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ABSTRACT

Technology and Child Development: .
Evidence from the One Laptop per Child Program

Although many countries are aggressively implementing the One Laptop per Child (OLPC)
program, there is a lack of empirical evidence on its effects. This paper presents the impact
of the first large-scale randomized evaluation of the OLPC program, using data collected
after 15 months of implementation in 319 primary schools in rural Peru. The results indicate
that the program increased the ratio of computers per student from 0.12 to 1.18 in treatment
schools. This expansion in access translated into substantial increases in use both at school
and at home. No evidence is found of effects on enroliment and test scores in Math and
Language. Some positive effects are found, however, in general cognitive skills as measured
by Raven’s Progressive Matrices, a verbal fluency test and a Coding test.
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1. Introduction

The One Laptop per Child (OLPC) program aims toroup learning in the poorest regions of
the world though providing laptops to children fae at school and homeince its start, the
program has been implemented in 36 countries ane @an two million laptops have been
distributed. The investments entailed are signifiagiven that each laptop costs around $200,
compared with $48 spent yearly per primary studantow-income countries and $555 in
middle-income countries (Glewwe and Kremer, 200&)netheless, there is little solid evidence
regarding the effectiveness of this program.

This paper presents results from the first largdescandomized evaluation of OLPC.
The study sample includes 319 public schools inlisrpaor communities in rural Peru, the
world’s leading country in terms of scale of impkmation. Extensive data collected after about
15 months of implementation are used to test whetlteeased computer access affected human
capital accumulation. The main study outcomes ohelacademic achievement in Math and
Language and cognitive skills as measured by Ravergressive Matrices, a verbal fluency
test and a Coding teStExploring impacts on cognitive skills is motivateg the empirical
evidence suggesting that computer use can incpsagarmance in cognitive tests and the strong
documented link among scores in these tests andrieng later outcomes such as school
achievement and job performance (Maynard, Subrajiamnand Greenfied, 2005; Malamud
and Pop-Eleches, 2011; Neisser et al., 1996). Audilly, the software loaded on the laptops
contains games and applications not directly atignmath Math and Language but that
potentially could produce improvements in geneogjnitive skills.

Our results indicate that the program dramaticaltyeased access to computers. There
were 1.18 computers per student in the treatmenipgrcompared with 0.12 in control schools at
follow-up. This massive rise in access explainstautiial differences in use. Eighty-two percent
of treatment students reported using a computsehatol in the previous week compared with 26
percent in the control group. Effects on home caempuwse are also large: 42 percent of

treatment students report using a computer at hortree previous week versus 4 percent in the

! The heart of the program is the XO laptop. Thistda was specifically designed for learning in tvaging
environments. It is cheap, sturdy, light, enerdijegit and comes loaded with standard applicatiedsicational
games and e-books. It was hypothesized that intemsteraction with technology would produce a catlpositive
change in children’s everyday environment.

2 The Ravens are aimed at measuring non-verbalagbsteasoning, the verbal fluency test intends apture
language functions and the Coding test measureegsing speed and working memory.
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control group. The majority of treatment studeriievged general competence in operating the
laptops in tasks related to operating core appdioat (for example, a word processor) and
searching for information on the computer. Intens was limited because hardly any schools
in the study sample had access. Turning to eduttmutcomes, we find no evidence that the
program increased learning in Math or Language. &3tenated effect on the average Math and
Language score is 0.003 standard deviations, ands$ociated standard error is 0.055.

To explore this important result we analyze whetbetential channels were at work.
First, the time allocated to activities directlyated to school does not seem to have changed.
The program did not affect attendance or time atied to doing homework. Second, it has been
suggested that the introduction of computers irsggamotivation, but our results suggest
otherwis€e’ Third, there is no evidence the program influenoeatling habits. This is perhaps
surprising given that the program substantiallgetééd the availability of books to students. The
laptops came loaded with 200 books, and only 26gurof students in the control group had
more than five books in their homes. Finally, thregpam did not seem to have affected the
quality of instruction in class. Information fronoraputer logs indicates that a substantial share
of laptop use was directed to activities that mighve little effect on educational outcomes
(word processing, calculator, games, music and rdgo® sound and video). A parallel
gualitative evaluation of the program suggests thatintroduction of computers produced, at
best, modest changes in pedagogical practicesa(®ill 2010). This may be explained by the
lack of software in the laptops directly linked Math and Language and the absence of clear
instructions to teachers about which activitiesge for specific curricular goals.

On the positive side, the results indicate someetiisnon cognitive skills. In the three
measured dimensions, students in the treatmentpgsarpass those in the control group by
between 0.09 and 0.13 standard deviations thoughlitference is only statistically significant
at the 10 percent level for the Raven’s Progredslatices test (p-value 0.055). Still, the effects
are quantitatively large. A back-of-the-envelopé&ation suggests that the estimated impact
on the verbal fluency measure represents the @sigie expected in six months for a cHild.
Similarly, the estimated impact for the Coding &w@alen tests accounts for roughly the expected

3 Consistent with this evidence, we do not find igtpan school enrollment.

* The average sixth (second) grader in the control obtains 15.9 (7.1) correct items on this teknce,
assuming that the average child takes four yearprogress from second to sixth grade, the annuetage
progression is about 2.2 items. The estimated ifripdcl, hence it represents half a year of nopnagression.
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progression during five and four months, respettivéd/e summarize the effects on cognitive
skills constructing a variable that averages tlmedehmentioned tests. Results indicate an impact
of 0.11 standard deviations in this measure thekesponds to the progression expected in five
months (p-value 0.068).

Our results relate to two non-experimental studieat have used differences-in-
differences strategies to assess the effects ofCO@RP academic effects, finding conflicting
results. Sharma (2012) estimates the effect of @@Nonducted small pilot benefiting students
in three grades in 26 schools in Nepal, findingstetistically significant effects in Math and
negative effects in Language. Ferrando et al. (R@Kplore the effects on 27 schools that
participated in the OLPC program in Uruguay and fpositive statistical effects on both Math
and Language.

Our work also relates to a growing literature thses credible identification strategies to
assess the effects of computer use on human capaaimulation. A set of studies have analyzed
the effects of public programs that increase coematcess and related inputs in schools finding
typically no impacts on Math and Language (Angestd Lavy, 2002; Leuven et al., 2007;
Machin, McNally and Silva, 2007; Barrera-Osorio dmaden, 2009). A second group of studies
has explored the effects of providing access taigpg designed academic software to students
and has documented in some cases, though notaoglitive impact on Math and Language
(Dynarsky et al., 2007; Banerjee et al., 2007; em@008; Barrow, Markman and Rouse, 2009).
Recently, researchers have focused on the effédierne computer use, and the results have
been mixed. Fairlie and London (2011) report pesiteffects on a summary of educational
outcomes whereas Malamud and Pop-Eleches (201d hégative effects on school grades but
positive effects on the Raven’s Progressive Matriest.

This paper contributes to the literature on tecbgglin education in several ways. First,
we explore the effects of a program that intengivetroduced computers at both schools and
homes. The intervention was performed at the coniglevel, allowing the incorporation of
general equilibrium effects that prior studies cbulot identify? Second, we analyze this
increased access in an ideal setting composed oy msalated communities with low baseline

access to technology. The communities’ isolatioecludes potential spill-over effects across

® General equilibrium effects may arise if effeais ihdividual students change as the percentagieeaf peers that
are beneficiaries increases.
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study units that could contaminate the design. [Biaelevels of baseline technology diffusion
allow the intervention to produce substantial clesno both access to and use of computers.
Third, we obtain clean evidence from a large-saaledomized controlled trial involving
thousands of students in 319 schools. Fourth, weonty measure the effect on academic
achievement but also analyze the impact on cogngkills and exploit computer logs to elicit
objective data regarding how computers were usellf, our findings on the effects of the
OLPC program in Peru contribute to filling the exig empirical vacuum concerning one of the
most important and well-known initiatives in thiea.

