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Abstract

The Policy Research Working Paper Series disseminates the findings of work in progress to encourage the exchange of ideas about development 
issues. An objective of the series is to get the findings out quickly, even if the presentations are less than fully polished. The papers carry the 
names of the authors and should be cited accordingly. The findings, interpretations, and conclusions expressed in this paper are entirely those 
of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.

Policy Research Working Paper 8665

Empirical literature on digital technologies for student 
learning is generally unable to identify separately whether 
learning gains arise from reciprocity in response to the gift 
of a valuable gadget (the ‘gadget effect’) or from increasing 
exposure to relevant materials (the ‘content effect’). This 
paper attempts to disentangle these mechanisms using a 
randomized control trial in junior secondary schools in 
Lagos, Nigeria. It estimates three contrasts: (i) the effect 
of just receiving an eReader with non-curriculum content, 
(ii) the marginal effects of receiving an eReader with cur-
riculum text books, and (iii) the marginal effects (relative 
to ii) of receiving curriculum with supplementary current 
and remedial instructional content. The findings show that 
six to eight months of exposure to eReaders led to modest 

positive impacts on learning, but only if the devices had 
curriculum material and were filling input gaps resulting 
from a lack of textbooks. Consistent with other recent 
findings, even six to eight months of exposure to eReaders 
with non-curriculum recreational material reduced student 
learning outcomes. These results demonstrate that the 
promise of digital solutions to improve learning depends 
largely on the extent that these solutions address unmet 
access to instructional material. The paper also finds that 
exposure to eReaders improved student retention. However, 
these impacts are not very robust and could be achieved 
much more cost-effectively through the provision of infor-
mation about the economic returns to education. 

This paper is a product of the Education Global Practice. It is part of a larger effort by the World Bank to provide open 
access to its research and make a contribution to development policy discussions around the world. Policy Research 
Working Papers are also posted on the Web at http://www.worldbank.org/research. The authors may be contacted at  
ssabarwal@worldbank.org.  
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1. Introduction 

Can digital technologies improve student learning in developing countries where enrollments have 
expanded rapidly, but learning levels remain low?1 This question has sparked a compelling debate, 
to which this paper contributes.  

Digital technology - defined as technologies that enable access to large amounts of information 
stored on portable devices – is increasingly being used for education. These technologies targeted 
directly at students2 can potentially improve learning through two key channels: (i) through the 
provision of instructional content delivered in an exciting format that potentially increases student 
engagement with content; and (ii) by inducing reciprocal student effort in response to the gift of a 
valuable gadget. 

The first of these two mechanisms can help compensate for the inadequate or poor quality of school 
inputs. This might be especially crucial in developing country contexts where textbook shortages 
remain acute (Fredriksen, Brar, and Trucano 2015),3 teacher knowledge and/or effort are far from 
optimal (Bold et al. 2017) or text book materials and/or instruction is too advanced for most pupils 
(Glewwe, Kremer, and Moulin 2009; Banerjee et al. 2007; Beatty and Pritchett 2012).  

Digital technologies could lead to greater student engagement with instructional content in 
multiple ways. In typical classroom environments, students are often merely passive recipients of 
knowledge (Hung 2011; Rasku-Puttonen et al. 2003), a problem likely to be exacerbated in over-
crowded classrooms. In contrast, digital devices like computers, tablets, and e-readers can 
potentially make the learning experience more focused and targeted. They can offer highly 
individualized instruction and allow students to learn at their own pace. These features are 
particularly beneficial for struggling students who might have problems keeping pace with 
classroom instruction (Duflo, Dupas, and Kremer 2015; Banerjee et al. 2016), or even for more 
advanced students who might lose interest with a slower instructional pace.  

The second mechanism operates through the activation of social norms of reciprocity induced by 
the receipt of an expensive device provided in a school setting (Akerloff 1982, Fehr et al 1998, 
Fehr and Gächter 2000).4 In this context, getting access to an expensive gadget and the implicit 
signaling of the importance of learning may prolong student interest in and engagement with 
learning materials, especially for students who have mastered foundational reading skills. 

                                                            
1 For a discussion of issues in education service delivery in developing countries, see World Bank (2017), Pritchett 
(2013), and World Bank (2003). 
2 While digital technologies can be used to support teacher preparation and instruction, in this paper we focus on 
technologies targeted directly at students. 
3 A survey covering 22 SSA countries found that, in 2010, the “median country” had 1.4 students per textbook in 
both reading and math in primary education, ranging from about less than one pupil per book to 11 for reading and 
13 for math. A 2008 study for secondary education found that in 18 of 19 SSA countries surveyed there was severe 
book shortage for most students (Fredriksen, Brar, and Trucano 2015). 
4 See Sobel (2005) for a discussion of theoretical models of reciprocity and Gneezy and List (2006) for a test of 
reciprocity in a set of field experiments.  
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However, there are reasons to be cautious about the promise of digital technology in education. 
Technology adoption is prohibitively costly especially in resource-constrained education systems.5 
The costs can be even higher if complementary investments in infrastructure and teacher 
competence are required for digital technologies to have impact (Butler 2007).6 They may also be 
difficult to implement in low-capacity environments. One review finds that many technology 
interventions fail even before implementation (World Bank 2017). 

The promise of technology for education has been almost as dazzling as measured impacts have 
been generally disappointing. Among the subset of education technology interventions that are 
successfully implemented and evaluated, impacts vary greatly. One summary is that the impact of 
technology interventions in education is mixed, with a pattern of ‘null results’ (Bulman and Fairlie 
2016).7  Even expensive large-scale interventions like the One Laptop Per Child programs in Peru 
and Uruguay, showed no impacts on learning (Cristia et. al 2017; de Melo, Machado, and Miranda 
2014). At the same time, there are interventions showing significantly positive or significantly 
negative effects. At the positive end of the spectrum is the dynamic computer-assisted learning 
program for secondary school students in India that increased math and language scores sharply 
over a 4.5-month period (Muralidharan, Sing and Ganimian , forthcoming). On the other extreme 
are studies that show negative impacts on learning (Fuchs and Woessmann 2004; Angrist and Lavy 
2002; Vigdor and Ladd 2010; Malamud and Pop-Eleches 2011).  

High costs, implementation challenges, and mixed, often disappointing, impacts might be why 
technology has not been particularly disruptive in education so far.8 Given the mixed evidence, 
can a pattern be detected in terms of when such interventions succeed and when they fail?  Some 
have argued that technologies that complement teachers work better than technologies that 
substitute for them (World Bank 2017; Snilstveit et al. 2015). Another important determining 
factor is context-relevance and suitability. For technology interventions to succeed, it is crucial to 
focus on technologies that are truly feasible in existing systems (World Bank 2017). 

