In regard to measuring the cost of the teacher trainings, the capital and operation
costs are monetary costs that could be measured by looking at the expenditure of the NTTP office.
The salaries of teachers could be used to measure the costs associated with the time that
participating teachers spent on the NTTP. Travel costs could be calculated according to local
transportation fees. It should be noted, however, that the cost elements we discuss above differ
by PD program. PD programs with different designs will yield different costs (for example, class-
room-based interventions program will incur the cost of a trainer who visits the classroom). Further
studies are needed to determine the cost effectiveness of potential PD programs in China.

Notes

1. In addition to the NTTP, there are many other teacher PD programs that are run by local governments. As the
nation’s flagship program, the NTTP involves much larger expenditures per teacher and more prestige for
participation than local teacher PD programs can offer.

2. There is no clear record of each schools’ past participation in the NTTP; thus, we were unable to match control
and treatment schools based on participation rates in the NTTP over time. Every school has the opportunity to
gain slots in the NTTP each year in different subjects; for example, School A gains slots in the NTTP math
program this year; School B gains slots in the NTTP Chinese program this year; and School C does not gain any
slot this year but might already have gained slots last year or will gain slots next year. In other words, although
the number of slots assigned to each school every year is different, on average, teachers of rural schools in the
same county have a roughly equal opportunity to participate in the NTTP for the subject that they primarily
teach. There is no specific policy, however, that clarifies this selection process, and we could not find
consistent records of teacher participation by school. We received our information about school participation
through interviews with the NTTP provincial officer. Based on this information and the three criteria noted
above, we were able to effectively match control and treatment schools. We compared the difference of
number of students and tongkao ranking between treatment schools and control schools (see Appendix Table
A1). According to Appendix Table A1, there are no statistically significant differences between treatment
schools and control schools in terms of these two characteristics. As to the distance between each pair of
treatment and control schools, 64.71 percent of the control schools are in the same township as their paired
treatment school. Although the remaining control schools are not in the same township as their paired
treatment school, they are within a 30-minute drive from the paired treatment school. Therefore, our control
schools are well matched with our treatment schools on these three criteria. Further, we checked for the
balance on observable characteristics among the treatment and control groups and found that there was no
imbalance significant enough to affect internal validity. Thus, we were able to successfully match control and
treatment schools.

3. All treatment teachers who attended the math NTTP were math teachers. For this reason, we chose math
teachers to fill all of the slots in the control group.

4. A left-behind child is defined as one whose parents left the home and migrated to urban areas for better job
opportunities. These children are typically raised by close relatives, for example, paternal grandparents (Ye
et al. 2006; Zhou et al. 2015).

5. In our study, a team of enumerators, who were trained and sent by our research team, conducted the
student survey at both the baseline and endline. There were two enumerators for each class. When
students were responding to the questionnaire, there were only students present (in addition to the two
enumerators in the classroom). The two enumerators were responsible for not allowing others (including
teachers) to come into the classroom when students were responding to the questionnaire. After students
finished the questionnaire, the enumerators put all student questionnaires into a sealed bag. Hence, the
sample teachers had no opportunity to either come into the classroom to examine the questionnaires
while students were taking the survey or see the questionnaires after the students finished. Thus, the
sample teachers had no knowledge of the second questionnaire block given to students or any
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opportunity to influence the answers of the students. Therefore, it is highly unlikely that this could be
a source of contamination.

6. In the GLS weighting procedure, a summarizing index is created from different dimensions. Variables (dimen-
sions) with more variance in the control group are weighted more heavily, while variables with strong
correlation are weighted less heavily. The index itself is, therefore, a weighted mean of these variables. For
more information, see http://www.tandfonline.com/doi/pdf/10.1198/016214508000000841.

7. Our results show that the NTTP actually decreased the academic achievement of treatment students by
0.07 standard deviations, a result that was significant at the 10% level. From the literature, we believe that
we can characterize a coefficient that measures a 0.07 standard-deviation difference as ‘small’ but not small
enough to be considered random noise. In other published papers, authors have reported scores of that
magnitude and interpret them to be ‘significant.’ For example, Rongeldt et al. (2013) shows that teacher
turnover decreased student achievement by 0.06 to 0.08 standard deviations in a study that used the data
of 85,000 New York City 4th- and 5th-grade students. Another study indicated that, among 2,430 students
in an eastern province of China (Anhui), the English performance of students in private migrant schools
was 0.1 standard deviations lower than that of students in public rural schools (Wang et al. 2017). The
paper concluded that the quality of schooling in migrant schools was lower than that in rural public
schools. Further, we can contextualize 0.07 standard deviations in the context of western rural China, the
area of China from which we draw our sample. Specifically, the results of an experiment among 16,856
students in rural China suggests that computer-assisted learning in math improved student test scores by
0.1 standard deviations (which was significant at the 1% level; Mo et al. 2015). Another study showed that
the effect of setting up a vision care program and providing glasses to students with myopia improved test
scores by 0.25 standard deviations, with the point estimates equivalent to half a semester of additional
learning (Ma et al. 2018). Compared with the findings on these papers, we believe that it is best to
interpret 0.07 standard deviations as small but not equate it to noise.