The remainder of the paper is organized as foll@&estion 2 provides an overview of the
education sector in Peru, the OLPC program anidnhiidementation in Peru. Section 3 describes
the research design, econometric models and dadadacuments the high balance and
compliance of the experiment. Section 4 presengsnfain results and Section 5 explores
heterogeneous effects. Section 6 offers a disaussfothe main findings, and Section 7
concludes.

2. Background
2.1 Education in Peru®

Education in Peru is compulsory for students fraesphool (age 3) until the end of secondary
school (around age 17), although this is not eefdrd®ublic education is nominally free, but
parents are often required to financially suppbet Parents and Teachers Associations, as well
as purchase materials and contribute to other esgserPrimary education includes 6 grades
attended by children aged 6 through 11, thoughractite many older students also attend this
level because of high repetition rates (the grosslinent rate was 112 percent in 2005). Yearly
expenditure per primary student was approximatelg8%in 2008. Peruvian children obtain
similar test scores to their Latin American coupéets once differences in income are accounted
for, though they fare poorly compared with studdmsn other regions of the world (PREAL,
2009; OECD, 2010). The results from the secondagraational standardized test reflect these
low achievement levels: only 17 percent of studewtsieved the required standard in Language,
and only 7 percent in Math. Moreover, Peru is antguwith significant inequalities that are also

present in academic performance measures.

® This subsection draws from UNESCO (2010).



2.2 The OLPC Program

The One Laptop per Child initiative was undertakgra team at the Massachusetts Institute of
Technology (MIT) Media Lab. In 2005, it was annoeddhat laptops especially designed for

learning in poor regions were going to be sold¥d®0 (and hence they were referred to as the
“100 dollar laptops”), but the actual price paid ¢gvernments for them was closer to $200.

Mass production started in 2007, and the first @@plents took place between 2007 and 2008.

The Latin American region accounts for 82 percdraptops distributed and encompasses the
two largest deployments: Peru (902,000 laptops)miduay (585,000).

The OLPC Foundation states its mission as follows:

To create educational opportunities for the wonpdsrest children by providing
each child with a rugged, low-cost, low-power, cected laptop with content and
software designed for collaborative, joyful, seifygowered learning. When
children have access to this type of tool theyeaygtaged in their own education.
They learn, share, create, and collaborate. Thegrhe connected to each other,

to the world and to a brighter future.

Additionally, the Foundation states five core pijrhes: i) children are the owners of the
laptops, ii) beneficiary children are aged 6 toiiiRevery child and teacher receives a laptop, iv
children are connected through a local networkher Internet, and v) software is open source
and fre€’. From the stated mission and five principles, thdarlying vision is that students will
improve their education by using the laptop andulgh collaboration with their peers. However,
the OLPC portal provides limited information abdwtw to integrate the computers provided
into regular pedagogical practices, the role oftdaehers and other components essential for the

successful implementation of the model.

" Sourcehttp://graphics.stanford.edu/~edluong/olpc/histolyé _history.htm Accessed 22 November 2011.
8 Information on mission and principles obtainedririaitp:/one.laptop.org/about/mission
andhttp://wiki.laptop.org/go/OLPC:Five principleAccessed November 22, 2011.
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2.3 The OLPC Program in Peru
The OLPC program in Peru was launched in 2008 with distribution of 40,000 laptops in

about 500 schools. Small schools in poor regionewergeted in this early phase and, among
these schools, those with electricity and Inteawstess were prioritized. In the second stage of
the OLPC program in Peru, the object of this evadma it was recognized that the remaining
schools in the poorest areas of the country tylyickcked Internet access, hence this
requirement was dropped, though the requiremeatadss to electricity was maintained.

Between April and November 2009, laptops were ithisted to all students and teachers
in the schools selected for the present evaluatioost computers were delivered around
August). The national policy was that students daiake the laptops home; however, there
would be no replacement if the laptops were seyaf@maged or stolen. Perhaps because of this
rule some principals tried to protect the physicégrity of the laptops and decided that the
computers should remain at the school. In otheres;ashere seems to have been a
communication problem and parents perceived theat Were going to be financially responsible
in the event of laptop malfunction or theft. Henseme parents preferred that the schools keep
the laptops to avoid financial risks. These impletagon problems resulted, as we document
below, in only about 40 percent of students takimg laptops homes in the week before the
survey.

As to software, individual governments can choosanf a long list of available
applications to be installed on their laptops. Peeuvian government chose 39 applications that
can be classified into five groups: i) Standardit@yrbrowser, paint, calculator and chat,); ii)
Games (educational, includiMgemorize Tetris, Sudokuand a variety of puzzles); iii) Music (to
create, edit and play music); iv) Programming @ghpeogramming environments) and v) Other
(including sound and video recording and speciéictions of Wikipedia). The lack of Internet
access and the fact that the laptops did not rumd@s made it difficult for children to install
regular video games or other applications. Findhg laptops were pre-loaded with about 200

age-appropriate e-books selected by the government.



3. Methodology
3.1 Research Design and Sample Selection

We implemented a randomized-controlled-trial (R@Tthe school level, as this is the level of
intervention of the OLPC program. The process terd@ne the study sample started with the
list of schools prioritized by the government. fcluded schools that were public, rural,
multigrade, had electricity and were in the pooudistricts within each region (N=1,909) he
sample was restricted to schools with administeatiata on inputs for the years 2005 to 2007
and test scores for 2007. We refer to this setbbals as the original sample (N=741). Schools
were randomized stratifying by region, fractionovkr-age students, and school size. Two-thirds
of schools were selected for treatment, and theireger was assigned to the control gréfup.

For reasons explained below, a subset of schodssefected for data collection. First,
all one-teacher schools (79) were dropped fromsthdy sample because of the government’s
desire to achieve universal coverage of the prograrthis group. Second, due to logistical
considerations, all schools in which the languagenstruction was not Spanish were also
discarded (70). Finally, budget constraints requitgther reduction of the school sample. We
decided to focus on schools in the eight largegiorss (in terms of schools from the original
sample) that had achieved at least 80 percent wérage in the treatment group by August
2009 Applying this restriction increased the averagegth of exposure of treatment schools to
the program and decreased data collection costediycing the number of regions to survey.
Because randomization was stratified by regiorg tlacision does not compromise the internal
validity of the results. The resulting sample imtgdgs 319 schools, 209 treatments and 110
controls.

Table 1 shows summary statistics from administeatiecords for all schools in Peru,
those prioritized by the government for the intatien and the original and final research
samples. Panel A presents statistics on schootdrgnd student characteristics constructed from
the 2007 school census. Panel B reports statisbostructed from the 2008 second-grade

national standardized examination applied in schadlere instruction is performed in Spanish

° Regions are analogous to states in the US. Disteian be thought as similar to counties in the Tire are 24
regions and about 1800 districts in Peru.

19 Selecting two-thirds, instead of half, of schofils the treatment group was motivated by the refjoéshe

government to reduce the number of control schatsthe small reduction in efficiency that thisiden entailed.

