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ABSTRACT
The education of poor and disadvantaged populations has been a long-
standing challenge for education systems in both developed and devel-
oping countries. Drawing on data from two randomised controlled trials
involving two cohorts of grade 3 students in poor rural minority schools
in China’s Qinghai province, this paper explores the effects of computer-
assisted learning (CAL) on student academic and non-academic out-
comes for underserved student populations, and how interactions
between the CAL programme and existing classroom resources affect
the programme effectiveness. Results show that CAL could have signifi-
cant beneficial effects on both student academic and non-academic
outcomes. However, when the scope of the programme expanded to
include a second subject (in this case, math – which was added on top of
the Mandarin subject matter that was the focus of the first phase of the
programme), some schools had to use regular school hours for CAL
sessions. As a result, the phase II programme did not generate any
(statistically) significant improvement over the first phase.
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Introduction

The education of poor and disadvantaged populations has been a long-standing challenge for
education systems in both developed and developing countries. Unfortunately, many studies have
found that spending on traditional educational inputs alone are insufficient and do not improve
learning (Hanushek 1986, 1995; Glewwe and Kremer 2006; Planty et al. 2008; Jacob and Lefgren
2004). Consequently, researchers are actively exploring alternative methods of delivering educa-
tional inputs in order to better improve learning outcomes.

Computer-assisted learning (or CAL) is one such alternative. CAL entails the use of computers
and computing technologies to enhance learning through computerised instruction, drills and
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exercises (Kirkpatrick and Cuban 1998; President’s Committee of Advisors on Science and
Technology, 1997). By integrating regular class materials with interactive interfaces and games,
CAL is thought to hold promise for making the learning process more engaging for students (Inal
and Cagiltay 2007; Schaefer and Warren 2004). In fact, CAL has been shown to meet many
otherwise unmet needs for students in underserved schools (for example, Banerjee et al. 2007;
Barrow, Markman, and Rouse 2008; Linden 2008; He, Linden, and MacLeod 2008; Lai et al. 2013a,b;
McEwan 2014). For these vulnerable students, CAL may serve as a valuable learning tool when
teachers are not available or have too little training and/or motivation to provide adequate
instruction during or after school. CAL may also provide remedial tutoring services when commer-
cial services are either not available or not affordable. Finally, CAL may provide help that parents/
grandparents who are illiterate or too busy cannot provide. In this sense, in-school CAL pro-
grammes may be particularly effective in developing countries, where schools are often plagued
with poor facilities and unqualified teachers and computer technologies are relatively new and not
affordable for most families.

Despite its promise, the empirical evidence on the effectiveness of CAL in promoting learning is
mixed, including studies based on randomised evaluations (for example, Angrist and Lavy 2002;
Fuchs and Woosmann 2004; Goolsbee and Guryan 2006). For example, both Dynarski et al. (2007)
and Rouse and Krueger (2004) found no significant gain in test scores in either math or reading
from CAL programmes for US students. In comparison, Barrow, Markman, and Rouse (2008) found a
computer-assisted learning programme improved student math test scores by 0.17 standard
deviations in Chicago schools. CAL programmes seem to be particularly effective in developing
countries. Both Banerjee et al. (2007) and He, Linden, and MacLeod (2008) found significant positive
effects of CAL programmes on student test scores, and these effects increased over time in
Banerjee et al. (2007). Lai et al. (2013a), 2013b, 2015) and Mo et al. (2013), 2014) also found that
computer-assisted learning programmes can significantly improve the performance of underserved
students in both rural-to-urban migrant schools in Beijing and rural schools in Shaanxi, China. Lai
et al. (2015) found that a Mandarin language CAL programme improved language skills and had
positive spillovers onto math scores among non-Mandarin speaking ethnic minorities.

Many factors might have contributed to this mixed record. First, the quality of implementation
might be important to the effectiveness of the programme. For example, Mo (2015) found that the
effect of a CAL programme decreased dramatically when implemented by local governments
instead of a research team. However, not many studies in the literature have described the process
of programme implementation and how well the programme fits into the (schooling) environment
in which the programme was being implemented. Second, when CAL sessions are held during the
school day, it is possible that (some of) the positive impacts of the CAL programme are offset by
the negative effects of missing regularly scheduled class time (Angrist and Lavy 2002; Rouse and
Krueger 2004). Linden (2008) used a randomised experiment to explore this substitution effect by
examining two different CAL programmes implemented in India, finding that CAL implemented as
an in-school programme (that is, replacing regular school inputs) improved student test scores less
than when students were participating in after-school CAL programmes (where substitution was
less of an issue).

The overall goal of this paper is to explore the effects of CAL on student academic and non-
academic outcomes for underserved student populations in a developing country context. In
pursuit of this goal, we have two specific objectives. First, we examine the overall impacts of a
two-phase CAL Mandarin and math programme on student academic performance (as measured
by standardised test scores). Second, we examine whether the interactions between the CAL
programme and existing classroom resources (as well as interactions between the CAL programme
and the educational context) matter for a programme’s effectiveness. We achieve the second
objective by comparing the effects of two CAL regimens: one that delivered Mandarin language
instruction after school, and one that delivered instruction in two subjects, Mandarin and math,
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partly during and partly after school. As part of our analysis, we also report the effects of CAL
programmes on non-academic student outcomes.

To meet the goal of this study, we present the results from two randomised field experiments
using a CAL remedial tutoring programme as the treatment in 57 elementary schools. The schools
are in poor minority rural areas of Qinghai Province, one of the largest and poorest provinces in
China. Qinghai also is densely populated by ethnic minority groups. In fact, around 86 per cent of
the students in our sample are ethnic minorities. Most students in the study schools are from
impoverished rural families. Hence, these students are vulnerable not only because they are from
poor rural families and attend rural schools of poor educational quality, but also because of the
language barrier they face (Yang et al. 2013). Rural minority students often speak their own
languages or dialects at home, and, at most, only use Mandarin at school. Their parents often do
not read at all or speak Mandarin well. Most teachers in rural minority schools are minorities
themselves and often have only limited competency in Mandarin. Given the fact that almost all text
books are in Mandarin, and tests for educational progress (for example, high school and college
entrance examinations) are taken in Mandarin, poor Mandarin language competency may be a
major obstacle in the educational lives of rural minority students. As such improving the Mandarin
language skills of non-Mandarin speakers may be among their most urgent academic needs.

Among the 57 sample schools (used in both phase I and phase II of the study) 26 schools were
randomly selected to receive the CAL intervention and the remaining 31 served as controls. As
described earlier, two successive cohorts of grade 3 students in the same schools received the CAL
programmes. During the 2011–12 academic school year, the first cohort included 1822 grade 3
students (mostly aged nine to eleven). During the 2012–13 academic school year, the second
cohort included 1592 grade 3 students (also mostly aged 9–11 years).

The two CAL regimens run in the sample treatment schools – one each for each of the cohorts –
differed in two ways. The first difference was in the intensity of the CAL programme. For the first
cohort (in phase I of our study), the CAL programme was implemented in the 26 treatment schools
and only included materials on Mandarin. The students had two CAL Mandarin sessions per week
during the programme period. For the second cohort (in phase II), the CAL programme included
both Mandarin and math subjects. Because the math subject was added on (to the original
Mandarin-only CAL programme), the number of CAL sessions per week doubled. The students
then had four CAL sessions per week, two in Mandarin and two in math. As a consequence, the CAL
programme for the second cohort was more intensive than the programme for the first cohort.

The second difference between phase I and phase II of the study involved the approach to
programme implementation (or the nature of the classroom context of our CAL interventions). In the
case of the first cohort, the schools were asked to use after-school hours for all CAL sessions. Given the
lower intensity of the CAL programme for the first cohort, the CAL sessions were, in fact, all held outside
of regular school hours. Although we requested that the schools use after-school hours for the second
cohort’s CAL sessions (as they had done in phase I), some schools found this impossible and ended up
using significant numbers of in-school hours for some of the CAL sessions. Because of these differing
approaches to implementation, in the case of the first cohort the programme should be thought of as a
purely complementary input, whereas in the case of the second cohort it may be that to a certain
extent, educators (CAL promotes) have substituted CAL for existing classroom lessons.

Our study contributes to the existing literature in one key way. By comparing the effects of two CAL
programmes we demonstrate that the interactions between the CAL programme and classroom
context (regular class schedule and time, availability of teachers, student level of performance and
attitudes) appear to affect the effectiveness of the CAL programme. Our work demonstrates that CAL
has the potential to provide a relatively quick and effective remedy for the severe underperformance of
rural minority children in China (and possibly disadvantaged children in other parts of the world) in
language and other subjects. In order tomaximise the programme effects, however, it is important that
educators and policy makers consider interactions between the programme and classroom context (in
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particular, the substitution away from existing teaching resources thatmight occur if the programme is
implemented during regular classroom time periods).

The rest of this paper is organised as follows. The next section reviews the study’s research
design and sampling, explains the intervention in more detail, and describes the study’s data and
statistical approach. The following sections then present the results, discuss the findings and
conclude.

Sampling, data and methods

Sampling and the process of randomisation

We conducted a clustered randomised controlled trial of CAL in rural schools beginning in 2011. A
total of 2907 students in 57 elementary schools in poor minority areas in China’s Qinghai Province
participated in our study. The sample consists of two successive cohorts of grade 3 students. The
first cohort includes those who were grade 3 students in the academic year of 2011–12. The second
cohort includes those who were grade 3 students in the academic year of 2012–13.