One other hypothesis is proposed by Muralidharan et al. (forthcoming) who argue that hardware-
focused technology interventions such as the provision of computers/laptops to students or schools, 
have no positive impact on learning outcomes; while pedagogy-focused technology interventions 
that enable students to access content at their own pace or allow for personalized instruction, have 
positive impacts on learning outcomes.9 The relatively strong effectiveness of well-

                                                            
5 http://blogs.worldbank.org/edutech/worst-practice 
6 There are also concerns about potential exposure to non-academic and adult content (Subrahmanyam et al. 2000; 
Wartella and Jennings 2000). 
7 A partial list includes studies that have shown a positive association between computer access and education 
outcomes in developed countries (Attewell and Battle 1999; Fairlie 2005; Fairlie and London 2012; Fairlie, Beltran, 
and Das 2010; Machin, McNally, and Silva 2007) and developing countries (Banerjee et al. 2007; Beuermann et al. 
2015; Muralidharan, Singh and Ganimian forthcoming). Others find little effect (Barrera and Linden 2009) or even 
negative impacts (Fuchs and Woessmann 2004; Angrist and Lavy 2002; Vigdor and Ladd 2010; Malamud and Pop-
Eleches 2011). For a detailed discussion, see: Bulman and Fairlie (2016) and Annex B of Muralidharan et al. 
(forthcoming). 
8 Pritchett (2013) argues that technology does not show up in a big way in the way education is delivered. The 
processes of the school day, and the interactions between teachers and students are very similar to those of a century 
ago. 
9 Pedagogy-focused interventions include computer-assisted learning interventions (Banerjee et al. 2016; Lai et al. 
2015) or web or app-enabled applications like the Khan Academy. 
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designed/implemented software interventions is echoed in other studies (Banerjee et al. 2007; 
Carrillo, Onofa, and Ponce 2011). In a meta-review of all rigorously evaluated education 
interventions, McEwan (2015) finds the largest effects for interventions involving instructional 
technology. In a similar review, Conn (2014) considers “pedagogical interventions” to be the most 
effective subset of education interventions, and many of these pedagogical interventions are in fact 
computer-assisted learning programs. 

In this paper, we examine the potential effectiveness of digital technologies for student learning 
by focusing on non-interactive eReaders. The experiment is explicitly designed to disentangle the 
content effect from the reciprocity effect. Given that the eReaders are non-interactive, we are only 
able to examine a very limited technology enabled pedagogical intervention with no room for 
active feedback or targeting of content. We test the impact of providing eReaders with or without 
curriculum content. In a third arm, we also examine whether provision of other remedial content 
can usefully enhance learning outcomes. The paper measures the impact of digital technology on 
both learning and participation in the next level of secondary schooling. 

We conducted a nested randomized control trial (RCT) in which eReaders with different types of 
content were provided to Grade 8 students in Lagos, Nigeria. A study sample of 497 students were 
randomly assigned to one of the following groups - a control group that received nothing and three 
treatment groups that each received eReaders with either: a) only non-curriculum reading material; 
b) non-curriculum reading material and curriculum textbooks; and c) non-curriculum material, 
curriculum textbooks and supplementary curriculum-relevant material. We examine short-term 
student outcomes after a six-month exposure to eReaders and longer-term outcomes obtained from 
a student tracking survey 2.5 year after the experiment.  

For the purposes of benchmarking the impact of eReaders on school participation against a non-
technology intervention, we implement a low-cost ‘information’ intervention (Jensen 2010). A 
random sub-sample of treatment students was assigned–orthogonal to eReader randomization–to 
receive an information intervention. Students assigned to the information treatment group received 
a short script on the expected returns to education in the Nigerian labor market. This intervention 
is extremely low-cost and scalable. As such it provides a useful benchmark for a more expensive 
digital technology intervention. 

Overall, we found no significant impact of any eReader treatment on learning outcomes in reading, 
math, and non-Verbal reasoning. However, eReaders with curriculum content improve reading 
outcomes for students with no text-books (estimates are large but imprecise). In contrast, among 
students with textbooks, eReaders with curriculum led to no gains in reading comprehension or a 
small and imprecise decline in math scores. Further, and consistent with Malamud and Pop-
Eleches (2011), eReaders without curriculum material led to a decline in overall reading and math 
scores. These results are suggestive that learning impacts of eReaders depend on the relevance of 
content delivered and especially whether or not the student has access to alternative forms of the 
same content (textbooks). 

We do not find systematic impacts on student aspirations or attitudes. However, eReader provision 
appears to impact student retention. Around 2.5 years after the experiment ended, we were able to 
trace 89 percent of the original sample (442 out of 497 students). At this time, we find that students 
in any of the e-Reader arms are about 5 percentage points more likely to stay in school. This effect 
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is concentrated among students from poorer households and with low baseline reading scores. 
However, accounting for attrition in a Lee Bounds Analysis produces a wide range of possible 
effects that include zero. We also find that these gains in retention can be more cost effectively 
generated through an information intervention, a la Jensen (2010). Students assigned to receive 
this information on the returns to secondary education in Lagos, are 11 percentage points more 
likely to be in school. 

Overall, our results suggest that digital solutions that deliver otherwise unavailable instructional 
‘content’ can boost learning outcomes. However, simply having a shiny gadget with the same 
instructional content as that available in textbooks has a null or negative impact on learning 
outcomes.  On the other hand, providing a valuable ‘gadget’ may be a sufficient, but non-cost-
effective option to boost school retention. 

The remainder of the paper is organized as follows. In Sections 2 and 3, we describe the 
intervention and evaluation design, respectively. In Section 4 we outline the empirical strategy and 
in Sections 5 and 6, we present and discuss the results of the evaluation; section 7 concludes. 

2. Design 

2.1 Background, Sampling, and Experimental Design 

In 2011-12, the Government of Lagos, in partnership with the World Bank, implemented the 
‘Interactive Lagos e-Reader Assessment Program’ (iLEAP) to test the impacts of providing 
eReaders to lower secondary students (Grade 8/Junior Secondary 2 (JS2)) in public schools. The 
government selected eReaders as the digital device that was both promising and scalable. The first 
clear advantage was of price, both at the time but also prospectively. In 2011, a basic Kindle device 
had an average cost of US$200 with a range of free non-curriculum age-appropriate books 
available; in 2018 the average cost of this device was US$80.10 Second, eReaders are a potential 
option for learning material delivery in developing countries that often struggle with delivering 
paper textbooks to schools (Fredriksen and Brar 2015). Third, their light weight and orientation 
flexibility makes them highly suitable for digital reading and accessing content. Low-cost, 
handheld e-reading devices can hold more than a thousand books,11 are more mobile than laptops, 
and have long battery life. Finally, eReaders have limited functionality beyond the provision of 
reading content. This makes them the ideal device for examining the relative importance of static 
‘content’ within the technology-for-education question. 