L At that time, coverage of the treatment group Wiaher than 92 percent in 16 regions. In the efghtaining

regions in the country, coverage lied between 0&hpercent.
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and more than four students are enrolled in segoade’'’> Schools selected by the government
were mostly public and rural, with low levels ofcass to basic services (water, sewage) and
technology and poor student performance in theonatistandardized achievement tests in Math
and Language. Results indicate that observableactaistics of schools in the final sample are
similar to those of schools in the original sampled to the set of schools selected by the

government for the program.

3.2 Empirical Models

Because treatment was randomly assigned, we estithataverage effect of the program by
running OLS regressions of the following model:

1)  yis = a+ Treatmentf + €

where y;; represents the outcome variablgeatment, is a dummy variable for treatment

assignment status;, represents the error term andnds are student and school indices. The
coefficient is the parameter of interest and corresponds estmate of the average treatment
effect. Standard errors are clustered at the scheatl in all regressions. Under this

specification, the resulting coefficient is jusethraw difference” in the variable of interest

between the treatment and control groups. Becarsomization was performed within groups
of similar schools, strata fixed-effects can beeatltb increase the efficiency of the estimation
(Bruhn and McKenzie, 2009). Hence, we also repadjusted differences” that are estimated
through OLS regressions of the previous model,ragithidicators for the strata used to perform
block randomization.

The estimated coefficient of interest correspomdthé “intention-to-treat” parameter for
participation in the program. To estimate a paraméhat represents the full effect of the
program it is usually necessary to account for irfgm¢ compliance (which arises when not all
units assigned to receive the treatment actualiytger when some units assigned not to receive
the treatment finish getting it). However, as wédl sihow below, in this case compliance was
high, so the standard instrumental variable cowedor imperfect compliance yields results that
are similar to the OLS estimates.

2 Though this standardized examination should irelatl non-bilingual schools with more than fourdstats in
second grade, in practice coverage hovers yeaslynar80 percent.
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3.3 Data

The main data used in this paper were collectethg@ctober and November 2010, after about
15 months of program implementation. The centrat@mes of the study are achievement and
cognitive tests. These tests were applied to fwelomly selected students from three groups: i)
second-graders; ii) test-takers of the second-gred®nal standardized examination in 2008
(referred hereafter as the followed cohort); andsikth-graders® We applied achievement tests
in Math and Reading constructed by the educatierpkrt on the research team separately for
the three mentioned groups, using items drawn frpmvious national standardized
examinations.

Regarding cognitive skills, we applied the Ravetegressive Matrices test especially
designed for children aged 5 through 11 (Coloremyfassive Matrices) to measure non-verbal
abstract reasoning.This test is regarded as a good marker for geirgelligence and previous
research suggests a causal effect of computerrugge score (Deary, Penke and Johnson, 2010;
Malamud and Pop-Eleches, 2011). Raven’s Progreddaices have been widely used to
assess non-verbal cognitive ability (Flynn, 200Rgspondents are presented with a series of
progressively more difficult matching exercisest tieguire choosing the figure that completes a
pattern.

To have a broader measure of cognitive abilities,applied additional cognitive tests.
Administration of a test of verbal fluency involvatstructing students to write as many words
as they could that began with a given letter (P)himee minutes. This test measures cognitive
abilities, in particular executive functions, laage functions (vocabulary), response speed,
organization, search strategies and long-term mer(fuff et al., 1997). We also applied an
adapted version of the Coding test for childreruded in the Wechsler intelligence test (Form
B). This test aims to measure working memory amtgssing speed. During the test, 10 pairs of
one-digit numbers and graphical symbols were shimastudents, who then had to complete as

13 Because of the large intra-cluster correlatiorossrschools (about 0.40), there were small pretigains of

testing more than 15 students per school. Focusingtudents across various grades allows checldtegydgeneous
effects and reducing the intra-cluster correlatiBecause no baseline data were collected, we clwoservey

students in the followed cohort as there were adtnative baseline data for them, which we useetst pre-

treatment balance. Eighty percent of studentsenfaHhowed cohort are in fourth grade at follow-U® percent are
in third grade and 1 percent attend second grade.

4 The test measures “eductive ability—the abilitymiake sense and meaning out of complex and confukita;

the ability to perceive new patterns and relatigushand to forge (largely non-verbal) construgthjch make it

easy to handle complexity” (Pearson Assessment,)201
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many corresponding symbols as possible for a I@stigf numbers in three minut&sFor the
empirical section, these cognitive measures amedatdized separately for students in second
grade, the followed cohort and sixth grade, subtrgdhe mean and dividing by the standard
deviation in the control group.

We extracted log files from the XO laptops to okijely assess use patterns. As part of
the normal computer operation, logs from the laat Eessions are generated, recording date and
time when each session is started as well as rpughken applications are closed. Though
enumerators were directed to retrieve logs fromlagtops, they could collect them for 76
percent of children in the second grade, followetart and sixth grade groups. Enumerators
could not collect logs where the student did natehan assigned laptop, it was not working, or it
was impossible to access it. Demographic charatitesiand self-reported measures of computer
use for students whose logs were extracted ardasitoi all sampled students in the treatment
group, suggesting that statistics constructed flogs extracted provide a good picture of use
patterns.

Personal interviews were conducted with studentstheir caregivers in the followed
cohort and sixth-grade groups (the interviewed deipThese interviews captured information
on socio-demographic characteristics, access tousedof computers and time allocated to
specific relevant activities (for example, readargl doing homework). We elicited data on non-
cognitive outcomes using two instruments. Motivatioward school attendance and homework
was obtained applying an instrument that was desidallowing the Intrinsic Motivation Index
inventory (Ryan, 1982). Self-perceived competendglath, Language and other school subjects
was constructed from a 15-item questionnaire adafsten Marsh (1992). We also applied to
students in the interviewed sample of the treatmgmiup an individual test to assess
competencies in laptop use. Test-takers were @uect perform specific activities (for example,
turn on the computer, search for information onamertopic) and enumerators followed specific
guidelines regarding when responses were considenedct. Finally, all teachers and directors
completed a questionnaire that collected backgronfadmation and focused on access to and
use of computers at the school.

15 1n 40 percent of schools in our sample student®ween more than three minutes (typically 10ptswer the
Coding or verbal fluency tests. We explore the sbbess of our findings to this issue in Section 4.

16 Second-graders were not included partly becausieeoéxpectation that many young children in thistext may
not provide reliable information.
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3.4 Balance and Compliance

We exploit test scores and demographic data fra008 national second-grade examination
to check the balance between treatment and cogroabs for students in the followed cohort at
baseline. Table 2 shows that means in baseline Bradh_anguage test scores were similar and
not statistically significantly different betweeroth groups. A similar finding arises when
exploring differences in the share of students wiere over-age, female, native Spanish
speakers and had attended preschool. The treatmérontrol groups could be well balanced in
the baseline, but some differences may arise ls#eause the composition of students in the
treatment group is systematically affected by thegmm. We explore this possibility by
checking differences in demographics and otheradhtearistics of students in the interviewed
sample between the treatment and control group$ol&iw-up. Table 3 documents that
differences in these variables are small and tylgicet statistically significant, suggesting that
the program did not differentially affect studentwposition in treatment schools.

We next assess whether program administratorswetlothe random assignment of
schools into treatment and control groups. Taldecuments high compliance: all schools in the
treatment group received XO laptops, compared wrillg eight percent in the control group. The
table also presents information on related techgylimputs. Electricity access was close to
universal in both treatment and control schools,lbternet access was practically non-existent
in both groups. The low coverage of Internet aca=ss be explained by the isolation, low
population density and high fixed costs associawth providing this service to these
populations, or alternatively, as a design deciskonally, the table shows that about 70 percent
of teachers in the treatment group (7 percent @éehin the control) attended a 40-hour training

module aimed at facilitating the use of the laptfmpgpedagogical purposes.

