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Summary
It has been well documented that links exist between school inputs and academic
performance (Banerjee et al., 2003; Glewwe, 2002; Hanushek, 1997, 2002). Integrating
Information and Communication Technology (ICT) is one such educational input that is
considered to be a promising approach to help disadvantaged students across the world
(Ebner and Holzinger, 2007; Bakar et al., 2006; Pal, 2006; Banerjee et al., 2007; Linden,
2008; Lai et al., 2011; Mo et al., 2014a). However, despite the popularity of the use of ICTs in
education, researchers have found considerable heterogeneity in the impact of ICT programs
on student academic achievement. Two important facets of ICT programs that may affect
program effectiveness are which organization implements the program, as well as whether
the program is integrated into teaching (computer-assisted instruction, CAI) or not (computerassisted learning, CAL).
The overall goal of this paper is twofold: (1) to evaluate the impact of a governmentimplemented CAL program; and (2) to understand whether a CAI program is effective in
raising learning outcomes and to compare the relative effectiveness of a CAI program against
a CAL program. To meet the first goal, we will compare the government’s CAL program
implementation to a simultaneous CAL program implemented by a team of researchers. To
meet the second goal, we have three specific objectives. First, we measure the impact of a
CAI program on student academic performance. Second, we compare the CAI program to a
CAL program to investigate the relative effectiveness of CAI. Third, we try to explore the
mechanisms that allow CAI programs to be more or less effective than CAL programs.
In examining our first research question, we found that students whose CAL treatment was
implemented by the research group improved significantly in their English test scores than
students in the government-implemented control group. We investigated potential causes for
these differential impacts and our analysis suggests that at the end of the teacher training,
teachers who attended the training organized by the research group did not differ in
knowledge in software and protocol from the teachers whose training was organized by the
government. Nor was there evidence showing that the frequency of the CAL classes differed
between the two experimental groups. However, our results showed that when the
government implemented the CAL program CAL classes were more likely to replace regular
English classes than when the research team implemented the program.
The analysis conducted on our second research question found that although the average
impact of any ICT program on student English test scores was insignificant, when the two
treatment groups (CAI and CAL) were separated, the CAI program proved to be more
effective than the CAL program at raising students’ English test scores. Our investigations
into whether there were heterogeneous effects depending on students’ initial achievement
levels and teachers’ workload found differential impacts among CAI and CAL programming.
First, we found that the lower a student’s initial English performance is, the less he or she
benefited from the CAL program. In contrast, when the program was integrated into English
instruction, it benefited students who performed well as well as poorly. The program
supervisor’s regular workload was also found to not matter for the CAI program. However,
workload mattered for those CAL supervisors who were non-English teachers. When the
workload of a non-English teacher was higher than the mean, the program impact was found
to be dramatically reduced.
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1. Introduction
There are many examples of studies that establish links between school inputs and
academic performance, including experimental studies (Banerjee et al., 2003; Glewwe,
2002) and non-experimental ones (Hanushek, 1997, 2002). Among these are a significant
number of studies in developing countries that seek to determine whether inputs can reach
their intended aim in contexts where resources are limited (Banerjee et al., 2003). Integrating
Information and Communication Technology (ICT) into education promises to be one such
approach to help disadvantaged students across the world (Ebner and Holzinger, 2007;
Bakar et al., 2006; Pal, 2006; Banerjee et al., 2007; Linden, 2008; Lai et al., 2011; Mo et al.,
2014a).
Policymakers in developed and developing countries have tried various ways to use ICT for
innovation and improvement in education (Eurydice, 2001; Papanastasiou and Angeli,
2008). In many parts of the world, large investments have been made to integrate ICT into
the education system (Trucano, 2005; World Bank, 2015). For instance, Turkey spends 11.7
per cent of its education budget on ICT (Hismanoglu, 2012). China’s government also plans
to increase investment in ICT in education, with special attention to remote rural areas
(Ministry of Education, 2012a, 2012b, 2014). The Ministry of Education established an expert
committee to implement the plan. According to the plan, a computer classroom is to be set
up in every rural primary school during the 12th Five-Year Plan (Ministry of Education,
2012c).
Despite the popularity of the use of ICTs in education, researchers have found considerable
heterogeneity in the impact of ICT programs on student academic achievement. Previous
studies in developed and developing countries have shown inconsistent evidence of the
educational benefits of integrating ICT into education (e.g. Banerjee et al., 2007; Barrow et
al., 2008; Almekhlafi, 2006; Olibie, 2010; Lai et al., 2012; Lai et al., 2013; Mo et al., 2014b;
Angrist and Lavy, 2002; Rouse and Krueger, 2004; Hlas and Vuksanovich, 2007; Dynarski et
al., 2007; Chien, 2011). For instance, Banerjee et al. (2007) have shown that a computerassisted learning (CAL) program significantly helped students increase math scores. The
gains from the program persisted over time, as well, when they were measured one year
after the program concluded. A number of other studies of CAL programs in developing
countries have found positive impacts (He et al., 2008; Mo et al., 2014b). In contrast, Angrist
and Lavy (2002) found that integrating ICT into Israeli elementary schools led to a mostly
negative but insignificant impact on eighth grade students. Rouse and Krueger (2004) have
shown that an ICT program had no significant effect on student reading in US schools.
Two important facets of ICT programs and other forms of educational inputs that may affect
program effectiveness are: which organization implements the program; and whether
programs involve stand-alone learning software (CAL) or the active involvement of teachers
(computer-assisted instruction, CAI). Despite the importance of these questions, there is little
rigorous empirical evidence to better our understanding of how to best implement ICT-based
educational inputs (Duflo, Glennerster and Kremer, 2007). The only known study to have
compared a government-implemented program with an NGO-implemented program is an
experiment that involved contract teachers in Kenya (Bold et al., 2013).
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Many studies that look at ICT programs in education do not distinguish between programs
that integrate the technology into teaching and those that do not (Angrist, 2002; Linden,
2008). Among the studies that explicitly test the impact of CAI, many are small in scale. For
instance, a study in Nigeria only involved a total of 160 students in four classes (Olibie,
2010). In addition, these studies lacked a valid control group or an appropriate identification
strategy to identify the impact of CAI or CAL programs (e.g. Rahimi and Yadollahi, 2011;
Almekhlafi, 2006; Hughes, 2005). Importantly, to our knowledge, almost no study has
compared the relative effectiveness of CAI and CAL programs. Few studies have sought to
understand the mechanism for why integration of ICT into teaching either works or does not.
Whether ICT should be integrated into teaching practices has been debated in the literature
at some length (Mumtaz, 2000; Granger et al., 2002; Stockwell, 2007; Tondeur et al., 2008;
Bingimlas, 2009). On the one hand, researchers have argued that ICT’s value in education is
to provide a means to make teaching more efficient and interesting (Hismanoglu, 2012; Dina
and Ciornei, 2013; Hughes, 2005). Dina and Ciornei (2013) and Hismanoglu (2012) suggest
that ICT cannot replace the role of teachers in providing timely feedback to their students.
Therefore, it is not only desirable but also necessary for ICT to be integrated into the
teaching process. On the other hand, Rahimi and Yadollahi (2011) have suggested that
having teachers adapt to the use of ICT may just induce the replacement of traditional
teaching with ICT materials. The problem is, that in order to avoid having to spend the effort
to fully incorporate ICT into teaching, teachers may simply choose to display ICT materials
without adequate adjustment and selection to match student learning levels and pace. In this
case, student performance may even be harmed.
Another important point the literature makes is that the effectiveness of different ICT
programs may depend in part on the learning level of students at baseline. For example,
Huang et al. (2014), show that the effectiveness of ICT programs can depend on the initial
learning level of students. According to Krashen (1982), calibrating the additional amount of
new learning material relative to a student’s current level of knowledge is a crucial step to
better learning. In other words, the provision of new learning materials is most effective when
it is provided at a level just beyond the student’s current level of competence. As a result,
ICT-based instruction needs to be readily comprehensible to students for there to be
effective learning (Hatch, 1978; Long, 1996). Such a theory implies that students should
possess a minimum level of knowledge of the subject before ICT can benefit them. In other
words, ICT is not a technology that can be effectively used by a student to learn a subject
that is totally new to him or her.
In addition, the other factor determining the program’s effectiveness is the teacher
implementing it. Burston (1996), Jones (2001) and Yang and Huang (2008) show that
implementing an ICT program may increase teachers’ workload, since they need to make
efforts to prepare for and organize the new program. Therefore, a teacher’s workload at
baseline could affect the effectiveness of an ICT program. If a teacher has a heavy workload,
he or she may not be willing to carefully or fully implement an ICT program, whereas a
teacher with a lighter workload would be more inclined to implement the program. However,
researchers have also suggested that if an ICT program is effective in helping students learn
and complements regular teaching, it may require less marginal effort from the teachers to
improve student performance (Lam, 2000; Nomass, 2013). In other words, overall teacher
effort may decrease if the ICT program can help improve student performance, thus
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improving the overall efficiency of teaching. As a result, determining which type of ICT
programs works in a particular context may depend on the nature of the teacher and how
well the ICT program complements teaching practices.
Drawing on the relevant literature, there are two channels that may make the impact of a CAI
program different from a CAL program. First, while a CAI program may work for everyone,
CAL may not work if students’ knowledge level is too low. If the learning level of an individual
student is much lower than the level of learning materials that the ICT program provides, he
or she may not be able to benefit from the CAL program. Because CAI is rolled out as part of
a teaching program, the English teacher could help poorly performing students catch up with
the subject so that they may make better use of the ICT program’s materials. In contrast,
because CAL requires less engagement on the part of instructors (beyond the management
of the ICT program), poorly performing students might not be able to keep up with the
material being presented by the ICT program. Second, CAI may be more effective if the CAI
program and regular teaching complement each other. For example, the English teaching
and learning in an ICT program can complement the regular teaching in the English
curriculum. Therefore, the required marginal effort to improve students’ English level is lower
for the English teacher who is running a CAI program than for a non-English teacher who is
running a CAL program in English. As a result, we may observe that non-English teachers
with higher workloads may be less likely to exert effort to implement the CAL program than
the English teachers with higher workloads who implement a CAI program.
A further question exists with regard to who (or which entity) implements ICT programs. How
the program implementer affects the effectiveness of a program may be closely related to
the incentives of the implementer (Heckman 1991). If staff in the educational system receive
little performance incentive, they may not be motivated to exert effort (Dizon-Ross Dupas
Robinson, 2016). There may also be a lack of accountability of teachers, principals and
government officials within the educational system. In contrast, NGOs and research teams
may be more motivated and engaged in program implementation and follow up progress
more closely.
Such differences in effort between government and non-government entities may cause the
difference in the arrangement of school inputs when a new program is implemented (Allcott
and Mullainathan, 2012). Schools or teachers may re-optimize the investment of school
inputs in response to a new program (Angrist and Lavy, 2002). Under weak incentives, it
may be more likely that government staff or schools do not invest in enough school inputs to
implement a new program or cut back school inputs for other educational activities in
response to the new program, as compared with the case of an NGO or a research team is
the implementer. For example, schools or teachers may react to a new educational program
by substituting school inputs that were used in other educational activities (Rouse and
Krueger, 2004). The substitution may attenuate the impact of the program if it undermines
other productive educational activities.
The overall goal of this paper is twofold: (1) to evaluate the impact of a governmentimplemented CAL program by comparing it to a CAL program implemented by a research
team; and (2) to understand whether a CAI program is effective in raising learning outcomes
and to compare the relative effectiveness of a CAI program against a CAL program. To meet
the first goal, we compare the government’s CAL program implementation to a simultaneous
CAL program implemented by a team of researchers. To meet the second goal, we have
3