8. In addition, we ran an analysis that considers the two types of control teachers (within-school and across-
school). This analysis was conducted by adding a dummy variable that equals 1 if the teacher was a within-
school control teacher, and 0 otherwise. The results of the NTTP on student academic achievement, using this
approach, are substantively identical to those that we report in the manuscript. These results are reported in
a supplemental appendix available online: (https://reap.fsi.stanford.edu/publication/impact-teacher-
professional-development-programs-student-achievement-rural-china).

9. In fact, around a half standard-deviation gain in math knowledge is relatively small compared to gains
reported in other studies of different short-term PD programs. One study of teacher PD programs in North
Carolina, United States, found that a five-day training intervention resulted in a gain in math knowledge of
0.78 standard deviations among treatment teachers (Faulkner and Cain 2013). Another conducted in 10 sites
across the United States found that an intensive two-week summer training program that combined facilitator
guides and online support resources with in-person instruction increased math knowledge by 0.98 standard
deviations among treatment teachers (Bell et al. 2010). It is important to note, however, that the first study
examined an intervention that lasted four weeks longer than did the NTTP, while the second study investi-
gated a relatively more intensive program (that would likely be much more expensive, perhaps even
prohibitively so, to implement on as large a scale as China). To our knowledge, there are no studies that
measure the effectiveness of PD in China to compare to our own results.

10. As part of our effort to better understand whether teachers apply their knowledge to their teaching practice,
we conducted independent classroom observations immediately after the endline survey (February 2015). Our
classroom observation approach was based on a modified protocol of the Classroom Assessment Scoring
System (CLASS). The CLASS protocol provides a common framework to observe the quality of classrooms
across grades (Pianta et al. 2007; Pianta, La Paro, and Hamre 2008). CLASS was designed to observe and
document instructional support, emotional support, classroom organization, and student engagement in the
classroom (Pianta et al. 2007; Pianta, La Paro, and Hamre 2008). In our carrying out of CLASS-based observa-
tions in our study schools, a team of two enumerators conducted the observations in eight randomly selected
classrooms (four treatment classrooms and four control classrooms). Before conducting the observations, the
enumerators participated in a step-by-step instructional training course on how to conduct classroom
observations. When enumerators conducted the observations, they sat in the back of the classroom, observed,
and recorded the classroom practice in terms of certain behavioral, emotional, and physical markers without
any intervention into or disturbance of the class. During the observation period, the two enumerators
independently recorded their individual observations without communicating with each other. After each
class, they compared their records and decided on the final observation results.
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Table A2. Heterogeneous effects of NTTP on student academic achievement: by whether or not teacher majored in math.

Dependent variable: Endline student math score (SD) (1) (2)

1.Teacher participates in teacher training (1 = yes, 0 = no) −0.05 −0.11**
(0.05) (0.05)

2. Teacher participates in teacher training * Teacher majored in math 0.14 0.24**
(0.10) (0.11)

3. Teacher majored in math (1 = yes, 0 = no) −0.08 −0.09
(0.06) (0.07)

4. Baseline student math score (SD) 0.53*** 0.52***
(0.02) (0.02)

Student characteristics NO YES
Teacher characteristics NO YES
School-pair fixed effect YES YES
Constant 0.05 1.67***

(0.04) (0.28)
Observations 3066 3066
R-squared 0.398 0.414

Source: Authors’ survey. *** p < 0.01, ** p < 0.05, * p < 0.1.
Notes:
(a) Cluster-robust standard errors adjusted for clustering at the student-teacher level in parentheses.
(b) The student characteristics include: whether the student lives at school, whether the student’s mother

completed junior high school, and whether the student’s father completed junior high school.
(c) The teacher characteristics include: teacher gender, whether the teacher completed university, whether

the teacher majored in math, whether the teacher has achieved the highest teaching rank, teaching
experience whether teacher undergone provincial PD in the last year and whether teacher undergone
prefecture PD in the last year.