4. Reaults

In this section we explore the program’s effectaoange of dimensions. We start by examining
effects on computer access, use and skills. Weeptbby analyzing whether the intervention
influenced certain behaviors including enrolimeaitendance, homework and reading habits,
and non-cognitive outcomes. Finally, we assessirtigact on the main outcomes: academic

achievement and cognitive skills.
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4.1 Computer Access, Use and Skills

Table 5 documents the influx of technology that phegram generated. All treatment schools
had computers, compared with 54 percent of costhbols. Differences in measures of access
intensity are even starker. There were 1.18 compuner student in treatment schools compared
with 0.12 in the control group at follow-up. Diffarces in reported computer ownership by
students were also substantial: about 87 percentreaitment students reported having a
computer, compared with 9 percent in the controugr

These large effects on access to computers tradstab a substantial increase in weekly
measures of computer use. About 82 percent of stede the treatment group reported having
used a computer at school during the previous weskus 26 percent in the control group.
Effects on computer use at home are also largped@nt of treatment students reported using a
computer at home in the previous week compared 4viplercent of students in control schools.
Our survey explored the reasons that typical hoomepater use did not approach higher levels
in treatment schools. Parents whose children didake the computer home regularly answered
that the main reason was that schools prohibitesdaétion (42 percent), followed by parents
preferring that the student not take the laptop édonavoid computer malfunction and theft (27
percent). The data collected nonetheless suggastitase risks were relatively low. Thirteen
percent of laptops malfunctioned at some point, abdut half of them were successfully
repaired. Theft involved only 0.3 percent of lagtoffhese problems notwithstanding, it is
important to keep in mind the general finding thia program generated a large increase in
computer use at both school and home.

We proceed to document the use of laptops by staderthe treatment group exploiting
data from laptop logs. Figure 1 presents the tistion of students by number of laptop sessions
in the previous week. Almost half of students strtour or more sessions, 35 percent started
between one and three and 15 percent did not @séapiiop in the previous week. We also
document that the average session lasted abouird@eas. This direct evidence suggests that a
sizable share of students used the laptop intdgsiead it matches well with measures of
reported use described above. Exploiting data esi@e starting time can provide a clear picture
on whether computers were used more at home thachabl. To that end, for each laptop we
construct the distribution of the start time of thst four sessions. Figure 2 presents the average

distribution across students. The figure shows katop use was concentrated between 8:00
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a.m. and 1:00 p.m. (regular class time), accompdnyea smooth increase before this period and
a decline after. This is also observed in Figure/llich presents the average distribution by day
of the week and period (two periods: from 8:00 amnl:00 p.m. and the rest of the day). Use
was concentrated in the times and days when schaais open. Finally, the figure documents

that days with heavier use at school are also thodeheavier use at home, suggesting some
spill-over of use from school to homes. This patteolds within weekdays and when comparing

weekends with weekdays.

The log data can also shed light lbow laptops are used. Figure 4 shows the average
distribution of groups of applications used. Th&aftwlard” group included about 45 percent of
applications opened and 3 out of the top 10 usedicapions (word processor, 15 percent;
browser, 13 percent; calculator, 4 percent). Thaarigs” group accounted for 18 percent of use
with a quite uniform distribution among the nineadable applications. The “music” group of
applications represented about 14 percent, whige “grogramming” group included only 5
percent of the applications opened. Finally, thet of the applications accounted for 18 percent
of use, and the most important were an applicdbomecording sound and video and Wikipedia
(8 and 4 percent, respectively).

Large increases in access and use of laptops shmandlate into improvements in
computer skills, and we assess the strength oeipscted link. The question hinges on the type
of skills that should be tested. XO laptops runLomux and have a specific graphic interface
called “Sugar.” Hence, we can expect that interseaf the laptops should translate into better
skills for students in operating in this type ohgauter environment. However, students in the
control group did not have access to this typeomhmuter environment and hence it should not
be expected that they would be able to operate @n the other hand, evaluating students in the
treatment and control groups on their ability teei@te in a Windows environment would be
unfair to students in the treatment group. We detid evaluate students in the treatment group
only on their ability to operate the XO laptops.particular, we individually tested students in
the followed cohort and sixth graders to measure tesourceful they were in operating the XO
laptop.

Figure 5 presents summary statistics showing tiheepgage of correct items for various
sub-scales and the overall competence. Resultsatedthat most students could perform basic

laptop operations such as turning them on andfioifling relevant icons and moving around
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pages. Students were also resourceful in usingltlienal, an application that keeps track of
recent activity. Finally, students on average amed/eorrectly about 60 percent of items related
to word processor operation and their ability tarsk for specific information in Wikipedia and
other content on their laptops. Summing up, theselts indicate that students in the treatment
group displayed some useful skills in operating thptop, though they showed certain

limitations in mastering a range of applications.

4.2 Behavior and Non-Cognitive Outcomes

In this subsection, we explore effects on behaliaral non-cognitive outcomes. Regarding
behavior, we analyze whether the introduction afhte®logy produced changes in four
dimensions: enrollment, attendance, study at hame, reading habits. Checking effects on
enrollment and attendance is warranted by qualéatnd anecdotal evidence suggesting that the
influx of computers at schools may increase schaitiactiveness and hence influence the
mentioned dimensions (Nugroho and Londsdale, 2088alyzing the impact on study and
reading behavior is motivated by the desire to wstdad potential mediating mechanisms for
effects on final academic outcomes. Table 6 preseéné results. Estimates indicate no
statistically significant effect on enrollment amdtendance. The absence of an impact on
enroliment might be expected given that there @selto universal enrollment for primary
education in Peru. Moreover, the isolated naturehef participating communities generates
significant barriers for parents who consider th&am of switching their children to beneficiary
schools. Lack of consistent positive effects oreratance does suggest that the ability of
computers to attract students to schools may beelinfespecially when they could potentially
take laptops home).

The documented increased use of computers at hagie mave positive or negative
effects on time allocated to doing homework andlirga Positive effects may arise if teachers
assign extra homework for completion on the laptop# the rise in access to books induces
increased reading. On the other hand, laptop usg shdt time spent reading and doing
homework to other types of activities such as plgycomputer games. Results indicate that

increased computer use did not alter the time alémtto reading or to doing homewadfk.

" To further explore effects on reading behavior, ask&ed treatment students the number of books ogatie
laptop since they had received it. On average stsdeported having read three books.
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We next proceed to explore effects on two dimersiaf non-cognitive outcomes. First,
we check whether the program increased motivatmmatd attending school and doing
homework measured through an intrinsic motivatiomex constructed using 20 related
guestions to students. The results indicate nasstaily significant effects (Table 6). This
finding is in line with the documented lack of ingb® on enroliment, attendance and time
allocated to doing homework. Next, we check effemtsa scale that measures self-perceived
school competence and find some evidence of sreghtive effects on this dimension. Though
this finding goes against expectations that compateEess may increase self-esteem, the
explanation might be that interaction with laptopakes students more conscious of their own
limitations.

