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ABSTRACT

The Impact of Computer-Assisted
Instruction on Student Performance:
Evidence from the Dual-Teacher Program®

We present findings from an evaluation study of the Dual-Teacher program, a computer-
assisted instruction program, that makes lecture videos and other teaching resources from
an elite urban middle school available through the internet to schools in poor and remote
areas in China. The uniqgue design of the study allows us to not just estimate the effect
of the program on student performance but distinguish the direct effect coming from
students’ exposure to the lecture videos in class and the indirect effect due to improved
instruction quality of the local teacher who uses the lecture videos in lesson preparation.
Using the difference-in-differences method, we find that the Dual-Teacher program
improves student performance in math by 0.978 standard deviations over the three-year
middle school education, of which 0.343 standard deviations are attributable to the indirect
effect. We also find that the positive impacts of the program are cumulative and robust to
student and teacher characteristics as well as a plethora of other considerations. From a
policy perspective, our findings suggest that the Dual-Teacher program is an effective and
low cost means to improve education outcomes in underserved areas and hence help close
cross-region gaps in education.
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1. Introduction

Large cross-region gaps in education are very common around the world, especially in
developing countries, such as China (Fleisher et al., 2010), India (Desai and Kulkarni, 2008),
Mexico (Navarro-Sola, 2021), and African countries (Zhang, 2006). Numerous programs
designed to reduce the inequality, such as free textbooks (Glewwe et al., 2009), teacher training
(Harris and Sass, 2011; Loyalka et al., 2019), subsidies to high-quality teachers for relocation to
rural areas (Fowler, 2003; Prince, 2002), remedial education (Banerjee et al. 2007; Jacob and
Lefgren, 2004; Lavy and Schlosser, 2005; Battaglia and Lebedinski, 2015), computer-assisted
learning (Banerjee et al. 2007; Bettinger et al., 2020; Lai et al., 2015; Ma et al., 2020; Mo et al.,
2014; Mo et al., 2020), and computer-assisted instruction (Beg et al., 2019; Bianchi et al., 2022),
2 have been shown to be effective to varying degrees, ranging from no positive effect to highly
significant impact on learning outcomes of students in underserved areas. The advent and
widespread application of the internet technology have created new methods and opportunities to
close cross-region gaps in education. Online education and distance teaching make high-quality
instructional services accessible at lower costs than traditional modes that require the physical
presence of high-quality teachers in the classroom, and thus provide a promising solution to
inadequacy of educational resources in poor and remote areas (Naik et al., 2020; Wennersten et

al., 2015).

However, distance education cannot completely replace the traditional face-to-face
education due to some inherent limitations of the former. First, compared with face-to-face
instruction, online lectures lack live teacher-student interactions, such as classroom discussions,
led by the teacher and therefore may undermine the effectiveness of student learning (Alpert et
al., 2016; Figlio et al., 2013). Second, without real-time feedback from students, the teacher in
remote location is unable to adjust the content as well as the pace of their lectures according to

the level of comprehension on the part of students.® Third, online lectures are often tailored

2 Computer-assisted learning (CAL) is different from computer-assisted instruction (CAI), although some authors
use the terms interchangeably. CAL focuses more on a direct link connecting students to learning through
technology like apps or educational software that students use outside regular classes to reinforce and supplement
what they learned in class, whereas CAI provides computer-based instructional assistance to teachers to enhance or
complement their in-class instructions and contents.

3 Johnston and Ksoll (2017), and Naik et al. (2020) evaluate the impact of remote instruction via satellite in Ghana
and India, respectively. Both studies discuss a particular type of remote teaching that allows students to
communicate directly and in real time with a live instructor, whereas other online interventions typically use static
instructional aids.



toward students of certain background and therefore may not be suitable for students with
diverse range of abilities in underserved areas. It has been shown that the pedagogy of “teaching
at the right level” is a key to good learning outcomes (Banerjee et al., 2010; Banerjee et al.,

2016).

To address the deficiencies of pure online teaching, policy makers and educational
experts have recently begun to promote blended teaching programs that combine modern online
teaching and traditional offline instruction by partially replacing or supplementing in-person
instruction with remote lectures, such as live broadcasted lessons, pre-recorded lecture videos,
and TV shows. Several studies (Beg et al., 2019; Bianchi et al., 2022; Borzekowski, 2018;
Borzekowski and Henry, 2011; Borzekowski et al., 2019; Néislund-Hadley et al., 2014;
Wennersten et al., 2015) have provided evidence suggesting a positive role of hybrid teaching
programs in improving educational outcomes in underserved regions where local teachers may
not fully master the subject matter they are expected to teach or may not have sufficient teaching

skills to deliver effective lectures.

The aim of this study is to evaluate a novel hybrid program, called the Dual-Teacher
program (DT program hereafter) that leverages the internet technology to make high quality
teaching resources accessible to schools in poor and remote areas of China. Specifically, a
teacher in a remote area school gains access to teaching resources from an elite middle school in
Beijing, including mainly recorded lecture videos, and incorporates them into their own teaching
activities in two ways: watching the recorded lecture videos while preparing for their own
lectures and showing selectively the recorded lecture videos in class. Therefore students are
taught by two teachers.* Differing from the practice that brings high-quality lectures live to
classrooms in remote schools via the internet to replace in-person lectures, such as Massive Open
Online Courses (MOOCs) and Mexico’s Telesecondary schools (Borghesan and Vasey, 2021;
Navarro-Sola, 2021), in the DT program the local teacher determines how many hours to spend
on watching the lecture videos during lesson preparation and how many hours and which parts of

the lecture videos to show directly to students in class to supplement their in-person lectures.

4 The cost of implementing the DT program is relatively small. First, there is little extra cost to remote schools, since
the Internet has become widely available even in remote areas and connecting schools entails little extra costs.
Second, it does not require costly teacher training while works like a self-administered professional training program
for local teachers. Third, there is no extra cost to the elite urban school given that teaching resources in the urban
school are already available and the DT program does not entail diverting resources from urban to rural/remote areas.
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In this paper, we first develop a theoretical model to illustrate the channels through which
the DT program affects student outcomes. The model is based on Acemoglu et al. (2014), in
which a “superstar” teacher delivers all the lectures remotely and local teachers provide all other
teaching services. We differ from Acemoglu et al. (2014) in that (1) the local teacher also
delivers in-person lectures in addition to other services, and (2) the instruction quality of the
local teacher improves over time as they study the lecture videos during lesson preparation. In
our model, the DT program improves student performance through exposing students to high-
quality lecturing by the teacher in the elite urban school and improving instruction quality of the
local teacher. Using data that we collected from nine middle schools that participated in the
math-focused DT program and a difference-in-differences model, we find that the DT program
has a positive and statistically significant effect on student performance in math and the
improvement is attributable to high-quality lecturing by the remote teacher as well as
improvement in the quality of instruction of the local teacher. Our estimates show that on
average the DT program increased math test scores by 0.978 standard deviations over the three-
year middle school education, of which 0.343 standard deviations are attributable to improved
instruction on the part of the local teacher. We also find that the positive impact of the DT
program is cumulative and robust to student and teacher characteristics as well as a plethora of
other considerations. Overall, our findings suggest that the DT program is an effective means to
improve education outcomes in underserved areas and hence help close cross-region gaps in

education.

This study contributes to two strands of the literature. The first is the literature that
examines the effects of remote instruction and computer-assisted instruction (CAI) on academic
performance of students in underserved schools.’ A large number of studies, for example
Nislund-Hadley et al. (2014), Wennersten et al. (2015), Beg et al. (2019), and Bianchi et al.
(2022), find positive impacts of CAI programs on student outcomes. Several evaluation studies
of local adaptations of the well-known TV program “Sesame Street” by Borzekowski (2018) in
Tanzania, Borzekowski and Henry (2011) in Indonesia, and Borzekowski et al. (2019) in
Rwanda also find it to be conducive to developing numeracy and literacy skills of young children.

However, Angrist and Lavy (2002) and Goolsbee and Guryan (2006) find that increased use of

5 Recognizing deficiencies of pure online teaching, many advocate hybrid instruction modes that combine remote
and face-to-face lectures (McPherson and Bacow, 2015).



computer and internet in schools do not appear to result in better student performance in Israel

and the U.S., respectively.

The current paper is closely related to Bianchi et al. (2022) that investigates the long-
term impacts of a large computer-assisted intervention program on cognitive and labor market
outcomes of students in rural China. The program that Bianchi et al. study shares several
similarities with the DT program: both targeted schools in underserved areas, and both used
internet technology to deliver quality instructions and other teaching materials. There are major
differences. One is that we have specific information on schools and teachers that participated in
the program and students who were exposed to the program in different ways and at different
intensities, while Bianchi et al. do not have such information and have to assume a uniform level
of compliance across provinces and counties where the program is introduced. Second, Bianchi
et al.’s control groups are students of older cohorts and students from a small number of counties
in different provinces, while our control groups are students from the same school and cohort. In
other words, our treatment effect estimates are obtained from highly homogeneous groups of
students, in the absence of the DT program. Third, we estimate the impact of the DT program
over one semester to a period of three years, and our results are, therefore, less susceptible to
confounding factors, which are more likely to be a concern for analyses of long-term effects of a
policy intervention in the difference-in-differences framework. Our study complements Bianchi
et al. (2022) in that our findings of short- to medium-term effects help bolster their findings of
long-term effects. After all, it is hard to imagine that the positive effects of the program on
cognitive outcomes are evident 7 to 10 years later but not during or immediate after the
intervention. Furthermore, the unique design of our “quasi-experiment” and detailed information
on the characteristics of schools, teachers and students allow us to isolate the effects of direct and
indirect exposures to the DT program on student performance and explore variations in treatment
intensity. Our paper differs from existing studies about CAL programs (for example, Lai et al.,
2015; Ma et al., 2020; Mo et al., 2014; Mo et al., 2020) in two critical aspects. One is that the
CAL programs they study are remedial tutoring tools that students use outside the regular class,
while ours is an integral part of the in-class instruction. The other difference is in research design.
To the best of our knowledge, in the existing CAL studies treatment and control groups are

randomly assigned schools, while in our study they are classes from the same school and cohort.