Five hundred students were randomly selected in October 2010 from the sampling frame (stratified 
by the six education districts in Lagos) of all JS1 public school students sitting the end of year 
exams. Three students were dropped due to missing school records and excluded from analysis. 
Due to unanticipated delays, the program did not start until the next academic year, when the 
sampled cohort was in JS2. As a result, students selected in the original sampling frame who did 
not sit/pass the end of year JS1 exam and did not move to JS2, had to be replaced through a 

                                                            
10 Amazon Kindle, Black, 6" Glare-Free Touchscreen Display, Wi-Fi. 
11 The lowest cost e-reading device from Amazon, the 6” Kindle, holds over 1,000 books 
(http://www.amazon.com/dp/B007HCCNJU/ref=sa_menu_kdptq). 
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randomly generated replacement list from the original frame. Forty percent of the original sample 
was replaced.12 

The study sample was randomly divided into a control group (176 students) and three treatment 
groups (consisting of 107 students each).  Treatment group 1 (T1) received a digital library of 
freely available (non-curriculum) fiction/non-fiction reading material. Treatment group 2 (T2) 
received the digital library and core curriculum textbooks in Mathematics and English. Treatment 
group 3 (T3) received the digital library, the core curriculum textbooks and supplementary 
instructional material. Supplementary materials included open source materials curated by 
curriculum experts to provide both remedial and current instructional content. To benchmark the 
impact of eReaders on school participation against a non-technology, a random subsample of 70 
students from the treatment groups– identified via a cross design orthogonal to the treatment and 
stratified by treatment group – were read a short script by a trained enumerator on the expected 
returns to education in Lagos.13 The experimental design is presented in Figure 1.  

A baseline school survey covering 214 schools in Lagos was conducted in November 2010 before 
the intervention began with a series of workshops in August 2011. During these workshops, 
students completed a self-administered, 45-minute survey and test to capture data on student 
characteristics and reading comprehension and ability. The test included publicly released test 
items used in the Grade 5 English–Language Arts Standards Test (one of the California Standards 
Tests administered as part of the Standardized Testing and Reporting (STAR) Program).  

After the survey and test, students in the treatment groups were provided eReaders and given a 
short orientation on the device. For control students, a placebo session was organized wherein 
students participated in a short talk about the potential of technology use in education. Students in 
the cross-designed information treatment group received the returns to schooling information at 
the close of the workshop. 

Endline student testing was conducted during workshops in April 2012, just before students sat 
the JS2 end of year exam All students completed a self-administered survey and were given 45-
minute tests on reading comprehension and ability (as was done at baseline), math, and non-verbal 
intelligence. 

The Math test included publicly released items from various years of the Trends in International 
Mathematics and Science study (TIMMS) Grade 4 test. The timed non-verbal intelligence test was 
based on Raven’s Progressive Matrices, which assesses general intelligence or “general cognitive 
ability” by measuring the ability to form perceptual relations and to reason by analogy (Raven 
2003).  

Students were asked to bring their eReaders to the endline workshops, and information on device 
use and status was collected through the self-administered student survey, direct observation of 
the device, and extraction of use information from the device.  

                                                            
12 Nearly half of this “attrition” is due to class repetition. See Table 1.1. 
13 Using information from a set of sampled workers from an investment climate survey, we generate information on 
the returns to schooling for completion of primary, junior secondary, senior secondary school and tertiary schooling. 
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Long-term follow-up outcomes were obtained from a two-phase, student tracking exercise at the 
beginning of the 2014 academic year, corresponding with the study cohort’s fourth year of 
secondary school and their first year of senior secondary school. In Phase I, the school participation 
status of the study sample was collected through Lagos Ministry of Education student record 
verification requests. In Phase II, enumerators used phone numbers collected during the baseline 
survey to call missing students. This strategy was augmented by visits to schools where 
enumerators interviewed head teachers and teachers. These two data sets were combined, giving 
priority to Phase II information in cases with conflicting information. Eighty-nine percent of the 
original sample of students were successfully traced. 

2.2 Student Profile 

Baseline student characteristics and balance across treatment arms are reported in Table 1. Balance 
across the information treatment arms is reported in Table 2. The average age of our sample at 
baseline is 13 years. Approximately half the students are male and 14.7 percent were repeating 
their current grade. For 30.6 percent of students, the father has more than secondary education and 
for 17 percent, the mother had more than secondary education. Nearly all students come from 
households with electricity connections (95.4 percent) but the frequency of electricity outages is 
high. A large share of students (35.0 percent) have mobile phones but very few (2.4 percent) have 
email addresses. 

Despite ongoing government programs for textbook provision to public schools, a significant share 
of students did not have textbooks at baseline. The share of students who reported owning 
textbooks in English and Math is 38.3 and 35 percent, respectively. However, more students report 
usage than actual ownership of textbooks. Around 74 percent and 71 percent of students claimed 
to have used English and Math textbooks at least twice in the last seven days, respectively.  
Students’ self-reported interest in extra-curricular reading appears to be high. Roughly half of the 
students claimed to enjoy reading newspapers and magazines (50.1 and 40.4 percent, respectively). 

Student attrition during the experiment is reported in Table 3. Eleven percent of students attrited 
between baseline and endline. Attrition is unbalanced between treatment (9.3 percent) and control 
groups (13.6 percent). Within treatment groups, student attrition is somewhat higher in the T2 
group relative to the T1 and T3 groups. Attrition is primarily driven by student unavailability at 
endline, either due to transferring schools or travel and health-related absence during the endline 
workshop. 

3. Empirical Strategy 

Our empirical strategy exploits random assignment to estimate the causal effect of being assigned 
to each of the treatment groups, on the outcomes of interest. Results are derived from OLS 
regressions of outcomes of interest on indicators for assignment to treatment groups: coefficients 
reflect how much an outcome of interest, e.g. change in test scores, differs between students that 
are assigned into treatment group(s) and those that are assigned into the control.  We estimate the 
following specification: 

𝑂𝑢𝑡𝑐𝑜𝑚𝑒 𝛽  Σ𝛽 𝑇𝑟𝑒𝑎𝑡 𝜆𝑋  𝜖                                        (1) 
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where 𝑂𝑢𝑡𝑐𝑜𝑚𝑒  is the outcome for student i, j indexes the three assignments to the eReader 
treatment and 𝑋  is a vector of student-level controls. Given the nested nature of the treatment 
groups (see below), the Treatj variables are an overlapping set of indicators. This implies that: 

 Treat1 variable takes the value 1 for all students who received an eReader with the non-
curriculum digital library and zero otherwise;  

 Treat2 takes on the value of 1 for students who received an eReader with the curriculum 
textbooks and zero otherwise;  

 Treat3 takes on the value 1 if a student received an eReader with the supplementary 
curriculum materials and zero otherwise.  

This overlapping definition implies that 𝛽  captures the impact of receiving an eReader with no 
curriculum content and 𝛽  captures the marginal impact of additional content received (for j=2, 
3). In addition to estimating specification (1) we estimate heterogeneous treatment effects by fully 
interacting assignment indicators with baseline student characteristics.  

𝑂𝑢𝑡𝑐𝑜𝑚𝑒 𝜎  Σ𝛼 𝑇𝑟𝑒𝑎𝑡  Σ𝛾 𝑍 ∗ 𝑇𝑟𝑒𝑎𝑡 𝛿𝑍 𝜆𝑋  𝜖               (2) 

Zi represents key interactions that capture a range of sources of heterogeneity motivated by theory 
and recent empirical research. In particular, we examine the following interactions separately: (i) 
student scoring above median reading at baseline (Glewwe, Kremer and Moulin, 2009), (ii) 
student owned a paper textbook at baseline (Das et al. 2013), and (iii) student had aspirations for 
high level of education at baseline. 