three specific objectives. First, we measure the impact of a CAI program on student
academic performance. Second, we compare the CAI program to a CAL program to
investigate the relative effectiveness of CAI. Third, we try to explore the mechanisms that
allow CAI programs to be more or less effective than CAL programs.
Both the CAI and CAL interventions discussed in this report use English language learning
as the subject of focus. There are several reasons for this choice. First of all, English is an
important second language to learn because income levels are correlated with English levels
in developed and developing countries (Munshi and Rosenzweig, 2006; He et al., 2008).
Second, English is one of the main subjects that is tested in high school and college
entrance exams in China (McKay, 2002; Bolton, 2012) and represents one-third of the total
points on each exam. Third, English teaching and learning is particularly weak in poor rural
China (Li, 2002; Zhao, 2003; Hu, 2005). Studies have shown that in China, poor English
skills is one of the biggest factors preventing rural students from attending high school
(Loyalka, 2014). However, no rigorous studies have tested whether integrating ICT into
English education is effective in improving English learning in rural China.
The rest of the paper is organized as follows. The next section presents the sampling, data
and methods of the two studies. The third section discusses the results of each study. We
draw conclusions in the final section.

2. Policy context
In its 12th Five-Year Plan, China’s central government earmarked the funds to place a
computer room in every rural school. This measure appears to have forestalled the
consequences of a sustained gap in information and computing technologies across urban
and rural areas, and to help raise academic outcomes among underperforming rural
students. However, it provides no guidance on how new computing facilities should be used.
This, in part, is a function of China’s decentralized approach to education where regional and
local governments are commonly encouraged to experiment and identify ways to leverage
central investments that target policy goals.
Nevertheless, provincial authorities charged with expending the central funds have questions
about how best to leverage such an investment. Success in China’s schools depends on
excelling in a rigorous test-based curriculum. Relative to their urban counterparts, rural
students are at a disadvantage in this system, a truth borne out by the under-representation
of rural youth in China’s upper secondary and tertiary schooling cohorts. Local authorities
have introduced computer rooms sporadically in rural schools, but evidence suggests that
such additions have not narrowed this disparity in access. In fact, casual observation
suggests much of the investment is being wasted on ineffective projects.
The Center for Experimental Economics in Education (CEEE) conducted three large-scale
randomized control trials (RCTs) to evaluate a game-based computer remedial tutoring
program designed to remediate learning in two core subjects of the national curriculum—
mathematics and Chinese. The program, a CAL, is also designed to be managed by
teachers with no ICT experience. The results of the efficacy trials indicate large impacts on
educational performance and non-cognitive outcomes among intervention students (Lai et al,
2013).
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During the qualitative phase of the previous evaluations, educators—from teachers to
principals and district superintendents—commonly reported that CAL made their schools
more exciting places to be. In particular, educators from schools that already had computers
were enthusiastic about CAL because it provided a simple means to integrate their machines
into the school day. Although happy to have computer rooms, educators admitted to not
always knowing what to do with them because their machines typically came without
educational software or a curriculum, and few staff knew how to use them. It is unclear to
what extent students even used the computers. On account of this enthusiasm, a consortium
of prefectural leaders has succeeded in convincing provincial authorities to consider CAL as
a component of the computing facilities roll-out.
The Shaanxi Policy Implementation and Analysis Office in the Shaanxi Province of western
China has implemented the CAL program as an RCT, with the assistance of the evaluation
team from CEEE. The evaluation is designed to determine whether a computer room with a
CAL program can improve student academics when compared to computer rooms without
CAL. The results of the evaluation will inform the government’s decision to integrate CAL into
the mandated expansion of rural computer classrooms. Shaanxi is a province of more than
60 million people and is considered an innovator among provinces in western China.

3. Sampling, data and methods
3.1 Sampling and the process of randomization
We conducted a clustered RCT of CAL and CAI in rural schools during the 2013/14
academic year. A total of 120 primary schools in poor minority areas in China’s Qinghai
Province are included in our study. A total of 5,574 fourth-grade students participated in the
experiment.
We adopted several steps to choose our sample. First, to focus our study on students from
poor rural areas, we restricted our sample frame to Haidong Prefecture, a poor minority area
in Qinghai Province in northwest China. Among 31 provinces in mainland China, Qinghai
ranked 30th in terms of total GDP in 2013 (National Bureau of Statistics of China, 2014). The
annual per capita net income of the selected prefecture was only around RMB6,150
(approximately USD990) (National Bureau of Statistics of China, 2014). Second, all six
counties in the prefecture were selected to be included in our sampling frame. Five of the
counties are nationally designated poor counties (ibid.).
Third, after choosing the counties, we identified 127 schools with sufficient numbers of
computers. To do this, we obtained a comprehensive list of schools in the six counties from
the local education bureau. In order to run the CAI or CAL programs in the schools, we
restricted our sample to schools that met the minimum requirement of computer facilities.
The minimum requirement is a ratio of computers to average class size of at least 0.25. This
ratio ensures that, if two students share one computer, the school has enough computers to
allow a class of students to break up into two groups and take turns to participate in the
program. We found a total of 130 schools that met the requirement. We dropped three
schools that did not have English teachers. At the end, we had a total of 127 schools in our
sample.
Our sample for the CAI intervention was composed of fifth-grade students. According to the
national curriculum, primary students start learning English in third grade (Ministry of
5

Education, 2001). However, due to a lack of English teachers, many schools in minority
areas do not start teaching English until the fourth or fifth grades (Zheng, 2009). Therefore,
the fifth grade was chosen to make sure that all students had started English learning and
the schools had English teachers that could participate in the CAI treatment.
We randomly divided the 127 sample schools into two treatment groups and one control
group. We calculated that we required 22 schools each for two intervention arms and 80
schools for the control arm to detect a standardized effect size for the outcome variable of
0.20 with 0.80 power at the five per cent significance level. We assumed an intra-cluster
correlation (ICC) of 0.1, a pre- and post-intervention correlation of 0.5. We also assumed
that there were 50 observations in each cluster on average. Since we were interested in the
contrast between each of the treatment groups and the control group, the sample size of the
control group should be larger than the sample size of the each of the treatment groups
(Duflo et al., 2007). Therefore, we included all the rest of the 83 schools from the sampling
frame to be our control group.
Based on power calculations, we randomly chose 22 schools to receive the CAI intervention
(i.e. the program sessions were instructed by an English teacher). We randomly chose
another 22 schools to receive the CAL treatment (i.e. the program sessions were supervised
by a non-English teacher). The final 83 schools were assigned to the control group. There
were a total of 1,234 (16.9 per cent) students in the 22 CAI treatment schools, 1,066 (16.93
per cent) students in the 22 CAL treatment schools, and 3,996 (63.47 per cent) students in
the control group.
We used a set of student characteristics to check the validity of the random assignment
(Tables 1 and 8). When doing so, we regressed each variable from the set of student
characteristics (see below for more details on the definition of the variables) on a dummy for
treatment group 1 and a dummy for treatment group 2. We found that the pair-wise
differences among the three groups (i.e. treatment group 1 and the control group, treatment
group 2 and the control group, and treatment group 1 and treatment group 2) were all
statistically insignificant for all the student characteristics (rows 1 to 11, columns 1 and 3).
Although at the time of the baseline survey the sample included 5,574 students, there was 6
per cent attrition by the end of the study. For various reasons (mainly school transfers and
absences due to illness or injury) at the time of the evaluation survey, we were able to follow
up with 5,253 students (Figure 1). Of the 1,818 treatment group 1 students, 1,694 remained
in our sample at final evaluation. Of the 1,933 treatment group 2 students, 1,839 remained in
our sample at final evaluation. Of 1,823 control group students, 1,720 remained in our
sample at final evaluation.
To assess whether the attrition affected the validity of the randomization, we conducted two
tests. We first regressed a dummy for attrition on a dummy for treatment group 1 and a
dummy for treatment group 2 (Table 2 and Table 9). This was to test whether the attrition
rates differed by the treatment and control groups. We found that the differences in attrition
rates between treatment group 1 and the control group, and between treatment group 2 and
the control group were small and statistically insignificant (rows 1 and 2, column 1). The Ftest also showed that treatment groups 1 and 2 did not differ in attrition rates (p-value=0.32).
In other words, the intervention did not seem to affect the likelihood of attrition. In the second
test, we included only the sample students after attrition and regressed each variable from a
set of student characteristics on a dummy for treatment group 1 and a dummy for treatment
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group 2 (Tables 3 and 10). The results showed that none of the coefficients of the treatment
group dummies were statistically significant (rows 1 to 11, columns 1 and 3), indicating there
was no evidence that the attrition affected the validity of our randomization.
Finally, because we are interested in the impact of the English CAL software on the earliest
English learners at school, we included grade four students in the experiment. During the
canvass survey, we asked English teachers about the progress of the English classes. The
national curriculum for English starts in the third grade. However, due to a lack of English
teachers in rural schools, schools vary substantially in the pace of English teaching in third
grade. Therefore, we decided to include fourth-grade students whose English classes follow
the national curriculum and therefore are more similarly paced. In total, there were 5,574
fourth-grade students in the initial sample (see Figure 1).
After identifying the 127 sample schools, we randomly chose 40 schools to receive the CAL
intervention implemented by our research team (treatment group 1), 40 schools to receive
the CAL intervention implemented by the government (treatment group 2), and 40 schools to
have no intervention (the control group). A total of 1,818 fourth-grade students were included
in treatment group 1 (Figure 1). Treatment group 2 included 1,933 fourth-grade students.
The 1,823 fourth-grade students in the rest of the 40 schools served as the control group
while the CAL intervention group, included treatment groups 1 (research team) and 2
(government).
The core part of the intervention in treatment group 1 and treatment group 2 was a
computer-assisted English remedial tutoring program. To standardize the program
implementation, we designed a detailed CAL curriculum and implementation protocol. By
following the detailed instructions in the protocol, the assigned teacher-supervisors could
easily organize and manage the CAL classes at school.
The difference between the two treatment groups was the implementer. The implementer of
the CAL program in treatment group 1 was our research team, while the implementer in
treatment group 2 was the county education bureau. Although all the training materials and
handouts for teachers, including the software and protocol, were the same for the two
groups, the research team and the government implemented the CAL program
independently.
In order to introduce the different parts of the intervention, we divide the rest of the
subsection into three parts. The first part introduces the core part of the intervention, the CAL
program. The second part describes how the CAL program was implemented among the two
treatment groups. The third part describes the control group.