The second strand of the literature that this study is closely related to is on improving
teacher quality in underserved areas in general and through professional development in
particular. For poor and remote areas in a country, it is relatively easy for the government to
improve the hardware of local schools, such as classrooms, the internet and computer facilities.
However, it is more difficult to improve the quality of local teachers. Previous studies have
investigated various programs designed to increase teacher performance through monetary
incentives, such as competitive salary (Loeb and Page, 2000), performance pay (Muralidharan
and Sundararaman, 2011) or through certification (Kane et al., 2008), evaluation (Master, 2014;
Taylor and Tyler, 2012), and training (Harris and Sass, 2011; Loyalka et al., 2019). These
programs may not be effective for schools in poor and remote areas where the pay is low and
work environment is undesirable. In this situation, additional incentives such bonuses, stipends,
low-interest loans, and housing assistance are used to attract quality teachers to relocate to hard-
to-staff schools (Fowler, 2003; Prince, 2002). Our paper contributes to this literature by showing
that the DT program can work like a self-administered training that increases the quality of local
teachers and avoids the cost of relocating teachers. This finding is particularly important in light
of the mixed results regarding the impacts of formal training program on teacher and student
outcomes. For example, Loyalka et al. (2019) find that the government-funded National Teacher
Training Program in China that cost at least $1 billion failed to improve teacher and student
outcomes because it is overly theoretical in content and rote in delivery. By contrast, our findings
suggest that the DT program is a very cost-effective, self-administered, and topic-specific teacher
training that contributes more than one-third of the DT program induced improvements in
student performance. To the best of our knowledge, the current study is the first to explore the

role of a CAI program as a teacher training program in affecting student performance.

The remainder of the paper is organized as follows. Section 2 describes the background
of the DT program and data used in our empirical analyses. Section 3 develops a theoretical
model to guide the empirical analysis. Section 4 presents the empirical results about the effects
of the DT program. Section 5 further explores variations in program exposure intensity. Section

6 offers some concluding remarks.

2. Background information about the DT program and our data



The DT program is a computer-assisted instruction program designed to close the vast
cross-region gaps in educational resources and outcomes in China. It is a collaborative effort by
three main parties: the Youchange China Social Entrepreneur Foundation (YCSEF), National
Basic Education Resources Development and Sharing Alliance, and the Middle School Affiliated
to Renmin University of China (Renmin MS). During the initial experimental stage of the DT
program in 2013, it was run as a distance learning course on grades 7-9 math — students from 13
schools in remote areas attended, via the internet, live math lectures at Renmin MS, one of the
best middle schools in China. After each live lecture, the local teacher reviewed the lecture’s key
points, answered any questions the students might have, assigned and graded homework, and
offered one-on-one tutoring, if needed. The live-lecture model soon proved to be ineffective
because in part the lectures were tailored toward the Renmin MS students who, in terms of
preparation and ability, are far above their counterparts in the remote schools. In consultation
with the local school principals, the sponsors of the DT program made adjustment in the second
year — instead of live lectures the participating schools were granted access to recorded lecture
videos online along with other materials, such as teaching notes, homework, exams, and
solutions. Local schools and teachers had the discretion on how to integrate these materials into
their instructions. By 2016 the DT program expanded to cover more than 200 schools in 21

provinces and covered other subjects besides math at the middle school level.

YCSEF initiated an evaluation study of the DT program with the goals of assessing the
effect of the program on student learning outcomes and channels of influence. With these
objectives in mind, they conducted a quasi-experiment focusing on a cohort of students from 9
representative participating middle schools.® Specifically, the 2014 cohort of incoming students
from these middle schools were assigned to classes of 40 to 50 students each, as they normally
would be, and a subset of the classes were then assigned as treatment and control classes or
groups.” In each school there were at least two treatment classes and one control class. At least
two treatment classes were taught by the same math teacher who had access to the DT program
materials. While the teacher taught the same contents to the treatment classes, she was allowed to

show lecture videos to only one of the classes, not the other. The class that got to watch the

¢ There were 10 schools selected for the evaluation study. One school was dropped from our study because it failed
to provide information on student performance prior to entering middle school, which is the pre-treatment
benchmark essential for our study.

7 In this paper, we use class and group interchangeably to refer to students with the same treatment status.
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lecture videos was therefore exposed to the DT program both directly -- receiving lectures by the
high-quality teacher at Renmin MS -- and indirectly through the local teacher who prepared their
lectures using the recorded lecture videos and other materials. We call this class full treatment
class and the class that did not get to watch the lecture videos in class partial treatment class. The
control classes were taught by a math teacher who had no access to any of the resources
associated with the DT program and therefore were not exposed to the DT program directly or
indirectly. The treatment status of a class as well as their local math teacher remained the same
as the cohort of students progressed through the three-year middle school education. Under this
research design, the difference in the pre- and post-treatment differences between treatment and
control classes’ performance would be attributable to the DT program. Similarly, the difference
in the pre- and post-treatment differences between the full and partial treatment classes would be
an estimate for the effect of direct exposure to the DT program. The estimated effect of indirect
exposure can be similarly derived by comparing student performance in the partial treatment and
control classes. These inferences would be causal if the assignment of treatment and control
status is random. However, by the time we were invited to take part in the evaluation study in the
winter of 2014, the experiment had been in progress for about one semester. Knowing the
potential non-random selection issue, we made great efforts to gain insight on the process of

treatment versus control assignment as part of the surveys we conducted in 2015 and 2016.

While in all participating schools the administrative board made the assignment decisions —
classes and math teachers to take part in the evaluation study of the DT program -- prior to the
start of the 2014-15 academic year, the method used varied across schools. A piece of critical
information that we obtained through the survey of school principals is the initial assignment of
incoming students to classes, which is independent of the DT program. Among the nine schools
under study, seven reported to randomly assign incoming students into classes of 40 to 50 each.
The other two schools, however, created honors classes and regular classes. The former consists
of students with relatively higher academic achievement in terms the standard middle school
entrance exam score. The regular classes were randomly formed with the remaining students. For
schools with random initial assignment of classes, the assignment of DT treatment status is by
extension also random. The only remaining concern is whether the assignment of the math
teacher was random. Again, according to the survey of school principals, four schools made the

teacher selection randomly, two selected their average-quality math teachers, and three selected



their best math teachers to teach the treatment classes. However, a closer inspection of the
distribution of math teachers in terms of professional title, an indicator of quality and experience
of the teacher, shows that there is no tendency of assigning higher quality teachers to treatment
classes. Among the 12 math teachers who taught the treatment classes, 3 held the advanced title,
7 the intermediate title, and 2 the elementary title. The corresponding title distribution of the 13
math teachers assigned the control classes is 6, 6, and 1. It seems that we can rule out at the
outset the possibility that any positive impact of the DT program was due to a disproportionate of
higher quality teachers being assigned to the treatment classes. It is important to note that we
control for teacher’s quality in all our regression analyses. We also conduct robust checks to
assess the extent to which our main results are sensitive to the non-random assignment of

teachers in a subset of our sample schools.

We conducted surveys of students and teachers. The student survey focused primarily on
student’s demographic and family characteristics. The teacher survey collected information on
teacher’s professional qualification and usage of the teaching materials provided by the DT
program, especially the usage of the lecture videos during lesson preparation and in class. We
also obtained from each school the student’s test scores on three subjects: math, Chinese, and
English. There are three sets of test scores. The first are test scores of the middle school entrance
examination administered at the end of the elementary school education by each school district in
which elementary schools are feeder schools of their middle schools. These are the only
comparable performance indicators prior to the middle school education and will be used as the
pre-treatment benchmarks in our empirical investigation. The second set of performance measure

consists of the end-of-semester final exam scores.

The third performance measure is the high school entrance exam score. We choose the high
school entrance exam math score rather than the semester-end final exam score as our main post-
treatment performance measure for two reasons. First, the high school entrance exam is a
standardized test administered by the provincial bureau of education to all middle school
graduates in the province. Second, the tests are written and graded by educational experts based
on the middle school curriculum and without the involvement of individual schools or teachers.

In contrast, the semester-end exams are written and graded by an individual teacher or a group of



teachers in the school and therefore the level of difficulty and grading of the exams may even

vary across classes within a school.

Table 1 presents the basic information about the distribution of students among the three
types of classes, and summary statistics on the usage of lecture videos as well as student and
teacher characteristics. Of the 1887 students from 43 classes included in the evaluation study,
30% are in the full treatment classes, 29% in the partial treatment classes, and the remaining 41%
in the control classes. The average class size is 44 students. There are 25 math teachers
participated in the evaluation study. Twelve of these teachers taught the full and partial treatment
classes. They spent an average of 6.42 hours per week watching the lecture videos while
preparing for their own lectures and devoted an average of 1.27 hours of class time per week to
showing selected parts of the lecture videos. Given a typical weekly class schedule in middle
school includes five 45-minute sessions of math, these statistics indicate that the local math
teachers on average went over the lecture videos more than once and the showing of the selected
lecture videos occupied one-third of instruction time of the full treatment classes. The latter
indicates that the use of the lecture videos is substantial as a share of the weekly instruction time.
The gender distribution of students is even at 50% of male and female each. A slightly larger
proportion of the students were from rural areas than from urban areas, 58% versus 42%. This is
expected because the DT program targeted schools in remote locations where a large share of the
population is rural. Our main measure of student family background is educational attainment of
parents. The average years of schooling of father is 8.4, about one year higher than mother’s 7.1.
There are three levels of professional ranking of teachers: advanced, intermediate and elementary.
These titles are usually awarded according to professional qualification and training, teaching
experience and performance. About one-third of the math teachers have the advanced title, 55%

of them hold the intermediate title, and the remaining 14% hold the elementary title.

Table 2 presents the average test scores in math, Chinese and English by treatment status for
both the pre-treatment and post-treatment periods. As noted, the scores are standardized by
school and period and therefore reflect relative performance. The average pre-treatment scores
are all close to zero across three groups of students and three subjects, indicating comparable
initial performance of students of different treatment status. Same pattern is observed for the

average post-treatment scores in Chinese and English, but not in math, which is the target of the
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DT program. The average post-treatment math scores diverged across treatment status. While it
is more than half standard deviation above the mean and near the mean for students in the full
and partial treatment classes, respectively, the average math score for students in the control
class is about 0.4 standard deviation below the mean. The lower part of table 2 shows the
estimated cross-group difference in test scores along with standard errors. The differences in the
pre-treatment test scores in all three subjects (including math) are small and not statistically
significant. In contrast, the differences in the post-treatment math score are not only statistically
significant at the 1% level but substantial in magnitude, consistent with the presence of positive
impacts of the DT program. It should be noted that the cross-group differences in the post-

treatment scores in Chinese and English remain statistically insignificant.

