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a b s t r a c t

Recent attention has been placed on whether integrating Information Communication
Technology (hereafter, ICT) into education can effectively improve learning outcomes.
However, the empirical evidence of the impact of programmes that adopt ICT in schooling
is mixed. Theory suggests it may be due to differences in whether or not the ICT pro-
grammes are integrated into a teaching programme of a class. Unfortunately, few empirical
studies compare the relative effectiveness of programmes that integrate ICT into teaching
with the ones that do not. In order to understand the most effective way to design new
programmes that attempt to utilize ICT to improve English learning, we conducted a
clustered randomized controlled trial (RCT) with some schools receiving ICT that was in-
tegrated into the teaching programme of the class; with some schools that received ICT
without having it integrated into the teaching programme; and with other schools being
used as controls. The RCT involved 6304 fifth grade students studying English in 127 rural
schools in rural China. Our results indicate that when the programme is integrated into the
teaching programme of a class it is effective in improving student test scores relative to the
control schools. No programme impact, however, is found when the ICT programme is not
integrated into the teaching program. We also find that when ICT programmes are inte-
grated into teaching, the programmes work similarly for students that have either high or
low initial (or baseline) levels of English competency. When ICT programmes are not in-
tegrated with teaching, they only raise the educational performance of English students
who were performing better during the baseline.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Integrating Information and Communication Technology (ICT) into the classroom is a promising approach to help
disadvantaged students across the world (Bakar, Inal, & Cagiltay, 2006; Ebner & Holzinger, 2007; Pal, Pawar, Brewer, &
Toyama, 2006; Banerjee, Cole, Duflo, & Linden, 2007; Lai, Luo, Zhang, Huang, & Rozelle, 2011; Mo, Zhang, Luo, et al., 2014).
Policymakers in developed and developing countries have tested various methods to use ICT for innovation and improvement
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of poor performance students (Sweet & Meates, 2004). In many parts of the world, large investments have been made to
integrate ICT into education systems in order to support remedial learning (Butcher, 2011; Zhang, Zhang, Zhao, & Wu, 2014).
For instance, Turkey spends 11.7% of its education budget on ICT (Hismanoglu, 2012). China's government has established a
plan to increase the investment in ICT in education, with special attention given to remote rural areas (MOE, 2012, 2012,
2014). According to this plan, a computer classroom is to be set up in every rural primary school during the 12th Five-Year
Plan (2011e2015dMOE, 2012).

Despite the increasing use of ICT for helping disadvantaged students in schools, researchers have found large heteroge-
neity in the impact of ICT programmes on student academic achievement. Previous studies in both developed and developing
countries have shown inconsistent evidence of the educational benefits of using ICT in schools (e.g. Banerjee et al., 2007;
Barrow, Markman, & Rouse, 2008; Almekhlafi, 2006; Olibie, 2010; Lai et al., 2012, 2013; Mo, Zhang, Wang, et al., 2014;
Angrist & Lavy, 2002; Rouse & Krueger, 2004; Hlas & Vuksanovich, 2007; Dynarshki et al., 2007; Chien, 2011). For
example, Banerjee et al. (2007) showed that a Computer Assisted Learning (CAL) programme significantly helped students
increase math scores. Additionally, these increases were sustained when students' educational performance was measured
one year after the programme concluded. He, Linden, andMacLeod (2008) andMo, Zhang,Wang, et al. (2014) have also found
positive impacts of ICT programmes in developing countries. In contrast, Angrist and Lavy (2002) came to fundamentally
different conclusions, finding that when ICT was used inside the classrooms of Israeli elementary schools, it led to negative,
but insignificant, impacts on 8th grade students. Similarly, Rouse and Krueger (2004) demonstrated that an ICT programme in
US schools had no significant effect on student reading.

While there are many factors that may have contributed to the heterogeneity of the outcomes, one potential reason for the
observed differences in ICT programmes may be that some integrated ICT into teaching (henceforth, computer assisted in-
struction or CAI) while others did not. In the rest of the paper we call programmes that do not integrate ICT into teaching
computer assisted learning or CAL programmes.

Whether or not ICT should be integrated into the teaching programmes of instructors is an ongoing debate in the literature
(Bingimlas, 2009; Granger, Morbey, Lotherington, Owston, & Wideman, 2002; Mumtaz, 2000; Stockwell, 2007; Tondeur,
Valcke, & Van Braak, 2008). On the one hand, many scholars believe that CAI is an effective way to utilize ICT in schools.
Researchers have argued that ICT's value in education is that it provides the means to make teaching more efficient and
interesting (Hughes, 2005). However, it is believed ICT, while potentially effective, cannot replace the role of teachers in
providing timely feedback to their students (Dina & Ciornei, 2013; Hismanoglu, 2013). Therefore, it is not only desirable, but
also necessary for ICT to be integrated into the teaching process.

In contrast, there are also proponents of using CAL approaches to education in schools. Themain benefit of a successful CAL
programmes (if they are indeed successful) is that they can replace teachers and still help students to learn. CAL programmes
can also be rolled out in an inexpensive manner due to limited human resource requirements. In this way, CAL programmes
are not constrained by factors such as the quality of teaching or teacher effort. Rahimi and Yadollahi (2011) suggest that one of
the main issues associated with adopting and integrating ICT into teaching curricular is that teachers may act in a way that
undermines the effectiveness of ICT. Teachers may simply choose to use ICT materials without matching the materials to the
learning levels of students. If teachers do not expend enough effort to incorporate ICT into their teaching, student perfor-
mance could potentially be harmed.