We adopted a three-step process to arrive at this sample. First, because we wanted to focus on
rural ethnic minority students – among the most disadvantaged student groups in the country –
we restricted our samples to ethnic minority counties in Qinghai province, where the population is
60 per cent rural and 46 per cent ethnic minority. More specifically, we chose our sample counties
in Haidong Prefecture, which covers one of the poorest areas in the east part of Qinghai Province.
The counties in our sample frame were three relatively accessible minority autonomous counties in
Haidong Prefecture. Two out of the three sample counties are nationally-designated poverty
counties (Xunhua and Hualong); the remaining county is a provincially-designated poverty county
(Huzhu).1 Among these three counties, Xunhua is a Salar minority autonomous county, with 94 per
cent of its population ethnic minorities; Hualong is a Hui minority autonomous county (around
79% of its population are ethnic minorities), and Huzhu is a Tu minority autonomous county (25%
of its population are ethnic minorities; and it is the only Tu minority autonomous county in China).

Second, after choosing the counties, we created a sample of schools. To do so, we obtained a
comprehensive list of all schools in the sample counties. After this, we called each school to
confirm the number of minority students in that school. We excluded schools with less than 20 per
cent minority students. For convenience we also excluded schools that were either too big (more
than 150 grade 3 students – such schools would require too many computers) or too small (less
than 20 grade 3 students – such schools were in danger of being closed or merged). After these
two exclusions, there were 70 schools that met the study’s criteria. Due to limitations on the
number of computers available for use in the CAL programme, we were able to only implement
CAL in 26 treatment schools. Consequently, we then randomly chose 57 schools (26 schools for
treatment; 31 schools for controls) for our final sample.2

Finally, because the Mandarin CAL software we used was only available at the grade 3 level at
the time, we focused our CAL programme on grade 3 students. In total, there were 3701 grade 3
students included in the initial sample (1981 of whom belonged to the first cohort, and 1720 of
whom belonged to the second cohort – see Table 1). Among all of the sample grade 3 students, 86
per cent were from minority families.

Table 1. Description of sample and attrition.

Number of students Total

Cohort 1 Cohort 2

Total Treatment Control Total Treatment Control

Initial 3701 1981 805 1176 1720 722 998
Follow-up 3164 1723 683 1040 1441 594 847
Attrition 15% 13% 15% 12% 16% 18% 15%
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After choosing the 57 schools for our sample, we randomly chose (without stratification) 26
schools from these 57 schools to receive the CAL intervention. The grade 3 students in the 26
treatment schools during the 2011–12 and 2012–13 academic years constituted the treatment
students (805 of whom were from the first cohort, and 722 of whom were from the second cohort
– see Table 1). The 2174 grade 3 students in the other 31 schools served as the control students
(1176 of whom were from the first cohort, and 998 of whom from the second cohort – see Table 1).

Experiment arms/interventions

Our experiment focused fully on two treatment groups: the grade 3 students in the 26 treatment
schools during the 2011–12 academic year (the first cohort) and the grade 3 students in the same
26 treatment schools during the 2012–13 academic year (the second cohort). We also used two
control groups: the grade 3 students of the 31 control schools in the first cohort (during the 2011–
12 academic year) and the grade 3 students of the same 31 control schools in the second cohort
(during the 2012–13 academic year). For clarity and simplicity in the rest of the paper we call the
intervention received by the first cohort the phase I programme, and the intervention received by
the second cohort the phase II programme.

CAL intervention: phase I programme
The intervention of the phase I programme involved computer-assisted Mandarin remedial tutor-
ing sessions that were designed to complement the regular Mandarin language curriculum.3 Under
the supervision of two local teacher–supervisors trained by our research group, the students in the
treatment group had two 40-min CAL sessions per week during lunch break or after school. No
regular class time was used during the phase I programme. The sessions were mandatory. The
content of each session emphasised core competencies in the uniform national Mandarin language
curriculum.

During each session, two students randomly assigned as a pair shared one computer and played
educational games matched to the material covered that week in regular Mandarin class. In a
typical session, the students first watched an animated video that reviewed the material and then
they were able to play Mandarin games to practice the relevant skills, such as vocabulary, reading
comprehension and grammar introduced in class. If a student had a Mandarin-related question, he/
she was encouraged to discuss it with his/her teammate, not other teams or the teacher–super-
visor. According to our protocol, the teachers were only allowed to help students with scheduling,
computer hardware issues and software operations. According to our in-class observations, the
sessions were so intense that the attention of the students was fully on the computer and there
was almost no communications among the groups or between any of the groups and the teacher–
supervisor.

To facilitate the implementation, we also designed a detailed CAL curriculum and implementa-
tion protocol. The protocol was targeted at the teacher–supervisors that were charged with
implementing the CAL programme in each school. One of the most important jobs of the
teacher–supervisor was to make sure the CAL sessions were proceeding on a pace that matched
that of the students’ regular Mandarin classes. To avoid confounding the effect of the CAL
intervention with any influence of additional teaching inputs to the students, none of the
teacher–supervisors were Mandarin or math teachers or homeroom teachers of the grade 3
students. An implementation protocol was presented in a manual, which was given to the
teacher–supervisor as a bound booklet that contained detailed instructions.

CAL intervention: phase II programme
The implementation of the phase II CAL programme (for the second cohort of the treatment group)
was almost the same as that of the phase I programme, except that the math subject was
introduced into the programme package. Because of this, the number of CAL sessions doubled.
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Besides the two sessions of CAL intervention in Mandarin (which were identical to those provided
to students in the phase I programme), the students in the phase II programme also were offered
two CAL sessions per week in math. Like the CAL programme packages in Mandarin, the CAL
package in math was designed to complement the national uniform math curriculum on a week-
by-week basis. The classroom rules and implementation methods for the math sessions were
exactly the same as that of the Mandarin sessions.

Importantly, although we requested schools to ‘replicate’ the phase I programme in terms of the
implementation of the phase II Programme, due to the increased number of CAL sessions per week
(from two sessions per week during the phase I programme to four sessions per week during the
phase II programme), during the phase II programme some of the schools believed they had no
option but to use regular school hours for at least some of the CAL sessions. In some schools,
students and teachers live far away from their schools. Because of this, school officials want
children to leave for home shortly after classes are over. In other schools, it is not convenient for
students to spend lunch breaks at school because students must go home for lunch. In such
schools, school officials had difficulties arranging all of the CAL sessions during after-school/out-of-
school hours and had no option but to schedule some or all of the CAL sessions during in-school
hours. As a result, whereas the after-school phase I CAL programme would act as a complement to
the regular in-class instruction, the phase II CAL programme – at least in some schools – might be
more of a substitute (to the regular in-class instruction).

CAL control group
Grade 3 students in the 31 control schools constituted the CAL control group for both phase I
programme and phase II programme. For both cohorts, students in the control group did not
receive any CAL intervention. To avoid any type spillovers from the CAL intervention, the principals,
teachers and students (and their parents) of the control schools were not informed of the CAL
project. The students in the control group took their regular Mandarin and math classes at school.

Data collection

For each cohort, the research group conducted two rounds of surveys in the 57 control and
treatment schools. The first-round survey for the phase I programme was a baseline survey
conducted with all grade 3 students in the 57 schools during the 2011–12 academic year. The
baseline was done before any implementation of the CAL programme had begun (and before the
random assignments were made). The second-round data collection effort was a final evaluation
survey conducted at the conclusion of the programme at the end of the 2011–12 academic year.
The baseline and endline surveys for the phase II programme were conducted before and after the
implementation of the phase II CAL programme during the 2012–13 academic year.

In each round of survey, the enumeration team visited each school and conducted a two-part
survey. In the first part students were given a standardised Mandarin test and a standardised math
test. The Mandarin test included 40–45 questions (tests in different rounds included slightly
different numbers of questions). The math test included 25 questions. Students were required to
finish tests in each subject in 25 min. All students took the Mandarin test before taking the math
test. Our enumeration team strictly enforced time limits and proctored the examinations. We use
the scores of the students on the Mandarin and math tests as our measures of student academic
performance.

In the second part of the survey, enumerators collected data on the characteristics of students
and their families. From this part of the survey we are able to create demographic and socio-
economic variables. The dataset includes measures of whether the students were male, their ethnic
group (Han, Hui, Salar, Tu and Tibetan), county, whether they were the only child in the family,
whether their father was illiterate (father illiterate), whether their mother was illiterate (mother
illiterate), whether their parents were still farmers and worked on the family farm or if their parents
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worked off-farm (family off-farm) and whether students had ever used a computer or had ever had
access to other modern technologies. To create indicators of parental care, during the survey the
students were also asked whether their parents had migrated to some other location outside of
his/her home town or whether their parents stayed at home for most of the time during the
semester (live with both parents).

In the second part of the survey (during the surveys in both phase I and phase II), students were
also asked to answer questions that could help us measure their noncognitive traits. To create
indicators for student attitudes towards schooling (like school), the students were asked to rate
their attitude towards school on a 0–100 scale, where ‘0’ indicates ‘extremely hate school’ and ‘100’
indicates ‘extremely enjoy school.’ The indicator of self-efficacy of studying Mandarin was created
from the responses of students to a seven-item psychological scale for the self-efficacy of studying
Mandarin. To measure the self-efficacy of Mandarin studying, a professor in psychometrics at
Beijing Normal University chose among the 12 indicators of studying attitudes used in TIMSS
2003 and developed a seven-item scale of self-efficacy of Mandarin studying that is appropriate to
use under the context of elementary schools in China. Self-efficacy of studying is a psychological
concept that measures one’s belief in one’s ability to succeed in learning and problem-solving in a
certain subject. One’s sense of efficacy of studying can play a major role in how one approaches
goals, tasks, and challenges related in the study of a subject. Individuals with higher levels of self-
efficacy in studying typically take control over their own learning experience and are more likely to
participate in class and prefer hands-on learning experiences.