3. Theoretical Framework

The DT program leveraged on web-based technologies can improve student performance
through two channels. The first is that it enables students in the remote school to be taught by a
high-quality teacher from an elite urban school -- the local teacher shows selected parts of the
lecture videos in class to complement their own lectures and other instructional activities. The
second 1is that it helps improve the instruction quality of the local teacher, who watches the
lecture videos during lesson preparation. To the local teacher, the DT program works like a web-

based training that they use to gain new skills or human capital.

Following Acemoglu et al. (2014), we assume that the human capital of all students before
they enter middle school is the same within a school and the human capital of all teachers within
a school is the same. They are denoted by e, and 4., respectively, for the remote school. For the
elite urban school, they are denoted by e, and 4,. Student human capital endowment comes from
prior education and family endowment. We also assume that both student human capital and
teacher human capital are higher in the elite urban school than in the remote school. That is e,>e;
and 4,>h,. In the absence of the DT program, the post-schooling human capital of the student in
the remote school, y,, is expressed as a function of student human capital endowment and teacher

human capital:

- 1= 3.1)
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where 0 (0,1). Note,  can be thought of as an aggregator of skills of the teacher allocated
across different teaching tasks, such as lecturing, class discussions, one-on-one interactions and

so on. Rewrite equation (3.1) in logs, we have
=1- ) + . (3.2)

With the DT program, students and teachers in the remote school gain access to the
lecture videos of the urban teacher teaching their classes. Therefore, the urban teacher enters the
human capital production function both directly through lecturing and indirectly through
improving local teacher’s human capital. The post-schooling (or post-treatment) human capital

" is given by:

=00 ) HT (3.3)

where 0 < <1 is an efficiency indicator, 0 < <1 is the share of teaching services
(lecturing only) provided by the urban teacher and 1 — is the share of lecturing and other
services provided by the local teacher, and all other variables are as defined before. This
formulation is inspired by Acemoglu et al. (2014). However, there are two critical modifications
based on what we learned about the DT program. The first is that we assume that lecturing is
done by both the urban high-quality teacher and the local teacher. The latter is also responsible
for other teaching services. This is in contrast to Acemoglu et al. (2014) who assume that a
“superstar” teacher does all the lecturing via the web-based technologies and a local teacher
provides all other teaching services. The main consideration for our shared lecturing assumption
is that the urban teacher’s lectures are prepared based on the ability or human capital of urban
students (), which is greater than the human capital endowment of students in the remote
school. It is conceivable that low-ability students would have difficulty in following the lectures
that are tailored to high-ability students. In fact, as noted in the previous section, the DT program
was originally meant to bring lectures live to classes in the remote school via the Internet. That
model proved ineffective because of large gaps in academic background between students in the
remote school and students attending one of the best middle schools in China. This is also a main
reason why the local teacher chooses to show only parts of the lecture videos in class. We
introduce the efficiency indicator to capture the fact that the urban teacher substitutes the local

teacher for only a fraction of the lecturing service. We further assume that the share of the urban

12



teacher’s lecturing that is an effective input for low-ability students depends on the ability or
human capital gap between students in the urban and remote schools, i.e., = , --the larger
the gap the smaller the share of the lecture videos that is suitable for students in the remote

school.

The second modification we introduce relates to the role of the local teacher. In
Acemoglu et al. (2014), a “superstar” teacher does all the lecturing remotely and frees the local
teacher up from lecturing so that they can devote all their time to other complementary teaching
services. As a result, more student human capital is produced not just because of better quality
lecturing but also because of increased non-lecturing services provided by the local teacher. In
our model, we assume that the local teacher improves their teaching skills or accumulates new
human capital through learning from the lecture videos during lesson preparation and there is no
change in the allocation of the local teacher’s time across different teaching activities, because
the teacher is in the class monitoring and supervising students when lecture videos are shown.
The post-DT program human capital of the local teacher can be expressed as a function of own

human capital endowment and that of the urban teacher’s, = ( , ).
Rewrite equation (3.3) in logs, we have
=(1-) o+ ( )+ A=) G4

From equations (3.2) and (3.4), we can compute the percentage increase in human capital of

students in the remote school due to the DT program as
—=  —+ - - (3.5

where the first term is the gain attributable to superior lecturing service by the urban teacher and
the second term represents the gain attributable to increases in human capital of the local teacher.
In the context of this evaluation study, equation (3.5) indicates the increase in human capital of
students in the full treatment class relative to peers in the control class. When = 0, equation
(3.5) shows the increase in human capital of students in the partial treatment class relative to

those in the control class.

4. Empirical model and results
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We estimate the causal effect of the DT program using the following difference-in-

differences (DD) regression model,

= o+ 1 + , + + +
+ + + + , (4.1
where denotes the math test score of student in class , school and period |, isa
dummy variable equaling 1 for students in the full treatment class and 0 for all others, isa

dummy variable equaling 1 for students in the partial treatment class and O for all others, isa
period dummy equaling 1 for periods that the DT program is in effect and 0 otherwise,

represents student characteristics, represents math teacher characteristics,  is school fixed
effects, and is the error term. We estimate equation (4.1) using Generalized Least Squares to
account for within-school-class correlation of students’ test scores without imposing a specific
distribution on the residuals. To ensure comparability of test scores across different semesters
and schools, we follow the literature and convert the raw scores into standardized z-scores by
school and semester so that the standardized score reflects each student’s relative performance
ranking in their grade and school (see, for example, Matsudaira, 2008). The pre-treatment (7=0)
test scores come from the middle school entrance examination, which is a standardized
assessment test at the end of primary school education and covers math, Chinese and English. As
noted in section 2, this is the only pre-treatment performance measure that is available to us and
is used as such in all our regression analyses. While we have the end-of-semester final exam
scores for all six semesters throughout the three-year middle school education, we use the last
middle school final scores as the main post-treatment performance measure (7=1). The last final
is a standardized assessment test, also known as the high school entrance exam, which is
administered by provincial bureau of education to all middle school graduates and covers math,
Chinese, and English.® We use the rest of the end-of-semester final exams scores to provide
supplemental evidence on progression and persistence of the impact of the DT program. We do

not emphasize these interim performance measures because the treatment was ongoing.

4.1 Basic results

8 Besides serving as measures of students’ knowledge of the official curriculum, these scores also determine the
types of high school a student can enroll in. High scores are required for attending high quality, well-funded high
schools — the so-called region-level key high schools or province-level key schools.
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Table 3 presents the estimates based on two versions of equation (4.1). We begin with the
fixed-effect regression without any control variables in column 1. The DD estimates for the
effects of the full and partial treatments are positive and statistically significant at the 1 percent
level, suggesting that the DT program help improve math performance of students in the
treatment classes. Specifically, the DT program increases math score of students in the full and
partial treatment classes by 0.978 and 0.343 standard deviations on average, respectively. These
effects are equivalent to moving a student initially ranked at the school median in a normal
distribution up to the 84th percentile and 63th percentile, respectively. As expected, a larger
improvement in math score is found for students in the full treatment class. This indicates that
the use of lecture videos as part of the in-class instruction produces additional benefits beyond
the gain in student performance due to improved instruction of the local math teacher, who uses
the lecture videos to aid their lesson preparation. While it is tempting to infer from these DD
estimates that the direct effect of the DT program (defined as the use of the selected lecture
videos as part of the in-class instruction or student exposure to the DT program) is 0.635 (i.e.,
0.978-0.343) and is greater than the indirect effect (defined as local teacher’s use of the lecture
videos for lesson preparation or teacher exposure to the DT program) of 0.346, the direct effect is
likely to be smaller than the difference in the DD estimates. This is so because teacher exposure
that improves local teacher’s instruction quality may amplify the effect of student exposure.
Since we do not have a group of students treated exclusively with only the lecture videos, we
cannot empirically isolate the direct effect. In view of the potential presence of such
complementary relationship, it is sensible to interpret the difference between the DD estimates as

an upper-bound estimate for the direct effect of the DT program.’

The estimates associated with the full and partial treatment indicators are statistically
indistinguishable from zero, suggesting that the pre-treatment math scores are the same on
average among students in the treatment and control classes. The estimate on the treatment
period indicator 7 is negative and statistically significant, suggesting that students in the control
group see their math scores decrease by 0.396 standard deviations on average over the course of

the three-year middle school education. It should be emphasized that, since the math score is

° In section 5 we implement a variant of the regression model that allows for teacher exposure to affect the impact of
student exposure. We find no statistical evidence consistent with the presence of complementary relationship.
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standardized by school, this negative estimate indicates a fall in the relative ranking, not

necessarily in absolute math score, of students in the control class.

In model 2 we include several covariates that may correlate with student academic
performance. The covariates are student gender, hukou status, parental education in years of
schooling, and math teacher’s professional title.!® As the estimates in column 2 indicate, the
inclusion of these control variables has virtually no effect on the DD estimates and the estimates
associated with the treatment and treatment period dummies. These indicate that the treatment
status and impact of the treatment are uncorrelated with student and teacher characteristics. In
other words, the treatment effects are not likely coming from differences in student and teacher
backgrounds between the treatment and control groups. Three of the added covariates obtain
statistically significant coefficient estimates. Both father’s and mother’s schooling in years are
positively associated with math test score. Students taught by teachers with the intermediate title
receive higher scores than students taught by teachers with the elementary title (the benchmark
category). It is interesting to note that students taught by teachers with the advanced title do not

statistically outperform students taught by teachers with the elementary title.

As a specification test and a check on if the estimated treatment effects are spurious, we
repeat the fixed-effects regressions of columns 1 and 2 using the corresponding standardized test
scores in Chinese and English. Since the DT program is designed to improve student
performance in math, it is unlikely to help increase student performance in other subjects. While
we cannot completely rule out the possibility of spillover effects that students treated with the
DT program for math may become more motivated to do well in other subjects they are learning
in school, the presence of treatment effects on Chinese and English test scores would call into
question whether the DD estimates based on math test scores can be interpreted as causal. As the
estimates reported in columns 3 and 4 for Chinese and columns 5 and 6 for English show, the DT
program has absolutely no statistically meaningful impacts on Chinese and English test scores
for students in both the full and partial treatment classes. There might be a hint of spillover
effects as some of the DD estimates are positive. However, given the large standard errors, we

cannot reject the null hypothesis that the DT program has no impact on student performance in

10 Liu (2005) contains a discussion on the Hukou system and its role in determining the rural-urban disparities in
China.
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Chinese and English. These findings are reassuring that the positive treatment effects of the DT

program on math performance are unlikely spurious.
4.2 Randomness of the treatment assignment

One assumption underlying the causal inference in the DD framework is random assignment
of treatment status. This is especially critical since we do not have information on student
performance over multiple periods prior to the treatment, which would allow us to check the
presence of parallel trends between the treatment and control classes. However, pre-treatment
trends would not be a concern if the assignment is random. As noted in the preceding section, the
treatment assignment for the purpose of evaluating the effectiveness of the DT program may not
appear completely random. In this subsection we present some statistical evidence to show that
the assignment is largely consistent with what we would expect if the assignment was randomly

determined.