3.1.1

The CAL program

The set of software for our program was designed for improving students’ basic
competences in the uniform national English curriculum. The first piece of the software was
obtained from a commercial IT company. This software provided animated reviews and
game-based remedial exercises in English for fifth-grade students. The content covered all
skills and knowledge in the English national curriculum. Our program team developed
another piece of the software package. It provided a large number of additional exercise
questions. We worked with teachers and experts from the organization Teaching English to
Speakers of Other Languages (TESOL) to choose the questions. We integrated the
questions into an animation-based game interface to make it interesting for the students.
7

Under the supervision of a local teacher-supervisor, trained by either our research group or
the government, the students in the treatment groups were supposed to have two 40-minute
CAL sessions per week during the computer classes. The sessions were mandatory. The
content of each session emphasized core competencies in the uniform national Englishlanguage curriculum. During each session, two students shared one computer and played
educational games matched to the material covered that week in regular English classes. In
a typical session the students first watched an animated video that reviewed the material
and then played games to practice the relevant skills, such as vocabulary, grammar and
reading comprehension. According to our protocol, the teacher-supervisors needed only to
help students with scheduling, computer hardware issues and software operations.
One of the most important jobs of the teacher-supervisor, was to make sure the CAL
sessions were proceeding at a pace that matched the regular English classes. Each teachersupervisor was given a manual that contained detailed instructions for implementation
protocol. The manual contained four main sections: (a) the detailed CAL curriculum; (b) CAL
classroom rules for students and teacher-supervisors; (c) the responsibilities of the teachersupervisors when supervising the CAL sessions; and (d) tutorials (in words and graphic
illustration) on basic computer operations, CAL software use and troubleshooting. We took
care in presenting the protocol in a way that was accessible to teachers without high levels
of education or experience with computer use. Any of them would be equipped to manage
the CAL program and conduct the classes.
The teacher-supervisor did not need to teach during the CAL classes. Because organizing
the CAL classes required no knowledge of the English language, the teacher-supervisor did
not need to be an English teacher. The protocol actually required a non-English teacher to
be the teacher-supervisor. We also suggested that since the CAL classes were implemented
during computer class time,1 the computer teacher should conduct the CAL sessions. The
protocol also set the rules that during the CAL sessions, if a student had an English-related
question, he or she should be encouraged to discuss it with their teammate rather than the
teacher-supervisor. We compensated each teacher-supervisor with an allowance of RMB500
(USD82) every semester.
Our protocol encouraged schools to open the computer room during lunch breaks or other
free class slots for interested students to use the CAL software under the supervision of
teachers (henceforth, these sessions are called open voluntary CAL sessions). It was not
mandatory for schools to conduct open voluntary CAL sessions.

1

There is in general a shortage of curricula to use during computer class, particularly in poor rural areas (Yang et

al. 2013). Although the education bureau requires that in these rural public school computer classes need to be
scheduled weekly, we found no school in the baseline that had employed computers and/or educational software
for instructional purposes in core academic subjects. In the computer classes, teachers typically teach students
basic computer operations (sometimes even without practicing on the computer), such as using the mouse and
keyboard, typing, web browsing, file and folder operations, etc.) At the endline of the experiment, no control group
school was found to have started using any educational software.

8

3.1.2

Implementation of the CAL program

In order to implement the program in the treatment group 1 schools, the research team
organized a half-day training about the CAL software and protocol for teacher-supervisors.
During the training, we showed video tutorials that introduced the CAL program, the content
and operation of the software and the implementation protocol. These videos were produced
in a way that allowed for standardized training in the two treatment groups. To do that, we
carefully covered everything that teachers needed to know to organize the CAL sessions.
For example, we recorded in a step-by-step fashion how each type of game should be
played, what problems students might have and what the solutions were. After the video
demonstration, the teachers attended a hands-on session to practice with the software.2
We followed up on the progress of the program implementation throughout the academic
year. We sent volunteers to help with software installation soon after the training was done.
We made regular phone calls every two months to the teachers to make sure that they
followed the protocol. We also had a hotline for teachers to contact us with problems.
Before the county education bureau organized the teacher training among the treatment
group 2 schools, the higher level of government, the prefecture education bureau (PEB)
organized a government training (“training of the trainers”). In this, they sent official
documents to county-level education bureaus explaining the program and stating the time
and location of the training. Second, each county education bureau assigned one official to
be the director of the program and participate in the government training. During the training,
the director of the PEB introduced the main goals of the program. The research team
showed the video tutorials and demonstrated how to use them for teacher training. We also
carefully explained the implementation protocol and the materials that were needed for the
training and the CAL program. We required the officials to organize hands-on sessions for
the teachers to practice and ask questions. All the materials were distributed to the officials
at the end of the training. The PEB gave a closing speech about the next steps in
implementing the program, including organizing teacher training, software installation and
monitoring progress.
After the government training, each county education bureau organized a teacher training
within the county. Only the schools in treatment group 2 were asked to send teachers to the
training. During the training the officials demonstrated how to organize the CAL classes and
had teachers practice using the software.

3.1.3

CAI intervention group

In order to facilitate the incorporation of the ICT program into English teaching practices
during CAI classes, we carefully designed and compiled a CAI implementation protocol. The
protocol included a curriculum, a lesson-by-lesson English Teaching Plan (henceforth, the
Plan) and teachers’ responsibilities. During a one-day intensive training before the program,

2

One teacher per school was invited to the training in the treatment groups and all the teachers who were invited

attended the training.
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we trained fifth-grade English teachers3 on the implementation protocol. To make sure that
help was provided whenever there was a problem with the hardware, the software package
or the protocol, we offered “24/7 consultation hotlines” to teachers.
The curriculum was designed to match the pace of English instruction in regular classes. It
had detailed information about the link between each unit in the standard curriculum and the
unit in software package. It also provided suggestions on how to match specific modules to
the learning progress of students. For instance, if a lesson introduced new vocabulary, in the
CAI classes the curriculum directed the English teachers to cover the specific modules of
listening and spelling exercises for that vocabulary. If a new dialogue was taught in the
regular classes, the curriculum took the teachers to the module that had additional dialogues
with a similar structure or context. This way, teachers had easy access to the most relevant
and suitable modules to enhance student learning as they progressed.
The goal of the Plan was to provide English teachers with various interactive activities that
they could organize during the CAI classes. The activities not only provided timely feedback
to students, they also aimed to increase interactions between students, and between
students and teachers. In the Plan, each lesson was divided into several teaching sessions.
Each session had a learning goal that matched the national curriculum. Following the
learning goals, we listed example activities that teachers could organize using the materials
or exercises provided by the software package. Activities included role-playing games, word
puzzle games and various competitions that encouraged student engagement in learning
English. These activities were designed in such a way that the materials in the software
could be incorporated into the interactions between the students and teachers. Although the
Plan had detailed information on how each class could be organized, it was a reference
book rather than a compulsory teaching plan. During the training, we emphasized that
teachers should adapt their teaching plan to the learning pace and interest of their students.
In the protocol, we also laid out the responsibilities that the English teachers needed to fulfill
in implementing the CAI classes. These responsibilities included: (a) taking attendance roll
call of each student at the beginning of each class; (b) making sure that the curriculum was
followed in such a way that each CAI class matched the curriculum of regular English
classes; (c) organizing activities to enhance interaction and learning; (d) providing timely
feedback to students, including providing immediate assistance when students experienced
difficulty in learning or in computer operations; and (e) keeping close contact with our
research group and volunteers regarding technical support or questions regarding the
protocol.
To facilitate the implementation of our CAI protocol, we compensated the English teachers
who instructed the program sessions with a stipend of RMB500 (approximately USD80) per
semester. We gave the stipend to them only if they faithfully implemented the CAI program.
To monitor how the English teachers followed the protocol, we recruited enumerators from
universities in Haidong Prefecture and sent them to visit the CAI schools during the program

3

After choosing sample classes, the English teacher teaching the fifth-grade classes in the CAI treatment group

was assigned as the teacher-supervisor for the program. The teacher assignment was simple because in the 22
CAI treatment schools, there was only one fifth-grade English teacher in each school.
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period. The enumerators randomly selected students from each treatment class and

surveyed them about how the CAI classes were conducted.
3.1.4

Control group

A total of 3,996 fifth-grade students in 83 control schools constituted the control group.4
During the program, students in the control group did not receive any intervention. To avoid
any form of spillover effects and Hawthorne effect (Landsberger, 1958), our program team
did not visit or contact any control schools except during the baseline and endline surveys.
To our knowledge, principals, teachers and students were not informed about our program.
The students in control schools took their regular classes at school as before.

3.1.5

Data collection

The research team conducted two rounds of surveys in the 127 sample schools. Phase I of
the program was a baseline survey conducted with all fourth-grade students in the 127
schools during the beginning of the fall semester in 2012. The baseline was done before any
implementation of the CAL program had begun (and before the randomization assignments
were made). Phase II was a final evaluation survey conducted at the conclusion of the
program at the end of the spring semester in 2013. The length of the program was one
academic year, or a little over nine months.
In each round of the survey, the enumeration team visited each school and conducted a
three-part survey. In the first part students were given a standardized English test. The
English test included 90 questions. Students were required to finish tests in each subject in
30 minutes. Our enumeration team strictly enforced time limits and proctored the
examinations. We used the English test scores as the measure of English academic
performance.5
In the second part of the survey, enumerators collected data on the students and their
families, including demographic and socioeconomic characteristics. The dataset included
measures of student gender, student age, whether the student belonged to an ethnic
minority, whether the student had used a computer before, whether the student was the only
child in the family, whether the mother had finished junior high or above education, whether
the father finished junior high or above education, whether the mother had a migrant job, and
whether the father had a migrant job.
In the second part of the survey, students were also asked to answer questions about their
English teachers, the English classes and other questions about non-cognitive traits. To
create indicators for student attitudes toward their English teacher and English classes
(whether they liked the English teacher and liked the English class), the students were asked
to rate their attitude on a 0–100 scale, where “0” indicated “extremely hate the English
teacher/class” and “100” indicated “extremely like the English teacher/class.” We also
4The
5

computer:student ratio is uniform across the treatment and control groups (0.13 computers per student).”

All the questions were multiple choice and the tests were graded using STATA. Therefore, the test scores were

unlikely to be biased in the grading process. The test questions were based on the standard national curriculum
for English language. These test items went through several rounds of selection, validation and piloting by the
research team and teacher experts from primary schools. In Appendix 1, we present a few example questions we
included in the test.