Statistical methods

We used ordinary least squares (OLS) regression analysis (both with and without control variables)
to estimate how the academic and noncognitive outcomes changed in the treatment group
relative to the control group. Our basic OLS analysis regressed the endline outcome variables
(that is, postprogramme outcome variables) on the value of outcome variables at baseline, a
dummy variable measuring each student’s treatment (CAL intervention) status and a cohort
dummy. First, the basic OLS model is

yisc ¼ αþ βtreatments þ θy0isc þ γcþ �isc; (1)

where yisc is the endline outcome variable for child i in school s and cohort c, y0isc measures the
outcome variable of the same child at the baseline, treatment is a dummy variable for a grade 3
student attending a treatment school (equal to 1 for students in the treatment group and 0
otherwise), c is a cohort dummy variable which is equal to 1 for the second cohort and 0 for the
first cohort, and �isc is a random disturbance term clustered at the school level.

We used several dependent variables to measure the student academic and noncognitive
outcomes (yisc). The primary outcome variable of our analysis is the student academic outcome,
measured by the student standardised test scores in Mandarin and math. Importantly, besides
variables measuring academic outcomes, we also included two noncognitive outcome variables,
namely, like school and self-efficacy in Mandarin studying.

By construction, the coefficient of the dummy variable treatment, β, measures the difference in
the value of the outcome variable between the treatment and control groups over the programme
period conditional on the baseline value of the outcome variable for each group. In other words,
βmeasures how the treatment group changed in the outcome levels during the programme period
relative to the control group.

In order to improve the efficiency of the estimation, we also estimated the same model
controlling a set of additional control variables including student individual and family character-
istics (male, ethnic group (Han, Tibetan, Tu, Hui and Salar), only child, father illiterate, mother
illiterate, family off-farm, live with both parents, ever used a computer, and access to other modern
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technology). By doing so, β is an unbiased, efficient estimate of the CAL treatment effect. In all
regressions, we accounted for the clustered nature of our sample by constructing Huber-White
standard errors corrected for school-level clustering.

To test for the difference in the CAL treatment effects between phase I treatment (which was
done for the first cohort) and phase II treatment (for the second cohort), we ran the same model as
in equation (1) (with control variables) but included one additional interaction term. The interaction
term was created by multiplying the treatment dummy by the cohort dummy. We then can use the
coefficient of the interaction term to test for the significance of the difference of the two treat-
ments. If the coefficient on the interaction term is positive (negative) and significant, it indicates
that the phase II CAL programme was more (less) effective than the phase I CAL programme.

Attrition and validity of randomisation

Although at the time of the baseline survey the main sample included 3701 grade 3 students, there
was some attrition by the end of the study for each cohort. For various reasons (mainly school
transfers and absences due to illness or injuries) at the time of the evaluation survey for the first
cohort, we were only be able to follow up with a total of 1723 grade 3 students (both treatment
and controls) (Table 1). Among the 805 treatment students in the first cohort, 683 remained in our
sample at the time of the final evaluation. This means that the attrition rate was 15 per cent.
Among the 1176 control students in the first cohort, 1040 remained in our sample at the time of
the final evaluation, indicating an attrition rate of 12 per cent. Among the 1720 students in the
second cohort (722 in the treatment group and 998 in the control group), we were only able to
follow up with 1441 students (594 in the treatment group and 847 in the control group).

To understand the nature of those that attrited and assess if the attrition affected the nature of the
sample or the validity of the randomisation, we regressed each variable from a set of student
characteristics (see later for more details on the definition of the variables) on a constant, a dummy
for attrition, a dummy for treatment and an interaction of the attrition and treatment dummies. The
student individual characteristics were those that were included as control variables in the full model
(defined earlier). According to our findings (Table 2), students who attired from the sample did differ
from those who did not attrite. For the first cohort (row 4), we see that students who attrited had
lower Math scores (column 2), a higher share of mothers that were illiterate (column 10), were less
likely to live with both parents (column 14) and were less likely to be Tu and more likely to be Hui
(columns 5 and 6). For the second cohort (row 7), students who attrited had lower Mandarin and Math
test scores (columns 1 and 2) and more access to modern technologies, and were less likely to be Tu
and Salar and more likely to be Hui (columns 5–7). However, as seen from the fact that none of the
coefficients of the interaction variables were statistically significant (rows 3, 6 and 9), there is no
evidence that the attrition affected the validity of our randomisation for either cohort.

After excluding those that attrited, we used the same set of student characteristics to check the
validity of the random assignment for our final analytic sample by regressing each variable on the
treatment dummy variable. We found the differences between the treatment and control groups
for all of the variables were statistically insignificant (Table 3). The F-test of joint significance of the
student characteristics was also insignificant.

Finally, we also used the same set of student characteristics to check the validity of the random
assignment for the whole sample (that is, the sample that included both the students in our final
analytic sample and those who attrited). When doing so, we found that the differences between
the treatment and control groups were also statistically insignificant for all student characteristics
(see the Appendix).

456 F. LAI ET AL.

D
ow

nl
oa

de
d 

by
 [

Pe
ki

ng
 U

ni
ve

rs
ity

] 
at

 1
9:

36
 1

8 
N

ov
em

be
r 

20
17

 



Ta
bl
e
2.

Co
m
pa
ris
on

s
of

th
e
st
ud

en
t
ch
ar
ac
te
ris
tic
s
be
tw
ee
n
th
e
at
tr
ite
d
st
ud

en
ts

an
d
th
os
e
re
m
ai
ni
ng

in
th
e
sa
m
pl
e
an
d
th
e
ch
ar
ac
te
ris
tic
s
of

at
tr
ite
d
st
ud

en
ts

be
tw
ee
n
th
e
tr
ea
tm

en
t
an
d

co
nt
ro
lg

ro
up

s.

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

(1
0)

(1
1)

(1
2)

(1
3)

(1
4)

Va
ria
bl
es

Ba
se
lin
e

M
an
da
rin

sc
or
e
(u
ni
ts

of
st
an
da
rd

de
vi
at
io
n)

a

Ba
se
lin
e

m
at
h
sc
or
e

(u
ni
ts
of

st
an
da
rd

bd
ev
ia
tio

n)
b

Fe
m
al
e

(1
=
ye
s;

0
=
no

)
Ti
be
ta
n

Tu
H
ui

Sa
la
r

O
nl
y

ch
ild

(1
=
ye
s;

0
=
no

)

Fa
th
er

ill
ite
ra
te

(1
=
ye
s;

0
=
no

)

M
ot
he
r

ill
ite
ra
te

(1
=
ye
s;

0
=
no

)

Ev
er

us
ed

a
co
m
pu

te
r

(1
=
ye
s;

0
=
no

)

Ac
ce
ss

to
ot
he
r

m
od

er
n

te
ch
no

lo
gi
es

b

Fa
m
ily

off
-

fa
rm

Li
ve

w
ith

bo
th

pa
re
nt
s

Bo
th

co
ho

rt
jo
in
tly

(1
)
At
tr
iti
on

−
0.
37
**
*

−
0.
40
**

−
0.
01

−
0.
04

−
0.
13
**
*

0.
18
**
*

−
0.
05

−
0.
03

0.
03

0.
07
**

0.
06

0.
04
**

0.
02

−
0.
16
**
*

(0
.1
3)

(0
.1
6)

(0
.0
3)

(0
.0
3)

(0
.0
4)

(0
.0
4)

(0
.0
2)

(0
.0
2)

(0
.0
4)

(0
.0
3)

(0
.0
3)

(0
.0
2)

(0
.0
2)

(0
.0
3)

(2
)
Tr
ea
tm

en
t

0.
00

−
0.
08

−
0.
02

0.
02

0.
03

−
0.
03

0.
01

−
0.
01

−
0.
00

0.
02

−
0.
04

−
0.
00

−
0.
00

−
0.
02

(0
.1
4)

(0
.1
2)

(0
.0
2)

(0
.0
6)

(0
.1
0)

(0
.1
2)

(0
.0
6)

(0
.0
2)

(0
.0
3)

(0
.0
4)

(0
.0
4)

(0
.0
2)

(0
.0
2)

(0
.0
4)

(3
)
Tr
ea
tm

en
t*
at
tr
iti
on

0.
07

0.
18

0.
00

0.
02

−
0.
02

0.
00

−
0.
00

0.
02

0.
01

−
0.
02

0.
03

−
0.
02

0.
03

0.
03

(0
.2
1)

(0
.2
2)

(0
.0
4)

(0
.0
5)

(0
.0
6)

(0
.0
7)

(0
.0
4)

(0
.0
3)

(0
.0
5)

(0
.0
5)

(0
.0
4)

(0
.0
3)

(0
.0
3)

(0
.0
5)

Fi
rs
t
co
ho

rt
(4
)
At
tr
iti
on

−
0.
7

−
1.
14
**
*

0.
03

−
0.
02

−
0.
10
**

0.
18
**
*

−
0.
00

0.
00

0.
00

0.
10
**

0.
09

0.
00

0.
01

−
0.
29
**
*

(0
.3
6)

(0
.3
3)

(0
.0
4)

(0
.0
4)

(0
.0
4)

(0
.0
4)

(0
.0
4)

(0
.0
3)

(0
.0
5)

(0
.0
4)

(0
.0
6)

(0
.0
3)

(0
.0
2)

(0
.0
4)

(5
)
Tr
ea
tm

en
t

0.
00

−
0.
11

−
0.
03

0.
03

0.
01

−
0.
04

0.
06

−
0.
01

−
0.
02

0.
03

−
0.
06

0.
01

−
0.
00

−
0.
03

(0
.1
6)

(0
.1
5)

(0
.0
3)

(0
.0
7)

(0
.1
0)

(0
.1
2)

(0
.1
2)

(0
.0
2)

(0
.0
3)

(0
.0
4)