We first conduct balance tests across the full treatment, partial treatment and control groups
in terms of the pre-treatment math score. As noted early, the test scores come from a
standardized assessment test administered to all primary schoolers at the end of the primary
school education. If the treatment assignment is not systematically correlated with the pre-
treatment math score, the assignment would be as if done through a random process. Also, since
the local math teacher plays an important role in implementing the DT program and teacher
ability and experience are important determinates of student performance, the assignment of
local teachers to treatment and control groups should ideally be random as well. Teacher’s
assignments would be approximately random if the probability of having a math teacher with a
particular professional rank (a proxy for ability and experience) does not vary for students across

the treatment and control groups.

Column 1 of table 4 presents the balance test for the pre-treatment math score. The
estimates are obtained from a school fixed-effects regression without any other covariates and
indicate the within-school differences in the test score between the full treatment and control
groups, and between partial treatment and control groups. As the estimates for the treatment
indicators are not statistically significant, there is no difference in the pre-treatment math score
across the three groups of students. Therefore, the pre-treatment math score does not appear to be

a criterion for treatment assignment. Furthermore, if treatment assignment is analogous to
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random we would expect a balanced distribution of students in terms of performance in other
subjects as well. In columns 2 and 3, we repeat the regression of column 1 with the pre-treatment
test scores in Chinese and English, respectively. The estimates on the treatment indicators are not
statistically significant, suggesting no systematic difference in the pre-treatment performance in
Chinese and English between the treatment and control groups. It seems safe to conclude that the
pre-treatment performance of students in math or any other subject plays no role in treatment
assignment. As for the assignment of the math teacher, none of the estimates on the treatment
indicators reported in columns 4 and 5 is statistically significant, suggesting that students in the
full and partial treatment groups have statistically equal chances as students in the control group
to have a math teacher with the advanced or intermediate title vs elementary title. We also check
whether the pre-treatment math score is correlated with teacher characteristics as an indirect test
for random assignment of teachers to treatment groups. If the assignment is approximately
random, teacher ability would be uncorrelated with the pre-treatment math score, which, as a
performance indicator of students at the end of primary school education, should have nothing to
do with the quality of the middle school math teacher if assignments of students and teachers are
random. In column 6 we expand the regression model of column 1 to include teacher’s
professional title and student characteristics as covariates. The estimates for the effects of
teacher’s title are not statistically significant. Taken together, these balance tests suggest that the
assignments of students and math teachers are consistent with the pattern of a random

assignment.

In columns 7 through 10 of table 4 we test whether student characteristics are balanced
across the treatment and control groups, as would be expected in an experiment with random
assignment. While we do not find any statistically significant difference in the distribution of
student gender and hukou status, students in the treatment groups tend to have parents with more
years of schooling comparing to their counterparts in the control group. Would this cause any
bias in the estimated effects of the DT program? The results reported in Table 3 suggest that the
answer is no. As noted previously, the DD estimates for the effects of the DT program are
virtually insensitive to the inclusion or exclusion of parental education as covariates, suggesting
that treatment assignment is independent of parental education background. The estimated
coefficients on father’s and mother’s education both are positive and statistically significant at

the one percent level indicating positive impacts of parental education on children’s performance,
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as documented by numerous studies. But the insensitivity of our DD estimates to the inclusion of
parental education variables suggests that parental education does not augment or diminish the
impacts of the DT program on the treated students. In the next sub-section, we will further

address this imbalance issue by assessing the potential selection bias it may cause.
4.3 Robustness checks

As a way of checking the sensitivity of our main results to imbalanced distribution of
parental education across the treatment and control groups, we repeat our baseline regression
(model 2 of table 3) using trimmed samples with more balanced parental education. A closer
inspection of parental education in each of the three groups reveals that the distribution of
parental education (for both parents) is skewed to the right for the treatment groups but to the left
for the control group. We trim our sample by parental education to construct three subsamples.
For the first subsample we remove from the baseline (full) sample students in the treatment
groups whose father or mother received post-secondary education. For the second subsample we
remove from the baseline sample students in the control group whose father or mother received
no formal education. The third subsample is the intersection of the first and second subsamples.
While the average parental education remains somewhat higher for the treatment groups than for
the control group in the first subsample, the reverse is true in the second and third subsamples.
On the whole, comparing to the baseline sample, the cross-group distribution of parental
education is obviously more balanced in each of the trimmed subsamples. Columns 1 through 3
of table 5 present the DD estimates based on the three subsamples, respectively. First, all the
estimates (both for the full and partial treatment effects) are positive and statistically significant,
suggesting that the treatment effects we have identified are not driven by imbalanced distribution
of parental education across groups. Second, none of these six estimates is statistically different
from their counterparts based on the baseline sample. This suggests that potential selection bias
arising from students with better family background being selected into the treatment groups is
statistically negligible. Third, since all of the six estimates are quantitatively larger than their
counterparts based on the baseline sample, selection bias associated with parental education, if

exists, would be in the negative direction, i.e., against finding treatment effects.!!

1'We also repeat regressions for Chinese and English test scores using these subsamples and obtain DD estimates
that are not statistically significant, consistent with the results reported in columns 4 and 6 of Table 3.
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As an alternative way of testing the sensitivity of our main results to imbalanced parental
education background, we expand the baseline model of column 2 of table 3 to include
interaction terms of F*T and P*T with father’s and mother’s education. These interaction terms
allow the treatment effects to vary with parental education. The DD estimates from this
regression specification are reported in column 4 of table 5. Similar to the previous three cases
we just discussed, the DD estimates remain positive and statistically significant but are larger in
magnitude than the baseline estimates. All the newly added interaction terms obtain negative
coefficient estimates (not reported in the table), suggesting that the treatment effects diminish
with parental education and that the baseline estimates may be biased toward zero because they
are based on the sample in which students in the treatment groups are more likely to come from
families with better educated parents. However, such downward bias would be negligible

because none of the interaction terms involving parental education is statistically significant.

Although the balance tests indicate that treatment assignment in our sample mimics a
random experiment, we conduct additional robustness checks on the sensitivity of our baseline
results to potential selection bias arising from non-random assignment of students and teachers to
treatment versus control groups. Recall, seven of the nine schools in our sample randomly
assigned the incoming students into classes prior to the DT program assignment. Since the initial
class formation is random, the selection of classes for full and partial treatment can be considered
random as well. The only concern would be if the selection of the math teacher is also random or
not. Fortunately, this issue can be largely addressed by including teacher characteristics as
controls in the regression model, as we have done so far. Column 5 of table 5 presents the DD
estimates based on the baseline regression of column 2 of table 3 and the subsample of schools
that made the initial class assignment in a random fashion. Column 6 presents the DD estimates
from the baseline regression using the subsample of schools that randomly selected the math
teacher for the treatment classes, while column 7 contains the DD estimates of the same
regression using the subsample of schools that randomly assigned both class and math teacher
the treatment status. As shown in the last three columns of table 5, the DD estimates for the
effect of the DT program on the full treatment group range from 0.960 to 1.113 and are
statistically significant at the 1% or 5% level. Since treatment assignment is random or
controlled for (in column 5), these estimates are free of selection bias. Furthermore, the fact that

these estimates are remarkably comparable to our baseline DD estimate of 0.978 suggests that
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selection bias associated with non-random assignment, if exists, is not substantive enough to
invalidate our inference concerning the effects of the DT program. In fact, we cannot reject the
null hypothesis that the DD estimates for the effect of full treatment reported in columns 5
through 7 are equal to our baseline DD estimate. The same can be said about the DD estimates
for the effect of partial treatment — they are very comparable to the baseline estimate of 0.343, in
terms of both magnitude and statistical significance. We also implement these regressions with
Chinese and English test scores as the outcome variables and find no positive and statistically

significant treatment effects, consistent with our findings based on the full sample.

It is worth noting that the estimated effect of direct student exposure to the DT program —
the difference between the DD estimates for the full and partial treatment classes—is less
susceptible to non-random assignment of instructors because the treatment classes are taught by
the same math teacher. The difference in these two DD estimates is always positive and
statistically different from zero based on the full sample (table 3) and various subsamples (table

5). This result also holds in the related regression analyses that follow.
4.4 Accounting for pre-treatment trends

The key identifying assumption underlying the DD regression when treatment assignment is
not random is that in the absence of the DT program the performance difference between
students in the treatment and control groups would be constant over time. This common trend
assumption can be investigated using data from multiple pre-treatment periods. However, this is
not possible for us because we have information on student performance for just one period prior
to the treatment. We could dismiss any concern about the parallel trend assumption by pointing
to the statistical evidence we presented early that indicates that treatment assignment in our
sample mimics an experiment with random assignment. To add credence to our main findings we
conduct additional empirical tests and robustness checks to account for possible non-parallel
trends in math test score between the treatment and control groups that would have persisted
throughout the treatment period without the DT program. One way to account for the presence of
different trends is to add, as a control variable, a performance indicator that is highly correlated
with math test score in the absent of the DT program but is itself unaffected by the DT program.
We think that test scores in Chinese and English satisfy both requirements. On average, students

who excel in one subject are more likely than not to do well in other subjects as well. Using the
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pre-treatment test scores in math, Chinese and English, we find that they are highly correlated
with each other. The pair-wise correlation coefficients are: 0.513 (between math and Chinese),
0.631 (between math and English), and 0.692 (between Chinese and English).!> As we showed
early (columns 3 through 6 of table 3), the DT program, which again is designed to improve
student performance in math, has no effect on Chinese and English test scores of the treated

students relative to those of students in the control group.