Another important point made by the literature is that the effectiveness of different ICT programmes may depend in part
on the learning level of students at baseline. For example, Huang et al. (2014) show that the effectiveness of ICT programmes
can depend on the initial learning level of students. According to Krashen (1982), calibrating the additional amount of new
learning material relative to the student's current level of knowledge is a crucial step to better learning. In other words, the
provision of new learning material 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 at least have 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/her.

In addition, the type of teacher implementing an ICT programme may play a role in determining the programmes'
effectiveness. Burston (1996), Jones (2001) and Yang and Huang (2008) show that implementing an ICT programme may
increase teachers' workload, since they need to make efforts to prepare for and organize the new programme. Therefore, a
teacher's workload at baseline could affect the effectiveness of an ICT programme. If a teacher has a heavy workload, he/she
may not be willing to carefully or fully implement an ICT programme, while a teacher with a lighter workload would be more
inclined to implement the program. However, researchers have also suggested that if an ICT programme is effective in helping
student 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, the overall teacher effort may decrease if the ICT programme can
help improve student performance, thus improving overall efficiency of teaching. As a result, determining which type of ICT
programmes works in a particular context may depend on the nature of the teacher and how well the ICT programme
complements teaching practices.

If this theory is true, thenwemay be able to create a testable hypothesis: the effectiveness of ICT programmes depends on
both the nature of students and the engagement of teachers. Under this hypothesis, when an individual student is performing
poorly wewould expect that CAI programmeswould bemore effective than CAL programs. Because CAI is rolled out as part of
a teaching program, an instructor could help poorer performing students catch up with the subject so that they may better
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utilize the ICT program's materials. In contrast, because CAL requires less engagement on the part of instructors (beyond the
management of the ICT program), poorer performing students might not be able to keep upwith thematerial being presented
by the ICT program.

There is a distinct lack of empirical studies that investigate which types of ICT programmes are most effective for certain
types of students or teachers. Many studies that look at ICT programmes in education do not distinguish between pro-
grammes that more closely resemble CAL or CAI practices in nature (Angrist & Lavy, 2002; Linden, 2008). Among the studies
that do explicitly test the impact of CAI, many are small scale. For instance, a study in Nigeria only involved a total of 160
students in 4 classes (Olibie, 2010). In addition, many of these studies do not have a valid control group or an appropriate
identification strategy to determine the impact of CAI/CAL programmes (e.g. Rahimi & Yadollahi, 2011; Almekhlafi, 2006;
Hughes, 2005). Notably, to our knowledge there has been no large, empirical study that compares the relative effective-
ness of CAI and CAL programsdespecially in the context of a developing country. Fewer studies have been conducted to
understand which types of ICT programmes are more effective for different types of students or teachers.

The overall goal of this study is to understand whether CAI programmes are effective in improving learning outcomes and
to compare the relative effectiveness of a CAI programme against a CAL program.We also are interested inwhich types of ICT
programmes (that is, CAI or CAL) aremost effective at helping different types of students andwhich types are more effectively
used by different types of teachers. To meet this goal, we have three specific objectives. First, we measure the impact of ICT
programs, in general, on student academic performance. Second, we compare the impact of a CAI programme to that of a CAL
programme as a way to investigate the relative effectiveness of CAI. Third, we explore the potential mechanisms through
which CAI programmes may be more or less effective than CAL programs. We meet this third objective by demonstrating
which types of ICT programmes are most effective for various types of students or teachers.

The rest of the paper is organized as follows: the next section presents the study's sampling, data and methods. The third
section discusses the results. We draw conclusions in the final section.

2. Sampling, data and methods

In order to achieve our objectives, we implemented a clustered randomized controlled trial (RCT) in northwest China. A
total of 6304 fifth grade students in 127 elementary schools in Haidong prefecture participated in our study. The programme
lasted for the 2013e2014 academic year. In the following subsections, we present the study's sampling protocol, randomi-
zation procedures, intervention, data collection approach and statistical methods.

2.1. Sampling and randomization

We followed several steps to choose our sample. First, to focus our study on students from poor rural areas, we restricted
our sampling 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 GDP in 2013 (National Bureau of Statistics, 2014). The annual per capita
net income of the selected prefecture was only around 6150 RMB (approximately 990 US dollars) (National Bureau of
Statistics, 2014).

Second, after choosing Qinghai province, we chose the sample counties. All six counties in the prefecture were selected to
be included in our sampling frame. Five of the counties are nationally designated poor counties (National Bureau of Statistics,
2014).

Third, after choosing the counties, we chose the sample schools. The first step in creating our school sample was obtaining
a comprehensive list of schools in the six counties from each county's local education bureau. In order to run the CAI or CAL
programmes in the schools, we restricted our sample to schools that met the minimum requirement of computer facilities.
The minimum requirement was a ratio of computers to class size of at least 0.25. This ratio was needed to ensure that at least
two students would be able to share one computer (that is, there were enough computers so each school had enough
computers to at least allow a class of students to break up into two groups and participate in the program).We found a total of
130 schools in the six sample counties that meet the requirement.

Within our sample schools, the intervention was focused on fifth graders. According to the national curriculum, primary
students are supposed to start learning English in the third grade (MOE, 2001). However, due to a lack of English teachers,
many schools in China's minority areas do not start teaching English until the fourth or fifth grade (Zheng, 2009). Because of
this, we decided to choose fifth grade for the study. This choice was thought to allow us to be certain that all students would
have begun to learn English in school and that all schools (at least for grade 5) had English teachers.