(0
.0
7)

(0
.0
3)

(0
.0
2)

(0
.0
5)

(6
)
Tr
ea
tm

en
t*
at
tr
iti
on

−
0.
68

0.
08

−
0.
01

0.
03

−
0.
03

0.
05

−
0.
07

−
0.
01

0.
04

−
0.
01

0.
06

0.
04

0.
01

0.
1

(0
.3
8)

(0
.3
5)

(0
.0
7)

(0
.0
6)

(0
.0
5)

(0
.0
7)

(0
.0
7)

(0
.0
4)

(0
.0
6)

(0
.0
7)

(0
.0
9)

(0
.0
4)

(0
.0
4)

(0
.0
6)

Se
co
nd

co
ho

rt
(7
)
At
tr
iti
on

−
0.
35
**
*

−
0.
34
**

−
0.
05

−
0.
05

−
0.
17
**
*

0.
19
**
*

−
0.
09
**
*

−
0.
05

0.
05

0.
04

0.
04

0.
06
**
*

0.
03

−
0.
04

(0
.1
2)

(0
.1
5)

(0
.0
5)

(0
.0
3)

(0
.0
5)

(0
.0
7)

(0
.0
3)

(0
.0
3)

(0
.0
5)

(0
.0
4)

(0
.0
2)

(0
.0
2)

(0
.0
3)

(0
.0
5)

(8
)
Tr
ea
tm

en
t

0.
00

−
0.
05

−
0.
00

0.
01

0.
05

−
0.
02

−
0.
06

−
0.
02

0.
02

0.
00

−
0.
02

−
0.
01

−
0.
01

0.
01

(0
.1
6)

(0
.1
4)

(0
.0
3)

(0
.0
6)

(0
.1
0)

(0
.1
3)

(0
.0
5)

(0
.0
3)

(0
.0
4)

(0
.0
5)

(0
.0
4)

(0
.0
2)

(0
.0
2)

(0
.0
5)

(9
)
Tr
ea
tm

en
t*
at
tr
iti
on

0.
06

0.
11

0.
01

0.
02

−
0.
02

−
0.
05

0.
07

0.
04

−
0.
02

−
0.
03

−
0.
01

−
0.
05

0.
06

−
0.
04

(0
.2
0)

(0
.2
1)

(0
.0
7)

(0
.0
4)

(0
.0
8)

(0
.1
0)

(0
.0
4)

(0
.0
4)

(0
.0
6)

(0
.0
8)

(0
.0
4)

(0
.0
3)

(0
.0
5)

(0
.0
7)

Ro
bu

st
st
an
da
rd

er
ro
rs
cl
us
te
re
d
at

th
e
sc
ho

ol
le
ve
la
re

sh
ow

n
in

pa
re
nt
he
se
s.
Fo
r
ea
ch

co
ho

rt
,e
ac
h
co
lu
m
n
re
po

rt
s
th
e
re
su
lts

of
on

e
re
gr
es
si
on

of
th
e
co
rr
es
po

nd
in
g
st
ud

en
t
ch
ar
ac
te
ris
tic
s
in

co
lu
m
ns

(1
)–
(1
4)

on
th
e
tr
ea
tm

en
t
du

m
m
y
va
ria
bl
e,
at
tr
iti
on

du
m
m
y
va
ria
bl
e
an
d
th
e
in
te
ra
ct
io
n
be
tw
ee
n
th
es
e
tw
o
du

m
m
y
va
ria
bl
es
.R
ow

s
(1
)–
(3
)
re
po

rt
th
e
re
su
lts

fo
r
bo

th
co
ho

rt
s
jo
in
tly
,

ro
w
s
(4
)–
(6
)
re
po

rt
re
su
lts

fo
r
th
e
fi
rs
t
co
ho

rt
an
d
ro
w
s
(7
)–
(9
)
re
po

rt
re
su
lts

fo
r
th
e
se
co
nd

co
ho

rt
.

**
*
p
<
0.
01
,*
*
p
<
0.
05
.

a,
b
Th
e
ba
se
lin
e
m
at
h/
M
an
da
rin

sc
or
e
is
th
e
sc
or
e
on

th
e
st
an
da
rd
is
ed

m
at
h/
M
an
da
rin

te
st

th
at

w
as

gi
ve
n
to

al
ls
tu
de
nt
s
in

th
e
sa
m
pl
e
be
fo
re

th
e
CA

L
pr
og

ra
m
m
e.

c
Ac
ce
ss
to

ot
he
rm

od
er
n
te
ch
no

lo
gi
es

is
th
e
m
ea
n
va
lu
e
of

a
se
t
of

0/
1
du

m
m
y
va
ria
bl
es

in
cl
ud

in
g
w
he
th
er

th
e
st
ud

en
t
ha
s
us
ed

ce
ll
ph

on
e,
in
te
rn
et
,g
am

e
co
ns
ol
e,
CA

L
so
ft
w
ar
e
an
d
vi
de
os

fo
r

le
ar
ni
ng

as
si
st
an
ce
.

JOURNAL OF DEVELOPMENT EFFECTIVENESS 457

D
ow

nl
oa

de
d 

by
 [

Pe
ki

ng
 U

ni
ve

rs
ity

] 
at

 1
9:

36
 1

8 
N

ov
em

be
r 

20
17

 



Results

The impacts of the CAL programme on the student test scores

The data show that overall the CAL programme has significant effects on student academic
performance. Over the whole period (including both phases I and II of the programme), students
in the treatment group improved their standard test scores by 0.15 standard deviations more than
students in the control school on both Chinese and math tests (Table 4, row 1, columns 3–4). The
results were consistent whether we estimated the model with or without control variables (col-
umns 1–4).

To test the significance of the differences in programme effects between the phase I and II
programmes, we used the pooled sample and added the interaction term (which was the product
of the treatment dummy and cohort dummy) into model (1) with all control variables. As discussed
earlier, we then tested for the different in programme effects by examining the significance of the
coefficient of the interaction term. According to our findings, the relevant coefficients was negative

Table 3. Comparison of student and family characteristics and student access to computer and other modern technologies
between the treatment and control groups for students who did not attrite the sample.

(1) (2)

Dependent variable: the treatment dummy variable First cohort Second cohort

(1) Baseline Mandarin score (units of standard deviation)a 0.00 0.00
(0.16) (0.16)

(2) Baseline math score (units of standard deviation)b −0.11 −0.05
(0.15) (0.15)

(3) Female (1 = yes; 0 = no) −0.03 −0.00
(0.03) (0.03)

(4) Tibetan 0.03 0.01
(0.07) (0.06)

(5) Tu 0.01 0.05
(0.10) (0.10)

(6) Hui −0.04 −0.02
(0.12) (0.13)

(7) Salar 0.06 −0.06
(0.12) (0.05)

(8) Only child (1 = yes; 0 = no) −0.01 −0.02
(0.02) (0.03)

(9) Father illiterate (1 = yes; 0 = no) −0.02 0.02
(0.03) (0.04)

(10) Mother illiterate (1 = yes; 0 = no) 0.03 0.00
(0.04) (0.05)

(11) Ever used a computer (1 = yes; 0 = no) −0.06 −0.02
(0.07) (0.04)

(12) Access to other modern technologiesc 0.01 −0.01
(0.03) (0.02)

(13) Family off-farm −0.00 −0.01
(0.02) (0.02)

(14) Live with both parents −0.03 0.01
(0.05) (0.05)

(15) Observations 1723 1,441

Robust standard errors clustered at the school level in parentheses.
*** p < 0.01, ** p < 0.05.
a The baseline Mandarin score is the score on the standardised Mandarin test that was given to all students in the sample
before the CAL programme.

b The baseline math score is the score on the standardised math test that was given to all students in the sample before the
CAL programme.

c Access to other modern technologies is the mean value of a set of 0/1 dummy variables including whether the student has
used cell phone, internet, game console, CAL software and videos for learning assistance.

The difference between the treatment and control groups conditional on the other variables is calculated by regressing each of
the row variable on the treatment dummy variable.

458 F. LAI ET AL.

D
ow

nl
oa

de
d 

by
 [

Pe
ki

ng
 U

ni
ve

rs
ity

] 
at

 1
9:

36
 1

8 
N

ov
em

be
r 

20
17

 



and insignificant (Table 4, row 18, columns 5 and 6). This result indicates that the difference in
programme effects between the two CAL regimens was not statistically significant.

Based on these findings, therefore, the empirical results suggest that on the one hand, the CAL
programme (as a whole package including both regimens) did significantly improve student
academic performance in both Mandarin and Math. On the other hand, the CAL regimen in the
phase II of the experiment, while having a broader scope (Mandarin + math), did not produce
improvement in either subject (neither Mandarin nor math) when compared to the results of the
phase I programme.

When we split the sample and compare the results of each CAL regimen on each cohort, we find
even stronger evidence of the above pattern (that the more intensive and broader phase II CAL

Table 4. Ordinary least squares estimators of the impacts of CAL programme on student academic outcomes.