(d) The heterogeneous effects analyses include a school-pair fixed effect. Since there were 34 pairs of
treatment schools and control schools in our sample, we include a matrix made up of 34 school pair
dummy variables.

Table A1. Comparisons between treatment schools and control schools between treatment schools and control schools.

Treatment school Control school Difference: (1) – (2) P-value

(1) (2) (3) (4)

Variable Mean Sd Mean Sd

1. Number of students 593.35 [0.64] 581.88 [0.68] 11.47 (45.24) 0.80
2. Tongkao ranking (1 = above median; 0 = equal or
below median)

0.57 [0.49] 0.60 [0.50] −0.30 (0.06) 0.72

Number of observations 34 34 68

Source: Authors’ survey. *** p < 0.01, ** p < 0.05, * p < 0.1.
Note: Tongkao ranking is conducted at the county level, and students in each county were given the same standard
tests. Thus, schools with similar tongkao ranking reflect similar teaching and teacher quality to some extent
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Table A3. Heterogeneous effects of NTTP on math knowledge for teaching (MKT) of teachers: by whether or not
teacher majored in math.

Dependent variable:
Endline teaching practice index (SD) (Report from Students) (1) (2)

1.Teacher participates in teacher training (1 = yes, 0 = no) 0.78*** 0.61**
(0.21) (0.23)

2. Teacher participates in teacher training * Teacher majored in math −1.73*** −1.05
(0.45) (0.63)

3. Teacher majored in math (1 = yes, 0 = no) 0.23 −0.11
(0.35) (0.45)

4. Baseline teacher MKT test score (SD) 0.61*** 0.61***
(0.13) (0.14)

Teacher characteristics NO YES
School-pair fixed effect NO YES
Constant YES YES

−0.27* −0.23
Observations (0.15) (0.48)
R-squared 82 82

Source: Authors’ survey. *** p < 0.01, ** p < 0.05, * p < 0.1
Notes:
(a) Cluster-robust standard errors adjusted for clustering at the student-teacher level in parentheses.
(b) The unadjusted model does not control for teacher characteristics while the adjusted model does. The

teacher characteristics include: teacher gender, whether the teacher completed university, whether the
teacher majored in math, whether the teacher has achieved the highest teaching rank, teaching
experience whether teacher undergone provincial PD in the last year and whether teacher undergone
prefecture PD in the last year.

(c) The unadjusted model and adjusted model both include a school-pair fixed effect. Since there were 34
pairs of treatment schools and control schools in our sample, we include a matrix made up of 34
school pair dummy variables.

(d) Two teachers (one that participated in the NTTP and one that did not participate in the NTTP) were
unable to complete the teacher MKT test in the endline survey. Thus we have 82 (instead of the 84 in
our sample) teachers in this analysis.

Table A4. Heterogeneous effects of NTTP on the teaching practices of teachers: by whether or not teacher majored in
math.

Dependent variable:
Endline teaching practice index (SD) (Report from Students) (1) (2)

1.Teacher participates in teacher training (1 = yes, 0 = no) 0.02 0.01
(0.04) (0.04)

2. Teacher participates in teacher training * Teacher majored in math −0.02 −0.08
(0.08) (0.11)

3. Teacher majored in math (1 = yes, 0 = no) −0.02 0.03
(0.06) (0.07)

4. Baseline teacher teaching practice index (SD) 0.32*** 0.32***
(0.03) (0.02)

Teacher characteristics NO YES
School-pair fixed effect YES YES
Constant 0.00 −0.05

(0.03) (0.06)
Observations 3,066 3,066
R-squared 0.164 0.173

Source: Authors’ survey. *** p < 0.01, ** p < 0.05, * p < 0.1.
Notes:
(a) Cluster-robust standard errors adjusted for clustering at the student-teacher level in parentheses.
(b) The teacher characteristics include: teacher gender, whether the teacher completed university, whether

the teacher majored in math, whether the teacher has achieved the highest teaching rank, teaching
experience whether teacher undergone provincial PD in the last year and whether teacher undergone
prefecture PD in the last year.

(c) The heterogeneous effects analyses include a school-pair fixed effect. Since there were 34 pairs of
treatment schools and control schools in our sample, we include a matrix made up of 34 school pair
dummy variables.
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