11

generated an index to measure the feedback students received in English classes. The
index was based on five questions on the interaction between the student and the English
teacher, such as “whether the English teacher lets me know my study progress” and
“whether the English teacher asks us questions in order to make sure that we understand
what he or she teaches”. In the second part of the survey we also asked questions to
measure the non-cognitive traits, such as self-efficacy (1–4 points),6 the education level that
students want to achieve (1=college or above; 0=below college), selfish and altruistic
indicators.7
In the third part of the survey, we evaluated the program’s implementation. First, we
measured the training quality by giving a 15-minute test at the end of the teacher trainings.
The test was designed to examine teachers’ knowledge of the software and program
implementation protocol. All teachers who participated in the trainings completed it. When
the county education bureaus conducted teacher trainings, we sent an enumerator to enter
the training room after the training was finished and set a test when the teachers were about
to leave. Second, during the evaluation survey we asked students and teachers about the
frequency of CAL classes during the 2012/13 academic year (whether the CAL classes were
organized twice per week). We also asked teachers during which time slots the CAL classes
and the open voluntary CAL sessions were arranged. If the CAL sessions replaced a regular
class, the teachers were asked to indicate which class.

3.1.6

Data collection

The research group conducted two waves of surveys in the 127 sample schools. The first
round of surveys was a baseline survey conducted with all students in 127 schools in
September 2013 at the beginning of the autumn semester. It was before any implementation
of our program had begun. The second round survey was an evaluation survey conducted at
the end of the ICT program in June 2014, a time that coincided with the end of the 2014
spring semester.
In each round of surveys, the enumeration team visited all 127 schools and conducted a
three-part survey. In the first part students were given a 30-minute standardized English test
and we used the scores of the students as our measure of student academic performance.

6

Self-efficacy is a person’s perception of their ability to plan and take action to reach a particular goal. “The

construct of Perceived Self-Efficacy reflects an optimistic self-belief” (Schwartzer, 1992). Perceived self-efficacy
is an operative construct (i.e. it is related to subsequent behavior and, therefore, is relevant for clinical practice
and behavior change). Jerusalem and Schwartzer developed the General Self-Efficiency Scale (GSE) in 1979,
which was then widely employed in measuring self-efficacy. GSE has 10 items. Each item refers to successful
coping and implies an internal-stable attribution of success. In our study, we adopted the Chinese adaption of the
GSE developed in Zhang and Schwartzer (1995).
7

We followed Jiang (2014) by conducting an experiment to elicit student other-regarding preferences. The

experiment asks the students to divide a prize either between themselves and other types of people or take the
whole prize oneself. There are four different choices that the students can make in an increasing degree of
altruism. We generated an altruistic indicator that equals 1 if the student chooses to divide the prize between
herself/himself and strangers (the most altruistic choice) and 0 if otherwise. We also generated a selfish indicator
if the students chooses to take the whole prize herself/himself.
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All of the questions on the English test in the endline survey were different from the
questions in the baseline survey. We only chose the questions that did not overlap with the
exercises in our software package. Our enumeration team strictly proctored the test and
enforced the time limit.
In the second part we collected data on the characteristics of students and their families.
From this part of the survey we were able to create demographic and socioeconomic
variables. The dataset includes measures of each student’s gender (1=female; 0=male), age
(years), ethnicity (1=Han; 0=minority), computer use (1=has used computer; 0=never used
computer), and family characteristics, such as assets, family size and siblings, and whether
the father or mother farms full time.
In the third part of the survey, we gathered information about English teachers and schools.
For example, we had questions about English teacher’s gender (1=female; 0=male), English
teacher’s ethnicity (1=Han; 0=minority), English teacher’s age (years), whether the English
teacher is hired by the education bureau or privately by the school (1=education bureau;
0=school).8 We also collected the basic characteristics of the schools, such as school area
(sq. m.) and computer:student ratio.

3.1.7

Statistical methods

We used ordinary least squares (OLS) regression analysis (both with and without
control variables) to estimate how the academic outcome changed in the treatment
groups relative to the control group and how the program implementation differed
between the treatment groups. Our basic OLS analysis regressed the evaluation
outcome variables (i.e. post-program outcome value) on the value of outcome
variables at baseline and a dummy variable measuring each student’s treatment
(CAL intervention) status. The basic OLS model is:
𝑦𝑖𝑠 = 𝛼 + 𝛽1 𝑡𝑟𝑒𝑎𝑡1𝑠 + 𝛽2 𝑡𝑟𝑒𝑎𝑡2𝑠 + 𝜃𝑦0𝑖𝑠 + 𝜀𝑖𝑠

(1)

where yis is the evaluation outcome variable for child i in school s, y0is measures the
outcome variable of the same child at the baseline, treat1s is a dummy variable for
treatment group 1 (equal to one for students in the treatment group 1 and zero otherwise;
treatment group 1 is where the research team implements CAL), 𝑡𝑟𝑒𝑎𝑡2𝑠 is a dummy
variable for treatment group 2 (equal to one for students in the treatment group 2 and zero
otherwise; treatment group 2 is where the government implements CAL), and 𝜀𝑖𝑠 is a
random disturbance term clustered at the school level.
We used several variables to measure the student outcomes and program implementation
(𝑦𝑖𝑠 ). The primary outcome variable of our analysis is the student academic outcome,
measured by the student standardized test scores in English. In addition to measuring
academic outcomes, we also measured non-cognitive traits, such as “likes English teacher”,
“likes English class”, and “feedback in English class”.
8

If a teacher is hired by the education bureau, he or she is a registered public teacher. The rural schools only

have the right to hire contract teachers who cannot be registered by the education bureau. A registered teacher
hired by the education bureau gets a higher basic salary and subsidies than the privately hired contract teachers.
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By construction, the coefficients of the dummy variables 𝑡𝑟𝑒𝑎𝑡1𝑠 and 𝑡𝑟𝑒𝑎𝑡2𝑠 ,𝛽1 and 𝛽2 ,
measure the difference in the value of the outcome variables between the treatment groups
and the control group. In other words, 𝛽1 and 𝛽2 measure how the treatment groups
changed in the outcome levels during the program period relative to the control group.
In order to improve the efficiency of the estimation, we built on the model in equation (1) by
including a set of control variables:

𝑦𝑖𝑠 = 𝛼 + 𝛽1 𝑡𝑟𝑒𝑎𝑡1𝑠 + 𝛽2 𝑡𝑟𝑒𝑎𝑡2𝑠 + 𝜃𝑦0𝑖𝑠 + 𝑋𝑖𝑠 𝛾 + 𝜀𝑖𝑠

(2)

where all the variables and parameters are the same as those in equation (1), except that
we added a set of control variables. Specifically, besides 𝑦0𝑖𝑠 , the pre-program outcome
value for student i in school s, we controlled for 𝑋𝑖𝑠 , a vector of additional control variables.
The control variables include student individual and family characteristics (rows 2 to 11 in
Table 1). In all regressions, we accounted for the clustered nature of our sample by
constructing Huber-White standard errors corrected for school-level clustering.
In order to compare the program implementation between the two treatment groups, we
adjusted the equation (2) by taking out the variable 𝑡𝑟𝑒𝑎𝑡2𝑠 and limit the samples to include
only the students of the two treatment groups. By doing this, β1 now measures the
difference in the values of the outcome variables between the treatment group 1 and
treatment group 2. The program implementation outcomes include teacher training
evaluation scores, CAL sessions twice per week, whether regular CAL classes replaced
English classes, whether open voluntary CAL sessions replaced English classes, and
whether an English teacher was appointed as the CAL teacher-supervisor. In estimation, we
also used Huber-White standard errors corrected for school-level clustering.
To evaluate how academic performance changed among students who participated in the
CAI or CAL program relative to those who did not, we used unadjusted and adjusted OLS
regression analysis. The regression models are presented in order of increasing
comprehensiveness.
To test the impact of our program, we estimated average treatment effect by regressing the
endline outcome variable (i.e. standardized endline English test score) on dummy variables
of the treatment status. The model we estimated is:

𝑦𝑖𝑠 = 𝛼 + 𝛽𝐶𝐴𝐿 ∙ 𝑡𝑟𝑒𝑎𝑡1𝑠 + 𝛽𝐶𝐴𝐼 ∙ 𝑡𝑟𝑒𝑎𝑡2𝑠 + 𝜃 ∙ 𝑦0𝑖𝑠 + 𝜀𝑖𝑠

(1)

where 𝑦𝑖𝑠 is the standardized endline English test score for child i in school s, 𝑡𝑟𝑒𝑎𝑡1𝑠 is the
dummy variable for the CAL program and 𝑡𝑟𝑒𝑎𝑡2𝑠 is the dummy variable for the CAI
program. Because the treatment was randomly assigned, 𝛽𝐶𝐴𝐿 and 𝛽𝐶𝐴𝐼 in equation (1)
provide unbiased estimates of the average treatment effect of the CAL program and the CAI
program respectively. We also included 𝑦0𝑖𝑠 , which is the English test score of the same
child at the baseline. Therefore, the coefficients, 𝛽𝐶𝐴𝐿 and 𝛽𝐶𝐴𝐼 , measure the changes in
English test score before and after the program that is due to the treatment.
To enhance the efficiency of estimation, we estimated an adjusted model by controlling a set
of variables collected at the baseline survey. The model we estimated is:

𝑦𝑖𝑠 = 𝛼 + 𝛽𝐶𝐴𝐿 ∙ 𝑡𝑟𝑒𝑎𝑡1𝑠 + 𝛽𝐶𝐴𝐼 ∙ 𝑡𝑟𝑒𝑎𝑡2𝑠 + 𝜃 ∙ 𝑦0𝑖𝑠 + 𝑋𝑖𝑠 𝛾 + 𝜀𝑖𝑠
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(2)

where 𝑋𝑖𝑠 includes a vector of covariates of student, family and school characteristics (such
as gender, age, ethnic, computer use, education level students want to achieve, family
asset, family size and siblings, characteristics of English teacher, school area,
computer:student ratio, etc.)
In order to test for the heterogeneous program effects, we also included interaction terms
between the treatment dummy variables and some key covariates in the regression model
specified in equation (2). For example, we tested whether the change in English test scores
before and after the program differed for students who were better performing at the
baseline relative to students who were worse performing. This was done by including in the
regression an interaction term between the treatment dummy variables and the variable of
baseline English test score. The model we estimated is:

𝑦𝑖𝑠 = 𝛼 + 𝛽𝐶𝐴𝐿1 ∙ 𝑡𝑟𝑒𝑎𝑡1𝑠 + 𝛽𝐶𝐴𝐼1 ∙ 𝑡𝑟𝑒𝑎𝑡2𝑠 + 𝛽𝐶𝐴𝐿2 ∙ 𝑡𝑟𝑒𝑎𝑡1𝑠 ∙ 𝑦0𝑖𝑠 + 𝛽𝐶𝐴𝐼2 ∙
𝑡𝑟𝑒𝑎𝑡2𝑠 ∙ 𝑦0𝑖𝑠 + 𝜃 ∙ 𝑦0𝑖𝑠 + 𝑋𝑖𝑠 𝛾 + 𝜀𝑖𝑠
(3)
the coefficient on the interaction term 𝛽𝐶𝐴𝐿2 and 𝛽𝐶𝐴𝐼2 indicate the heterogeneous treatment
effects by student baseline English test score. In all regressions, we accounted for the
clustered design by constructing Huber-White standard errors clustered on the school level
(relaxing the assumption that disturbance terms are independent and identically distributed
within schools).