Both Cohorts Jointly

Dependent variable: student test scores of the
final evaluation

Mandarin
(1)

Math
(2)

Mandarin
(3)

Math
(4)

Mandarin
(5)

Math
(6)

(1) Treatment
(1 = the treatment group; 0 = the control
group)

0.11 0.15** 0.15*** 0.15** 0.20*** 0.22***
(0.06) (0.07) (0.05) (0.06) (0.07) (0.08)

(2) Baseline Mandarin score
(units of standard deviation)a

0.69*** 0.50*** 0.21*** 0.50*** 0.21***
(0.03) (0.03) (0.03) (0.03) (0.03)

(3) Baseline math score
(units of standard deviation)b

0.60*** 0.24*** 0.46*** 0.24*** 0.46***
(0.02) (0.02) (0.02) (0.02) (0.02)

(4) Female (1 = yes; 0 = no) 0.12*** 0.01 0.12*** 0.01
(0.02) (0.03) (0.02) (0.03)

(5) Tibetan −0.07 −0.02 −0.07 −0.03
(0.07) (0.07) (0.07) (0.07)

(6) Tu −0.10 −0.05 −0.11 −0.05
(0.06) (0.07) (0.06) (0.07)

(7) Hui 0.04 −0.14 0.04 −0.14
(0.09) (0.08) (0.09) (0.08)

(8) Salar −0.13 −0.05 −0.14 −0.07
(0.08) (0.09) (0.08) (0.09)

(9) Only child (1 = yes; 0 = no) −0.08** −0.04 −0.08** −0.04
(0.04) (0.04) (0.04) (0.04)

(10) Father illiterate (1 = yes; 0 = no) −0.08 −0.09** −0.08 −0.09**
(0.04) (0.04) (0.04) (0.04)

(11) Mother illiterate (1 = yes; 0 = no) −0.04 −0.01 −0.04 −0.01
(0.03) (0.03) (0.03) (0.03)

(12) Ever used a computer (1 = yes; 0 = no) 0.08** 0.05 0.08** 0.05
(0.04) (0.04) (0.04) (0.04)

(13) Access to other modern technologiesc 0.22*** 0.16** 0.22*** 0.16**
(0.07) (0.08) (0.07) (0.07)

(14) Family off-farm 0.07 0.00 0.06 −0.00
(0.05) (0.04) (0.05) (0.04)

(15) Live with both parents 0.02 −0.01 0.02 −0.01
(0.03) (0.03) (0.03) (0.03)

(16) County dummies Y Y Y Y
(17) Cohort dummies Y Y Y Y Y Y
(18) Interactions of treatment dummy and
cohort dummy

−0.11 −0.16
(0.09) (0.11)

(19) Number of observations 3164 3164 3164 3164 3164 3164

Robust standard errors clustered at the school level are shown in parentheses. Each column reports the results of one
regression of the student standardised Mandarin or math test scores over the programme period on the corresponding
variables in rows (1)–(17).

*** p < 0.01, ** p < 0.05.
a The baseline Mandarin score is the score on the standardised Mandarin test that was given to all students in the sample
before the CAL programme.

b The baseline math score is the score on the standardised math test that was given to all students in the sample before the
CAL programme.

c Access to other modern technologies is the mean value of a set of 0/1 dummy variables including whether the student has
used cell phone, internet, game console, CAL software and videos for learning assistance.
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programme did not generate any additional benefits when compared with the phase I programme,
the programme with a narrower scope). Specifically, during the phase I programme period, grade 3
students in the treatment group improved significantly more in their academic performance in
Mandarin than students in the control group (Table 5, row 1, column 1). Using the sample including
all grade 3 students in the 57 sample schools, the estimated CAL treatment effect on Mandarin test
scores is equal to 0.19 and significant at the 1 per cent level using the model controlling for the
various student characteristics.4 Moreover, even though the CAL programme during phase I only
focused on Mandarin, there was a positive and significant impact on math test scores (Table 5, row
1, column 2). Compared to their counterparts in the control schools, grade 3 students in the
treatment schools improved their math test scores by 0.23 standard deviations more than students

Table 5. Ordinary least squares estimators of the impacts of CAL programme on student academic outcomes by cohort.

First cohort Second cohort

Dependent variable: student test scores of the final evaluation
Mandarin

(1)
Math
(2)

Mandarin
(3)

Math
(4)

(1) Treatment (1 = the treatment group; 0 = the control group) 0.19*** 0.23*** 0.1 0.06
(0.06) (0.07) (0.07) (0.09)

(2) Baseline Mandarin score (units of standard deviation)a 0.53*** 0.16*** 0.46*** 0.26***
(0.03) (0.03) (0.04) (0.03)

(3) Baseline math score (units of standard deviation)b 0.21*** 0.50*** 0.29*** 0.39***
(0.03) (0.03) (0.04) (0.03)

(4) Female (1 = yes; 0 = no) 0.12*** 0.08 0.11*** −0.07
(0.03) (0.04) (0.04) (0.04)

(5) Tibetan −0.04 0.01 −0.07 0.04
(0.07) (0.07) (0.23) (0.14)

(6) Tu −0.09 −0.11 −0.07 0.13
(0.07) (0.06) (0.22) (0.17)

(7) Hui 0.01 −0.19 0.09 0.06
(0.12) (0.10) (0.11) (0.12)

(8) Salar −0.20 0.07 −0.08 0.03
(0.22) (0.13) (0.22) (0.15)

(9) Only child (1 = yes; 0 = no) −0.05 0.03 −0.13** −0.11
(0.06) (0.06) (0.05) (0.06)

(10) Father illiterate (1 = yes; 0 = no) −0.03 −0.05 −0.12 −0.13
(0.05) (0.04) (0.06) (0.07)

(11) Mother illiterate (1 = yes; 0 = no) −0.07** 0.02 0.00 −0.07**
(0.03) (0.04) (0.04) (0.04)

(12) Ever used a computer (1 = yes; 0 = no) 0.05 0.02 0.16** 0.13
(0.05) (0.05) (0.07) (0.07)

(13) Access to other modern technologiesc 0.28** 0.35*** 0.14 −0.12
(0.11) (0.09) (0.11) (0.11)

(14) Family off-farm −0.04 −0.11 0.15** 0.13
(0.06) (0.07) (0.06) (0.07)

(15) Live with both parents 0.03 0.05 0.01 −0.08
(0.04) (0.05) (0.04) (0.05)

(16) County dummies Y Y Y Y
(17) Cohort dummies
(18) Number of observations 1583 1583 1324 1324

Robust standard errors clustered at the school level are shown in parentheses. Each column reports the results of one
regression of the student standardised Mandarin or math test scores over the programme period on the corresponding
variables in rows (1)–(17). The results are similar with or without controlling variables in rows (2)–(17). We report the results
with controls for simplicity.

*** p < 0.01, ** p < 0.05.
a The baseline Mandarin score is the score on the standardised Mandarin test that was given to all students in the sample
before the CAL programme.

b The baseline math score is the score on the standardised math test that was given to all students in the sample before the
CAL programme.

c Access to other modern technologies is the mean value of a set of 0/1 dummy variables including whether the student has
used cell phone, internet, game console, CAL software and videos for learning assistance.
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in the control school during the programme period. These results suggest that the CAL interven-
tion did not improve the performance of students in Mandarin at the expense of their performance
in math. Instead, the academic benefits from the CAL intervention also appear to have had strong
spillovers on mathematics.

There are several possible reasons for the positive spillover effect of the Mandarin CAL inter-
vention onto the math performance of students during the phase I CAL programme. First, the CAL
intervention might have increased the general learning ability of the students, which helped
improve their performance in other subjects including math. Second, the game-based CAL soft-
ware may have made learning a more fun and engaging process and thus stimulated student
interest in learning Mandarin as well as other subjects (including math). Perhaps most importantly,
as discussed earlier, all academic subjects, including math, in the sample schools were taught in
Mandarin and the textbooks were written in Mandarin. Therefore, improved Mandarin language
skills through CAL may also have helped the students better understand the math course
materials.5

With such positive impacts of the phase I programme on Mandarin performance as well as
significant positive spillovers on student math performance, ex ante, one might expect to observe
even larger impacts of the CAL programme on academic performance in phase II, when a math
component was explicitly introduced into the CAL programme. With a CAL package augmented by
two sessions in math, the students not only were given more CAL sessions each week, but also
received remedial tutoring in math directly through the CAL math programmes. Because of this, it
was reasonable to expect that, at least in terms of math tests scores, student should improve even
more relative to the control group than they did during the phase I programme.

However, during the phase II programme, for the entire sample of treatment schools there was
no significant improvement in the student academic performance in either Mandarin or math. The
point estimates of the CAL treatment effects during the phase II programme for Mandarin and
math were 0.1 and 0.06 standard deviations, respectively (Table 5, row 1, columns 3 and 4).
Although positive, the measured impacts are smaller than those during the phase I programme
in magnitude and are statistically insignificant.

At first glance the findings are puzzling for two reasons. Of course, the most puzzling result
relates to the outcomes on the math tests. During the phase I CAL, the spillover from the Mandarin
programme was enough to yield a statistically significant gain in student math performance. It is
puzzling why adding a set of CAL math sessions to the intervention had no added effect on
student math performance. The other puzzle is with both the math and Mandarin results. During
the phase II programme, the overall programme intensity increased compared to that of the phase
I programme. However, more CAL sessions seem to have not brought about larger programme
effects in either math or Mandarin.

What might explain this result? There are several possible reasons that may be related to the
fact that the phase II regimen of the CAL programme became broader in scope. First, the
programme could have increased the burden on the staff managing the programme. If the more
intense programme was burdensome enough for the staff, this might have decreased the overall
quality of the implementation. However, considering that the teacher supervisors of the pro-
gramme were not there for instruction, but simply to keep the sessions in order and answer
occasional questions about the computer and software operations, it seems unlikely that any
increased burden on management could have accounted for the lack of improvement of the
phase II programme over the phase I programme.