4.3 Academic Achievement and Cognitive Skills

We turn to the core question of the paper: dideased computer access affect academic and
cognitive skills? Table 7 shows that there are taisically significant effects on Math and
Language. Small standard errors allow ruling outlest effects. For example, for the average
test score in Math and Language we can rule oetefflarger than 0.11 standard deviations at
the five percent level. This finding might be exigecgiven the lack of impacts on intermediate
variables involving time allocation (attendancemeovork, reading) and the absence of a clear
pedagogical model that links software to be useth vgarticular curriculum objectives.
Moreover, these results match previous evidencm fstudies that analyzed general programs
aimed at introducing technology in schools whichvendeen typically unable to produce
measurable effects in test scores in subject aeels as Math and Language (for example,
Angrist and Lavy, 2002; Leuven et al., 2007; Bar&sorio and Leigh, 2009). However, they
do not replicate the negative effects of incredsmte computer use on reported grades (not test
scores) in Romania documented by Malamud and PeghES (2011).

We next examine whether the increase in accesusaf computers translated into
improvements in measures of general cognitivesiitesults in Table 7 indicate positive effects
on the three tests applied, though they are omijssitally significant in the case of Raven’s
Progressive Matrices (p-value 0.055). The magngunfethe effects are similar, ranging from
0.09 standard deviations for the Coding test, id On the Raven’s matrices, to 0.13 for the

verbal fluency test. We check effects on an indéxagnitive skills constructed averaging
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standardized scores for the three tests. The sestdtclose to those for the Raven’s Progressive
Matrices (0.11 standard deviations and statisticgitnificant at the 10 percent). Since positive
and similar effects are found for the three testich measure distinct dimensions of cognitive
skills (abstract reasoning, verbal fluency and pssing speed), the results suggest that increased
interaction with technology improved general cogeitskills.

To benchmark the magnitude of the impact uncoveredconstruct an estimate of the
expected monthly gains in each cognitive test. \Weegate this estimate by computing the mean
difference in the raw score between students irsikth and second grades of the control group
and dividing it by 48 months. We then express thpacts in terms of expected monthly gains
by dividing the estimated effect by the estimatezhthly gain. This empirical exercise suggests
that the effects on the Coding test correspond.@rmonths of expected progression, on the
Raven’s matrices 4.8 months and on the verbal gyéest 6.0 months. The corresponding effect
for the cognitive skills index amounts to 5.1 mantiihese are sizable effects under this metric
considering that the treatment group had an avemgmwsure of 15 months to increased
technology access.

As mentioned in Section 3.3, in a subsample of glshstudents received more than three
minutes to answer the verbal fluency and Codints tescause of incorrect timing. To gauge the
results robustness to this issue we conduct thneeks. First, we document that the fraction of
schools where the tests were timed properly is sinaentical across treatment and control
schools (60.6 and 60.0 percent, respectively). ISkowe regress the academic achievement and
cognitive skills measures on treatment status aloldaa indicator for correct timing of the tests.
Results from this specification, presented in calar(@) and (4) of Table 8, are similar to those
from the baseline specification (presented in colsih and 2). Finally, columns (5) and (6)
present the estimated effects when restrictingstmaple to schools where tests were timed
correctly. The estimated effects are larger forwlal fluency and Coding tests compared with
those obtained from the whole sample, though redulim other tests are little changed. A
potential explanation for this pattern is that pdovg more time to students induces a reduction
in the advantage of treatment students in solvieigs under time pressure. Anyway, the results
reinforce the main finding of the study: intenseess to computers does not lead to measurable
effects in academic achievement, but it did geeesaime positive impact on general cognitive

skills.
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5. Heter ogeneous Effects

Do the effects of increased technology access wmargss populations? We first address this
guestion by presenting statistics on laptop usecangpetence for treatment students by selected
sub-groups. Table 9 shows that students in higrezteg tend to use the laptop more intensively,
concentrate their use more on standard and musitedeapplications (at the expense of games)
and show substantially greater competence in dpgrabhe laptop. The advantage in laptop
competence of sixth-graders as opposed to studentise followed cohort is about half a
standard deviatiof. Columns (4) and (5) show that boys use the lapofrequently as girls,
though the former tend to use it more for listerémgl creating music and for programming, and
less in standard applications. The results indieasenall though significant advantage for boys
in their skills in operating the laptop (a tenthaobtandard deviation). Finally, columns (6) and
(7) document that there are no important differerindaptop use and competence across schools
stratified by baseline median academic achievement.

In Table 10 we explore whether impacts are diffesaross the mentioned sub-groups.
The top panel shows that the general finding ok lat impacts on academic achievement
generally holds when focusing on specific subpdparia. The sole exception is for students in
sixth grade, who present a statistically significaositive impact in math and in average
academic achievement. This result is also preseehwomparing the treatment effects between
sixth-graders and second-graders. However, whelyzang results in multiple sub-samples the
likelihood of detecting significant differences ieases, hence this finding should be further
explored in future research.

Results from the lower panel suggest that posigfkects on cognitive skills are
widespread across all groups analyzed. The estimatpact for average cognitive skills is
positive for the seven sub-samples. Similarly, 19Jof the estimated effects for the individual
tests present positive coefficients. The only disiem for which there may be some
heterogeneity concerns baseline academic achievewmleare positive impacts are concentrated
among schools with higher academic performance réefioe introduction of the program.
However, estimated effects are not statisticalgnisicantly different when comparing schools
with high versus low baseline achievement, partgause coefficients also tend to be positive in

the latter group.

18 Students in second grade were not tested in ahdity to use the laptop.
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6. Discussion

Could stricter adherence to the OLPC principlesshanought about better academic outcomes?
In the setting analyzed there were two importapiaderes from the principles promoted by the
OLPC Foundation: a substantial portion of studeotdd not take their laptops to their homes,
and Internet access was practically non-existeagaRling the first issue, under the extreme
assumption that all effects are caused by usindgitep at home, we can estimate the expected
effects when all children take their laptops hosegling-up the reduced-form estimates by the
fraction of students who currently regularly takeit laptops home (40 percent). The estimated
effect on average academic achievement yields ffideat of 0.01 standard deviations with an
associated standard error of 0.14. Though powsulistantially reduced, the results suggest a
low chance of substantial positive effe€tRegarding the effects of the Internet, the abseifice
variation in this resource in the school study damgevents us from assessing its potential
impacts. However, the small existing literature slnet seem particularly promisify.

Regarding alternative designs, one potentially psorg route is the use of adaptive
software aligned with the Math and Language culuicu This type of computer program
diagnoses student’s skills in different sub-arelag adjusts contents and exercises in order to
focus on where the student shows weaknesses. Thikeglvidence is not overwhelmingly
positive it does suggest the possibility of positeffects of substantial magnitude, especially in
developing countries (Rouse and Kruger, 2004; Baeest al., 2007; He, Linden and MacLeod,
2008; Linden, 2008; Barrow, Markman and Rouse, 2@#rillo, Onofa and Ponce, 2010).
Another option for governments seeking to implenyaoigrams similar to OLPC is to develop
their own pedagogical integration of laptops int@ssrooms, combining specific software with a

strong component of teacher professional developra@napproach that has shown the potential

19 Additionally, we focus on students in the followedhort and analyze whether changes in averageeamad
achievement between baseline and the follow-up \déferent for students in the treatment group wbak their
laptops home compared with those in the controlgrddgain, there is no evidence of statisticallgnéiicant
differential gains for students taking their lapopome. We also explore whether a higher coverdgeacher
training could have produced better results by aming trends in academic achievement between texdtm
students whose teachers were trained comparedivagie in the control group and find no evidencepsujing this
hypothesis.

20 Goolsbee and Guryan (2006) evaluated the effetta public subsidy to investment in Internet acciss
Californian public schools and found no significaitects on academic performance. Vigdor and L&2Ri (@)
exploited administrative data from North Carolimaldound that an increase in the number of Intepnetiders in
a zip code was associated with a modest but stgmifidrop in Math test scores (results for readiege negative
though not significant).