Before selecting our sample schools, we employed power calculation to make sure there were enough sample schools for
evaluating the impact of our programme in this research. In the power calculation, we assumed a standardized effect size for
the outcome variable of 0.20, 0.80 power, a five percent significance level, an intra-cluster correlation (ICC) of 0.1, and a pre-
and post-intervention correlation of 0.5. We also assumed that there were 50 observations in each cluster, on average. Based
on these assumptions, we calculated that we needed a total of 128 schools to be included in our experiment. Given a limited
budget to implement the project and a cost ratio of 1:2 between each control unit and each treatment unit (that is, the
expected costs to be spent in each treatment school was about twice as high as those in each control school), we randomly
assigned 22 schools (each) to each of the two intervention arms and 84 schools to the control arm (Duflo, Glennerster, &
Kremer, 2007).
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Based on our power calculations we randomly chose 128 schools and divided them into three groups: two treatment
groups and one control group. We randomly assigned 22 schools to receive a CAI intervention (the exact nature of the
treatment is described in detail below). We also randomly assigned another 22 schools to receive a CAL treatment. The rest of
the 84 schools were assigned to the control group. We had to drop one school (from the control group) that did not have a
teaching staff that met our study's requirement. Ultimately, there were a total of 1236 (19.6%) students in the 22 CAI
treatment schools and 1068 (16.9%) students in 22 CAL treatment schools. The rest of 4000 (63.5%) students in 83 schools
served as the control group.

Our randomization process successfully created a balanced sample across the treatment and control groups. To show this,
we used a set of student and school characteristics to analyze whether there were any significant differences among the three
groups. In doing so, we regressed the baseline characteristics on the treatment dummy variables. The results show that none
of the variables are significantly different among the three groups (Table 1). Therefore, we can say that there were no im-
balances between the treatment and control groups among those variables at baseline. In addition, all the differences be-
tween treatment and control groups are small in magnitude.

Although at the time of the baseline survey the sample included a total of 127 schools and 6304 students, for various
reasons (mainly because of school transfers and extended absences due to illness or injuries), there was some attrition by the
end of the study. Wewere able to follow upwith 5917 students by the time of the endline survey. A total of 387 students were
attrited from the sample. The attrition rate was 6.1%.

According to our analysis, the pattern of attrition did not differ between the treatment and control groups. To understand
the nature of those that attrited and assess if the attrition affected the validity of the randomization, we regressed attrition
status on the treatment variables. The results comparing the attrition rates between each treatment group and the control
group show that the attrition rates are not affected by the treatment status (Table 2). We also regressed the baseline char-
acteristics on treatment variables within non-attrition sample (i.e., students who took part in both the baseline and endline
Table 1
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 0.02 (0.10) �0.04 (0.10)
[2] Gender (1 ¼ female; 0 ¼ male) 0.02 (0.02) 0.00 (0.02)
[3] Age (years) 0.11 (0.10) 0.03 (0.13)
[4] Ethnicity (1 ¼ Han; 0 ¼ minority) 0.04 (0.06) 0.04 (0.07)
[5] Computer use (1 ¼ ever used computer; 0 ¼ never used computer) �0.06 (0.07) �0.01 (0.07)
[6] Student self efficacy (1e4 points) �0.02 (0.03) 0.05 (0.04)
[7] Education level students want to achieve (1 ¼ college or above; 0 ¼ below college) �0.03 (0.04) 0.01 (0.05)
[8] Selfish (1 ¼ yes; 0 ¼ no) 0.03 (0.02) 0.01 (0.02)
[9] Altruistic (1 ¼ yes; 0 ¼ no) �0.05 (0.03) �0.04 (0.03)
[10] Like English teacher (0e100 points) 2.97 (2.00) 1.54 (2.27)

Family characteristics
[11] Log(asset) �0.04 (0.04) 0.00 (0.03)
[12] Only child (1 ¼ yes; 0 ¼ no) �0.05 (0.04) 0.02 (0.08)
[13] At least one parent doesn't live at home (1 ¼ yes; 0 ¼ no) �0.04 (0.03) �0.00 (0.03)
[14] At least one parent has junior high school or higher degrees (1 ¼ yes; 0 ¼ no) �0.04 (0.04) 0.00 (0.05)
[15] Father farms everyday (1 ¼ yes; 0 ¼ no) 0.00 (0.02) 0.01 (0.03)
[16] Mother farms everyday (1 ¼ yes; 0 ¼ no) 0.01 (0.03) �0.01 (0.03)

Teacher and school characteristics
[17] English teacher's gender (1 ¼ female; 0 ¼ male) �0.09 (0.11) �0.12 (0.10)
[18] English teacher's ethnicity (1 ¼ Han; 0 ¼ minority) �0.02 (0.09) 0.02 (0.10)
[19] English teacher's age (years) �0.20 (1.36) �0.22 (1.32)
[20]Whether the English teacher is hired by the education bureau or privately by the school (1¼ education bureau;
0 ¼ school)

�0.13 (0.09) 0.05 (0.10)

[21] School area (sq.m) 2806.37
(2290.90)

2987.00
(3904.35)

[22] Computer-student ratio 0.26 (0.30) 0.14 (0.20)
[23] Observations 6304 6304

* significant at 10%; ** significant at 5%; *** significant at 1%. 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.
Source: Authors' survey.
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survey and were included in the final analytic sample). None of the regressions showed significant differences between the
treatment and control groups (Table 3). In other words, our results show that student characteristics are well balanced be-
tween the treatment and control groups both before and after attrition.

2.2. Experiment arm/Intervention

The intervention involved an ICT programme that used computers and a set of learning assisted software to complement
the regular English curriculum. Every week, students attended two 40-min programme sessions. The sessions took place
during each school's computer class time period. Fifth graders in each of the sample schools all had one computer class that
met at least twice per week. Besides using the computers for our CAI and CAL interventions, the students would use com-
puters during computer class to learn basic computer operations, such as how to use a mouse or the keyboard. The pro-
gramme lasted for the entire 2013e2014 academic year (a total of 28 weeks). A total of 1236 fifth grade students received the
CAI treatment and 1068 students received the CAL treatment shortly after the baseline survey at the beginning of the aca-
demic year (Fig. 1).