4. Results
4.1. Study 1: scholars versus bureaucrats implementing school programs:
evidence from a randomized controlled trial of computer-assisted learning in
rural China
4.1.1

The impacts of the CAL intervention on student English test scores

The data showed that during the 2013/14 academic year, fourth-grade students whose CAL
treatment was implemented by the research group improved significantly more in their
English test scores than students in the control group (Table 4). Using equation (1), the
estimated CAL treatment effect on English test scores among the treatment group 1 students
was equal to 0.16 standard deviations and significant at the five per cent level (row 1,
column 1). Using the model controlling for the student characteristics and county dummies in
equation (2) and county dummies, the estimated CAL treatment effect of treatment group 1
went up slightly to 0.18 standard deviations (row 1, column 3).
The CAL treatment implemented by the government did not seem to change student test
scores in English relative to the control students (Table 4). Using equation (1), the estimated
CAL treatment effect on English test scores among the treatment group 2 students was
equal to -0.07 standard deviations and insignificant when using equation (1) (row 2, column
1). Using the model controlling for the various student characteristics and county dummies in
equation (2), the estimated CAL treatment effect of treatment group was 2 zero standard
deviations and insignificant (row 2, column 3). The F-test showed that the difference
between the estimated program effect on the treatment group 1 and the treatment group 2
was significant at the one per cent level. In other words, the CAL program that the research
team implemented was much more effective than the program the government implemented.
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4.1.2

Causal chain analysis

There are several possible reasons for the difference in treatment effects between the CAL
programs the research team and government implemented. First, the teacher training that
the government organized may have been less effective than the one the research team
organized. The teachers in treatment group 2 may have learned less about the software and
the protocol during the training than the teachers in treatment group 1. As a result, due to
more problems in software operation or classroom management, CAL classes may have
been less effective for treatment group 2. Second, the schools in the treatment group 2 may
have not made enough effort to pull together the school inputs to organize the CAL classes
twice a week as required by the protocol. Third, another aspect of protocol compliance is
that, instead of using the computer classes to organize CAL sessions, schools or teachers
may have cut back teacher time in other educational activities, such as English classes.
In order to understand the causal chain of the implementer effect, we tested three
hypotheses. First, we tested whether the teacher trainings that the research team organized
and the trainings that the government organized differed in teachers’ knowledge of the
software and protocol. Second, we tested whether the CAL program was conducted twice
per week by the schools in the treatment group 1 and the treatment group 2. Third, we
tested whether the CAL sessions replaced any regular classes, such as the English classes.

4.1.3

Teacher training quality

The analysis suggests that at the end of the teacher training, teachers who attended the
training the research group organized did not differ in knowledge in software and protocol
from those whose training the government organized (Table 5). Using equation (2) with only
the treatment dummy for treatment group 2 and including only the students of the two
treatment groups, the estimated difference in teacher training evaluation scores between the
treatment group 2 and the treatment group 1, was -0.07 standard deviations and insignificant
(row 1, column 1). In other words, we did not find evidence suggesting that the quality of
teacher training the county education bureau organized was significantly worse than the one
the research team organized.

4.1.4

Frequency of the CAL classes

There was some evidence that the CAL classes were organized more frequently when the
government implemented the treatment than when the research team implemented the
treatment in the first semester (Table 5). By design, both treatment group 1 and treatment
group 2 were more likely to attend the CAL sessions than the control group (rows 1 and 2,
columns 2–5). Based on the teacher survey data, the likelihood of holding CAL sessions
twice per week in the first semester and in the second semester of the 2012/13 academic
year was not significantly different between the two treatment groups (rows 1 and 2, columns
2 and 3). However, according to student survey data, the classes were more frequently
organized in the first semester among treatment group 2 (rows 1 and 2, column 4).
According to the student data, 19 per cent more of the treatment group 2 schools held the
CAL sessions twice a week than the treatment group 1 in the first semester. The difference

was not significant in the second semester (rows 1 and 2, column 5).
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4.1.5

Re-arrangement of school inputs

Our results showed that when the government implemented the CAL program, it was more
likely to have CAL classes replace regular English classes than when the research team
implemented the program (Table 6). Using the control group as the base group (no control
school replaced regular English classes with CAL classes), we showed that 39 per cent of
the treatment group 2 schools replaced regular English classes with CAL sessions (row 2,
column 1). The treatment group 1 had a much smaller percentage of schools that replaced
regular English classes with the CAL sessions (14 per cent, row 1, column 1). The difference
between the treatment group 1 and treatment group 2 is significant at the one per cent level.
In order to further investigate the school input of teacher time in the program, we looked at
whether an English teacher was assigned to be the teacher-supervisor of CAL. Using the
control group as the base group (no control school replaced regular English classes with
CAL classes), we showed that 32 per cent of the treatment group 2 schools assigned an
English teacher to supervise CAL classes (Table 6, row 2, column 3). In contrast, treatment
group 1 did not seem to have assigned an English teacher to supervise CAL classes relative
to the control group (the coefficient is not significant at the 10 per cent level). The difference
between treatment group 1 and 2 is significant at the one per cent level. In other words,
when the government implemented the program, schools were more likely to have English
teachers supervise the CAL classes and more likely to run the classes during the English
class time. In doing so, the workload of the English teachers may have been the same or
even reduced, since they did not teach as many English classes as before. They also
received an additional allowance of RMB500 per semester.
To further explore the changes in the English classes after the English teachers substituted
CAL sessions, we conducted a test to investigate whether treatment group 2 made any
difference in student attitudes toward the English classes and teachers (Table 7). We found
that students liked their English teachers better in the treatment group 2 relative to the
control group. Student ratings of their English teachers were 4.11 points higher when the
English teachers were more likely to replace the English classes with CAL sessions (row 2,
column 2). The estimated difference in the liking of the English classes between the
treatment group 2 and the control group was 2.93 but insignificant (row 2, column 1). In
contrast, the treatment group 1 did not seem to differ from the control group in the liking of
English classes or teachers (row 1, columns 1 and 2). It seems to suggest that students may
have increased their preference toward the teachers and classes when they played the
game-based CAL software during English class.
Although students liked their English teachers more, they received less feedback from the
teachers in class (Table 7). Treatment group 2 students scored 0.12 points lower in getting
feedback in English classes relative to the control group (row 2, column 3). The estimate
was significant at the five per cent level. It was not the case for treatment group 1 students,
since the English classes were not changed. Treatment group 1 students did not seem to
differ from the control group in getting feedback during regular English classes (row 1,
column 3).
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4.1.6

Heterogeneous effects

We also tested heterogeneous effects to investigate whether better- or worse-performing
students benefited differently from the CAL program that the government or the research
team implemented (Appendix 3). We included the interaction terms between the treatment
variables and student baseline English test scores in equation (2) when running the
regression. Our results showed that there was no heterogeneous effect among students in
either treatment group 1 or treatment group 2.

4.2. Study 2: which is more effective, computer-assisted learning or teaching?
Evidence from a randomized controlled trial in rural schools in China
After combining the two treatment groups and testing the average impact of any ICT
program on student English test scores, we found there was no significant impact on
students’ English performance (Table 11). Both the unadjusted and adjusted models showed
that although the program impact was estimated to be 0.05-0.06 standard deviations, it was
not significant at the 10 per cent level (column 1, rows 1 and 2). It suggests that there was
no detectable average impact of the CAL and CAI programs combined.
By separating the two treatment groups (CAI and CAL), we found that the CAI program was
significantly more effective than the CAL program (Table 12). The results show that the
program impact differed between the CAI treatment and the CAL treatment. Integration into
teaching practices was more effective (Table 12). The CAI program was estimated to have
an impact of 0.07 standard deviations and was significant at the 10 per cent level using the
unadjusted model (column 1, row 1). By controlling for the covariates at baseline, the impact
slightly increased to 0.08 standard deviations. The estimate was significant at the five per
cent level (column 2, row 1). In contrast, the coefficient on the CAL treatment was positive
but not significant at the 10 per cent level (columns 1 and 2, row 2). The difference between
the coefficients on the CAI treatment and the CAL treatment was significant at the one per
cent level, suggesting that the two treatments had different impacts on learning.

4.3. Heterogeneous treatment effects
In order to investigate the potential mechanisms that explain why the CAI treatment was
more effective than the CAL treatment, we tested the heterogeneous effects of the two
programs by student initial performance (Table 13). When we interacted the CAI treatment
variable with student English academic performance at the baseline, the coefficient on the
interaction term was small in magnitude and insignificant (Table 6, column 1, row 2). It
suggests that the better- and worse-performing students benefited similarly from the CAI
treatment. However, when we interacted the CAL treatment variable with student baseline
English score, we found the coefficient on the interaction team was 0.08 standard deviations
and was significant at the 10 per cent level (column 1, row 4). This suggests that the CAL
program worked better for the better-performing students than for the worse-performing
students. The results were consistent with the literature suggesting that the effectiveness of
ICT programs depends on the initial level of knowledge that a student has of that subject
(Hatch, 1978; Long, 1996; Gass and Mackey, 2006; Sauro, 2009). For better-performing
students, their level of English knowledge was high enough for them to benefit from the CAL
program. However, for worse-performing students, they may not have been able to benefit
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without any instruction from an English teacher. When teachers could provide guidance and
corrective feedback in the CAI programs, worse-performing students also benefited.
We also tested the heterogeneous effects of the two programs based on the workload
program supervisors faced.9 First, as CAI required the English teachers to integrate the
program into teaching, the time they needed to prepare for and teach the CAI classes may
have resulted in an increased workload (Burston, 1996; Jones, 2001; Yang and Huang,
2008). However, since the program also provided convenient additional teaching materials, it
may have required less marginal effort from the English teachers to improve student
performance (Lam, 2000; Nomass, 2013). In other words, English teachers may have been
more willing to make the effort if the CAI program complemented the regular English
teaching.
When testing the heterogeneous effects by supervisor’s workload, we found that the CAI
program worked similarly whether the workload of the supervisor was high or low (Table 14).
The coefficient on the interaction term between the CAI treatment variable and the
supervisor’s workload was insignificant at the 10 per cent level (column 1, row 3). However,
for the CAL treatment group, the supervisor’s workload mattered tremendously. If the
supervisor’s teaching workload was lower than the mean, the CAL program increased
student English performance by 0.16 standard deviations, and it was significant at the 10 per
cent level (column 1, row 4). The CAL program had no impact if the supervisor already had a
high teaching workload (column 1, row 6). The results seemed to be consistent with the
hypothesis that the CAI program was complementary to regular English teaching. On the
other hand, for CAL supervisors, the program added two classes to their regular workload
and the program was not complementary to their regular work. Therefore, regular workload
mattered more for the CAL supervisors than the CAI supervisors.