We estimate the impact of information treatment using a reduced version of equation (1), where 
𝑇𝑟𝑒𝑎𝑡   is 1 if student i did receives the information treatment and 0 otherwise.  

To explore the potential influence of attrition (missing students) on our findings, we calculate Lee 
(2009) bounds on the potential treatment effect given extreme assumptions on attrition bias. Lee 
bounds assume monotonicity, i.e. that the likelihood of non-response is monotonically related to 
receiving the treatment. This assumption rules out the possibility that the treatment may affect 
sub-groups differently and implies that non-respondents in groups with high response rates would 
not have responded if their treatment status were changed. To do this, we follow Tauchmann 
(2014) and use the leebounds command in Stata12.  

4. Device Usage 

Descriptive statistics on self-reported eReader usage are presented in Table 4. Information on 
eReader usage was collected through a self-administered survey as well as direct extraction from 
the devices. Self-reported data show high usage. Around 73 percent of the treatment sample 
claimed to have used the device at least once a week or almost every day. The likelihood of using 
the device at least once a week or more is slightly higher among students in the T1 group. About 
45 percent of the sample gave a reason for limited usage; and the most frequently cited reason was 
lack of electricity to charge the device, followed by broken eReader. About 262 students (87 
percent of the interviewed treatment sample) were able to name at least one book they had read on 
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the device, 245 students were able to name two, and 208 students were able to name three books 
(not shown).14  

Most students found the eReader easy and convenient to use. About 63 percent of respondents had 
to charge their eReaders once or twice a week with 84 percent claiming that charging had little or 
no impact on their use. More than 75 percent had no problems with eReader features (e.g. marking 
text, weight of the device, difficulty of use). Around 89 percent claimed difficulty in reading had 
little or no impact on their use. Safety concerns about device use in public or breakage concerns 
were limited, however, nearly half of the students used their eReader only at home. Around 84 
percent of the sample reported being comfortable with the device; 90 percent claim that their 
overall experience with the device was positive. Despite this, one-fourth of the respondents 
claimed that their use of the device was limited because they have a preference for textbooks (27 
percent).  

Information on eReader usage was also derived from direct extraction of usage statistics from the 
eReaders themselves. The eReaders used in the experiment (Kindle, version 3.2) allowed for 
limited extraction of usage data – such as books read/opened, highlights, and notes. Two strategies 
were followed. First, data were collected by transcribing information from the ‘menu’ of actual 
eReaders recovered from students at endline. Second, functioning devices were connected to the 
internet to extract usage data. The extent to which these data can be used for rigorous analysis, 
however, is constrained by the high rates of device breakage and unavailability. Device status at 
endline is reported in Table 3.  

Around 88 percent of devices showed some sign of physical damage (51 percent of which was 
damage to the screen). Analyzing usage data from 86 functioning devices stored on the cloud, we 
find that average number of books read - in the 6-8 months duration of treatment - was 4.6. Only 
6 percent of devices with extracted data showed no book read. There were no systematic 
differences across treatment groups in the average number of books read. Just over 85 percent of 
devices with extracted data had at least one highlight; 56 percent had at least one note.  

5. Impacts of eReader treatment 

The results of estimating specifications (1) and (2) (described above) are presented in Tables 5-9. 
The first pair of columns in each table correspond to specification (1) with and without controls. 
Controls are drawn from a set of baseline student characteristics15 as well as baseline student 
performance in reading and average school performance at baseline (de Ree et al. 2017). The 
coefficients of interest capture contrasts between adjacent treatments (T1 vs control, T2 vs T1, T3 
vs T2). We then present results of estimating specification (2) where the overlapping treatment 
indicators are interacted with three student-level attributes: student having above median reading 
at baseline, student owned a paper textbook at baseline, student had aspirations for high level of 
education at baseline. All specifications cluster standard errors at the school level.  

                                                            
14 Oliver Twist was the most frequently cited book, followed by students’ English textbook, Five Little Friends, and 
students’ math textbook. 
15 Age, educational attainment of mother and father, household wealth, access to electricity, mobile phones, and 
proxies for frequency of paper-textbook use. 
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5.1 Cognitive Outcomes 

Our first set of results are linked to learning outcomes in reading and comprehension, math, and 
non-verbal ability (Tables 5–7, respectively). 

Our results for reading comprehension (Table 5) are consistent with prior results.  Using estimates 
from column (2), the impact of just receiving an eReader without curriculum content is negative 
and substantive, albeit imprecisely estimated (Malamud and Pop-Eleches (2011)). Adding 
curriculum textbooks to the eReaders produces imprecise gains of nearly 0.2 standard deviation. 
Finally adding supplementary materials leads to a small and imprecise negative impact.   

The examination of heterogeneity produces some interesting insights. First, the “hardware-only” 
losses appear to be concentrated among students with low baseline reading scores. Second, all the 
gains generated by eReaders with curriculum content (T2) accrue only to students who do not own 
a paper textbook at baseline. Finally, and consistent with heterogeneity by baseline scores, the 
hardware-only penalty is concentrated among students with low aspirations for higher education 
at baseline.  

The pattern of results for math (Table 6) is different from those for reading. Firstly, we observe 
negative (albeit imprecise) impacts of adding textbooks to eReaders (T2). On the other hand, the 
supplementary materials (T3) appear to produce imprecise gains of the same magnitude.  
Examining heterogeneity suggests that the declines associated with (T2) are concentrated among 
students with math textbooks at baseline. In contrast to reading, the math results suggest eReaders 
crowd out productive engagement with paper textbooks. An examination of the math textbook 
content suggests that the inability to zoom in on formulas or diagrams may in part explain the 
observed results. 

Finally, for non-verbal ability (Table 7), we note some interesting patterns of the results. First, in 
contrast to Malamud and Eleches (2011) and Cristia et al. (2017), access to digital devices does 
not boost non-verbal reasoning ability. If anything, we observe declines in non-verbal reasoning 
particularly for students with low reading scores at baseline (significant at the 10 percent level).  

Overall, our results suggest that even within the 6-8-month exposure, access to technology that 
provides non-curriculum content can impact student test scores negatively. However, when 
technology fills input gaps – as in providing textbook content to those who do not have it – it can 
improve learning. Such technology also has the potential to crowd-out traditional input use – as in 
making students substitute away from paper textbooks to digital format – which may in fact impact 
learning negatively. 

5.2 Non-Cognitive Outcomes  

For students in the sample (age 13-14 years), access to the gadgets and the wide range of content 
therein may potentially impact the way they think of themselves and their future. In light of this, 
we examine the impact of eReader provision on student aspirations (Table 8) and self-efficacy 
(Table 9). We do not find any systematic patterns, although, compared to no eReader, access to 
non-curriculum content (T1) appears to negatively impact aspirations for higher education.  
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6. Student Retention 

As mentioned above, about 2.5 years following the intervention a student tracking survey was 
undertaken to determine which students were still in school. Assuming no repetition, these students 
would have been in Senior Secondary 1 grade (Grade 10). The methodology for tracking is laid 
out in Section 2.2. Note that this does not rely on speaking to students directly. Instead we rely on 
teachers and head teachers at the students’ Junior Secondary Schools.  