In order to implement either of the computer assisted treatments, we used two pieces of software. First, one set of software
for our programme was designed to improve the basic competencies of students in the uniform national English curriculum.
The first piece of the software was obtained from a commercial IT company. This software provided both animated reviews
and game-based remedial exercises in English for fifth grade students. The content of the software covered all skills and
knowledge of the English national curriculum.

Our programme team also developed another piece of the software. The second software package provided a large number
of additional exercise questions. We worked together with teachers and experts from the Beijing-based organization of
Teaching English to Speakers of Other Languages (TESOL) to choose the questions. The questions were then integrated into an
animation-based game interface to make it interesting for the students.

We chose English as our programme subject for several reasons. First, English is one of themain subjects that is used to test
students as part of the competitive exam system in China that allows students to compete for positions in high school and
college (Bolton & Graddol, 2012; McKay, 2002). In fact, English represents one third of the total points in the high school
entrance exam and the college entrance exam. Second, English teaching and English learning is particularlyweak in poor rural
China (Hu, 2005; Li, 2002; Zhao, 2003). Studies have shown that a low English score is one of the most important reasons that
are keeping rural students from attending high school in China (Loyalka, 2014). English teachers are also of notoriously poor
quality in rural China (Hu, 2005, 2009). Because of this, we decided to try to use ICT to improve the English teaching/learning
in rural schools.

2.2.1. CAI treatment group
In order to facilitate English teachers to incorporate the ICT programme into English teaching practices during CAI classes,

we carefully designed and compiled a CAI implementation protocol. The protocol included three parts: a curriculum, a lesson-
by-lesson English Teaching Plan (henceforth, the Plan) and a set of instructions on teacher responsibilities. During a one-day
intensive training before the programme, we trained the fifth grade English teachers on the implementation protocol. To
make sure that help was provided whenever there was a problem about the hardware, the software package or the protocol,
we offered “24/7 consultation hotlines” to teachers.

The curriculum (part one of the protocol) was designed to match the progress of English instruction in regular classes. A
curriculum instruction manual was given to the supervisor of the programme and this manual included detailed information
on a week-by-week basis about the link between each unit in the textbook and the unit in software package. The curriculum
also instructed the teachers on how to match specific modules in the software to the pace of learning of students.

The goal of the English Teaching Plan (part two of the protocol) was developed as a way to provide English teachers with a
number of interactive activities involving the CAI computer-software package that they were able to use during their classes.
The activities not only provided timely feedback to students, they also aimed to increase the interactions between students
Table 2
Comparisons of attrition between the treatment and control groups.

Dependent variable: attrition (1 ¼ students attrited; 0 ¼ student remained)

Variables Attrition (1)

[1] CAI treatment (1 ¼ yes; 0 ¼ no) �0.01 (0.02)
[2] CAL treatment (1 ¼ yes; 0 ¼ no) �0.01 (0.02)
[3] Constant 0.02*** (0.01)
[4] Observations 6304
[5] R-squared 0.03

* significant at 10%; ** significant at 5%; *** significant at 1%. 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.
Source: Authors' survey.



Table 3
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
(1)

CAL treatment
(2)

Student characteristics
[1] Standardized baseline English test score (standard deviation)a 0.02 (0.10) �0.04 (0.10)
[2] Gender (1 ¼ female; 0 ¼ male) 0.03 (0.02) 0.01 (0.02)
[3] Age (years) 0.12 (0.10) 0.01 (0.13)
[4] Ethnicity (1 ¼ Han; 0 ¼ minority) 0.03 (0.06) 0.04 (0.07)
[5] Computer use (1 ¼ ever used computer; 0 ¼ never used computer) �0.06 (0.07) �0.00 (0.08)
[6] Student self efficacy (1e4 points) �0.03 (0.03) 0.05 (0.04)
[7] Education level students want to achieve (1 ¼ college or above; 0 ¼ below college) �0.04 (0.04) 0.00 (0.05)
[8] Selfish (1 ¼ yes; 0 ¼ no) 0.03 (0.02) 0.00 (0.02)
[9] Altruistic (1 ¼ yes; 0 ¼ no) �0.05 (0.03) �0.04 (0.03)
[10] Like English teacher (0e100 points) 2.89 (2.11) 1.56 (2.36)

Family characteristics
[11] Log(asset) �0.05 (0.04) 0.00 (0.03)
[12] Only child (1 ¼ yes; 0 ¼ no) �0.05 (0.05) 0.02 (0.08)
[13] At least one parent doesn't live at home (1 ¼ yes; 0 ¼ no) �0.03 (0.03) 0.00 (0.03)
[14] At least one parent has junior high school or higher degrees (1 ¼ yes; 0 ¼ no) �0.04 (0.04) 0.01 (0.04)
[15] Father farms everyday (1 ¼ yes; 0 ¼ no) 0.01 (0.02) 0.01 (0.03)
[16] Mother farms everyday (1 ¼ yes; 0 ¼ no) 0.01 (0.03) �0.01 (0.03)

Teacher and school characteristics
[17] English teacher's gender (1 ¼ female; 0 ¼ male) �0.09 (0.11) �0.12 (0.11)
[18] English teacher's ethnicity (1 ¼ Han; 0 ¼ minority) �0.02 (0.09) 0.02 (0.10)
[19] English teacher's age (years) �0.24 (1.38) �0.31 (1.32)
[20]Whether the English teacher is hired by the education bureau or privately by the school (1¼ education bureau;
0 ¼ school)

�0.12 (0.09) 0.04 (0.10)

[21] School area (sq.m) 2842.24
(2370.76)

2716.69
(3723.28)

[22] Computer-student ratio 0.28 (0.31) 0.13 (0.20)
[23] Observations 5917 5917

* significant at 10%; ** significant at 5%; *** significant at 1%. 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 programme,

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.
Source: Authors' survey.
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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. To meet each learning goals, we listed example of activities that teachers
could use to organize the materials or exercises provided by the software package.