5. Conclusion
Given China’s current effort to put computer rooms in all schools in poor rural areas of
western China, the question whether computers can be effectively used to increase student
learning, becomes an important policy-relevant one. As more computers are installed in rural
schools, policymakers and school officials will need to explore various options to make full
use of these machines. Potentially, one of the most cost-effective ways is to implement a
CAL program to provide remedial tutoring. But, it is an open question whether the
government can implement the program in a way that achieves its goals.
We explored the question by conducting a randomized experiment of implementation of a
CAL program by randomly dividing schools into three groups: the research team
implemented group 1’s CAL program; the government implemented group 2’s CAL program;
and the third group served as the control. The key contribution of the study was not only in
estimating and comparing how the program impacted on two different implementation teams,
but also in estimating how the program affected relevant school inputs.
9

To create the indicator of workload, we required teachers to report their working schedule of each week during

the baseline survey. We calculated a teacher’s workload based on the number of lessons she/he taught per
week. We generated a dummy variable that equals 1 if the number of lessons taught is larger than the mean and
the variable equals 0 if otherwise.
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Our first result is that the CAL program that provided remedial English tutoring was effective
in improving student performance in English. We proved that by following the protocol of the
program implementation for an academic year the students’ test scores improved by 0.18
standard deviations. This was also the first experimental evidence showing that using
computers and appropriate software can effectively improve student learning in a second
language among disadvantaged children in China.
Second, we found that the program lost its impact when it was implemented by the
government. Reasons such as the government not adequately organizing teacher training or
launching the program were ruled out. Our analysis showed that teacher training and the
frequency of CAL classes were comparable between the programs implemented by
researchers and implemented by the government.
Instead, we found that schools in the government-implemented program were more likely to
cut back school inputs in other regular classes by having English teachers serve as the
teacher-supervisor of the CAL programs and by replacing English classes with the CAL
sessions. One possible reason for this may have been to minimize the workload of teachers.
By replacing the English classes with CAL classes, the workload of English teachers and
computer teachers remained unchanged (or was even reduced). We also found that the
substitution effect took place, as students received less feedback from teachers during
English classes, although they used computer-assisted learning software to learn English.
This also suggests that the regular English teaching may have not been more effective than
the CAL program in improving student English learning.
By speculating about the differences between researcher-implemented programs and
government-implemented ones, we think it is likely that effective monitoring may have made
the difference in program impact. We think it is unlikely that schools or teachers in the
program implemented by the research team were more motivated than those in the program
organized by the government. If there was any difference in incentive, the government may
have been more likely to motivate schools and teachers because principals or teachers
would like to be promoted to administrative positions or higher teacher ranks. However,
through regular interviews with the officials during and after implementation we found that
the officials made almost no follow-up checks on the schools or the teachers. Even when
they did, they rarely asked about whether the details of the protocol had been respected.
This may have been a key shortcoming in the government-implementation group.
We show that under the right conditions CAL can play an important role in boosting
achievement in second language learning. It is, however, immaterial that local authorities
cannot implement the program on their own. This finding has important implications for many
other inputs that researchers endorse on the basis of successes achieved when they are
implemented under experimental conditions alone. For a more precise understanding of
such program impacts, it is imperative for local authorities to manage implementation.
In this paper we also present findings of the relative effectiveness of CAI and CAL ICT
programs in rural Chinese schools with varying demographics and characteristics. The main
difference between the CAI treatment and the CAL treatment was whether the ICT program
was integrated into teaching. The CAL treatment did not involve any English teaching.
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Students only used the software for additional practice by themselves. The CAI treatment
required teachers to provide instructions and organize learning activities using the software
package. For the CAI treatment group, we provided supervisors with an English Teaching
Plan containing material on how each module in the package could be matched to the
learning progress of students and what kind of activities can be organized using each
module. The activities contained in the Plan provided timely feedback to students and aimed
to increase interactions between students and between students and teachers. For the CAL
treatment group, the supervisors had fewer responsibilities than the CAI teachers. They only
needed to help students with scheduling, computer hardware issues and software
operations. CAL supervisors were all non-English teachers and there was no English
teaching in CAL classes.
The results show that the program impact on student standardized English scores differed
between the CAI treatment group and the CAL treatment group. We found that integrating
the program into teaching practices was more effective in improving student English scores.
The CAI program increased student test scores by 0.08 standard deviations, while the CAL
program had no significant impact.
By testing for the potential mechanisms, we found interesting differential effects of the CAL
and CAI programs. First, we found that the lower a student’s initial English performance, the
less he or she benefitted from the CAL program. In contrast, when the program was
integrated into English instruction, it benefited worse- and better-performing students.
Second, the program supervisor’s regular workload did not matter for the CAI program. One
possible reason for it is that the program was complementary with the regular English
teaching. The CAI supervisors, who were English teachers, may have been able to
substitute their effort for regular English teaching with effort for instructing the CAI program
or preparing for regular classes. Therefore, the CAI program impact did not differ for English
teachers with high or low workloads. However, workload mattered for the CAL supervisors
(who were non-English teachers). When the workload of the non-English teacher was higher
than the mean, the program impact was dramatically reduced.
Although we do not know (from our data) the exact reason, interviews with non-English
teachers who had high teaching loads revealed that in many cases the CAL program
sessions were not offered, some sessions were abbreviated, and some sessions had no
supervision (so students either played games or were not directed to the correct lesson). It is
possible that this kind of non-compliance with the CAL protocol for the busiest non-English
teachers reduced the effectiveness of the treatment for this subset of students.
This paper contributes to the understanding of the conditions under which ICT interventions
are effective in raising student outcomes. To do this, we compared two ways of conducting
ICT programs in education: integration and non-integration of the program into teaching
practices. As we discuss above, integration of the ICT program into teaching appears to be
more effective than non-integration in English learning, which happens to be one of the
weakest subjects for rural students. Education experts and policymakers should take these
results into consideration when extending the ICT programs on a large scale to rural schools
in China. The intial knowledge level of students and the workload of teachers may largely
influence how effective an ICT program is in improving student learning.
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We realize that the project has limitations regarding external validity. The project was
implemented in schools in poor rural China where there is a high concentration of ethnic
minorities. This suggests that our results are mainly representative of schools with poor
resources in China and to an important extent other developing countries. The study may
say little about how such projects would work in schools that are more competitive in richer,
better-resourced communities that are dominated by one ethnic group.
Figure 1: Study #1 experiment profile
A sample of 120 schools in Haidong, Qinghai
Baseline

Province (a total of 5,574 fourth-grade students).

(Sept. 2013)

Randomly selected 40 schools to receive the CAL intervention organized by the research
Allocation
(Sept. 2013)

team (treatment group 1), 40 schools to receive the CAL intervention organized by the
government (treatment group 2), and the other 40 schools served as the control group.

Treatment group 1: 40

Treatment group 2: 40

Control group: 40

schools (1,818 fourthgrade students).

schools (1,933 fourth-

schools (1,823 fourth-

grade students ).

grade students).

6% attrition due to student illness and school transfer
Evaluation
(June 2014)
1,694 students analyzed

1,839 students analyzed
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1,720 students analyzed

Figure 2: Study #2 experiment profile

Baseline survey
(Sept. 2013)

A sample of 127 schools selected in Haidong Prefecture, Qinghai Province. A total of
6,296 fifth-grade students were included in the study.

Randomly selected 22 schools to receive CAI treatment. Randomly selected 22 schools to
receive CAL treatment. The other 83 schools served as control schools.

Allocation
(Sept. 2013)
22 CAI treatment schools: 1,234

22 CAL treatment schools: 1,066
(16.93%) students included.

(19.60%) students included.

Evaluation survey
(June 2014) and analysis

1,147 (18.22%) students
analyzed

999 (15.87%) students analyzed
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83 control schools:
3,996 students included (63.47%)

3,763 (59.77%) students
analyzed

Table 1: Comparison of the characteristics between the treatment groups and the
control group of the students before attrition
Treatment group 1

Treatment group 2

Control

Research group led

Government led

group

intervention

intervention

Coefficient

S.E.

Coefficient

S.E.

Mean

(1)

(2)

(3)

(4)

(5)

[1]

Student baseline English score (SD)

-0.02

(0.22)

0.03

(0.18)

0.00

[2]

Student gender (1=male; 0=female)

-0.01

(0.02)

-0.00

(0.02)

0.52

[3]

Student age (year)

0.04

(0.10)

-0.07

(0.10)

10.35

[4]

Student belongs to an ethnic

-0.00

(0.09)

-0.01

(0.08)

0.52

minority (1=yes; 0=no)
[5]

Student self-efficacy scale (0-4 pts)

0.00

(0.03)

0.01

(0.03)

2.62

[6]

Used computer before (1=yes;

-0.05

(0.07)

-0.00

(0.07)

0.72

0=no)
[7]

Only child (1=yes; 0=no)

0.02

(0.03)

0.02

(0.03)

1.83

[8]

Mother finished junior high or higher

-0.04

(0.06)

0.03

(0.05)

0.65

0.01

(0.04)

0.03

(0.04)

0.77

-0.03

(0.03)

-0.02

(0.03)

0.46

-0.03

(0.03)

-0.04

(0.03)

0.68

education (1=yes; 0=no)
[9]

Father finished junior high or higher
education (1=yes; 0=no)

[10]

Mother has a migrant job (1=yes;
0=no)

[11]

Father has a migrant job (1=yes;
0=no)

* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust standard errors in
parentheses clustered at school level.
Note: CAL = computer-assisted learning; CAI = computer-assisted instruction
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Table 2: Comparisons of the attrition between the treatment and control students
Dependent variable: Attrition (1=yes; 0=no)
(1)
[1]

Treatment group 1(1=yes; 0=no)

0.01
(0.02)

[2]

Treatment group 2 (1=yes; 0=no)

-0.01
(0.01)

[3]

Constant

0.06***
(0.01)

[4]

Observations

5,574

[5]

R-squared

0.001

* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust standard errors in
parentheses clustered at school level.
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Table 3: Comparisons of the characteristics between the treatment groups and the
control group of the students after attrition
Treatment group 1

Treatment group 2

Research group

Government led

led intervention

intervention

Coefficient

S.E.

Coefficient

S.E.