We were unable to trace 11 percent of the original sample (55 of 497 students). Of the students we 
were able to trace, 365 were still engaged in some kind of educational activity (school, vocational 
training) while 78 were not. Impacts of eReader provision and informational provision on student 
retention are presented in Tables 10 and 11, respectively. To explore the potential influence of 
attrition (missing students) on our findings, we calculate Lee (2009) bounds on the potential 
treatment effect given extreme assumptions on attrition bias and report the results in Table 12. 

Consistent with some of the predictions of the reciprocity literature, we find that, compared to the 
control group, assignment to receive an eReader with non-curriculum content (T1) has a positive 
impact on student retention of 13 percentage points (significant at the 5 percent level). This positive 
impact is mostly concentrated among the more disadvantaged students - those with lower than 
median baseline reading ability, low maternal education, and low wealth. On the other hand, 
compared to the eReader with just the digital library, receiving additional curriculum content 
reduces retention in school (Table 10).  

Finally, we document positive impacts of the information treatment on student retention (Table 
11). Those who received the scripted message on returns to secondary education in Lagos were 11 
percentage points more likely to continue their education (significant at the 5 percent level). These 
impacts are also more concentrated among students from poorer households. In addition, the 
observed gains from the information script are more than twice as large as the effect of assignment 
to receive an expensive eReader. Further, Lee Bounds analysis (Table 12) shows that student 
retention impacts from information treatment are robust to extreme assumptions regarding student 
attrition. 

7. Conclusion 

We examine the impacts of a low-cost technology intervention (eReader provision) on student 
outcomes through a randomized control trial. Within the overall experiment, we investigate the 
marginal short-term impacts of different types of content on test scores. In addition, we benchmark 
longer term impacts on school retention against a low-cost non-technology-based alternative.  

First, we establish that eReaders are a viable/feasible option for content delivery in urban contexts 
like Lagos. Second, we show that impacts are heavily mediated by content. When eReaders address 
input gaps – in this case providing curriculum material to students who do not have paper textbooks 
– they have a positive impact on student learning even with short exposure. On the other hand, 
when eReaders provide non-curriculum recreational books (age-appropriate English language 
fiction and non-fiction), student test scores in reading and math decline. Finally, exposure to 
eReaders appears to improve student retention. However, similar impacts can be achieved at much 
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lower costs through a non-technology intervention that involves dissemination of returns to 
schooling information directly to students. 

These impacts demonstrate the need to focus much more on the type of content that is being 
delivered through digital technology interventions, rather than the gadgets. These results also 
appear to suggest the importance of clearly defining/measuring the counterfactual – is the 
technology ‘additive’ or ‘substitutive’ of traditional inputs? Finally, the results demonstrate the 
need to better quantify the cost-effectiveness of technology interventions by benchmarking them 
against low-cost non-technology interventions.  
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Tables 
 
Table 1: Description and balance of baseline student characteristics  
 

Selected Characteristic 
(1) 

Full sample 
(2)      
T1 

(3)      
T2 

(4)      
T3 

(5)          
All treated 

(6)       
Control 

Student             

Age 13.06 13.09 13.09 13.00 13.06 13.05 

  (1.86) -0.18 (0.18) (0.16) (0.10) (0.16) 

Male 47.66 47.66 50.94 44.86 47.81 47.37 

  (50.00) (4.85) (4.88) (4.83) (2.80) (3.83) 

Repeated class 14.66 17.76 16.04 11.21 15.00 14.04 

  (35.41) (3.71) (3.58) (3.06) (2.00) (2.66) 

Has a mobile phone 35.01* 27.78 31.13 40.19 33.02 38.64 

  (47.75) (4.33) (4.52) (4.76) (2.63) (3.68) 

Has an email address 2.41 0.93 2.83 3.74 2.49 2.27 

  (15.37) (0.93) (1.62) (1.84) (0.87) (1.13) 

Enjoys reading magazines 40.44 37.96 39.62 45.79 41.12 39.20 

  (49.13) (4.69) (4.77) (4.84) (2.75) (3.69) 

Enjoys reading newspapers 50.1 46.30 49.06 54.21 49.84 50.57 

  (50.05) (4.82) (4.88) (4.84) (2.80) (3.78) 

Household 

Mother's Education (Greater than Secondary) 17.1** 10.19 16.98 20.56 15.89 19.32 

  (37.69) (2.92) (3.66) (3.93) (2.04) (2.98) 

Father's Education (Greater than secondary) 30.58 27.78 29.25 36.45 31.15 29.55 

  (46.12) (4.33) (4.44) (4.67) (2.59) (3.45) 

Wealth index 0.00 -0.13 0.10 -0.08 -0.04 0.07 

  (1.02) (0.11) (0.08) (0.11) (0.06) (0.07) 

Electricity connection 95.37* 96.30 96.23 97.20 96.57 93.18 

  (21.03) (1.83) (1.86) (1.60) (1.02) (1.91) 
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Selected Characteristic 
(1) 

Full sample 
(2)      
T1 

(3)      
T2 

(4)      
T3 

(5)          
All treated 

(6)       
Control 

Electricity outrages > 2 days per week 77.6 75.70 77.36 77.57 76.88 78.95 

  (41.74) (4.17) (4.08) (4.05) (2.36) (3.13) 

Owns English Textbook 38.29 34.58 36.79 41.12 37.50 39.77 

  (48.66) (4.62) (4.71) (4.78) (2.71) (3.75) 

Used English Textbook at least twice in past seven days 0.74 0.70 0.72 0.78 0.73 0.75 

  (0.44) (0.04) (0.04) (0.04) (0.02) (0.03) 

Owns Math Textbook 0.34 0.32 0.35 0.36 0.34 0.33 

  (0.47) (0.05) (0.05) (0.05) (0.03) (0.04) 

Used Math Textbook at least twice in past seven days 71.43* 68.52 65.09 74.77 69.47 75.00 

  (45.22) (4.49) (4.65) (4.22) (2.57) (3.27) 

Attending special exam prep sessions in Math 72.84** 69.44 74.53 80.37 74.77 69.32 

  (44.52) (4.45) (4.25) (3.86) (2.43) (3.49) 

Attending special exam prep sessions in English 73.04* 72.22 73.58 79.44 75.08 69.32 

  (44.42) (4.33) (4.30) (3.93) (2.42) (3.49) 

Baseline Reading Comprehension, % correct 27.51 28.10 26.47 28.26 27.62 27.32 

  (9.55) (0.91) (0.88) (0.95) (0.53) (0.74) 