In the final (and third) part of the protocol, we laid out the responsibilities that the English teachers needed to fulfill in
implementing the CAI classes. These responsibilities included: a) taking attendance of each student at the beginning of each
class; b) making sure that the curriculumwas followed in away that each CAI class matched the curriculum of regular English
classes; c) organizing activities to enhance interaction and learning; and d) providing timely feedback to students, including
providing immediate assistance when students experience difficulty in learning or in computer operations.

To facilitate the implementation of our CAI protocol, we compensated the English teachers who instructed the programme
sessions with a stipend of 500 RMB (approximately 80 USD) every semester. We gave the stipend to them by the end of
2013e2014 academic year only if they faithfully implemented the CAI program. Tomonitor 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 programme period. The enumerators randomly selected students from each treatment class and surveyed them about
how the CAI classes were organized.

2.2.2. CAL treatment group
The most fundamental difference between the CAI treatment group and the CAL treatment group is that the CAL inter-

vention was not created in a way that it tried to become integrated into the English teacher's teaching program. In order to
make sure that the supervisors of our intervention did not try to integrate the software into their teaching, non-English
teachers were assigned to supervise the CAL classes. The CAL implementation protocol was made up of only a simplified
version of the curriculum and a modified version of the teacher responsibilities instruction manual. The CAL supervisors (the
teacher in the computer class when the treatment was being given) were still instructed to follow the curriculum as a way to
direct the CAL students to the specific unit in the software package (that wouldmatch the pace of learning of students) in their
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Fig. 1. Experiment profile.
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regular English classes. However, in the CAL intervention (unlike the CAI intervention) there was no attempt to integrate the
material (and things that students learned) into the regular in-class English curriculum. The CAL protocol also did not include
an English Teaching Plan (as did the CAI protocol).

Given this protocol, in a typical CAL session, the students were essentially supervised to use the software package to learn
English by themselves. Students watched an animated video that reviewed the materials on which they were receiving in-
struction during their regular English class sessions. Then students played games to practice the skills introduced in the video
lecture. No instruction on English was given during the classes.

In the CAL treatment schools, we also compensated the non-English teachers who instructed the programme sessions
with a stipend of 500 RMB (approximately 80 USD) every semester (which made it the same as the compensation to teachers
in the CAI treatment arm). The stipend was paid to them by the end of 2013e2014 academic year if they fully implemented
the CAL program. We also monitored how the non-English teachers followed the protocol in CAL treatment schools in the
same way that we did in the CAI treatment schools.

2.2.3. Control group
A total of 4000 fifth grade students in 83 control schools constituted the control group. During the programme, students in

the control group did not receive any intervention. To avoid any form of spillover effects, principals in the control schools
(whichwere all located in separate school districts relative to the treatment schools) were blinded to the experimental nature
of our study. To our knowledge, none of principals, teachers or students in the control school were aware of our programme.
2.3. Data collection

The research group conducted two waves of surveys in the 127 sample schools. The first round of survey was a baseline
survey conducted with all students in 127 schools in September 2013 at the beginning of the autumn semester. The baseline
survey was completed before any implementation of our programme had begun. The second wave of the survey was our
evaluation survey, which was conducted at the end of the ICT programme (either the CAI or CAL intervention) in June 2014, a
time that coincided with the end of the spring semester of the 2013e2014 academic year.

In each wave of the survey, the enumeration team visited all 127 schools and conducted a three-part survey. In the first
part students were given a 30-min standardized English test and we used these scores as our measure of student academic
performance. The English test for baseline survey included 25 questions testing listening, 15 testing vocabulary, 8 testing
pronunciation, 27 testing grammar and 10 testing dialogues. Before each round of the survey, we tested the English test items
with over two hundred 5th grade students to construct baseline and evaluation English exams. All the questions in the
English test in the endline were different from the questions in the baseline. We only included questions that did not overlap
with the exercises in our software package. We administered and printed the test ourselves to ensure that it was not possible
to prepare for the examination. Also, our enumeration team strictly proctored the test, in order to minimize cheating, and
enforced the time limit for the exams. We normalized test scores relative to the distribution of the baseline scores of the
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control group to make test scores from different rounds of surveying comparable. Specifically, we subtracted the mean of the
control group in the baseline and divided by the standard deviation (SD) of the distribution of the control group in the
baseline.

In the second part of the survey we collected data on the characteristics of the sample students and their families. From
this part of the survey we were able to create a set of demographic and socioeconomic variables. The dataset includes
measures of each student's gender (1 ¼ female; 0 ¼ male), age (years), ethnicity (1 ¼ Han; 0 ¼ minority), computer use
(1 ¼ ever used computer; 0 ¼ never used computer). We also created a number of variables measuring family characteristics,
including, assets which is calculated by each account of family durable goods multiplying by their prices, then sum all index
and take the logarithm, only child (1¼ yes; 0¼ no), at least one parent does not live at home (1¼ yes; 0¼ no), at least one parent
has junior high school or higher degrees (1 ¼ yes; 0 ¼ no), father farms everyday (1 ¼ yes; 0 ¼ no), and mother farms everyday
(1 ¼ yes; 0 ¼ no). In the second part of the survey we also asked questions to measure the non-cognitive traits, such as self-
efficacy (1e4 points), the education level that students want to achieve (1 ¼ college or above; 0 ¼ below college), selfish and
altruistic indicators, and like English teacher (0e100 points).