Second, the students may simply have been burned out by the additional CAL session time.
When there were multiple sessions (Mandarin and math) rather than only one (Mandarin only),
students (to the extent that any part of the CAL programme was given during out of school hours)
had to stay longer in school for the phase II CAL programme. However, the student burnout
hypothesis is unlikely to be one of the primary reasons for the ineffectiveness of the phase II CAL
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programme, since during the endline surveys CAL treatment school students reported that their
interest in schooling increased over time.6

Third, language difficulties during the implementation of the CAL math programme may have
been one of the reasons for the absence of an effect for the phase II CAL programme. The CAL
math programme materials (that is, the game-based, animated lectures and exercises) were all in
Mandarin. The minority students, most of whom speak their own language in daily life and
Mandarin only in class (some teachers even used their own language instead of Mandarin to
deliver part of their lecture for clarity and convenience), might not have understood materials in
some of the sessions of the phase II CAL math programme due to language problems.7 Because of
these language difficulties it is possible that they did not benefit as much. Hence, it is possible that
such difficulties in language may have confused or frustrated the students more than helped them
in learning math. In other words, it might have been too early to introduce the phase II CAL math
programme in Mandarin – especially in the case of grade 3 minority students.8

Finally, substitution effects might have played an important role in this finding. There are several
reasons to think this might be the case. First, it is possible that the additional CAL session time
might have come at the expense of other activities (such as homework help sessions). In other
words, students may not have been able to become engaged in learning the subjects that were
being taught/remediated after school. Second, the phase II CAL programme in our study might
have substituted for existing classroom inputs in a way that offset at least part of the CAL
treatment effect that was observed during phase I.

According to the existing literature, as well as according to our field records from the CAL
enumerators, we found that substitution effects might be one possible reason for this finding.
Linden (2008) tried to isolate possible negative substitution effects of a CAL programme run during
schools hours by comparing two programmes, one that was run after school and one during. He
concluded that when implemented in place of existing classroom inputs, a substitution effect
appears to have attenuated the positive effects of CAL programme on student performance.
According to our data in the China phase II CAL programme, due to the increased number of
CAL sessions, many schools had to use regular school hours for at least some of the CAL sessions.
Specifically, 49 per cent, 62 per cent and 79 per cent of the treatment students in Huzhu, Xunhua
and Hualong counties, respectively, were in schools that used school hours to implement some of
the programme (Table 6, column 2). On average, during the phase II CAL programme around 63
per cent of the grade 3 treatment students were in schools that used regular school hours for the
CAL sessions. In the case of the phase I CAL programme schools, our records do not show any
schools used regular hours. Therefore, it is plausible that the CAL sessions might have crowded out
regular school instruction (or other in-classroom learning activities) and, thus, offset part of the
positive effects of the CAL programme.

To further examine whether the substitution effect played a role in the lack of improvement of
the broader phase II CAL programme over the phase I CAL programme, we executed an empirical
exercise. We restricted the observations in our analytical sample to students in schools that did not
use any regular school hours for the CAL sessions (and thus should not have been affected by the

Table 6. The percentage of students in schools that take up regular school hours for CAL in each of the three programme
counties.

County
(1)

Total number of students

(2)
Percentage of students in schools
that use regular school hours for at
least some of their CAL sessions

(1) Huzhu 504 49
(2) Xunhua 301 62
(3) Hualong 472 79
Total 1277 63

462 F. LAI ET AL.

D
ow

nl
oa

de
d 

by
 [

Pe
ki

ng
 U

ni
ve

rs
ity

] 
at

 1
9:

36
 1

8 
N

ov
em

be
r 

20
17

 



substitution effects). When doing so, the phase II CAL treatment effects – similar to the phase I CAL
treatment effects – were positive and statistically significant for both subjects. Specifically, the
phase II CAL treatment raised the Mandarin test scores of grade 3 treatment students over control
students by 0.20 standard deviations (Table 7, row 1, column 3). The coefficient was significant at
the 1 per cent level. Similarly, the phase II CAL treatment raised math test scores by 0.35 standard
deviations in math (statistically significant at the 1 per cent level – Table 7, column 4). This effect is
larger than the impact of phase I CAL treatment on student math test scores (0.23 standard
deviations), which is just a spillover effect from the phase I CAL Mandarin programme.

The most serious concern for this subsample approach is that there is no guarantee that the
differences between the measured effects of the phase II CAL when including all schools and when
only including schools that did not use regular hours is solely due to a substitution effect. It is also
possible that other inherent differences between schools that implemented the CAL sessions as
designed (using only out of regular school hour time periods) and those that chose to use regular
in-school hours for CAL sessions were driving the results. If there were such differences, we say that
the measured differences were in part due to selection bias.

Table 7. The estimators of CAL treatment effects restricting the sample to schools without substitution.

(1) (2) (3) (4)
Dependent variable: student test scores of the final evaluation Mandarin Math Mandarin Math

(1) Treatment (1 = the treatment group; 0 = the control group) 0.22*** 0.33*** 0.20*** 0.35***
(0.08) (0.12) (0.07) (0.11)

(2) Baseline Mandarin score (units of standard deviation)a 0.67*** 0.47*** 0.29***
(0.04) (0.05) (0.04)

(3) Baseline math score (units of standard deviation)b 0.57*** 0.26*** 0.34***
(0.04) (0.04) (0.03)

(4) Female (1 = yes; 0 = no) 0.11** −0.09**
(0.04) (0.04)

(5) Tibetan 0.15 −0.05
(0.12) (0.19)

(6) Tu 0.11 0.19
(0.15) (0.21)

(7) Hui 0.10 −0.03
(0.10) (0.19)

(8) Salar 0.08 −0.04
(0.16) (0.20)

(9) Only child (1 = yes; 0 = no) −0.08 −0.17**
(0.06) (0.07)

(10) Father illiterate (1 = yes; 0 = no) −0.15*** −0.11
(0.05) (0.07)

(11) Mother illiterate (1 = yes; 0 = no) −0.00 −0.06
(0.04) (0.04)

(12) Ever used a computer (1 = yes; 0 = no) 0.20*** 0.12
(0.07) (0.08)

(13) Access to other modern technologiesc 0.13 −0.00
(0.12) (0.11)

(14) Family off-farm 0.10 0.16
(0.07) (0.09)

(15) Live with both parents −0.01 −0.09
(0.04) (0.05)

(16) Observations 1065 1065 1065 1065

Robust standard errors are shown in parentheses. Each column reports the results of one regression of the student academic
outcome on the corresponding variables in rows (1)–(15). Schools without substitution refer to schools, which did not
arrange any of the CAL sessions during their in-school hours.

*** p < 0.01, ** p < 0.05.
a The baseline Mandarin score is the score on the standardised Mandarin test that was given to all students in the sample
before the CAL programme.

b The baseline math score is the score on the standardised math test that was given to all students in the sample before the
CAL programme.

c Access to other modern technologies is the mean value of a set of 0/1 dummy variables including whether the student has
used cell phone, internet, game console, CAL software and videos for learning assistance.
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To assess whether there was a confounding influence from selection bias, we first compared the
school and student characteristics between these two types of schools. The set of student
characteristics were the same as those we used for testing the randomisation of the programme
treatment. The school-level characteristics included the number of students, the teacher–student
ratio, the proportion of female teachers, an index of the availability of school facilities and the
proportion of students receiving poverty subsidies. When comparing the differences between the
two types of schools, we found no significant differences between the two types of schools student
or school-level characteristics (Tables 8 and 9).

We also added a placebo test to gauge the sample selection problem of this approach. To be
more specific, we re-estimated the impacts of our CAL phase I programme on the student by
comparing schools that had arranged at least some of the CAL sessions during regular school hours
during phase II to the control schools. If there existed serious selection bias due to differences
between treatment schools that used some regular school hours for CAL sessions and those that

Table 8. Differences in student characteristics between schools that took up in-school hours for CAL
sessions and those that did not.

Variables

A dummy variable of whether the
student

attended schools that took up regular
school hours for CAL sessions or not

(1) Baseline Mandarin score (units of standard
deviation)a

0.02
(0.03)

(2) Baseline math score (units of standard deviation)b −0.06
(0.04)

(3) Female (1 = yes; 0 = no) −0.00
(0.02)

(4) Tibetan −0.11
(0.17)

(5) Tu 0.00
(0.18)

(6) Hui −0.02
(0.18)

(7) Salar −0.13
(0.15)

(8) Only child (1 = yes; 0 = no) −0.05
(0.05)

(9) Father illiterate (1 = yes; 0 = no) 0.04
(0.06)

(10) Mother illiterate (1 = yes; 0 = no) 0.05
(0.04)

(11) Ever used a computer (1 = yes; 0 = no) −0.05
(0.06)

(12) Access to other modern technologiesc 0.11
(0.09)

(13) Family off-farm −0.04
(0.05)

(14) Live with both parents −0.01
(0.04)

(15) Observations 1441

Robust standard errors clustered at the school level are shown in parentheses.
*** p < 0.01, ** p < 0.05.
a The baseline Mandarin score is the score on the standardised Mandarin test that was given to all
students in the sample before the CAL programme.

b The baseline math score is the score on the standardised math test that was given to all students in
the sample before the CAL programme.

c Access to other modern technologies is the mean value of a set of 0/1 dummy variables including
whether the student has used cell phone, internet, game console, CAL software and videos for
learning assistance. The coefficients in the column report the results of one regression of the a
dummy variable of whether the student attended schools that took up regular school hours for CAL
Mandarin or math sessions or not on the student characteristics in the row variables.
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did not, we should expect differential CAL treatment effect estimates between the results of this
placebo test and those using the whole sample. To be more specific, we should expect to find
insignificant phase I treatment effects from the placebo tests. However, the results of the placebo
were consistent with the findings using the whole sample (Table 10, row 1, columns 1–4). Based on
this, we believe that the lack of improvement in CAL programme effects during the phase II
programme is unlikely to have been caused by sample selection (or systematic differences between
schools that used some regular school hours for CAL sessions and those that did not).