Baseline Reading Score (School Mean) 27.52 27.83 27.43 27.54 27.60 27.37 

  (6.00) (0.56) (0.59) (0.63) (0.34) (0.44) 
T1, eReader with library; T2, eReader with library and curriculum books; T3, eReader with library, curriculum books and supplementary material. 
Standard errors are reported in parentheses.  
*, **, and *** indicate that treatment arms differed at the 10, 5 and 1 percent levels, respectively. 
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Table 2: Information treatment balance for student and household characteristics 

Selected Characteristic 
(1) 

Full sample 
(2) 

Control 

(3) 
Information 
treatment1 

Student 
Age 13.06 13.06 13.06 
  (1.86) (1.89) (1.73) 
Male 47.66 48.1 44.93 
  (50.00) (50.02) (50.11) 
Repeated class 14.66 14.45 15.94 
  (35.41) (35.21) (36.87) 
Have a mobile phone 35.01 34.81 36.23 
  (47.75) (47.69) (48.42) 
Have an email address 2.41 2.1 4.35 
  (15.37) (14.36) (20.54) 
Enjoy reading magazines 40.44 40.19 42.03 
  (49.13) (49.08) (49.72) 
Enjoy reading newspapers 50.1 50 50.72 
  (50.05) (50.06) (50.36) 

Household 
Mother's Education(Greater than Secondary) 17.1 17.06 17.39 
  (37.69) (37.66) (38.18) 
Father's Education(Greater than secondary) 30.58 30.14 33.33 
  (46.12) (45.94) (47.49) 
Wealth index 0.00 -0.02 0.1 
  (1.02) (1.03) (0.92) 
with Electricity connection 95.37 95.09 97.1 
  (21.03) (21.63) (16.90) 
Electricity outrage > 2 days per week 77.6 78.2 73.91 
  (41.74) (41.34) (44.23) 
Own English Textbook 38.29 38.86 34.78 
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Selected Characteristic 
(1) 

Full sample 
(2) 

Control 

(3) 
Information 
treatment1 

  (48.66) (48.80) (47.98) 
Used English Textbook at least twice in past seven days 0.74 0.73 0.77 
  (0.44) (0.44) (0.43) 
Own Math Textbook 0.34 0.33 0.36 
  (0.47) (0.47) (0.48) 
Used Math Textbook at least twice in past seven days 71.43 70.56 76.81 
  (45.22) (45.63) (42.51) 
Attending special exam prep sessions in Math 72.84 71.96 78.26 
  (44.52) (44.97) (41.55) 
Attending special exam prep sessions in English 73.04* 71.73 81.16 
  (44.42) (45.08) (39.39) 
Baseline Reading Comprehension, % correct 27.51** 27.89 25.15 
  (9.55) (9.62) (8.85) 
Baseline Reading Score 27.52 27.64 26.74 
  (6.00) (5.96) (6.25) 
Number of Observations 497 428 69 

1 Information treatment arms received a short script on the expected returns to education in the labor market.  
Standard errors are reported in parentheses and clustered at the school level. 
*, **, and *** indicate that information treatment arms differed at the 10, 5 and 1 percent levels, respectively.    



 
22 

 

Table 3. Attrition rates for students and eReaders status at endline 

  

(1)  
Full sample 

(2)  
T1 

(3) 
T2 

(4)  
T3 

(5)  
T4 

(6)  
Control 

Student Attrition             
Student interviewed at baseline 497 108 106 107 321 176 
Student interviewed at endline 443 99 93 99 291 152 
Student attrition (%) 10.9 8.3 12.3 7.5 9.3 13.6 

Device status at endline             
Devices distributed at baseline   107 107 107 321   
Devices recovered at endline   91 79 91 261   
Device attrition (%)   15.0 26.2 15.0 18.7   

Data extraction from devices             
Extraction of cloud data possible   28 26 32 86   
No data extraction possible   8 11 17 36   
Broken devices   55 42 42 139   

T1, eReader with library; T2, eReader with library and curriculum books; T3, eReader with library, curriculum books and 
supplementary material. 

  



 
23 

 

Table 4. Self-reported eReader use 

  
(1) 
T1 

(2) 
T2 

(3) 
T3 

(4) 
All treated 

How often did you use your eReader in the last 6 months?         
Never 1.03 7.95 7.14 5.30 
Once or twice 7.22 4.55 4.08 5.30 
A few times 12.37 20.45 17.35 16.61 
At least once a week 17.53 17.05 14.29 16.25 
Almost every day 61.86 50.00 57.14 56.54 

What were the reasons you didn't use your eReader?1         
eReader broken       23.62 
eReader got lost       8.66 
No electricity to charge the eReader       43.31 
Lent out the eReader to a friend/family member       14.17 
eReader kept at my school       10.24 

Did you use eReader at school         
Yes 56.48 49.06 53.27 52.96 

Hours each day, on average, spent using the eReader for reading books         
Less than 1 hour 15.05 21.79 14.61 16.92 
1-2 hours 45.16 37.18 35.96 39.62 
2-4 hours 24.73 28.21 29.21 27.31 
More than 4 hours 15.05 12.82 20.22 16.15 

What has motivated you to use the eReader in the last one month?         
Prepare for tests 52.63 45.24 34.41 44.12 
Find the book or topic interesting 12.63 7.14 7.53 9.19 
Instructed to do so 18.95 14.29 16.13 16.54 
Boredom and having nothing else to do 16.85 12.20 7.69 12.21 

Did the following have a major impact on your use of eReader?         
Charging 6.74 6.10 7.69 6.87 
Difficulty in reading 2.25 1.23 4.40 2.68 
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(1) 
T1 

(2) 
T2 

(3) 
T3 

(4) 
All treated 

Difficulty in marking/highlighting text 13.48 9.88 11.96 11.83 
Learning how to use the device 3.33 6.02 2.22 3.80 
Lack of training/information on using the eReader 3.41 3.70 6.59 4.62 
Safety concerns about using the eReader in public 8.05 6.10 10.99 8.46 

Which of the following would you prefer to read         
Paper textbooks 13.54 7.06 9.47 10.14 
eReader 53.13 62.35 62.11 59.06 
Indifferent between textbooks and eReader 27.08 20.00 24.21 23.91 
Don't know 6.25 10.59 4.21 6.88 

T1, eReader with library; T2, eReader with library and curriculum books; T3, eReader with library, curriculum books and supplementary material. 
1 Forty-five percent of the treatment sample provided a reason for limited usage.     
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Table 5. Impact of treatments on reading 