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 ten 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 Schwarzer (1995).

As for selfish and altruistic indicators, 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 herself/himself 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
choose to take the whole prize herself/himself.

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 ¼ female; 0 ¼male), English teacher's ethnicity (1 ¼ Han; 0 ¼minority), English teacher's age
(years), and whether the English teacher is hired by the education bureau or privately by the school (1 ¼ education bureau;
0 ¼ school). 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 that cannot be registered in the education bureau. A registered teacher hired by education
bureau gets higher basic salary and subsidies than the privately hired contract teachers. We also collected information on the
basic characteristics of the schools, such as school area (sq. m) and computer-student ratio.
2.4. Statistical methods

To evaluate how academic performance changed among students who participated in the CAI or CAL programme relative
to those who did not, we used both unadjusted and adjusted ordinary least squares (OLS) regression analysis. The regression
models are presented in order of increasing comprehensiveness.

To test the impact of our programme, we estimated Average Treatment Effect (ATE) 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 ¼ aþ bCAL$treatment1s þ bCAI$treatment2s þ q$y0is þ εis (1)

where yis is the standardized endline English test score for child i in school s, treatment1s is the dummy variable for the CAL
programme and treatment2s is the dummy variable for the CAI programme. Because the treatment was randomly assigned,
bCALandbCAI in Equation (1) provide unbiased estimates of the average treatment effect of the CAL programme and the CAI
programme respectively. We also included y0is, which is the English test score of the same child at the baseline. Therefore, the
coefficients, bCAL andbCAI , measure the changes in English test scores between the periods before and after programme
implementation that can be attributed to the treatment.

To enhance the efficiency of estimation, we estimated an adjusted model by controlling for a set of variables collected at
the baseline survey. The model we estimated is:

yis ¼ aþ bCAL$treatment1s þ bCAI$treatment2s þ q$y0is þ Xisgþ εis (2)

where Xis includes a vector of covariates of student, family and school characteristics (such as gender, age, ethnicity, computer
use, education level students want to achieve, assets, characteristics of English teacher, school area, computer-student ratio,
etc.)

In order to test for heterogeneous programme effects (that is, whether certain types of ICT programmes work best for
certain types of students/teachers), we also included interaction terms between the treatment dummy variables and some
key covariates in the regression model specified in Equation (2). Specifically, we will test whether the change in English test
scores before and after the programme differ for students who were performing better or worse in English at the time of the
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baseline survey and wewill do this for each of two ICT programmes, CAI and CAL. We do this by including in the regression an
interaction term between the treatment dummy variables and the variable measuring the baseline English test score.

The model we estimated is:

yis ¼ aþ bCAL1$treatment1s þ bCAI1$treatment2s þ bCAL2$treatment1s$y0is þ bCAI2$treatment2s$y0is þ q$y0is þ Xisgþ εis

(3)

where the coefficients on the interaction terms, bCAL2 and bCAI2, 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).

We also use a version of Equation (3) to test whether the changes in English test scores of students before and after each of
the two ICT programmes differ depending on types of teachers. We do this by including an interaction term between the
treatment dummy variables and the variable measuring the workload of the ICT programme supervisors in the regression.
The model to test this is:

yis ¼ aþ bCAL1$treatment1s þ bCAI1$treatment2s þ bCAL2$treatment1s$workloadCAL þ bCAI2$treatment2s$workloadCALI
þ q$y0is þ Xisgþ εis

(4)
This regression is estimated in a way similar to the way in which we estimated Equation (3).

3. Results

In this sectionwe seek to understand how computers and software can most effectively be used in classrooms to raise the
educational performance of children. To do this, we first combine the data from the CAI and CAL treatments into one mega-
treatment group. This allows us to test if ICT affects student outcomes without taking into consideration theway ICT is used in
the classroom. Second, as shown in Equations (1) and (2), we test the effect of the different treatments (CAI and CAL) on
student test scores in order to examine the value of integrating ICT into teaching methods and curriculums. Finally, we
examine whether the two approaches to using ICT in the classroom have differential impacts on different types of students or
whether the success of ICT integration relies on the nature of a teacher.

3.1. The average impact of any ICT programme

According to our data, whenwe combine the two treatment groups and test the average impact of any ICT programme on
student English test scores, we find there is no significant impact on the English performance of students (Table 4). Both the
unadjusted model and adjusted model show that although the point estimate of the programme impact is estimated to be
0.05 standard deviations, it is not statistically significant (column 1, rows 1 and 2). Therefore, when combining the two types
of ICT-based programmes (both CAI and CAL), our results suggest that there is no detectable impact on student educational
performance.

The results change, however, whenwe separate the two treatment groups (CAI and CAL). Based on the results produced by
estimating Equations (1) and (2), we find that the CAI programme is effective in raising test scores while the CAL programme
is not (Table 5). Specifically, the CAI treatment (which integrates ICT with teaching) is estimated to raise test scores by 0.07
Table 4
Ordinary Least Squares estimators of the impact of ICT programme on standardized English test scores.

Dependent Variable: Standardized endline English test score (standard deviation)

(1) Unadjusted Model (2) Adjusted Model

[1] Any treatment (1 ¼ yes; 0 ¼ no) 0.05 (0.04) 0.05 (0.04)
[2] Standardized baseline English test score
(standard deviation)a

0.71*** (0.03) 0.68*** (0.03)

[3] Controls NO YES
[4] Observations 5917 5917
[5] R-squared 0.72 0.73

* significant at 10%; ** significant at 5%; *** significant at 1%. 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.

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
programme, and it is standardized using the baseline mean and standard deviations for the control group.
Source: Authors' survey.