(1)

(2)

(3)

(4)

[1]

Student baseline English score (SD)

0.01

(0.22)

0.03

(0.18)

[2]

Student gender (1=male; 0=female)

-0.01

(0.02)

0.00

(0.02)

[3]

Student age (year)

0.03

(0.10)

-0.06

(0.10)

[4]

Student belongs to an ethnic minority (1=yes; 0=no)

-0.01

(0.09)

-0.01

(0.08)

[5]

Student self-efficacy scale (0-4 pts)

-0.00

(0.03)

0.01

(0.03)

[6]

Used computer before (1=yes; 0=no)

-0.05

(0.07)

-0.00

(0.07)

[7]

Only child (1=yes; 0=no)

0.01

(0.03)

0.02

(0.03)

[8]

Mother finished junior high or higher education

-0.03

(0.06)

0.03

(0.05)

0.01

(0.04)

0.03

(0.04)

(1=yes; 0=no)
[9]

Father finished junior high or higher education
(1=yes; 0=no)

[10]

Mother has a migrant job (1=yes; 0=no)

-0.02

(0.03)

-0.02

(0.03)

[11]

Father has a migrant job (1=yes; 0=no)

-0.03

(0.03)

-0.05

(0.03)

* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust standard errors in
parentheses clustered at school level.
S.E stands for standard error
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Table 4: Ordinary least squares estimators of the treatment effect on standardized
English test scores
Dependent variable: Evaluation English score (SD)

[1]

[2]

Treatment group 1(1=yes; 0=no)

Treatment group 2(1=yes; 0=no)

(1)

(2)

(3)

0.16**

0.16**

0.18***

(0.07)

(0.07)

(0.06)

-0.07

-0.07

0.00

(0.07)

(0.07)

(0.06)

[3]

Control

No

Yes

Yes

[4]

County dummies

No

No

Yes

[5]

Constant

-0.02

0.45**

0.64***

(0.05)

(0.19)

(0.16)

[6]

Observations

5,253

5,253

5,253

[7]

R-squared

0.642

0.651

0.697

[8]

F-stat row[1]=row[2]

11.75

11.76

11.41

* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust standard errors in
parentheses clustered at school level.
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Table 5: Ordinary least squares estimators of the implementer effects on the training
quality and the frequency of the CAL classes
Dependent variable

[1]

Treatment group

Teacher

CAL sessions

CAL sessions

CAL sessions

CAL sessions

training

twice per week

twice per week

twice per week

twice per

evaluation

in 1st

in 2nd

in 1st

week in 2nd

scores (0-

semester—

semester—

semester—

semester—

20 pts)

reported by

reported by

reported by

reported by

teacher

teacher

student

student

(1=yes; 0=no)

(1=yes; 0=no)

(1=yes; 0=no)

(1=yes; 0=no)

(1)

(2)

(3)

(4)

(5)

-a

0.46***

0.34***

0.21***

0.32***

(0.09)

(0.08)

(0.08)

(0.09)

1 (1=yes; 0=no)
[2]

Treatment group

-0.08

0.59***

0.38***

0.40***

0.28***

2 (1=yes; 0=no)

(0.47)

(0.09)

(0.09)

(0.07)

(0.06)

[3]

Control

Yes

Yes

Yes

Yes

Yes

[4]

County dummies

Yes

Yes

Yes

Yes

Yes

[5]

Observations

3,622

5,253

5,253

5,253

5,253

[6]

R-squared

0.482

0.369

0.333

0.207

0.221

[7]

F-stat
-

1.18

0.21

3.59

0.15

row[1]=row[2]

* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust standard errors in
parentheses clustered at school level.
a Control

group did not take training evaluation tests because they did not participate in the training. Therefore, in

column (1), the control group samples were not included and treatment group 1 is the base group.
Note: CAL = computer-assisted learning; CAI = computer-assisted instruction
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Table 6: Ordinary least squares estimators of the implementer effects on substitution
of CAL sessions
Dependent variable
Regular CAL
classes
replaced
English
classes
(1=yes; 0=no)

[1]

[2]

Treatment group 1 (1=yes; 0=no)

Treatment group 2 (1=yes; 0=no)

Appointed
English teacher
as the CAL
supervisor
(1=yes; 0=no)

(1)

(3)

0.14*

0.12

(0.08)

(0.07)

0.39***

0.31***

(0.09)

(0.10)

[3]

Control

Yes

Yes

[4]

County dummies

Yes

Yes

[5]

Observations

3,622

3,622

[6]

R-squared

0.338

0.364

[7]

F-stat row[1]=row[2]

4.54

4.12

* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust standard errors in
parentheses clustered at school level.
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Table 7: Ordinary least squares estimators of the treatment effects on student esteem
for English teacher and English class and the feedback students received during
English class
Dependent variable
Liking of the

Feedback in

English

the English

teacher (0–

class (0–4

100 pts)

pts)

(1)

(2)

(3)

-0.21

-3.43

-0.02

(2.84)

(3.44)

(0.06)

2.93

4.11*

-0.12**

(2.34)

(2.43)

(0.05)

Liking of the
English class
(0–100 pts)

[1]

[2]

Treatment group 1 (1=yes; 0=no)

Treatment group 2 (1=yes; 0=no)

[3]

Control

Yes

Yes

Yes

[4]

County dummies

Yes

Yes

Yes

[5]

Constant

73.33***

76.15***

2.66***

(6.19)

(6.41)

(0.16)

[6]

Observations

5253

5253

5253

[7]

R-squared

0.099

0.053

0.054

* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust standard errors in
parentheses clustered at school level.
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Table 8: Comparison of the student characteristics between the treatment and control
groups within baseline students

Variable

Difference between the treatment and
control groups within baseline
studentsb
CAI treatment
CAL treatment
(1)
(2)

Student characteristics
[1] Standardized baseline English test
score
(standard deviation)a
[2] Gender (1=female; 0=male)
[3] Age (years)
[4] Ethnic (1=Han; 0=minority)
[5] Computer use
(1=ever used computer; 0=never
used computer)
[6] Student self-efficacy (1–4 points)
[7] Education level students want to
achieve
(1=college or above; 0=below
college)
[8] Selfish (1=yes; 0=no)
[9] Altruistic (1=yes; 0=no)
[10] Like English teacher (0–100
points)
Family characteristics
[11] Log (asset)
[12] Family size bigger than 5 (1=yes;
0=no)
[13] Have elder sisters (1=yes; 0=no)
[14] Have younger sisters (1=yes;
0=no)
[15] Father farms everyday (1=yes;
0=no)
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0.02
(0.10)
0.02
(0.02)
0.11
(0.10)
0.04
(0.06)
0.06

-0.04
(0.10)
0.00
(0.02)
0.03
(0.14)
0.04
(0.07)
0.01

(0.07)
-0.02
(0.03)

(0.07)
0.05
(0.04)

-0.03

0.01

(0.04)
0.03
(0.02)
-0.05
(0.03)

(0.05)
0.01
(0.02)
-0.04
(0.03)

2.95
(2.00)

1.50
(2.27)

-0.04
(0.04)

0.00
(0.03)

0.00
(0.03)
-0.00
(0.02)

-0.01
(0.03)
-0.04
(0.03)

0.01
(0.02)

0.01
(0.02)

0.00
(0.02)

0.01
(0.03)

[16] Mother farms everyday (1=yes;
0=no)

0.01
(0.03)

-0.01
(0.03)

-0.09
(0.11)

-0.12
(0.10)

-0.02
(0.09)
-0.20
(1.36)
-0.13

0.02
(0.10)
-0.21
(1.31)
0.05

(0.09)

(0.10)

-0.13
(0.12)

0.09
(0.07)

0.02
(0.12)

-0.06
(0.09)

-1.45
(1.47)
-0.11

0.74
(1.32)
0.06

(0.09)
2,773.57
(2,265.85)
0.26
(0.29)
6,296

(0.06)
2,952.02
(3,876.97)
0.14
(0.20)
6,296

Teacher and school characteristics
[17] English teacher's gender
(1=female; 0=male)
[18] English teacher's ethnicity
(1=Han; 0=minority)
[19] English teacher's age (years)
[20] Whether the English teacher is
hired by the education bureau or
privately by the school (1=education
bureau; 0=school)
[21] Non-English teacher's gender
(1=female; 0=male)
[22] Non-English teacher's ethnicity
(1=Han; 0=minority)
[23] Non-English teacher's age
(years)
[24] Whether the Non-English
teacher is hired by the education
bureau or privately by the school
(1=education bureau; 0=school)
[25] School area (sq. m.)
[26] Computer–student ratio
[27] Observations
Source: Authors' survey

* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust
standard errors in parentheses clustered at school level.
a

The standardized baseline English test score is the score on the standardized English test that is

given to all samples’ students before the ICT program, and it is standardized using the baseline
mean and standard deviations for the control group.
b

The within-school difference between the treatment and control groups is calculated by

regressions of each of row variables on two treatment dummy variables, controlling for school
dummy variables, with robust standard errors clustered at the school level. The sample includes
both the non-attrition and the attrition observations.
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Table 9: Comparisons of attrition between the treatment and control groups
Dependent variable: attrition (1=students attrited; 0=student remained)
Attrition
Variables

(1)

[1] CAI treatment (1=yes; 0=no)

-0.01
(0.02)

[2] CAL treatment (1=yes; 0=no)

-0.01
(0.02)

[3] Constant

0.02***
(0.01)

[4] Observations

6,296

[5] R-squared

0.03

Source: Authors' survey
* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust
standard errors in parentheses clustered at school level.
The test aims to show whether attrition rates are different between the treatment and control groups.
The test regress attrition status on the treatment variables.
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Table 10: Comparison of the student characteristics between the treatment and
control groups within unattrited students

Variable

Difference between the treatment and
control groups within unattrited studentsb
CAI treatment
CAL treatment
(1)
(2)

Student characteristics
[1] Standardized baseline English test
score
(standard deviation)a
[2] Gender (1=female; 0=male)
[3] Age (years)
[4] Ethnic (1=Han; 0=minority)
[5] Computer use
(1=ever used computer; 0=never
used computer)
[6] Student self-efficacy (1–4 pts)
[7] Education level students want to
achieve
(1=college or above; 0=below
college)
[8] Selfish (1=yes; 0=no)
[9] Altruistic (1=yes; 0=no)
[10] Like English teacher (0–100 pts)
Family characteristics
[11] Log(asset)
[12] Family size bigger than 5 (1=yes;
0=no)
[13] Have elder sisters (1=yes; 0=no)
[14] Have younger sisters (1=yes;
0=no)
[15] Father farms everyday (1=yes;
0=no)
[16] Mother farms everyday (1=yes;
0=no)
34

0.02
(0.10)
0.03
(0.02)
0.12
(0.10)
0.03
(0.06)
0.06

-0.03
(0.10)
0.01
(0.02)
0.01
(0.13)
0.04
(0.07)
0.00

(0.07)
-0.03
(0.03)

(0.08)
0.05
(0.04)

-0.04

0.00

(0.04)
0.03
(0.02)
-0.05
(0.03)
2.87
(2.11)

(0.05)
0.00
(0.02)
-0.04
(0.03)
1.52
(2.35)

-0.05
(0.04)

0.00
(0.03)

-0.00
(0.03)
-0.01
(0.02)

-0.01
(0.03)
-0.04
(0.03)

0.01
(0.02)

0.00
(0.02)

0.01
(0.02)

0.01
(0.03)