We run two variants of our baseline DD regression model. In the first, we include Chinese
test score or English test score or the average of the two as well as their interaction terms with
the treatment indicators as additional regressors to account for group-specific trend in math
performance that would have transpired in the absence of the DT program. The DD estimates
from these specifications are reported in columns 1 through 3 of table 6. The estimates for the
effect on math score of students in the full treatment group range from 0.934 to 0.977 and are not
statistically different from our baseline estimate of 0.978. Similarly, the estimates for the effect
on math score of students in the partial treatment group range from 0.337 and 0.380 and are

comparable to the baseline estimate of 0.343.

The second variant of our DD regression specification is a form of triple-difference model,
where we account for group-specific counterfactual trend in math performance by taking the
difference between math and Chinese test scores, or between math and English test scores, or
between math test scores and the average of Chinese and English test scores and use the
difference as the dependent variable. Essentially, we assume that in the absence of the DT
program the cross-group difference in math score, if exists, would mirror the cross-group
difference in Chinese (or English or the average of the two) score that is unaffected by the DT
program. In the context of a triple-difference regression model, the Chinese test score (or English
or both Chinese and English score) plays the role of accounting for time-varying confounders
that develop differently across the treatment and control groups. In this regression specification,

positive treatment effects on performance in math would show up as larger increases in the test

12 Tt is interesting to note that the corresponding correlation coefficients based on the post-treatment test scores are:
0.397, 0.400, and 0.758. The weakening of the correlations between math and Chinese and between math and
English is consistent with our findings that the DT program improved math performance of students in the treatment
group but had no effects on their performance in Chinese or English. The correlation between Chinese and English,
two subjects unaffected by the DT program, remains high, consistent with the notion that students excel in one
subject are likely to stand out in other subjects as well.

22



score differentials (between math and Chinese, for example) for students in the treatment groups
than for students in the control group.'> This is exactly what we find. The DDD estimates
reported in columns 4 through 6 are all statistically significant at the one percent level and are
comparable to the baseline estimates. In fact, they are statistically the same as the baseline

estimates.

Continuing the line of reasoning that student performance in all three subjects would
progress in tandem in the absence of the DT program. Under this assumption we can detect a
treatment effect of the DT program from a DD regression model using test scores in a non-math
subject (the control subject) as the counterfactual trend for math (the treatment subject) scores.
Table 7 presents the DD estimates from such regressions separately for our full treatment, partial
treatment, and control groups, with Chinese (column 1), English (column 2), and the average of
the two (column 3) as the control subject, respectively. The estimates in panel A suggest that the
DT program improve math test scores of students in the full treatment group by 0.515 standard
deviations on average relative to their Chinese test scores. The improvements relative to English
and the average of Chinese and English test scores are 0.566 and 0.563, respectively. As the
estimates in panel B indicate, math performance of students in the partial treatment group did not
deviate from their performance in Chinese or English or the average of the two subjects. But
students in this group did better than students in the control group, whose performance in math,
as the estimates in panel C suggest, fell relative to their performance in Chinese, English, and the
average of the two subjects by 0.361, 0.401, and 0.388 standard deviations, respectively.
Students in the partial treatment group benefited from the DT program because if they were not
treated at all their relative performance in math would have been lower, similar to what happened
to students in the control group. It should be noted that the DD estimates in table 7 are not
directly comparable to our baseline estimates which assume the control group’s performance in
math as the counterfactual for the performance of the treated students in the absence of the DT
program. However, since the estimated coefficients on T (the treatment period indicator) suggest
that there is no significant upward or downward trend in student performance in Chinese or
English for all three groups, differences in the DD estimates between the full treatment (panel A)
and control (panel C) groups and between the partial treatment (panel B) and control (panel C)

groups approximate our baseline DD estimates. For example, the estimates in column 1 produce

13 These are the triple-difference estimates.
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the effect of full treatment of 0.876 (0.515-(-0.361)) standard deviations and the effect of partial
treatment of 0.330 (-0.0307-(-0.361)) standard deviations. These derived estimates of the effects

of the DT program are in the ballpark as our baseline estimates of 0.978 and 0.343, respectively.
4.5 Dynamics of the treatment effects

Thus far the post-treatment performance measure we use is the end-of-middle-school
assessment test score in math. One may be concerned that the treatment period of six semesters
or three years is too long to rule out the existence of confounding factors that might have been
responsible for the performance improvement of the treated students. To address this issue, we
use the semester-end math exam score as the post-treatment outcome variable and repeat the
baseline regression for each of the six semesters. This empirical strategy allows us to estimate
the treatment effects after a treatment of various lengths, ranging from one to six semesters. As
before, the pre-treatment performance measure is the math score from the end-of-primary-school
assessment exam. The semester-by-semester DD estimates are reported in table 8. There are
three noteworthy points about these estimates. First, the positive impacts of the DT program are
evident at the end of the very first semester -- students in the full treatment group saw their math
scores improved by 0.427 standard deviations on average, while students in the partial treatment
group experienced an improvement of 0.104 standard deviations. Although the effect of the
partial treatment is not statistically significant at the end of the first semester, it becomes
significant at the 10 percent level by the end of the second semester. The positive impacts of the
DT program are appreciable within a short period of treatment. Second, the positive impacts of
the DT program are cumulative over the course of the three-year middle school education. This
is particularly true of the effect of the full treatment--the estimate for the effect of the full
treatment increases over time, except for a small dip at the end of the fourth semester. In other
words, five out of six semester-on-semester changes in math score are positive. This pattern of
incremental and sustained improvement adds credibility to our main findings. Third, the impacts
of the DT program strengthen during the last two semesters in terms of both magnitude and
statistical significance. About 45% of the overall performance improvement (0.978 standard
deviations) of students in the full treatment group occurred in the last two semesters. The

corresponding number is 49% for students in the partial treatment group.
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The persistence of the impacts of the DT program is also corroborated by regression analysis
based on the pooled sample that includes test scores from all six semesters plus the pre-treatment
test score. In this regression, we replace treatment period indicator, T, with a time trend, Time (a
whole number from 0 to 6), and F*T and P*T with F*Time and P*Time, respectively. The
coefficients on the latter two interaction terms provide estimated effects of full and partial
treatments on the time trend of the math score. Positive estimated coefficients would indicate
that the DT program has resulted in a steeper trajectory of math scores for the treatment classes
relative to the control class. As the estimates reported in column 1 of table 9 indicate, this is
exactly what we find. The DT program increases the math score of students in the full treatment
class by an average of 0.138 standard deviations per semester and the math score of students in
the partial treatment class by an average of 0.0513 standard deviations per semester. The
negative and significant estimate for the time trend suggests that students in the control class saw
their performance in math fell by an average of 0.0568 standard deviations per semester. Again,
since the scores are standardized by school and semester these estimates imply the impacts of the
DT program on the relative, not absolute, performance in math across the three groups of
students. We also repeat this panel regression with Chinese and English test scores and find no
such effects on trend that are attributable to the DT program, as we would expect since again the
DT program aims at improving student performance in math (see the estimates reported in

columns 2 and 3 of table 9).
4.6 Placebo tests

To rule out the possibility of our estimated treatment effects being an artifact of multiple
hypothesis testing, we also conduct a nonparametric permutation test using the p-values from our
baseline regression (i.e., model 2 of Table 3) as critical values. We generate 2000 placebo
samples in which we randomly reassign full-treatment, partial-treatment, and control status to
students within each school. Using each placebo sample, we replicate model 2 of Table 3. We
then calculate the fraction of placebo simulations in which the p-values for the DD estimates are
smaller than the corresponding true p-values for the estimates in the actual treatment assignments.
We find none, which means that fewer than 1 percent of the placebo replications produce p-

values that fall below the values we estimate. Therefore, the permutation test generates a p-value
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of less than 1 percent for the null hypothesis that the DT program has no effect on student

performance in math.

We also perform similar permutation tests for the treatment effects on Chinese and English
test scores, respectively. Since the treatment effect estimates based on the actual assignments are
not statistically different from zero, we compute the fraction of placebo simulations in which the
p-values for the DD estimates are less than 0.01. We find that out of the 2000 placebo
simulations only 2 and 7 samples produce the p-values smaller than 0.01, respectively for
Chinese and English scores. This means that the probabilities that we falsely reject the null
hypothesis that the DT program has no effect on Chinese and English scores are less than 1

percent.
4.7 Effect heterogeneity

As we noted early, the effects of the DT program do not seem to vary by student and teacher
characteristics. To provide further and direct evidence we next estimate our baseline model using
subsamples created based on student or teacher characteristics. Panels A and B of table 10
present the DD estimates by student gender and by student hukou status, respectively. While
male students benefit slightly more than female students in the full treatment group and the
reverse is true in the partial treatment group, the differences are quantitatively small and
statistically insignificant. The DD estimates suggest that students with rural hukou benefit more
from the DT program than students with urban hukou. However, the difference is statistically

significant at the 10 percent level only for the effect of full treatment.

Panels C and D present the DD estimates by parental educational attainment. We divide our
sample into two subsamples by if a parent finished middle school. The effects of full treatment
are very similar across the two subsamples and the difference is not statistically significant. But
the effect of partial treatment is larger for students with parents who completed middle school
education or more, and the effect is significantly larger for students whose father completed
middle school education or more. Panel E presents the DD estimates by teacher’s professional
rank. Although the estimated effect of full treatment increases with teacher’s professional rank,
none of the cross-rank differences is statistically significant. We do find significant heterogeneity
in the effect of partial treatment--students taught by a math teacher with intermediate title benefit

from the DT program significantly more than other students in the partial treatment group.
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To investigate if the effects of the DT program vary across students of different abilities, we
divide our sample into two subsamples at the median of the pre-treatment math scores. It is
worth noting that the shares of students from treatment and control groups in the two subsamples
are remarkably similar to that of the whole sample. Among students in the lower-50% subsample,
30.3% come from the full treatment group, 28.4% the partial treatment group, and 41.3% the
control group. The corresponding numbers for students in the upper-50% subsample are 30.5%,
29.2%, and 40.3%. These distributions are very comparable to the whole sample’s 30.4%, 28.8%,
and 40.9%. The DD estimates reported in panel F suggest that low performing students benefit
from exposure to full treatment more than high performing students, but the difference in the
estimates is not statistically significant. The estimates for the effects of partial treatment are not
statistically different across the two subsamples, suggesting that high and low performing

students in the partial treatment group benefit equally from the DT program.
4.7 Student dropout, transfers, and spillovers

One may be concerned that our main results could be biased upwardly or even largely
driven by student dropout or between-class transfers if low performing students in the treatment
classes dropped out of school or transferred to the control class and better performing students in
the control class transferred to the treatment classes. There are several pieces of evidence that
help dispel this concern. First, middle school education is mandatory under China’s nine-year
compulsory education law. While dropouts still occur in rural middle school, only a small
fraction of students fail to complete middle school education and it is hard to imagine that poor
performance in math is the primary reason for dropping out of school. Second, in each of the
schools included in our sample the size of the classes of different treatment status is nearly the
same with virtually no change throughout the three-year period under study, suggesting rare to
no incident of student dropout. Third, to the extent that student performances in different subjects
are highly correlated as we showed early, the highly comparable Chinese and English scores
across the treatment and control classes both prior to and post the treatment suggest that dropouts
or transfers, if there were any at all, would not have occurred in a way that results in a greater
proportion of high-performing students ending up in the treatment classes and a greater
proportion of low-performing students ending up in the control class. Fourth, and more important,

neither school principals nor local teachers noted student dropout as a serious problem during the
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surveys and the schools were instructed from the outset of the evaluation study not to change

treatment status of students and teachers throughout the three-year middle school education.