Table 5
Ordinary Least Squares estimators of the impact of ICT programme on standardized English test scores.

Dependent Variable: Standardized endline English test score (standard deviation)

(1) Unadjusted Model (2) Adjusted Model

[1] CAI treatment (1 ¼ yes; 0 ¼ no) 0.07* (0.04) 0.08** (0.04)
[2] CAL treatment (1 ¼ yes; 0 ¼ no) 0.03 (0.06) 0.03 (0.05)
[3] Standardized baseline English test score (standard deviation)a 0.71*** (0.03) 0.68*** (0.03)
[4] Controls NO YES
[5] Observations 5917 5917
[6] R-squared 0.72 0.73

* significant at 10%; ** significant at 5%; *** significant at 1%. 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 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 programme,
and it is standardized using the baseline mean and standard deviations for the control group.
Source: Authors' survey.
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standard deviations. This impact estimate is significant at the 10% level using the unadjusted model (column 1, row 1). After
controlling for our set of specified baseline covariates, the impact slightly increases to 0.08 standard deviations. The estimate
from the adjusted model is significant at the 5% level (column 2, row 1).

In contrast, the results from estimating Equations (1) and (2) find that the CAL programme (which was not integrated into
a classroom's teaching programme) was not effective. The coefficient on the CAL treatment, while positive (0.03 standard
deviations), is not statistically significant (columns 1 and 2, row 2). In addition, the difference between the coefficients on the
CAI and the CAL treatment variables is significant at the 1% level. Hence, our findings show that the programme impacts differ
between CAI and CAL treatments. This result is consistent with an interpretation that an ICT programme is more effective
when it is integrated into a classroom's teaching programme.
3.2. Heterogeneous treatment effects

In order to examine whether either type of ICT programmes (CAI or CAL) is most effective at helping certain types of
students, we used Equation (3) to test the heterogeneous effects of the two treatments by incorporating the initial levels of
educational performance of the students into our analysis. When we interact the CAI treatment variable with the variable
measuring student English academic performance at the baseline, the coefficient on the interaction term is small in
magnitude and insignificant (Table 6, column 1, row 2). This finding suggests that better performing and poorer performing
students benefit similarly from the CAI treatment. However, when we interact the CAL treatment variable with baseline
English scores, we find that the coefficient on the interaction team is 0.08 standard deviations and is significant at the 10%
level (column 1, row 4). In contrast to the results for the CAI programme, these findings suggest that the CAL programme
works better on the better performing students than on poorer performing ones.

So what do such heterogeneous results imply? The results are consistent with the literature suggesting that the effec-
tiveness of an ICT programme depends on a student's initial level of knowledge on a particular subject (Gass&Mackey, 2006;
Table 6
Ordinary Least Squares estimators of the heterogeneous impact of ICT programme on standardized English test
scores of students baseline score.

Dependent Variable: Standardized endline English test score (standard deviation)

(1)

[1] CAI treatment (1 ¼ yes; 0 ¼ no) 0.07* (0.04)
[2] CAI treatment* standardized baseline English test score 0.03 (0.04)
[3] CAL treatment (1 ¼ yes; 0 ¼ no) 0.03 (0.05)
[4] CAL treatment* standardized baseline English test score 0.08* (0.04)
[5] Standardized baseline English test score (standard deviation)a 0.66*** (0.03)
[6] Controls YES
[7] Observations 5917
[8] R-squared 0.73

* significant at 10%; ** significant at 5%; *** significant at 1%. Robust standard errors in parentheses clustered at
school level.
The test aims to show the heterogeneous impact of the ICT programme 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 programme, and it is standardized using the baseline mean and standard de-
viations for the control group.
Source: Authors' survey.
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Hatch, 1978; Long, 1996; Sauro, 2009). In the case of students who performed better at baseline, their level of knowledge of
English may have been high enough for them to benefit from the CAL programme. However, students who performed worse
on the baseline assessment may not have been able to benefit from the ICT programme without more focused and student-
specific instruction from an English teacher. Such an interpretation suggests that when teachers provide guidance and
corrective feedback (as was the case in our CAI program) students who initially perform poorly are able to benefit from ICT
programming. Hence, unless one can be sure that a CAL programme is appropriate for a classroom's learning level, CAI-type
programmes would be more effective at instructing every student in a classdespecially when introducing a new subject.

Using Equation (4), we were also able to test whether the workload of the supervisor of our ICT programmes at baseline
had an effect on the success of either of the two programmes. Our results show that the effectiveness of a CAI programme is
not heavily impacted by the workload of a supervisor (Table 7). The coefficient on the interaction term between the variables
indicating CAI treatment and supervisor's workload is statistically insignificant (column 1, row 3). However, in the case of the
CAL treatment group, the workload of the supervisor appears to matter. If the supervisor's teaching workload is lower than
themean, the CAL programme improved the English performance of students by 0.15 standard deviations; the coefficient was
significant at the 10% level (column 1, row 4). In contrast, if the supervisor had a high workload, the CAL programme had no
impact (column 1, row 6). Hence, this finding suggests that a teacher's workload and teaching activities complement a CAI
programme when it is incorporated in regular in-school English instruction. However, the same is not true for the CAL
treatment. There does not appear to be any complementarities between CAL programmes and the work activities of teachers
within our findings.