The benefits of CAL come with a cost in several aspects of the programme. From the perspective
of China’s policymakers considering to upscale the programme, computer hardware itself is already
a sunk cost given that the government is installing computer labs in every rural elementary school
as part of its Twelfth Five Year Plan. The marginal costs that are needed to execute the programme
include teacher training, maintenance costs and compensation for CAL teacher–supervisors.
Another major source of the programme cost is compensation for the teacher–supervisors. On
average, one teacher–supervisor was in charge of 30 students, and we paid each teacher 120 yuan
($18) per month on average. Therefore, the cost in teacher compensation was $4.8 per student
($18 divided by 30 and then times 8 (months)). In addition to the cost related teacher–supervisor
compensation, the maintenance cost amounts to $1 per student; the teacher training cost is
around $1.8 per student; the software is negligible when averaged by the number of students.
Therefore, the total per-student cost of our CAL programme is $7.6. Given that the average
programme effect is 0.15 standard deviations, the CAL programme costs $5.1 per tenth of a
standard deviation improvement in the student test score.

Effects of the CAL intervention on student non-academic outcomes

Our findings about the effects of CAL intervention on the self-efficacy of students who were
studying Mandarin also support our hypothesis that language barrier might have offset the
potential beneficial CAL treatment effects on the student academic outcomes. Our analysis
shows that the phase I CAL intervention had significantly positive effects on the self-efficacy of
Mandarin studying, whereas the phase II CAL intervention did not have such a benefit (Table 11,
row 1, columns 2 and 3). One conclusion we can draw from this finding is that the language
barriers or difficulties the minority students had with the CAL math programme might also be one
important reason for absence of improvement in the CAL treatment schools on the math perfor-
mance during the phase II CAL programme over the phase I CAL programme. For example,
students may become frustrated if they perform poorly in a math game due to their limited
Mandarin comprehension. The difficulties in the math content itself might also exacerbate their
confusion and frustration from the language difficulties. This language barrier, in turn, may

Table 9. Differences in school characteristics between schools that took up in-school hours for CAL sessions and those that did
not.

(1) (2) (3) (4) (5)

Number of
students

Teacher–
student ratio

The proportion of
female teachers

School
facility
indexa

The proportion of students
receiving poverty subsidies

Substitution
(yes = 1; no = 0)

20.09 −0.003 −0.0193 −0.046 −0.12
(30.03) (0.008) (0.076) (0.053) (0.123)

Observations 26 26 26 26 26

Robust standard errors are shown in parentheses. Each column reports the results of one regression of the corresponding
school characteristics on a dummy variable of whether the school took up regular in-school hours for CAL Mandarin or math
sessions or not.

*** p < 0.01, ** p < 0.05.
a The school facility index is the mean value of a set of 0/1 dummy variables indicating the availability (0 = unavailable;
1 = available) of some school facilities, including enclosure, playground, reading room, library, running water, hot water and
clinic.
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contribute to the lower levels of self-efficacy in Mandarin studying despite improvement in their
Mandarin test scores (among students that did not suffer from the substitution effects). With lower
self-efficacy in Mandarin studying, as well as the substitution effects, it is not surprising to find no
significant improvement in CAL treatment effects during the phase II programme compared to the
phase I programme.

We also examined the effects of CAL intervention on student interest in schooling. For the
phase II programme, controlling for their initial attitudes at the beginning of the programme,
students in the treatment schools ‘liked school’ significantly more than those in the control
schools; this beneficial effect was not observed during the phase I programme (Table 11,
columns 5 and 6). Hence, it seems that with the phase II programme, students in the second

Table 10. Placebo test: the estimates of the phase I CAL treatment effects for treatment schools that used at least some regular
school hours for CAL sessions during the phase II programme.

Sample: All control and
treatment schools (for

comparison)

Sample: control schools
and treatment schools

that used regular
school hours for CAL

sessions during phase II

Dependent variable: student test scores on the final evaluation of the
phase I programme

(1)
Mandarin

(2)
Math

(3)
Mandarin

(4)
Math

(1) Treatment (1 = the treatment group; 0 = the control group) 0.19*** 0.23*** 0.16** 0.25***
(0.06) (0.07) (0.07) (0.09)

(2) Baseline Mandarin score (units of standard deviation)a 0.53*** 0.16*** 0.53*** 0.16***
(0.03) (0.03) (0.04) (0.04)

(3) Baseline math score (units of standard deviation)b 0.21*** 0.50*** 0.21*** 0.51***
(0.03) (0.03) (0.03) (0.04)

(4) Female (1 = yes; 0 = no) 0.12*** 0.08 0.12*** 0.10**
(0.03) (0.04) (0.03) (0.05)

(5) Tibetan −0.04 0.01 −0.05 0.09
(0.07) (0.07) (0.09) (0.07)

(6) Tu −0.09 −0.11 −0.07 −0.13
(0.07) (0.06) (0.09) (0.07)

(7) Hui 0.01 −0.19 0.00 −0.16
(0.12) (0.10) (0.13) (0.11)

(8) Salar −0.20 0.07 −0.26 0.10
(0.22) (0.13) (0.27) (0.17)

(9) Only child (1 = yes; 0 = no) −0.05 0.03 −0.09 0.01
(0.06) (0.06) (0.07) (0.07)

(10) Father illiterate (1 = yes; 0 = no) −0.03 −0.05 −0.03 −0.08
(0.05) (0.04) (0.05) (0.05)

(11) Mother illiterate (1 = yes; 0 = no) −0.07** 0.02 −0.08** 0.03
(0.03) (0.04) (0.04) (0.04)

(12) Ever used a computer (1 = yes; 0 = no) 0.05 0.02 0.04 0.05
(0.05) (0.05) (0.05) (0.05)

(13) Access to other modern technologiesc 0.28** 0.35*** 0.26** 0.33***
(0.11) (0.09) (0.11) (0.10)

(14) Family off-farm −0.04 −0.11 −0.06 −0.11
(0.06) (0.07) (0.07) (0.07)

(15) Live with both parents 0.03 0.05 0.03 0.07
(0.04) (0.05) (0.04) (0.05)

(16) Observations 1583 1583 1471 1471

Robust standard errors are shown in parentheses. Each column reports the results of one regression of the student academic
outcome on the corresponding variables in rows (1)–(15). Columns (1) and (2) are the same as columns (1) and (2) of Table 5,
and are reported here for comparison purpose.

*** p < 0.01, ** p < 0.05.
a The baseline Mandarin score is the score on the standardised Mandarin test that was given to all students in the sample
before the CAL programme.

b The baseline math score is the score on the standardised math test that was given to all students in the sample before the
CAL programme.

c Access to other modern technologies is the mean value of a set of 0/1 dummy variables including whether the student has
used cell phone, internet, game console, CAL software and videos for learning assistance.
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cohort in the treatment schools had more access to CAL than those of the first cohort (with the
phase I programme). Whether they gained improvement in test scores or not, they got to play
with the animated game-based CAL programme more often than their counterparts in the first
cohort. While this may have made their learning experience more interesting, and thus they
liked school better than students of the first cohort, a programme that improved learning
interest appears to have not necessarily improved the learning efficacy or test scores of the
students. Moreover, the increased interest in learning during the phase II programme also

Table 11. Ordinary least squares estimators of the impacts of CAL programme on student non-academic outcomes.

Self-efficacy of Mandarin study Like School

Both cohorts
First
cohort

Second
cohort

Both
cohorts

First
cohort

Second
cohort

(1) (2) (3) (4) (5) (6)

(1) Treatment (1 = the
treatment group;
0 = the control group)

0.08** 0.09** 0.05 2.37 0.63 4.19**
(0.03) (0.04) (0.04) (1.29) (1.45) (1.87)

(2) Baseline Mandarin
score (units of standard
deviation)a

0.11*** 0.09*** 0.15*** 2.24*** 2.67*** 1.70
(0.01) (0.02) (0.02) (0.74) (0.86) (1.05)

(3) Baseline math score
(units of standard
deviation)b

0.04** 0.03** 0.03 0.45 −0.01 0.92
(0.01) (0.02) (0.02) (0.53) (0.56) (0.92)

(4) Female (1 = yes;
0 = no)

0.05** 0.02 0.09*** 2.27*** 1.85** 2.76**
(0.02) (0.02) (0.03) (0.76) (0.87) (1.19)

(5) Tibetan −0.01 −0.00 −0.15 1.82 1.16 −1.92
(0.04) (0.06) (0.09) (2.02) (1.85) (3.95)

(6) Tu 0.04 0.02 −0.06 2.80 −0.61 2.77
(0.04) (0.04) (0.11) (1.78) (2.07) (4.32)

(7) Hui −0.08 −0.09 −0.17** −3.90 −5.97** −6.89**
(0.05) (0.07) (0.09) (2.15) (2.51) (3.17)

(8) Salar −0.00 −0.03 −0.11 4.38** −0.31 0.42
(0.04) (0.10) (0.10) (1.98) (4.20) (4.35)

(9) Only child (1 = yes;
0 = no)

0.03 0.04 0.03 −0.44 −0.05 −1.01
(0.03) (0.03) (0.04) (1.07) (1.33) (1.77)

(10) Father illiterate
(1 = yes; 0 = no)

−0.04 −0.05 −0.02 1.11 0.38 2.30
(0.02) (0.02) (0.03) (0.77) (0.99) (1.39)

(11) Mother illiterate
(1 = yes; 0 = no)

0.01 0.01 −0.00 1.05 1.56 0.21
(0.02) (0.02) (0.02) (0.78) (1.03) (1.04)

(12) Ever used a computer
(1 = yes; 0 = no)

0.02 0.00 0.08 2.19** 1.69 2.88**
(0.03) (0.03) (0.04) (0.97) (1.20) (1.30)

(13) Access to other
modern technologiesc

0.10** 0.13** 0.04 3.21 5.86** −0.76
(0.05) (0.06) (0.07) (2.00) (2.62) (3.13)

(14) Family off-farm 0.00 −0.00 0.02 −0.29 −1.49 1.71
(0.03) (0.05) (0.05) (1.50) (1.78) (2.13)

(15) Live with both parents −0.00 −0.01 0.01 0.56 −0.66 1.91
(0.01) (0.02) (0.03) (0.80) (1.07) (1.10)

(16) County dummies Y Y Y Y Y Y
(17) Grade dummies Y Y
(18) Self-efficacy of
Mandarin study-baseline

0.16*** 0.18*** 0.12***
(0.02) (0.03) (0.04)

(19) Like school-baseline 0.09*** 0.06 0.12***
(0.03) (0.04) (0.04)

(20) Observations 3164 1723 1441 3164 1723 1441

Robust standard errors clustered at the school level. Each column reports the results of one regression of the student non-
academic outcome on the corresponding variables in rows (1)–(19).