Another concern is the presence of spillovers that may occur through interactions between
students from the treatment and control classes and between teachers of the treatment and control
classes. However, to the extent that such spillovers are expected to improve math scores of the
students in the control class, the presence of spillovers would lead to underestimation of the
effects of the DT program. Therefore, the impacts of the DT program on student performance are

potentially larger than what we reported in this study.
5. Exploring variation in treatment intensity

A key component of the DT program is to grant the local math teacher the access to the
recorded lecture videos from an elite urban middle school. As far as we know, the program does
not set any guideline on how the teacher should use this particular resource. As such, it is
entirely up to the local math teacher how many hours to spend on watching the lecture videos
during lesson preparation and how many hours and which parts of the lecture videos to show
directly to students in class. Since a typical middle school class schedule includes one 45-minute
session of math lecture daily, there are 3.75 hours of new recorded lectures each week made
available to the local math teacher. As shown in table 1, the local math teacher who teaches
students in the treatment classes spent between 5.25 and 7.25 hours per week watching the
lecture videos when preparing for their lessons, which suggest that the local math teacher has not
only gone through the entire recorded lectures but watched some parts more than once. Through
this process the local teacher also selects parts of the lecture videos to show to students in class.
The selected segments may be something that is hard for the teacher to incorporate into their
instructions, such as instructions/experiments involving certain instruments that are not available
in the local school. The selected parts may also be something more appropriate for the students
in terms of level of difficulty. Our sample students who are in the full treatment group spent
between 1 and 1.5 hours per week watching parts of the lecture videos in class, which amounts to
one to two sessions or up to 40% of the weekly class periods for math. Since there are variations
in the amount of time the teacher as well as students spent on watching the lecture videos,
students in the treatment groups are exposed to the DT program with different intensity both

directly through watching parts of the lecture videos in class and indirectly through improved
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instruction quality of the local teacher who benefits from watching the lecture videos. To
investigate if treatment intensity matters, we estimate the following modified DD regression

model:

+ + + + (5.1)

where SW stands for the average hours per week that students are shown the lecture videos in
class, TW stands for the average hours per week that the local math teacher devoted to watching
the lecture videos during lesson preparation, and all the rest of the variables are as defined in

equation (4.1).

Table 11 presents the DD estimates for the effects of the DT program on student
performance in all three subjects. In columns 1 and 2, we adopt the same specifications as in
columns 1 and 2 of table 3 to examine if the estimated treatment effects differ with or without the
covariates regarding student and teacher characteristics. The corresponding DD estimates in
these two columns are very similar and statistically indistinguishable, indicating the treatment
intensity has little correlation with the included covariates. The estimate on TW (weekly hours
the local math teacher spent on watching the lecture videos) is 0.062, suggesting that each
additional hour that the math teacher uses the recorded lectures improves their student’s math
scores by 0.062 standard deviations on average. Given the local teacher spends on average 6.42
hours doing so, the overall impact on students in the partial treatment group would be 0.398,
which is comparable to our baseline estimate for the partial treatment effect of 0.343 (column 2
of table 3). The estimate for the effect of direct student per-hour exposure to the lecture videos is
0.429, which, at the average of 1.27 hours of weekly exposure time, translates into an increase of
0.545 standard deviations in math score for students in the full treatment group. Because students
in the full treatment group also benefit from improved instruction quality due to teacher’s
exposure to the recorded lectures, the total impact of the DT on these students is an increase of
math score by 0.943 standard deviations (evaluate as the average hours of student and teacher
exposures to the lecture videos), which is quite similar to our baseline estimate of 0.978 for the

full treatment effect.
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Given the marginal benefit of direct exposure of students to the lecture videos is so much
higher than that of indirect exposure via the local math teacher, why do teachers not choose to
increase the usage of the recorded lectures in class? There are three possible explanations. The
first and foremost reason is that the comparison of the two marginal effect estimates is not
meaningful, because the teacher watched the lecture videos in their entirety while the students
watched only parts of the recorded lectures selected by the teacher, presumably the parts that
could benefit students the most. In fact, there is some evidence that teachers were very selective
when it comes to what to show in class. According to our survey, the local math teachers reduced,
rather than increased, the hours that they show the lecture videos in class because in part the
lectures are tailored to the most capable students in an elite urban middle school and are difficult
for much-less capable students in the remote schools to follow. There are simply fewer and fewer
recorded lecture contents that are suitable for the students as they progress into higher grades.
The second explanation relates to the improvement in the quality of local teachers. For local
math teachers, the DT program works like a self-administered professional training program that
improves the teacher’s skills in all aspects of teaching activities, including lecturing. As our
theoretical model predicts, the benefit of showing the lecture videos in class decreases as the
quality or human capital of the local teachers increases. As a result, the in-class usage of lecture
videos falls. The third reason for reduced in-class use of the lecture videos is that local teachers
are under pressure to spend more time preparing students for the end-of-middle-school
assessment exams. But this change in instructional emphasis is common across the treatment and

control classes and across all subjects.

To examine whether the direct and indirect exposures are complements or substitutes, we
introduce an interaction term between 7W and SW as an additional independent variable. The
estimates from this regression specification are reported in column 3. The estimated coefficient
on the interaction term is not only very small but also statistically insignificant, suggesting that
TW and SW are independent of each other. The estimates related to the treatment intensity are not
affected at all in magnitude. The only noticeable change is that the standard error associated with
the estimate for the effect of direct exposure is inflated by nearly 5 times due apparently to high

level of correlation between the interaction term TW*SW and SW.
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It should be noted that SW and TW are likely correlated with teacher, class and school
characteristics. However, as long as these factors are time-invariant they are controlled for by the
teacher professional rank variable, treatment status dummies, and school fixed effects which we
include in the regressions in table 11. Since some schools have multiple classes assigned to
treatment and control groups, class-specific factors remain omitted from the specification of
columns 1 through 3. To address this issue, we add the class-specific average pre-treatment math
score as a covariate to proxy for the omitted variable. As the estimates in column 4 show, the
estimated effects of exposure (weekly per hour) to the DT program are very comparable to their
counterparts in the previous columns. Endogeneity biases in the DD estimates, if exist, are not
substantive enough to undercut our inferences regarding the effects of exposure of different

levels.

As falsification tests, we also implement the treatment intensity regression models of
columns 2 and 3 using the Chinese and English test scores, respectively. The estimates are
reported in columns 5 through 8. Consistent with the findings reported in table 3, the DT
program, which is designed to improve student performance in math, has absolutely no

statistically significant effect on student performance in either Chinese or English.
6. Concluding remarks

We provide an evaluation of the DT program as a means to address the cross-region
inequality in educational resources and outcomes. While the DT program shares many common
features with other CAI programs that have been the subject of research in the literature, the
unique research design of this study allows us to gain new insights into the mechanisms of such
programs in affecting academic outcomes and therefore make two major contributions to the
literature. First, we are the first to recognize the role of the local teacher in deciding which parts
and how much of the program provided resources (mainly the lecture videos) to use as a part of
in-class lecture. This is important because a typical CAI program is not highly customized for the
targeted students. Indiscriminate exposure of students to the program would be inefficient and
contrary to the pedagogy of teaching at the right level. The math teachers in our sample chose to
show, on average, less than 40% of the lecture videos in class. This may help explain why the
impact of the DT program is larger than those reported by other studies. Second, we are the first

to view a CAI program also as a self-administered and topic-specific teacher training program. It
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affords the local teacher the opportunity to enrich their knowledge on the subject matter and
improve their teaching skills through learning by observing, which in turn help improve student

performance.

Using data that we collected from nine middle schools that participated in the math-focused
DT program and a difference-in-differences model, we find that the DT program has a positive
and statistically significant effect on student performance in math and the improvement is
attributable to direct exposure of students to high-quality lecturing by the remote teacher as well
as increases in the quality of instruction of the local teacher. Our estimates show that on average
the DT program increased math test scores by 0.978 standard deviations over the three-year
middle school education, of which 0.343 standard deviations are attributable to improved
instruction on the part of the local teacher. We also find that the positive impact of the DT
program is cumulative and largely independent of student and teacher characteristics, and robust
to a plethora of tests and alternative model specifications. Overall, our findings suggest that the
DT program is an effective means to improve education outcomes of students in underserved

areas and hence help close cross-region gaps in education.

It is worth noting that the implementation of the DT program entails little extra cost. The
computer equipment and internet infrastructure are largely available in remote and rural schools
in China, as noted in Bianchi et al. (2022). Since the videos are recorded as the lectures are
normally delivered in an elite urban school without customization or editing, the production cost
is minimal. The cost of distribution over the internet is also negligible. Weighing the large
benefits of the DT program that we have identified against the small costs of implementation, we
conclude that the DT program is not only effective in improving student performance but doing

so at low cost.