0.01

-0.01

Teacher and school characteristics
[17] English teacher’s gender
(1=female; 0=male)
[18] English teacher’ ethnicity
(1=Han; 0=minority)
[19] English teacher's age (years)
[20] Whether the English teacher is
hired by the education bureau or
privately by the school (1=education
bureau; 0=school)
[21] Non-English teacher's gender
(1=female; 0=male)
[22] Non-English teacher's ethnicity
(1=Han; 0=minority)
[23] Non-English teacher's age
(years)
[24] Whether the Non-English
teacher is hired by the education
bureau or privately by the school
(1=education bureau; 0=school)
[25] School area (sq. m.)
[26] Computer:student ratio
[27] Observations

(0.03)

(0.03)

-0.09
(0.11)

-0.12
(0.11)

-0.02
(0.09)
-0.24
(1.38)
-0.12

0.02
(0.10)
-0.31
(1.32)
0.04

(0.09)

(0.10)

-0.13
(0.12)

0.08
(0.07)

0.02
(0.12)

-0.09
(0.09)

-1.74
(1.47)
-0.11

0.68
(1.30)
0.06

(0.09)
2,807.22
(2,343.78)
0.28
(0.30)
5,909

(0.05)
2,679.06
(3,693.87)
0.13
(0.20)
5,909

Source: Authors' survey
* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust
standard errors in parentheses clustered at school level.
a

The standardized baseline English test score is the score on the standardized English test that is

given to all samples’ students before the ICT program, and it is standardized using the baseline
mean and standard deviations for the control group.
b

The within-school difference between the treatment and control groups is calculated by

regressions of each of the row variables on two treatment dummy variables, controlling for school
dummy variables, with robust standard errors clustered at the school level. The sample is limited to
the unattrited observations.
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Table 11: Ordinary least squares estimators of the impact of ICT program on
standardized English test scores
Dependent variable: standardized endline English test score (standard deviation)
(1)

(2)

Unadjusted

Adjusted

Model

Model

0.05

0.06

(0.04)

(0.04)

0.71***

0.68***

(0.03)

(0.03)

NO

YES

[4] Observations

5,909

5,909

[5] R-squared

0.72

0.73

Variables

[1] Any treatment (1=yes; 0=no)

[2] Standardized baseline English test score
(standard deviation)

a

[3] Controls

Source: Authors' survey
* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust
standard errors in parentheses clustered at school level.
The test aims to show the impact of the treatment on student English test scores, the test regresses
standardized endline English test scores on treatment variable for unadjusted model and regresses
standardized endline English test scores on both treatment variables and a set of control variables
for adjusted model. The base group is the control group that did not receive either CAL or CAI
treatment.
a

The standardized baseline English test score is the score on the standardized English test that is

given to all samples’ students before the ICT program, and it is standardized using the baseline
mean and standard deviations for the control group.
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Table 12: Ordinary least squares estimators of the impact of ICT program on
standardized English test scores.
Dependent variable: standardized endline English test score (standard deviation)
(1)

(2)

Unadjusted

Adjusted

model

Model

0.07*

0.08**

(0.04)

(0.04)

0.03

0.03

(0.06)

(0.05)

0.71***

0.68***

(0.03)

(0.03)

NO

YES

[5] Observations

5,909

5,909

[6] R-squared
Source: Authors' survey

0.72

0.73

Variables

[1] CAI treatment (1=yes; 0=no)

[2] CAL treatment (1=yes; 0=no)

[3] Standardized baseline English test score
(standard deviation)a

[4] Controls

* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust
standard errors in parentheses clustered at school level.
The test aims to show the impact of the treatment on students’ English test scores; the test regresses
standardized endline English test scores on the treatment variables and a set of control variables.
a

The standardized baseline English test score is the score on the standardized English test that is

given to all samples’ students before the ICT program, and it is standardized using the baseline mean
and standard deviations for the control group.
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Table 13: Ordinary least squares estimators of the heterogeneous impact of ICT
program on standardized English test scores of students’ baseline score
Dependent variable: standardized endline English test score (standard deviation)
(1)
Variables

[1] CAI treatment (1=yes; 0=no)

0.08**
(0.04)

[2] CAI treatment* standardized baseline English
test score

0.03
(0.04)

[3] CAL treatment (1=yes; 0=no)

0.03
(0.05)

[4] CAL treatment* standardized baseline

0.08*

English test score

(0.04)
[5] Standardized baseline English test score
(standard deviation)a

0.66***
(0.03)

[6] Controls

YES

[7] Observations

5,909

[8] R-squared

0.73

Source: Authors' survey
* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust
standard errors in parentheses clustered at school level.
The test aims to show the heterogeneous impact of the ICT program on standardized English test
scores of students’ baseline score.
a

The standardized baseline English test score is the score on the standardized English test that is

given to all samples’ students before the ICT program, and it is standardized using the baseline mean
and standard deviations for the control group.
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Table 14: Ordinary least squares estimators of the heterogeneous impact of ICT
program on standardized English test scores of the supervisor’s teaching workload
Dependent variable: standardized endline English test score (standard deviation)
(1)
Variables

[1] CAI treatment (1=yes; 0=no)

0.11**
(0.05)

[2] CAI supervisor's workload (1=yes; 0=no)

0.00
(0.05)

[3] CAI treatment* CAI supervisor's workload

-0.06
-0.08

[4] CAL treatment (1=yes; 0=no)

0.16*
(0.08)

[5] CAL supervisor's workload (1=yes; 0=no)

0.02
(0.04)

[6] CAL treatment* CAL supervisor's workload

-0.19*
(0.11)

[7] Standardized baseline English test score (standard deviation)a

0.67***
(0.03)

[8] Controls

YES

[9] Observations

5,909

[10] R-squared

0.73

Source: Authors' survey
* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust standard
errors in parentheses clustered at school level.
The test aims to show the heterogeneous impact of the ICT program on standardized English test scores
of the supervisor’s workload.
a

The standardized baseline English test score is the score on the standardized English test that is given to

all samples’ students before the ICT program, and it is standardized using the baseline mean and standard
deviations for the control group.
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Figure 3: Baseline English test scores by treatment and control groups

Figure 4: Change in English test scores between baseline and endline by treatment
and control groups
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Appendix A: Example test items in the English test
(

) 1. How many ______ are there in your school?
A. teachers

(

teacher

C. teacheres

) 2. It is time ______. We are late ______ school.
A. for get up; to

(

B.

) 3.

B. to get up; for

C. to get up; to

--- ________________
--- It’s pink.

(

A.

What colour is it?

B.

What time is it?

C.

Where is it?

) 4.

---__________________
--- No, it’s rainy.

(

A.

What’s the weather like in Cairo?

B.

Is it rainy in London?

C.

Is it sunny in London?

) 5.

--- Is this _____ farm?
--- Yes, it is _____.

A.

your; mine

B.

yours; my
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C.

your; my

Appendix B: Cost-effectiveness calculations
CAL run by

CAL run by

CAL run by

CAL run by

English

non-English

the

the

teachers)

teachers

research

government

group
(1)

(2)

(3)

(4)

Teacher training

3.40

–

4.53

–

Stipend for teachers

16.21

–

21.58

–

Software

4.81

Panel A. Costs
Programmatic costs
(per student)

5.99

Cost of public funds (per
student)
4.88

–

6.42

–

Programmatic

24.42

–

32.09

–

Social

29.31

–

38.51

–

0.08

N.S.

0.18

N.S.

Programmatic

305.31

N.S.

178.29

N.S.

Social

366.37

N.S.

213.95

N.S.

Cost of taxation

Total costs (per student)

Panel B. Benefits
Program effect (English
score SD)
Panel C. Cost
effectiveness (Cost of
proving 0.01 English
score SD)

Notes: N.S. = not significant
All costs in RMB (exchange rate as of Sept. 2013 was RMB6.3/USD1).
a) The cost of the teacher training was approximately 210 yuan per teacher including fixed costs of producing
materials (20 yuan), teacher's time costs are calculated based on a daily adult wage of 120 yuan for eight hours
of work, and two-way transportation costs to and from county seat (assumed average distance is 35 km and 1
yuan per km traveled).
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b) We compensated all the teachers who instructed the program sessions with a stipend of 500 yuan per
semester.
c) We assumed the cost of software was around 3,000 yuan. Cost of installing software per school by our
research team is calculated as the sum of travel costs to the school seat, time costs, hotel costs and food costs
(147 yuan).
d) In the absence of good estimates for China, we use a deadweight loss from taxation of 20 per cent of
programmatic costs (Auriol and Warlters, 2012).
f) Effects not significant (N.S.) for the CAL run by the government group.
We also present “programmatic” cost-effectiveness (the direct monetary program costs to the implementing
organization) and social cost-effectiveness calculations. We calculate social costs as the sum of: (a)
programmatic costs; and (b) the cost of public funds. The key finding is that the CAL program run by the research
group is the most cost-effective treatment in terms of programmatic and social costs. In this group, we calculate
the programmatic cost of improving English scores by 0.01 SD to be 178.29 yuan per child (or USD28.29). The
relative social cost is 213.95 yuan (USD33.96) per child. In the group where CAL was run by the English
teachers, we calculate the programmatic cost of improving English score by 0.01 SD to be 305.31 yuan
(USD48.46) per child. The relative social cost is 366.37 yuan (USD58.15) per child.
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Appendix C: Ordinary least squares estimators of the
heterogeneous impact of ICT program on standardized English test
scores of students’ baseline score
Dependent variable: standardized endline English test score (standard deviation)
(1)

[1] Treatment group 1 (1=yes; 0=no)

0.16**
(0.07)

[2] Treatment group 1 * standardized baseline
English test score

-0.03
(0.05)

[3] Treatment group 2 (1=yes; 0=no)

-0.07
(0.07)

[4] Treatment group 2 * standardized baseline
English test score

0.00
(0.05)

[5] Standardized baseline English test score
(standard deviation)a

0.79***
(0.04)

[6] Control

Yes

[7] County dummies

Yes

[8] Observations

5,253

[9] R-squared

0.642

Source: Authors' survey
* significant at 10 per cent; ** significant at five per cent; *** significant at one per cent. Robust
standard errors in parentheses clustered at school level.
a

The standardized baseline English test score is the score on the standardized English test that is

given to all samples’ students before the program, and it is standardized using the baseline mean and
standard deviations for the control group.
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The use of information and communication
technology (ICT) in schools is considered
a promising approach for improving learning
outcomes, particularly for disadvantaged
students in developing countries. However,
researchers have so far found mixed
evidence of the impact of ICT on students’
academic outcomes. In this study,
researchers examined the factors that
influence the effectiveness of ICT as an
educational tool in China. They found that
a researcher-implemented computer-assisted
learning programme for providing remedial
English tutoring was more effective in
improving student performance in English
compared to a government-implemented
programme. The study also concludes that
a computer-assisted instruction programme
that required teachers to provide instructions
led to an improvement of English test
scores, when compared to only providing
the software without teaching support.
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