    
No interaction 

 
Above median reading 

 
Owns English textbook 

 Aspire for tertiary 
education 

  ITT Controls 
 

ITT Controls 
 

ITT Controls 
 

ITT Controls 

T1   -0.169 -0.177  -0.330* -0.295  -0.249 -0.254  -0.945* -1.078** 
    (0.132) (0.132)  (0.157) (0.157)  (0.171) (0.167)  (0.414) (0.383) 
T2   0.154 0.188  0.233 0.224  0.379* 0.393*  0.209 0.370 
    (0.139) (0.138)  (0.174) (0.172)  (0.172) (0.172)  (0.476) (0.458) 
T3   -0.043 -0.043  0.043 0.047  -0.137 -0.136  0.164 0.208 
    (0.128) (0.123)  (0.161) (0.156)  (0.152) (0.143)  (0.363) (0.407) 
Main Effect for Interacting Variable    0.474** 0.147  0.001 0.001  0.416* 0.330 
       (0.160) (0.213)  (0.002) (0.002)  (0.196) (0.234) 
Interaction * T1      0.569* 0.483  0.002 0.002  0.809 0.939* 
       (0.271) (0.273)  (0.003) (0.003)  (0.435) (0.410) 
Interaction * T2      -0.282 -0.214  -0.006* -0.005  -0.063 -0.191 
       (0.274) (0.268)  (0.003) (0.003)  (0.497) (0.482) 
Interaction * T3      -0.323 -0.298  0.002 0.002  -0.208 -0.262 
       (0.254) (0.242)  (0.003) (0.003)  (0.386) (0.429) 
Baseline Reading Score   N Y  N Y  N Y  N Y 
Baseline Reading Score (School Average) N Y  N Y  N Y  N Y 
Baseline Controls   N Y  N Y  N Y  N Y 
R-Squared   0.00 0.11  0.03 0.11  0.02 0.12  0.02 0.11 
No. observations   438 438  438 438  438 438  438 438 

Note: Treatment variables indicators defined as overlapping set with T1 corresponding to all students assigned any eReader; T2 corresponding to all students assigned an eReader 
with curriculum textbooks; and T3 corresponding to students assigned an eReader with supplementary instructional material.  
Baseline controls include: age, mother's education (greater than secondary), father's education (greater than secondary), household wealth index, whether the household has an 
electricity connection, used English textbook at least twice in the last week, and attending special exam prep in English. 
Standard errors clustered at the school level are reported in parentheses.  
*, ** and *** represent significance at the 10, 5 and 1 percent levels, respectively. 
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Table 6. Impact of treatments on math 

 No Interaction  Above median math  Owns math 
textbook 

 Aspire for tertiary 
education 

 ITT Controls  ITT Controls  ITT Controls  ITT Controls 

T1 -0.004 -0.028  -0.048 -0.044  -0.090 -0.102  -0.089 -0.061 
 (0.140) (0.141)  (0.174) (0.174)  (0.184) (0.186)  (0.430) (0.461) 
T2 -0.201 -0.200  -0.180 -0.220  0.090 0.082  -0.357 -0.365 
 (0.153) (0.152)  (0.192) (0.186)  (0.163) (0.161)  (0.432) (0.388) 
T3 0.193 0.220  0.261 0.296  -0.003 0.024  -0.238 -0.265 
 (0.145) (0.148)  (0.182) (0.180)  (0.145) (0.147)  (0.640) (0.679) 
Main Effect for Interacting Variable    0.214 0.045  -0.007 -0.014  -0.286 -0.370 
    (0.184) (0.250)  (0.173) (0.172)  (0.587) (0.634) 
Interaction * T1    0.182 0.102  0.248 0.229  0.088 0.032 
    (0.277) (0.277)  (0.274) (0.276)  (0.454) (0.482) 
Interaction * T2    -0.113 -0.007  -0.856* -0.843*  0.162 0.171 
    (0.306) (0.307)  (0.350) (0.352)  (0.461) (0.422) 
Interaction * T3    -0.232 -0.238  0.579 0.593  0.454 0.511 
    (0.306) (0.305)  (0.345) (0.348)  (0.658) (0.698) 
Baseline English Score N Y  N Y  N Y  N Y 
Baseline English Score (School Average) N Y  N Y  N Y  N Y 
Baseline Controls N Y  N Y  N Y  N Y 
R-Squared 0.01 0.03  0.01 0.04  0.03 0.05  0.01 0.04 
No. observations 408 408  408 408  408 408  408 408 

Note: Treatment variables indicators defined as overlapping set with T1 corresponding to all students assigned any eReader; T2 corresponding to all students assigned an 
eReader with curriculum textbooks; and T3 corresponding to students assigned an eReader with supplementary instructional material.  
Baseline controls include: age, mother's education (greater than secondary), father's education (greater than secondary), household wealth index, whether the household 
has an electricity connection, used math textbook at least twice in the last week, and attending special exam prep in math. 
Standard errors clustered at the school level are reported in parentheses.  
*, ** and *** represent significance at the 10, 5 and 1 percent levels, respectively.  
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Table 7. Impact of treatments on non-verbal (Raven’s Matrix) 

 No Interaction  Above median reading  Aspires for tertiary 
education 

 ITT Controls  ITT Controls  ITT Controls 
T1 -0.249 -0.263  -0.381* -0.338*  -0.417 -0.590 
 (0.137) (0.140)  (0.156) (0.159)  (0.414) (0.508) 
T2 0.167 0.191  0.311 0.312  -0.412 -0.180 
 (0.144) (0.145)  (0.173) (0.177)  (0.531) (0.633) 
T3 0.001 -0.001  -0.051 -0.040  0.387 0.371 
 (0.133) (0.127)  (0.163) (0.159)  (0.584) (0.618) 
Main Effect for Interacting Variable    0.346* 0.396  0.455 0.394 
    (0.174) (0.213)  (0.436) (0.450) 
Interaction * T1    0.450 0.304  0.173 0.335 
    (0.317) (0.324)  (0.437) (0.529) 
Interaction * T2    -0.437 -0.423  0.604 0.391 
    (0.315) (0.317)  (0.551) (0.651) 
Interaction * T3    0.108 0.138  -0.400 -0.389 
    (0.275) (0.253)  (0.600) (0.634) 
Baseline English Score N Y  N Y  N Y 
Baseline English Score (School Average) N Y  N Y  N Y 
Baseline Controls N Y  N Y  N Y 
R-Squared 0.01 0.10  0.04 0.11  0.02 0.11 
No. observations 439 439  439 439  439 439 

Note: Treatment variables indicators defined as overlapping set with T1 corresponding to all students assigned any eReader; T2 corresponding to all 
students assigned an eReader with curriculum textbooks; and T3 corresponding to students assigned an eReader with supplementary instructional 
material.  
Baseline controls include: age, mother's education (greater than secondary), father's education (greater than secondary), household wealth index, 
whether the household has an electricity connection, used science textbook at least twice in the last week, and attending special exam prep in science. 
Standard errors clustered at the school level are reported in parentheses.  
*, ** and *** represent significance at the 10, 5 and 1 percent levels, respectively.  
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Table 8. Impact of treatments on aspirations1 

    

Would like to complete 
higher institution or 

beyond 

Inadequate requirements 
is not the main obstacle to 

goal 

Lack of motivation 
is not the main obstacle 

to goal 

T1   -0.103** 0.110* 0.043 
    (0.039) (0.049) (0.030) 
T2   0.043 -0.092 -0.046 
    (0.033) (0.048) (0.029) 
T3   0.045 0.012 0.056* 
    (0.037) (0.034) (0.025) 
Baseline English Score   Y Y Y 
Baseline Engliish Score (School Average) Y Y Y 
Baseline Controls   Y Y Y 
R-Squared   0.24 0.08 0.05 
No. observations   420 327 327 

1 Only significant factors are presented. Other factors which were tested, but do not show impact, include: certainty of achieving educational goals, 
the financial situation is not the main obstacle to goals, and the lack of programs close to home is not the main obstacle to goals. 
T1, eReader with library; T2, eReader with library and curriculum books; T3, eReader with library, curriculum books and supplementary material. 
Baseline controls include: age, mother's education (greater than secondary), father's education (greater than secondary), household wealth, whether the 
household has an electricity connection and baseline values.   
Standard errors clustered at the school level are reported in parentheses.  
*, ** and *** represent significance at the 10, 5 and 1 percent levels, respectively.  