2L still, there is little evidence showing long lastiacademic benefits of this type of software.
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to yield gains in learning (Roschelle et al., 201X)ll, governments should consider alternative
uses of public funds before implementing largeedaichnology in education programs. In
particular, in poor countries where teachers’ sadarare low, the opportunity costs of
implementing (capital-intensive) technology progsammay be substantial compared with
alternative labor-intensive education interventiomgluding reductions in class size and
professional development.

Finally, we relate our findings to the rise in ma@sl cognitive skills documented in
about 30 developed and developing countries inabedecades (Flynn, 1987 and 2007). The
size and worldwide nature of this rise in IQ haelled a flurry of research. Potential
explanations have highlighted changes in educatorition, and family size as underlying
drivers, though the issue is far from settled (Beiset al., 1998; Flynn, 2007). The role of
communication and information technology (includifiign, TV, video games and computers)
has been emphasized by some researchers as artamipsource in the significant rise in
nonverbal 1Q measures (Greenfield, 1998). Receigieace from Romania suggests a positive
effect of home computer use on performance in Raverogressive Matrices (Malamud and
Pop-Eleches, 2011). Our estimated positive effectsthe Raven’s tests provide additional
support to the mentioned hypothesis. The positifeceon the average cognitive skills measure
documented in our study suggests that cognitivasgaay not be confined to spatial-visual

skills.

7. Conclusions

This paper presents the results of the first randednevaluation of the OLPC program. The
study sample included primary public schools irarareas of Peru with low baseline levels of
computer access. The intervention generated a aslatincrease in computer use both at
school and at home. Results indicate limited effemt academic achievement but positive
impacts on cognitive skills and competences relabedomputer use. Cognitive abilities may
arise through using the programs included in tpéolas, given that they are aimed at improving
thinking processes. However, to improve learningiath and Language, there is a need for
high-quality instruction. From previous studiegstloes not seem the norm in public schools in
Peru, where much rote learning takes place (Cuetb,2006; Cueto, Ramirez and Ledn, 2006).

Hence, our suggestion is to combine the provisiolagops with a pedagogical model targeted
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toward increased achievement by students. Ourtsesuggest that computers by themselves, at
least as initially delivered by the OLPC program,nbt increase achievement in curricular areas.

Future work should include continued testing of itmpacts of alternative (and novel)
ways of introducing technology into schools and bBenThese studies should measure a range of
cognitive outcomes to permit an assessment ofvat#ions not directly targeted to particular
outcomes. More research is needed to explore tisteage of dosage and length of exposure
effects of computer use and whether impacts arerégtneous across children with different
baseline skills levels. This research agenda shalstaddress the question of whether there are
“critical periods” for acquiring competence in irdeting with technology given its important
policy implications. Casual observation pointshe better competence of younger versus older
generations in taking advantage of digital devitlesugh there is no solid evidence on whether
limited use at an early age would produce permadefitits in the ability to interact effectively
with technology. Finally, given the inherent diffiies in translating gains in particular short-
term tests into long-term outcomes, longitudindlofe-up studies will provide significant
evidence to further our understanding on the limtwieen technology and human capital
development.

21



References

Angrist, J., and V. Lavy. 2002. “New Evidence orag€room Computers and Pupil Learning.”
Economic Journal12: 735-765.

Banerjee, A. et al. 2007. “Remedying Education:déuace from Two Randomized Experiments
in India.” Quarterly Journal of Economick22: 1235-1264.

Barrera-Osorio, F., and L. Leigh. 2009. “The Useal avisuse of Computers in Education:
Evidence from a Randomized Experiment in Colombialicy Research Working Paper
4836. Washington, DC, United States: World Bank.

Barrow, L., L. Markman and C. Rouse. 2009. “Tecbgyls Edge: The Educational Benefits of
Computer-Aided Instruction American Economic Journal: Economic Polity52-74.

Bruhn, M., and D. McKenzie. 2009. “In Pursuit of IBace: Randomization in Practice in
Development Field ExperimentsAmerican Economic Journal: Applied Economics
200-232.

Catrrillo, P., M. Onofa and J. Ponce. 2010. “Infotima Technology and Student Achievement:
Evidence from a Randomized Experiment in Ecuadéfashington, DC, United States:
George Washington University. Mimeographed document

Cueto, S. et al. 2006a. “Oportunidades de Aprefeligd&kendimiento en Comunicacion Integral
de Estudiantes en Tercer y Cuarto Grado de Prinaaridima y Ayacucho.” In: M.
Benavides, editorLos Desafios de la Escolaridad en el Pert: Estudiobre los
Procesos Pedagdgicos, los Saberes Previos y efl®tds FamiliasLima, Peru: Grupo
de Analisis para el Desarrollo.

Cueto, S., C. Ramirez and and J. Ledn. 2006. “Qppities to Learn and Achievement in
Mathematics in a Sample of Sixth Grade Studentsnma, Peru.”Educational Studies in
Mathematic62: 25-55.

Deary, I., L. Penke and W. Johnson. 2010. “The MNetience of Human Intelligence
Differences.”Nature Reviews Neuroscient#: 201-210.

Dynarski, M. et al. 2007. “Effectiveness of Readiagd Mathematics Software Products:
Findings from the First Student Cohort.” ReportGongress. Publication NCEE 2007-
4005. Washington, DC, United States: U.S. DepartrokBducation.

22



Fairlie, R., and R. London. 2011. “The Effects afrhik Computers on Educational Outcomes:
Evidence from a Field Experiment with Community IEge Students.”"Economic
Journaldoi: 10.1111/j.1468-0297.2011.02484 .x.

Ferrando, M. et al. 2011. “Una Primer Evaluacionlate Efectos del Plan CEIBAL en Base a
Datos de Panel.” Montevideo, Uruguay: Instituto Heonomia de la FCEydeA.
Mimeographed document.

Flynn, J., 1987. “Massive IQ Gains in 14 Nations:haV IQ Tests Really Measure.”
Psychological Bulletirt01: 171-191.

Flynn, J. 2007 What Is Intelligence? Beyond the Flynn Effe€ambridge, United Kingdom:
Cambridge University Press.

Glewwe, P., and M. Kremer. 2006. “Schools, Teaclad Education Outcomes in Developing
Countries.” In: E. Hanushek and F. Welch, editddandbook of the Economics of
Education Amsterdam, The Netherlands: Elsevier.

Goolsbee, A., and J. Guryan. 2006. “The Impachtdrhet Subsidies in Public SchoolRéview
of Economics and Statisti@8: 336-347.

Greenfield, P. 1998. “The Cultural Evolution of 1Qn: U. Neisser, editorThe Rising Curve:
Long-Term Gains in 1Q and Related Measuré&¥ashington, DC, United States:
American Psychological Association.

He, F., L. Linden and M. MacLeod. 2008. “How to €kd&nglish in India: Testing the Relative
Productivity of Instruction Methods within the Hratm English Language Education
Program.” New York, United States: Columbia UnivigtaMimeographed document.

Leuven, E. et al. 2007. “The Effect of Extra Furgifor Disadvantaged Pupils on Achievement.”
Review of Economics and Statistg% 721-736.

Linden, L. 2008. “Complement or Substitute? The eEfff of Technology on Student
Achievement in India.” New York, United States: Qmibia University. Mimeographed
document.

Machin, S., S. McNally and O. Silva. 2007. “New Haology in Schools: Is There a Payoff?”
Economic Journal17: 1145-1167.