** Significant at 5%; *** significant at 1%.
a The baseline Mandarin score is the score on the standardised Mandarin test that was given to all students in the sample
before the CAL programme.

b The baseline math score is the score on the standardised math test that was given to all students in the sample before the
CAL programme.

c Access to other modern technologies is the mean value of a set of 0/1 dummy variables including whether the student has
used cell phone, internet, game console, CAL software and videos for learning assistance.
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indicated that student burn-out is unlikely to be the reason for the absence of improvement of
the phase II programme over the phase I programme.

Conclusions

In this paper we present the results from a randomised field experiment of CAL programmes
involving two cohorts of grade 3 students (involving a total of 3701 students) in 57 public schools
in three poor rural minority counties in Qinghai province, China. To evaluate and compare the
effectiveness of the two programmes we randomly chose 26 schools from the sample to serve as
the treatment schools. Grade 3 students attending these schools received the CAL intervention.
The first cohort of students in the treatment group received the phase I CAL programme, which
was an after-school remedial CAL programme in Mandarin. These students were offered 40 min of
shared computer time after school, twice a week. During these sessions students played computer-
based games that required them to practice using their Mandarin skills. The CAL programme was
tailored to the regular school Mandarin curriculum and was remedial in nature, providing the
students with drills and exercises that were related to the material that they were learning in class.
There was also an animation-based tutoring session that reviewed the lesson of the week. The
second cohort of students received the phase II programme, which, besides the Mandarin CAL
sessions also included CAL remedial sessions in math. Therefore, the number of CAL sessions
doubled during the phase II programme, and many schools used in-school hours instead of after-
school hours for at least some of their CAL sessions. The remaining 31 schools served as control
schools, with grade 3 students attending these schools composing the control group.

Our results indicate that the CAL interventions had significant beneficial effects on both student
academic and non-academic outcomes. Overall, the CAL programme improved student Mandarin
and Math test scores by 0.15 standard deviations. Specifically, for the first cohort, two 40-min phase I
CAL Mandarin sessions per week increased student standardised Mandarin scores by 0.19 standard
deviations. Moreover, the CAL intervention also had significant impact on the math test scores of the
students, with the magnitude of the effect equal to 0.23 standard deviations. The CAL intervention
also appeared to have some positive impacts on the non-academic outcomes of the students.

However, the findings from the phase II programme illustrates that policymakers/educators
need to pay close attention to the classroom context and the interactions between the CAL
intervention and existing classroom resources. When the number of sessions doubled (when we
added the math subject into the CAL package), schools were forced to shift some of the CAL
sessions to periods of time in which they used regular school hours. When this was done, we found
no significant improvement in either student Mandarin or math test scores from the phase II CAL
programme over the phase I programme in spite of the fact students seemed to like schooling
significantly better during the phase II programme period. One interpretation of our results is that
this substitute effect (CAL substituting for regular classroom material) may have at least in part
offset the positive effects of the CAL intervention. In addition, it is possible that since the math
programme was conveyed in Mandarin, it may have created learning difficulties for many students
in our sample for whom Mandarin is a second language. This, in turn, may have further decreased
the effectiveness of the programme.

In other words, it seems that the augmented phase II programme was beyond the implementa-
tion capacity of the schools, and, as a result, it may be that due to these implementation problems,
that the CAL programme did not generate the expected benefits on student academic
performance.

Given the significant impact of CAL on student academic outcomes found in this paper,
educational policy makers in China (and other countries) should consider scaling CAL pro-
grammes, especially in public schools serving disadvantaged students (for example, rural
schools in China, particularly those in rural minority areas). However, our findings also highlight
the importance of the interactions between the CAL programme and the existing context of the
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classrooms. The phase I programme shows that the CAL programme in Mandarin had significant
effects on student Mandarin performance and these effects even spilled over to student math
performance. However, findings from the phase II programme remind us that more CAL is not
necessarily better. The effectiveness of CAL depends critically on how well the programme fits
into the classroom context and the interaction between the programme and existing classroom
resources. CAL programmes that exceed the implementation capacity of the schools might not
be beneficial.

Notes

1. There are 592 national designated poverty counties among the more than 2000 county-level jurisdictions in
China. The Leading Group of the Alleviation of Poverty gave counties the designation in the 1990s based on
the severity of the level of poverty in the county.

2. The number of 57 was determined by our budget for field survey and data collection.
3. Please refer to Lai et al. (2015) for detailed description of the implementation of the phase I programme. The

main purpose of this paper is to examine the interactions of classroom inputs and the CAL programme by
comparing the phase I and phase II programmes, and thus descriptions of the phase I programme imple-
mentation is much simplified.

4. In assessing the results, one may ask if part of the CAL effect was an ‘extra teacher effect.’ In fact, we initially
considered adding an additional treatment arm – as was included in Banerjee et al. (2007). The additional
treatment would have provided remedial tutoring in the form of traditional teacher-based after school
tutoring sessions. However, when we tried to implement this, we were not allowed to do so by the school
district. Many Chinese school districts have strict regulations against the running of traditional teacher-based
after school tutoring sessions. In addition, as discussed in the body of the paper, we did not allow teachers to
teach Mandarin or interact with students about Mandarin-related questions during the CAL sessions (except
that the teachers could answer questions about computer operations from the students). In fact, the scope for
interaction was not great since none of the CAL supervisors were Mandarin teachers. There was little ability
and no incentive for them to disregard the rules of the programme and teach children additional Mandarin.

5. He, Linden, and MacLeod (2008) also found that an Indian English Education Curriculum implemented
through teacher training improved student math and English scores rather than just their English scores.
They conjectured that this was due to the fact that when teachers implemented the English language CAL
sessions, they were able to teach English more efficiently so that during the normal class period, teachers
could devote more time to teaching other topics, such as math. While interesting for the study sites in
South Asia, this is unlikely to be the case in our study. In our case, teachers were unlikely to spend less
time on Mandarin during school and more time on math as the in-school hours for each subject are
already delineated according to a strictly followed class schedule. In addition, it is unlikely that this
schedule would change as in almost all Chinese schools Mandarin teachers teach Mandarin and math
teachers teach math. Therefore, even if the CAL programme was helping improve the student performance
in Mandarin, there would be no incentive for Mandarin teachers to allow math teachers to tutor children
during their class period. Because of this, the mechanism that is at work in the He et al. case, almost
certainly does not apply.

6. We will further explore the possibility of this explanation in the next section.
7. In our sample 86 per cent of the students are rural minority students whose native language is not Mandarin.

Therefore, in theory, all (of most) of these minority students might be more or less affected by the language
barrier. In particular, as the Salar, Tu and Tibetan minorities have their own spoken languages, it might be
more difficult for students of these ethnic groups to understand the content of math programme in Mandarin
(52% of our sample are students of these three ethnic minority groups).

8. We will further explore the possibility of this explanation in the next section.
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Appendix. Comparison of student and family characteristics and student access to
computer and other modern technologies between the treatment and control
groups for all students (including attrited students)

(1) (2)
Dependent variable: the treatment dummy variable First cohort Second cohort

(1) Baseline Mandarin score (units of standard deviation)a 0.00 0.00
(0.16) (0.16)

(2) Baseline math score (units of standard deviation)b −0.10 −0.04
(0.15) (0.15)

(3) Female (1 = yes; 0 = no) −0.03 −0.00
(0.03) (0.03)

(4) Tibetan 0.03 0.01
(0.07) (0.06)

(5) Tu −0.00 0.04
(0.09) (0.09)

(6) Hui −0.02 −0.03
(0.12) (0.13)

(7) Salar 0.05 −0.05
(0.11) (0.04)

(8) Only child (1 = yes; 0 = no) −0.01 −0.01
(0.02) (0.02)

(9) Father illiterate (1 = yes; 0 = no) −0.02 0.02
(0.03) (0.04)

(10) Mother illiterate (1 = yes; 0 = no) 0.03 −0.00
(0.04) (0.04)

(11) Ever used a computer (1 = yes; 0 = no) −0.05 −0.02
(0.07) (0.04)

(12) Access to other modern technologiesc 0.01 −0.02
(0.03) (0.03)

(13) Family off-farm −0.00 0.00
(0.02) (0.02)

(14) Live with both parents −0.03 0.00
(0.04) (0.05)

(15) Observations 1981 1720

Robust standard errors clustered at the school level are shown in parentheses.
*** p < 0.01, ** p < 0.05.
a The baseline Mandarin score is the score on the standardised Mandarin test that was given to all students in the sample
before the CAL programme.

b The baseline math score is the score on the standardised math test that was given to all students in the sample before the
CAL programme.

c Access to other modern technologies is the mean value of a set of 0/1 dummy variables including whether the student has
used cell phone, internet, game console, CAL software, and videos for learning assistance.

The difference between the treatment and control groups conditional on the other variables is calculated by regressing each of
the row variables on the treatment dummy variable.
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