 
29 

 

Table 9. Impact of treatments on self-efficacy 
 

 I don’t feel that I do not 
have much to be proud of. 

I take a positive attitude 
toward myself. 

On the whole, I am 
satisfied with myself. 

T1 0.156* -0.148* -0.045 
  (0.073) (0.062) (0.051) 
T2 0.011 0.118 0.104* 
  (0.072) (0.062) (0.051) 
T3 -0.037 -0.034 -0.073 
  (0.065) (0.059) (0.048) 
Baseline English Score Y Y Y 
Baseline English Score (School Average) Y Y Y 
Baseline Controls Y Y Y 
R-Squared 0.03 0.05 0.07 
No. observations 430 430 430 

Only significant factors are presented. Other factors which were tested, but do not show impact, include the following statements: “I feel that I am 
a person of worth, at least on an equal basis with others”; “I feel that I have a number of good qualities”; “All in all, I am not inclined to feel that I 
am a failure”; “I am able to do things as well as most people”; “I do not wish I could have more respect for myself”; “I do not feel useless at 
times”; and “At times I do not think I am no good at all.” 
T1, eReader with library; T2, eReader with library and curriculum books; T3, eReader with library, curriculum books and supplementary material. 
Baseline controls include: age, mother's education (greater than secondary), father's education (greater than secondary), household wealth, and whether 
the household has an electricity connection.   
Standard errors clustered at the school level are reported in parentheses.  
*, ** and *** represent significance at the 10, 5 and 1 percent levels, respectively.  
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Table 10. Impact of treatments on the likelihood of staying in school (at the 2-year follow-up) 

 No interaction  Above median 
reading 

 Aspires for tertiary 
education 

 Mother's 
education  

 Wealth index 

 ITT Controls  ITT Controls  ITT Controls  ITT Controls  ITT Controls 

T1 0.105 0.128*  0.153* 0.176**  0.179 0.172  0.141* 0.161**  0.121* 0.132* 
 (0.057) (0.056)  (0.060) (0.060)  (0.289) (0.276)  (0.061) (0.061)  (0.057) (0.057) 

T2 -0.145** -0.155**  -0.148* -0.149*  -0.286 -0.264  -0.149* -0.156*  -0.155** -0.164** 
 (0.054) (0.054)  (0.062) (0.063)  (0.231) (0.229)  (0.062) (0.063)  (0.054) (0.055) 

T3 0.099* 0.081  0.098 0.082  -0.143 -0.155  0.098 0.072  0.076 0.082 
 (0.045) (0.045)  (0.054) (0.054)  (0.133) (0.151)  (0.053) (0.052)  (0.045) (0.045) 

Main Effect for Interacting Variable    -0.001 0.043  -0.180*** -0.185***  0.072 0.056  0.029 0.023 
    (0.070) (0.088)  (0.033) (0.049)  (0.077) (0.083)  (0.049) (0.052) 

Interaction * T1    -0.156 -0.173  -0.074 -0.052  -0.274 -0.274  -0.126* -0.117 
    (0.141) (0.140)  (0.294) (0.282)  (0.182) (0.169)  (0.063) (0.067) 

Interaction * T2    -0.004 -0.007  0.151 0.117  0.030 0.009  0.109 0.101 
    (0.128) (0.127)  (0.238) (0.235)  (0.118) (0.122)  (0.066) (0.068) 

Interaction * T3    -0.027 -0.009  0.224 0.246  -0.003 0.042  -0.030 -0.022 
    (0.098) (0.098)  (0.141) (0.159)  (0.097) (0.100)  (0.056) (0.056) 

Baseline English Score N Y  N Y  N Y  N Y  N Y 

Baseline English Score (School Average) N Y  N Y  N Y  N Y  N Y 

Baseline Controls N Y  N Y  N Y  N Y  N Y 

R-Squared 0.02 0.04  0.03 0.05  0.03 0.05  0.03 0.05  0.03 0.05 

No. observations 442 436  440 436  436 436  442 436  436 436 
T1, eReader with library; T2, eReader with library and curriculum books; T3, eReader with library, curriculum books and supplementary material. 
Baseline controls include: age, mother's education (greater than secondary), father's education (greater than secondary), household wealth, and whether 
the household has an electricity connection.   
Standard errors clustered at the school level are reported in parentheses.  
*, ** and *** represent significance at the 10, 5 and 1 percent levels, respectively.         
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Table 11. Impacts of information treatment 

  
No interaction 

Above median 
reading 

Aspires for tertiary 
education 

Mother's 
education 

Wealth index 

Information treatment 0.110** 0.074 0.017 0.097* 0.115** 

  (0.037) (0.045) (0.219) (0.043) (0.035) 

Main effect for interacting variable  -0.029 0.035 0.038 0.010 

   (0.065) (0.096) (0.057) (0.025) 

Interaction * Information treatment  0.155* 0.101 0.078 -0.047 

   (0.063) (0.223) (0.065) (0.028) 

eReader 0.044 0.046 0.041 0.046 0.047 

  (0.041) (0.041) (0.041) (0.041) (0.041) 

Control Average 0.80     

Baseline English Score Y Y Y Y Y 
Baseline English Score (School Average) Y Y Y Y Y 
Baseline Controls Y Y Y Y Y 
R-Squared 0.04 0.04 0.04 0.04 0.04 
No. observations 436 436 436 436 436 

Information treatment arms received a short script on the expected returns to education in the labor market.  
Baseline controls include: age, mother's education (greater than secondary), father's education (greater than secondary), household wealth, and whether 
the household has an electricity connection.   
Standard errors clustered at the school level are reported in parentheses.  
*, ** and *** represent significance at the 10, 5 and 1 percent levels, respectively.    
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Table 12. Lee bounds analysis of 2014 status on treatment and information treatment 

  
Treatment 

Information 
Treatment 

Full Impact 0.038 0.133** 
  (0.038) (0.051) 
Lower 0.025 0.13*** 
  (0.041) (0.038) 
Upper 0.103* 0.18*** 
  (0.052) (0.053) 

Treatment - eReader with library or curriculum books or supplementary material.  
Full impact regression means OLS regression of 2014 status on Treatment.  
Lower and Upper are the Stata 'leebounds' commands. 
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Figure	1:	Experimental	Design	
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