Malamud, O., and C. Pop-Eleches. 2011. “Home Coerguse and the Development of Human
Capital.” Quarterly Journal of Economick26: 987-1027.

23



Marsh, H. 1992. “Self Description Questionnairenstrument.” Accessed at:
http://www.self.ox.ac.uk/Instruments/SDQI/SDQI_tlpslf.
Maynard, A., K. Subrahmanyam and P. Greenfield0520Technology and the Development of

Intelligence: From the Loom to the Computer.” In: Rernberg and D. Preiss, editors.
Intelligence and Technology: The Impact of Toolstlom Nature and Development of
Human Abilities London, United Kingdom: Lawrence Erlbaum Assaesat

Neisser, U. et al. 1996. “Intelligence: Knowns dsitknowns.”American Psychologidil: 77-
101.

Neisser, U., editor. 1998 he Rising Curve: Long-Term Gains in IQ and Relatéehsures
Washington, DC, United States: American Psychokdghssociation.

Nugroho, D., and M. Londsale. 2009. “Evaluation@fPC Programs Globally: A Literature
Review.” Melbourne, Australia: Australian Councilf oEducational Research.
Mimeographed document.

Organisation for Economic Co-operation and DeveleptmOECD). 2010. “PISA 2009 at a
Glance.” Paris, France: OECD Publishing. Accessed a
http://dx.doi.org/10.1787/9789264095298-en

Pearson Assessment. 2011. “Raven’s Progressivadgatr Oxford, United Kingdom: Pearson

Assessment. Accessed at:

http://www.psychcorp.co.uk/Psychology/AdultCognitideuropsychologyandLanguage
[AdultGeneralAbilities/RavensProgressiveMatricesamchbularyScales/RavensProgre

ssiveMatricesandVocabularyScales.aspx

Programa de Promocion de la Reforma Educativa déridm Latina y el Caribe. 2009. “How
Much Are Latin American Children Learning? Highltghfrom the Second Regional
Student Achievement Test (SERCE).” Washington, D@ited States: Inter-American
Dialogue.

Roschelle, J. et al. 2010. “Integration of TechggloCurriculum, and Professional Development
for Advancing Middle School Mathematics: Three Llexd$cale Studies.’American
Educational Research JourndV: 833-878.

Rouse, C., and A. Krueger. 2004. “Putting Compaéatilnstruction to the Test: A Randomized
Evaluation of a ‘Scientifically Based’ Reading Praxgp.” Economics of Education
Review23, 323-338.

24



Ruff, R. et al. 1997. “The Psychological ConstratWord Fluency.”Brain and Languag&7:
394-405.

Ryan, R. 1982. “Control and Information in the &gersonal Sphere: An Extension of Cognitive
Evaluation Theory."Journal of Personality and Social Psycholat; 450-461.

Sharma, U. 2012. “Essays on the Economics of Educain Developing Countries.”
Minneapolis, United States: University of Minnesd?a.D. Dissertation.

United Nations Educational, Social and Cultural @gation (UNESCO). 2010. “Datos
Mundiales de Educacion: Perd.” New York, Unitedi@&aUnited Nations.

Vigdor, J., and H. Ladd. 2010. “Scaling the DigiRivide: Home Computer Technology and
Student Achievement.” NBER Working Paper 16078. Badge, United States:
National Bureau of Economic Research.

Villaran, V. 2010. “Evaluacion Cualitativa del Pragha Una Laptop por Nifio: Informe Final.”

Lima, Peru: Universidad Peruana Cayetano Heredimedgraphed document.

25



Table 1. Characteristics of Schools

Prioritized Final
for Original research
All intervention research sample sample

@ &) ©) “

Panel A: Data from the 2007 school census

Type, Locatio

Rural 0.380 0.955 0.933 0.927
Private 0.19C 0.00¢ 0.00¢ 0.00(¢
Multigrade 0.222 0.864 0.919 0.940
One-teacher 0.056 0.101 0.044 0.012
Bilingual 0.07¢ 0.23¢ 0.09¢ 0.00(¢
Years opened 27.766 23.948 24.670 24.186
Coastal regio 0.48¢ 0.08: 0.09¢ 0.01¢
Andean region 0.371 0.837 0.777 0.804
Jungle region 0.144 0.080 0.124 0.178
Student
Enroliment 111.715 51.208 64.374 65.384
Overagt 0.33¢ 0.49¢ 0.49: 0.46%
Mother tongue indigenous 0.190 0.479 0.358 0.269
Repetition rate fourth grade 0.081 0.112 0.106 9.09
Drop-out rate fourt grade 0.04: 0.06¢ 0.06¢ 0.07c¢
Teachers
Number of teache 13.53¢ 3.20¢ 3.431 3.41¢
Services
Running water 0.678 0.455 0.506 0.583
Sewag 0.71¢ 0.39¢ 0.43¢ 0.44¢
Electricity 0.744 0.804 0.822 0.844
Library 0.49( 0.26¢ 0.29¢ 0.33¢
Technology access
Any computer 0.597 0.352 0.393 0.452
Computer la 0.44¢ 0.081 0.10¢ 0.14:
Number of computers 10.566 1.001 1.293 1.668
N
Schools 36,037 1,909 741 320
Students 4,025,877 97,757 47,701 20,923

Pane B: Data from the 2008 second-grade national standardized test

Test coverac

% Schools tested in second grade 0.841 0.682 0.895 0.996

Number of second graders tes 21.33¢ 9.28¢€ 9.66¢ 9.881
Math results

% Achieved standa 0.07: 0.04¢ 0.05: 0.05¢
Language resul

% Achieved standard 0.170 0.044 0.050 0.058
N

Schools 23,434 1,118 666 318

Student 499,981 10,382 6,439 3,142

Notes:This table presents means constructed using astnative records. Panel A reports statistics
generated from the 2007 school census. Panel Bemtestatistics constructed from the 2008
second-grade national standardized test. Thistestld be applied in all schools where instruction
is performed in Spanish and that have more thangtudents enrolled in second grade. However,
in practice coverage hovers at about 80 perceriun@o (1) includes all schools in Peru whereas
column (2) focuses on schools prioritized by theegoment for the intervention. Columns (3) and
(4) include the original research sample and thal fiesearch sample, respectively.
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Table 2. Pre-Treatment Balance - Followed Cohort

Raw Adjusted

Treatment Control difference difference N
(€ 2 ©) 4 ©)
Academic achievement
Math -0.005 0.000 -0.005 0.006 1,330
(0.098) (0.091)
Language 0.037 0.000 0.037 0.057 1,332
(0.097) (0.091)
Average academic achievement 0.016 0.006 0.010 50.02 1,330
(0.091) (0.085)
Demographic characteristics
Overage 0.165 0.150 0.015 0.019 1,332
(0.024) (0.022)
Female 0.495 0.510 -0.015 0.009 1,332
(0.028) (0.027)
Native tongue Spanish 0.881 0.880 0.001 0.001 1,332
(0.039) (0.023)
Attended preschool 0.735 0.710 0.025 0.016 1,332

(0.039) (0.034)

Notes: This table presents statistics and estimated diffezs between the treatment and control groups
at the student level. Data from the 2008 secondegrational standardized test are used. The sample
includes students who participated in the 2008dstetized test and were surveyed in 2010. Columns (1
and (2) present means, columns (3) and (4) prestimhated coefficients and standard errors from OLS
regressions. Estimates in column (4) include sfiagal effects. Standard errors, reported in paresgs,

are clustered at the school level. Significancihatfive and ten percent levels is indicated byard *,
respectively.
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Table 3. Balancein Covariates at Follow-up - Interviewed Sample