It is also important to note that the implementation of the DT program at the school level
depends crucially on the support of local teachers, because the use of new resources requires
additional time and efforts. Therefore, policies that increase the incentive for the local teachers to
make the best use of online resources will be vital for the success and sustainability of the

program.
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Table 1— Summary statistics of the main sample

Variables N Mean SD Min  Max
A. Program characteristics

Number of students 1887

F (full treatment class indicator=1 or 0) 1887 0.304 0.460 0 1

P (partial treatment class indicator=1 or 0) 1887 0.288 0.453 0 1

C (control class indicator=1 or 0) 1887 0.409 0.492 0 1

T (treatment period indicator=1 or 0) 1887 0.500 0.500 0 1
Number of teachers of treatment classes 12

TW (average hours per week the teacher spent on

watching lecture videos during lesson preparation) 12 6.42 0.558 5.25 7.25
SW (average hours per week the full treatment classes

spent on watching lecture videos in class) 12 1.27 0.149 1.03 1.50
B. Student characteristics

Gender (male=1, female=0) 1887 0.495 0.500 0 1
Rural (from rural areas=1, otherwise=0) 1887 0.580 0.494 0 1
Father education (years of schooling) 1887 8.396 3.572 0 16
Mother education (years of schooling) 1887 7.096 4.014 0 16
C. Teacher characteristics

Number of teachers of treatment and control classes 25

Advanced professional title 25 0.311 0.463 0 1
Intermediate professional title 25 0.547 0.498 0 1
Elementary professional title 25 0.142 0.349 0 1

Notes: The sample consists of 1887 students and 25 math teachers from 9 middle schools in

underdeveloped regions in China.
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Table 2—Summary statistics of test scores and cross-group differences

Variables Average pre-treatment test scores Average post-treatment test scores
Math Chinese English Math Chinese English
F (Full Treatment) -0.0262 0.0051 0.0109 0.556 0.0727 0.0448
P (Partial Treatment) 0.0315 0.0370 0.0358 -0.0213 0.0148 0.0155
C (Control) -0.0027 -0.0299 -0.0312 -0.398 -0.0644 -0.0442
Cross-group difference
F-C -0.0198 0.0467 0.0511 0.977%** 0.144 0.109
(0.213) (0.120) (0.171) (0.135) (0.129) (0.124)
P-C 0.0452 0.0772 0.0772 0.405%** 0.0647 0.0365
(0.117) (0.0961) (0.112) (0.108) (0.0950) (0.107)
F-P -0.108 -0.0531 -0.0425 0.566%** 0.0563 0.0182
(0.154) (0.0933) (0.136) (0.145) (0.131) (0.142)

Notes: 1. All test scores are standardized by school and period; 2. Cross-group differences are estimated
from school fixed-effects regression of the test score in a subject on treatment indicators; 3. Robust
standard errors in parentheses are clustered at the class level, and *** p<0.01, ** p<0.05, * p<0.1.
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Table 3—The baseline results and placebo tests

(D (2) 3) “4) (5) (6)
VARIABLES Math Math Chinese Chinese English English
F*T 0.97*** 0.978*** 0.102 0.102 0.0191 0.0191
(0.144) (0.144) (0.143) (0.143) (0.182) (0.182)
P*T 0.343%%* 0.343%%* 0.0124 0.0124 -0.0520 -0.0520
(0.136) (0.136) (0.105) (0.105) (0.136) (0.136)
F -0.0114 -0.100 0.0377 -0.0284 0.0436 -0.101
(0.205) (0.189) (0.118) (0.105) (0.166) (0.139)
P 0.0443 -0.00452 0.0693 0.0298 0.0683 -0.0561
(0.119) (0.113) (0.0954) (0.0828) (0.113) (0.0982)
T -0.396%** -0.396%** -0.0346 -0.0346 0.00882 0.00882
(0.0902) (0.0903) (0.0870) (0.0871) (0.114) (0.114)
Male -0.0303 -0.348%** -0.335%**
(0.0415) (0.0505) (0.0471)
Rural hukou 0.0230 -0.0457 -0.0936
(0.0627) (0.0503) (0.0629)
Father education 0.0351*** 0.0286*** 0.0293***
(0.00679) (0.00685) (0.00774)
Mother education 0.0301*** 0.0324*** 0.0386***
(0.00714) (0.00649) (0.00632)
Advanced title 0.0893 0.0279 0.517%**
(0.127) (0.129) (0.106)
Intermediate title 0.345* 0.0734 0.606***
(0.172) (0.152) (0.115)
Constant -0.0404 -0.329%* -0.0391 -0.0730 -0.0375 -0.915%**
(0.104) (0.131) (0.109) (0.142) (0.173) (0.191)
School fixed
effects Yes Yes Yes Yes Yes Yes
Observations 3,774 3,774 3,774 3,774 3,256 3,256
R-squared 0.081 0.128 0.002 0.068 0.001 0.088

Notes: 1. The dependent variable is pre- and post-treatment test scores in the subject; 2. The sample size
reduction in columns 5 and 6 is due to missing pre-treatment English test scores for students from one of
our sample schools. 3. Robust standard errors in parentheses are clustered at the class level, and ***
p<0.01, ** p<0.05, * p<0.1.
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Table 4—Balance tests

(1) (2) (3) 4) (5)
VARIABLES Pre-treatment Pre-treatment Pre-treatment Teacher with Teacher with
math score Chinese score English score advanced rank intermediate rank
F -0.0236 0.0365 0.0437 -0.123 0.120
(0.206) (0.119) (0.170) (0.160) (0.124)
P 0.0345 0.0685 0.0686 -0.0852 0.0810
(0.121) (0.0959) (0.114) (0.163) (0.127)
School fixed
effects Yes Yes Yes Yes Yes
Observations 1,887 1,887 1,628 1,887 1,887
R-squared 0.001 0.001 0.001 0.187 0.532
(6) (7 (®) ) (10)
VARIABLES Pre-treatment Male Rural Father education = Mother education
math score
F -0.139 -0.0208 -0.00727 1.034%** 0.725%*
(0.190) (0.0297) (0.0214) (0.289) (0.291)
P -0.0281 -0.0374 0.00641 0.659** 0.133
(0.117) (0.0288) (0.0250) (0.258) (0.268)
Advanced title 0.0781
(0.159)
Intermediate 0.341
title (0.227)
School fixed
effects Yes Yes Yes Yes Yes
Observations 1,887 1,887 1,887 1,887 1,887
R-squared 0.088 0.019 0.556 0.112 0.167

Notes: 1. None of the model specifications, except for column 6, includes any covariates. 2. Column 6 includes
student and teacher characteristics as covariates to test if the pre-treatment math score is correlated with teacher
characteristics. 3. Robust standard errors in parentheses are clustered at the class level, and *** p<0.01, **

p<0.05, * p<0.1.
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Table 5—Robustness checks: imbalance of parental education and non-random assignment
issues

(1) (2) (3) (4) (5) (6) (7)
VARIABLES  Math Math Math Math Math Math Math
F*T 0.995%#%  1,023%%x ] 030%kx ] [64%rk [ ]]3FRx 0.960%FF  ].088%*
(0.152)  (0.154)  (0.162)  (0.197)  (0.173)  (0.221)  (0.398)
P*T 0.352%*  0.387*%%  0397*F%  (.518%*  0.368*%*  0333**  (0.329%
(0.136)  (0.147)  (0.147)  (0.207)  (0.173)  (0.121)  (0.169)
F -0.114 -0.123 -0.138 -0.105 -0.298 -0.214 -0.674
(0.195)  (0.194)  (0.199)  (0.189)  (0.214)  (0.354)  (0.412)
P 0.0104  -0.0254  -0.0337  -0.00469  -0.0502  -0.0345 -0.138
(0.114)  (0.128)  (0.130)  (0.114)  (0.116)  (0.214)  (0.199)
T “0.396%**%  _0.440%%* 0.440%*F*F  0.306%**  _0.428*Fk  037TREE  _(.352%%

(0.0903)  (0.106)  (0.106)  (0.0903)  (0.109)  (0.113)  (0.156)

Student chara. Yes Yes Yes Yes Yes Yes Yes
Teacher chara. Yes Yes Yes Yes Yes Yes Yes
School fixed Yes Yes Yes Yes Yes Yes Yes
effects

Observations 3,648 3,428 3,302 3,774 2,832 1,532 914
R-squared 0.119 0.113 0.104 0.130 0.122 0.138 0.140

Notes: 1. Column 1 is based on the subsample excluding from the treatment group students whose parents
received post-secondary education. 2. Column 2 is based on the subsample excluding from the control
group students whose parents received no formal schooling. 3. Column 3 is based on the subsample
excluding from the control group students whose parents received no formal schooling and from the
treatment group students whose parents received post-secondary education. 4. Column 4 is based on the
baseline sample (full sample) and includes interaction terms of father’s and mother’s schooling with F*T
and P*T. None of these interaction terms obtains a significant coefficient estimate (not reported in the
table). 5. Columns 5 through 7 are based respectively on the subsample of schools that randomly made
the initial class assignment of students, subsample of schools that randomly assigned math teacher to the
treatment class, and subsample of schools that randomly assigned both class and math teacher the
treatment status. 6. Robust standard errors in parentheses are clustered at the class level, and *** p<0.01,
** p<0.05, * p<0.1.
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Table 6—Accounting for pre-treatment trends and triple difference in differences estimates

(1) (2) 3) (4) (5) (6)
VARIABLES Math Math Math Math minus Math minus Math minus
(with Chinese  (with English ~ (with average Chinese score  English score average score
score as a score as a Chinese and of Chinese
control control English and English
variable) variable) scores as a
control
variable)
F*T 0.934%*** 0.977%** 0.967*** 0.876%** 0.967*** 0.95]1 ***
(0.138) (0.144) (0.147) (0.170) (0.173) (0.165)
P*T 0.337** 0.380*** 0.367*** 0.330% 0.406** 0.377***
(0.145) (0.124) (0.124) (0.175) (0.150) (0.136)
F -0.0882 -0.122 -0.116 -0.0721 -0.0717 -0.0682
(0.159) (0.173) (0.173) (0.135) (0.142) (0.138)
P -0.0174 -0.0545 -0.0476 -0.0343 -0.0265 -0.0183
(0.110) (0.107) (0.114) (0.123) (0.103) (0.108)
T -0.381*** -0.397*** -0.390*** -0.361%** -0.401*** -0.388***
(0.0907) (0.0902) (0.0925) (0.112) (0.112) (0.105)
Student chara. Yes Yes Yes Yes Yes Yes
Teacher chara. Yes Yes Yes Yes Yes Yes
School fixed Yes Yes Yes Yes Yes Yes
effects
Observations 3,774 3,256 3,256 3,774 3,256 3,256
R-squared 0.302 0.375 0.381 0.083 0.105 0.115