So what is happening? Are certain ICT programmes more or less effective for particular types of teachers? Our results
suggest that the potential effects of teacher workload are expected to manifest differently for teachers implementing either
CAI or CAL program. Because the supervisors of CAI programmes are also English teachers, implementing CAI programmes
clearly complements and increases the efficiency of their teaching, subsequently decreasing their overall workload. Hence, it
is possible that CAI supervisors are more likely to fully implement an ICT programme evenwhen they have a heavy workload.
This finding is also consistent with the suggestion of Lam (2000) and Nomass (2013) that if an ICT programme complements
and increases the efficiency of teaching, the programme may decrease the overall effort or workload of teachers. In contrast,
since implementing a CAL programme leads to an absolute increase in the overall workload of a CAL supervisor, when a CAL
supervisor has a heavy regular school workload, he/she may be less willing to fully implement the programme.
4. Conclusion

In this paper we investigated different methods of designing and using ICT in schools to effectively raise students' level of
educational performance. After showing that, in general, ICT programmes work, we then designed a study to compare the
relative effectiveness of ICT programmes that are either integrated into the teaching programmes of the classrooms in schools
(CAI treatments) or not (CAL treatments). We also sought to show that not all ICT programmes are appropriate for all
classroom situations. Specifically, we explored whether one type of ICT programme is most effective for certain types of
students and teachers.

To meet these objectives, we conducted a cluster-randomized controlled trial of an ICT programme that aimed to improve
student learning in English in 127 rural public schools in Haidong prefecture in Qinghai province. This study involved 6304
Table 7
Ordinary Least Squares estimators of the heterogeneous impact of ICT programme on standardized English test
scores of the supervisor's teaching workload.

Dependent Variable: Standardized endline English test score (standard deviation)

(1)

[1] CAI treatment (1 ¼ yes; 0 ¼ no) 0.10** (0.05)
[2] CAI supervisor's workload (1 ¼ yes; 0 ¼ no) �0.00 (0.05)
[3] CAI treatment* CAI supervisor's workload �0.06 (0.08)
[4] CAL treatment (1 ¼ yes; 0 ¼ no) 0.15* (0.08)
[5] CAL supervisor's workload (1 ¼ yes; 0 ¼ no) 0.02 (0.04)
[6] CAL treatment* CAL supervisor's workload �0.18* (0.11)
[7] Standardized baseline English test score (standard deviation) a 0.67*** (0.03)
[8] Controls YES
[9] Observations 5917
[10] R-squared 0.73

* significant at 10%; ** significant at 5%; *** significant at 1%. Robust standard errors in parentheses clustered at
school level.
The test aims to show the heterogeneous impact of ICT programme on standardized English test scores of the
supervisors' 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 programme, and it is standardized using the baseline mean and standard de-
viations for the control group.
Source: Authors' survey.
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fifth grade students. To our knowledge, this is the largest experiment ever done to evaluate the effectiveness of a programme
that integrates an ICT programme into the teaching curriculum of a classroom environment (a CAI programme). In addition,
this study was designed to compare a CAI intervention with a programme that did not integrate ICT into a teacher's teaching
curriculum (a CAL programme).

The results show that there are significant differences in programme impacts depending onwhether an ICT programme is
integrated into teacher's ordinary curriculum (CAI) or not (CAL). We believe that students in the sample schools benefited
from the ICT programmemost when teachers integrated it into their teaching programme and provided instructions to guide
students in using its materials. When the ICT programme was not integrated into the teaching programme, however, there
was no improvement in student English scores.

The final part of the study sought to explain how differences in programme impacts between different types of ICT
programmes might emerge. We believe the finding that CAI programmes had larger impact than CAL programmes can be
partly explained by differences in students' initial achievement levels within our sample. The effectiveness of CAL pro-
gramming was very different for who were either high or low achieving at baseline e students with higher levels of initial
learning benefitted, while those with lower levels did not. However, when teachers implemented a CAI programme by
integrating the ICT programme into their teaching curriculum and providing additional instruction, both types of students
improved.

Our analysis also uncovered potential complementarities between types of teachers and ICT programmes. The ICT pro-
gramme was shown to be effective regardless of teacher's regular workload if it was an English teacher who integrated the
programme into their teaching programme (CAI programs). However, if a non-English teacher implemented the ICT pro-
gramme (CAL programs), the programme was not effective if the teacher's workload was heavy.

These results have several implications for how an ICT programme might be designed and implemented in rural China or
other developing countries. First, when designing the ICT programme, attention needs to be paid to the learning levels of the
targeted students. If the subject being taught by the ICT programme is a new subject that students have just started to learn or
one inwhich students are lagging behind, an ICT programmemay be more effective if teachers integrate it into their teaching
program. If it is a subject in which students have established a good foundation of knowledge, they may be able to follow the
instructions of the learning assisted software and engage in self-study on their own. In the latter case, it may be less necessary
to integrate the ICT programme into teaching programs.

Second, in the case of CAL programmes where the ICT programme is designed to be delivered without being integrated
into a teaching programme (and the programme supervisor themselves will not teach the subject), assigning teachers with
high workloads (or overburdened teachers) to the position of supervisor may undermine the effectiveness of the programme.
When there are not strong complementarities between the ICT programme and the supervisor's regular teaching, supervisors
with heavy workloads may choose to not make the necessary effort to fully implement the programme sessions. Therefore,
CAL programmes would be much more effective if the supervisor is not overloaded with other teaching duties and has the
necessary capacity to faithfully implement the ICT programme.

Hence, according to our study, not all ICT programmes are equal. While ICT programmes work in general, different pro-
grammesdat least in our study areasdwork differently in different environments (with different types of students; and with
different types of teachers). Of course, this heterogeneity may help explain the pattern of outcomes of previous ICT studies in
which certain programmes were found to affect educational performance and others were not. In this study when we run a
large-scale experiment with different types of ICT programmes, we find that there can be different impacts depending on the
nature of the study and the nature of the participants. This finding suggests that future work in this area may be necessary in
order to identify additional sets of factors that affect the effectiveness of ICT programmes.
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