Note: 1. Columns 1 through 3 repeat column 1 of table 3 with Chinese test score, English test score, and
both Chinese and English test scores, respectively, as controls for group-specific common trends in
academic performance. The estimates for these additional controls (not reported in the table) are positive
and statistically significant at the one percent level. 2. Columns 4 through 6 repeat column 1 of table 3
with the dependent variable defined as the differences between math and Chinses test scores, math and
English test scores, and math and the average of Chinese and math scores, respectively, assuming the
trend of Chinese test score or English test score or the average of the two represents the counterfactual
trend of math test score in the absent of the DT program. 3. When English test score is used the sample
size reduces to 3256 because of missing pre-treatment English test score for students from one of our
sample schools. 4. Robust standard errors in parentheses are clustered at the class level, and *** p<0.01,
** p<0.05, * p<0.1.
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Table 7—Additional robustness checks: difference in differences estimates with math as treated
subject and non-math subject as control

&) 2) 3)
VARIABLES The control subjectis  The control subject is The control subject is
Chinese English average of Chinese and
English
Panel A: Full treatment group
Math *T 0.515%** 0.566%** 0.563***
(0.132) (0.138) (0.133)
Math (the treated subject) -0.0314 -0.0415 -0.0382
(0.0981) (0.112) (0.110)
T 0.0675 0.0280 0.0310
(0.117) (0.147) (0.132)
Observations 2,292 1,936 1,936
R-squared 0.155 0.186 0.196
Panel B: Partial treatment group
Math*T -0.0307 0.00557 -0.0112
(0.139) (0.104) (0.0901)
Math (the treated subject) -0.00545 -0.0132 -0.00576
(0.0670) (0.0652) (0.0683)
T -0.0222 -0.0432 -0.0265
(0.0613) (0.0769) (0.0495)
Observations 2,172 1,816 1,816
R-squared 0.057 0.076 0.079
Panel C: Control group
Math*T -0.361*** -0.401*** -0.388***
(0.114) (0.114) (0.107)
Math (the treated subject) 0.0272 0.0378 0.0306
(0.0967) (0.0692) (0.0725)
T -0.0346 0.00882 -0.00431
(0.0884) (0.116) (0.0925)
Observations 3,084 2,760 2,760
R-squared 0.102 0.114 0.122

Notes: 1. All regressions include school fixed effects and all the covariates contained in the baseline
regression of column 2 of table 3. 2. In all regressions, math is the treated subject with the treatment
indicator Math=1 for math and Math=0 for other subjects. The control subject is Chinese in column 1,
English in column 2, and average of Chinese and English (test scores) in column 3. 3. The dependent
variable is the pre-treatment and post-treatment math scores for the treated subject and the corresponding
Chinese (English, or average of Chinese and English) test scores for the control subject. 4. T=0 for pre-
treatment period and T=1 for post-treatment period. 5. Robust standard errors in parentheses are clustered
at the class level, and *** p<0.01, ** p<0.05, * p<0.1.
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Table 8—Difference in differences estimates by semester

(1) (2) (3) 4) (5) (6)
VARIABLES 1% semester 2nd semester 31 semester 4t semester 5™ semester 6™ semester
F*T 0.426%*** 0.5]3%** 0.536** 0.495%* 0.905%** 0.978***
(0.147) (0.149) (0.199) (0.185) (0.193) (0.144)
P*T 0.103 0.176* 0.147 0.139 0.326** 0.343**
(0.122) (0.0986) (0.126) (0.108) (0.157) (0.136)
F -0.125 -0.116 -0.107 -0.113 -0.0947 -0.100
(0.187) (0.187) (0.191) (0.187) (0.196) (0.189)
P -0.0192 -0.0155 -0.00806 -0.0135 -0.000388 -0.00452
(0.113) (0.117) (0.114) (0.118) (0.112) (0.113)
T -0.159 -0.206** -0.205* -0.190** -0.369%*** -0.396%***
(0.0967) (0.0842) (0.111) (0.0908) (0.112) (0.0903)
Student chara. Yes Yes Yes Yes Yes Yes
Teacher chara. Yes Yes Yes Yes Yes Yes
School fixed Yes Yes Yes Yes Yes Yes
effects
Observations 3,774 3,774 3,774 3,774 3,774 3,774
R-squared 0.092 0.086 0.091 0.083 0.122 0.128

Notes: 1. The dependent variable is math test score from the end-of-semester final exam throughout the
middle school education and the pre-treatment exam. 2. The final exam of the 6 semester is the standard
end-of-middle-school exam. Therefore, column 6 is identical to the baseline results reported in column 2
of table 3. Robust standard errors in parentheses are clustered at the class level, and *** p<0.01, **
p<0.05, * p<0.1.
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Table 9--Pooled six semesters plus the pre-treatment scores

(1) (2) (3)
VARIABLES Math Chinese English
F* Time 0.138*%** -0.00225 -0.0110
(0.0199) (0.0220) (0.0231)
P*Time 0.0513%*=* -0.0109 -0.0166
(0.0178) (0.0159) (0.0168)
Time -0.0568*** 0.00382 0.00791
(0.0113) (0.0135) (0.0148)
F 0.0474 0.139 0.0818
(0.141) (0.101) (0.149)
P 0.0249 0.111 0.00994
(0.0992) (0.0745) (0.113)
Student chara. Yes Yes Yes
Teacher chara. Yes Yes Yes
School fixed effects Yes Yes Yes
Observations 13,209 13,209 11,396
R-squared 0.109 0.083 0.091

Notes: 1. The dependent variable for each subject is the test score from the end-of-semester final exams
and the pre-treatment test. 2. Time takes the value from O (for pre-treatment) to 6 (the last semester of
middle school education). 3. Robust standard errors in parentheses are clustered at the class level, and ***
p<0.01, ** p<0.05, * p<0.1.
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Table 10—Effect heterogeneity

F*T P*T R? N

Panel A: By student gender

Male 0.990*** 0.301* 0.135 1868
(0.163) (0.161)

Female 0.966%** 0.381%** 0.133 1906
(0.143) (0.134)

Panel B: By student hukou status

Rural 1.149%** 0390** 0.153 2190
(0.201) (0.157)

Urban 0.779%** 0.279* 0.128 1584
(0.099) (0.153)

Panel C: By father’s education

Less than middle school 1.016%** 0.047 0.128 1188
(0.207) (0.185)

Middle school or higher 1.000%** 0.494*** 0.118 2586
(0.153) (0.140)

Panel D: By mother’s education

Less than middle school 0.973%** 0.287* 0.127 1798
(0.179) (0.172)

Middle school or higher 0.992%** 0.390** 0.119 1976
(0.156) (0.150)

Panel E: By teacher professional rank

Advanced 1.100%** 0.139 0.186 1172
(0.186) (0.106)

Intermediate 0.958%*** 0.486%** 0.132 2066
(0.230) (0.182)

Elementary 0.891%*%* 0.242 0.130 536
(0.241) (0.536)

Panel F: By pre-treatment math score

Lower 50% 1.069%** 0.330** 0.198 1888
(0.147) (0.161)

Upper 50% 0.923%** 0.419** 0.247 1886
(0.142) (0.151)

Notes: 1. All the regressions have the same specification as the baseline model of column 2 of table 3,
except that each excludes the covariate that the heterogeneity test is designed for. 2. Robust standard
errors in parentheses are clustered at the class level, and *** p<0.01, ** p<0.05, * p<0.1.
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Table 11—The effects of treatment intensity

(1) (2) 3) (4) (5) (6) (7) (3)
VARIABLES Math Math Math Math Chinese Chinese English English
TW*T 0.062***  0.063***  (0.063***  (0.069*** 0.010 0.009 0.005 0.006
(0.022) (0.022) (0.023) (0.023) (0.017) (0.017) (0.022) (0.022)
SW*T 0.420%**  (.4]14%** 0.374 0.412%** 0.016 -0.081 -0.059 0.231
(0.132) (0.130) (0.627) (0.122) (0.123) (0.993) (0.150) (1.166)
TW*SW*T 0.006 0.015 -0.047
(0.102) (0.155) (0.185)
CAPTM 0.690%***
(0.059)
F 0.010 -0.075 -0.075 -0.041 -0.019 -0.019 -0.070 -0.072
(0.208) (0.191) (0.191) (0.057) (0.103) (0.103) (0.137) (0.133)
P 0.017 -0.037 -0.036 -0.057 0.005 0.006 -0.099 -0.104
(0.121) (0.116) 0.117) (0.042) (0.085) (0.086) (0.103) (0.102)
T -0.399***  _0.400%** -0.400%** -(0.4]19%** -0.043 -0.042 0.003 0.001
(0.090) (0.091) (0.091) (0.091) (0.086) (0.086) (0.113) (0.113)
Male -0.031 -0.031 -0.008 -0.348***  .(0.348*** _(0.335%** () 335%%*
(0.042) (0.042) (0.040) (0.050) (0.050) (0.047) (0.047)
Rural hukou 0.022 0.022 0.068 -0.046 -0.046 -0.094 -0.093
(0.063) (0.062) (0.053) (0.050) (0.049) (0.063) (0.063)
Father educ 0.035%**  (0.035%**  (0.030***  0.029%**  (0.029*%**  (0.029***  (.029%**
(0.007) (0.007) (0.007) (0.007) (0.007) (0.008) (0.008)
Mother educ 0.030%**  0.030%**  (0.024***  (0.032%**  (0.032%**  (.039***  (.039%**
(0.007) (0.007) (0.007) (0.006) (0.007) (0.006) (0.006)
Advanced 0.094 0.094 0.016 0.028 0.028 0.516***  (.525%**
(0.123) (0.123) (0.068) (0.129) (0.128) (0.106) (0.105)
Intermediate 0.341* 0.341* 0.069 0.073 0.074 0.606***  0.6]15%**
(0.170) (0.170) (0.078) (0.152) (0.151) (0.115) (0.115)
School fixed
effects Yes Yes Yes Yes Yes Yes Yes Yes
Observations 3,774 3,774 3,774 3,774 3,774 3,774 3,515 3,515
R-squared 0.078 0.125 0.125 0.207 0.067 0.067 0.088 0.088

Notes: 1. The dependent variable is the post-treatment and pre-treatment math test score in columns 1
through 4, Chinese test score in columns 5 and 6, and English test score in columns 7 and 8. 2. TW is
average hours per week the math teacher spent on watching the lecture videos, and SW is average hours
per week the students in the full treatment group spent on watching the lecture videos in class. 3. Column
4 includes class average pre-treatment math (CAPTM) test score to control for possible correlations
between the average initial class math performance and TW as well as SW. 4. Robust standard errors in
parentheses are clustered at the class level, and *** p<0.01, ** p<0.05, * p<0.1.
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