Raw Adjusted
Treatment Control difference  difference N
1) (2 ) &) ©)
Student
Age 10.809 10.736 0.073 0.084 2,619
(0.064 (0.054
Femal 0.49: 0.50¢ -0.01¢ -0.00¢ 2,61¢
(0.020 (0.020
Native tongue Spanish 0.818 0.832 -0.013 -0.0042,618
(0.042) (0.019)
Household
Number of individuals in househ¢ 5.66( 5.54¢ 0.11¢ 0.09¢ 2,61¢
(0.098) (0.089)
Number of siblings in househc 3.03¢ 2.96( 0.07¢ 0.02¢ 2,61¢
(0.111) (0.103)
Father attained more than primary education 0.376 3910 -0.015 -0.010 2,617
(0.029) (0.024)
Mother attained more than primary educa 0.21¢€ 0.231 -0.01¢ -0.017 2,61¢
(0.025 (0.021
Mother's native tongue Span 0.68( 0.651 0.02¢ 0.03: 2,61¢
(0.049) (0.026)
TV 0.655 0.659 -0.005 -0.009 2,615
(0.031) (0.029)
Radic 0.80¢ 0.80( 0.007 0.001 2,61¢
(0.024) (0.022)
Cellphont 0.30¢ 0.37: -0.069* -0.067**  2,61¢
(0.038) (0.032)
Electricity 0.802 0.789 0.013 0.007 2,615
(0.030) (0.031)
Running wate 0.697 0.68: 0.01¢ 0.01¢ 2,61¢
(0.038 (0.035
Sewag 0.17¢ 0.14¢ 0.02¢ 0.01¢ 2,61¢
(0.031) (0.026)
Cement floor 0.122 0.112 0.010 0.014 2,617
(0.020) (0.017)
Receives conditional cash tran: 0.34: 0.30: 0.041 0.03¢ 2,61¢
(0.046) (0.030)
More than five book 0.30( 0.26: 0.03¢ 0.04: 2,614
(0.029) (0.027)
Located less than 15 minutes away from school 0.658 0.634 0.024 0.031 2,616
(0.033) (0.029)

Notes: This table presents statistics and estimated rdiffees between the treatment and control groupbeat
student level. The sample includes students iridlh@ved cohort and sixth grade whose families wiaterviewed
in 2010. Columns (1) and (2) present means, colui@nand (4) present estimated coefficients anddsted errors
from OLS regressions. Estimates in column (4) idelstrata fixed-effects. Standard errors, repdrigzhrentheses,
are clustered at the school level. Significandbatfive and ten percent levels is indicated byl *, respectively.
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Table 4. Treatment Compliance - I nterviewed Sample

Raw Adjusted
Treatment Control difference difference N
(€ (¢ ©) 4 ©)
OLPC laptops
School received laptops 1.000 0.082 0.918** 0.916** 318
(0.026) (0.027)
Related technology inputs
School has electricity 0.971 0.945 0.026 0.023 317
(0.025) (0.027)
School has Internet access 0.010 0.000 0.010 0.009 318
(0.007) (0.007)
Teacher received training 0.709 0.066 0.643** 0834 949
(0.027) (0.028)

Notes:This table presents statistics and estimatedrdiffees between the treatment and control groutbe atchool
and teacher level. Columns (1) and (2) present meemlumns (3) and (4) present estimated coeffisiemd
standard errors from OLS regressions. Estimateslimn (4) include strata fixed-effects. Standardrs, reported
in parentheses, are clustered at the school I8iguificance at the five and ten percent leveisdscated by ** and
*, respectively.
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Table 5. Effects on Computer Accessand Use - Interviewed Sample

Raw Adjusted
Treatment Control difference difference N

1) 2 (©) (4 ©)
Access
School has computers 0.986 0.545 0.440** 0.418* 318
(0.048) (0.048)
Computers per student at the school 1.178 0.118 601*0 1.046** 313
(0.043) (0.046)
Student has a computer 0.874 0.090 0.784** 0.782*2,619
(0.028) (0.027)
Use
Used a computer last week 0.843 0.319 0.524** 0518 2,612
(0.044) (0.0412)
Used a computer at school last week 0.819 0.264 56&5 0.550** 2,612
(0.045) (0.042)
Used a computer at home last week 0.418 0.038 ©®380 0.391** 2,612
0.030 (0.031)
Used a computer in a private center last week 0.072 0.081 -0.009 -0.008 2,612
(0.019) (0.018)
Ever used internet 0.177 0.114 0.063** 0.065**2,607

(0.024)  (0.023)

Notes: This table presents statistics and estimatedrdiffees between the treatment and control grougiseat
school and student level. Statistics at the stutlardél are computed including those from the intamed
sample. Columns (1) and (2) present means, colyB)nand (4) present estimated coefficients anddstah
errors from OLS regressions. Estimates in columrindude strata fixed-effects. Standard errorpprted in
parentheses, are clustered at the school levaiifis@nce at the five and ten percent levels isdatkd by **
and *, respectively.
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Table 6. Effects on Behavior and Non-Cognitive Outcomes - I nterviewed Sample

Raw Adjusted
Treatment Control difference difference N

@ ¢ (©) 4) ©)

Behavior

Enroliment 55.874 56.538 -0.663 -1.754 313
(3.651) (2.514)

Attendance 0.800 0.761 0.039* 0.024 4,981
(0.020) (0.019)

Studied at home less than one hour daily last week0.334 0.342 -0.008 -0.010 2,618
(0.034) (0.031)

Studied at home one to two hrs daily last week .51 0.497 0.018 0.017 2,618
(0.032) (0.032)

Read a book last week 0.782 0.811 -0.030 -0.012,612

(0.029) (0.027)
Non-Cognitive Outcomes

Intrinsic motivation index 0.846 0.856 -0.010 -®00 2,617
(0.006) (0.006)
Self-perceived school competence index 0.791 0.807-0.017 -0.021** 2,615

(0.010)  (0.010)

Notes: This table presents statistics and estimated rdiffees between the treatment and control groupieat
school and student level. Statistics for hourstofly, reading and motivation measures are compuatgdding
students from the interviewed sample. Statistiasditendance are generated focusing on all studentee
followed cohort and sixth grade, including thosethie interviewed sample but also those not selettede
surveyed. Columns (1) and (2) present means, caui@nand (4) present estimated coefficients aaddstrd
errors from OLS regressions. Estimates in columnirfdlude strata fixed-effects. Standard errorported in
parentheses, are clustered at the school levaiiffs@nce at the five and ten percent levels isdakd by ** and
*, respectively.
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Table 7. Effects on Academic Achievement and Cognitive Skills
All Sample

Raw Adjusted
Treatment Control difference difference N

(€ 2 ©) 4 (©)
Academic achievement
Math 0.062 0.000 0.062 0.046 4,111
(0.070) (0.061)
Language -0.030 0.000 -0.030 -0.039 4,098
(0.065) (0.057)
Average academic achievement 0.016 0.000 0.016 30.004,096

(0.064) (0.055)
Cognitive skills

Raven’s Progressive Matrices 0.119 0.000 0.119* 1Z¥1 4,110
(0.065) (0.057)

Verbal fluency test 0.156 0.000 0.156 0.134 4,110
(0.101) (0.090)

Coding test 0.103 0.000 0.103 0.086 4,108
(0.103) (0.097)

Average cognitive skills 0.125 0.000 0.125* 0.110* 4,100

(0.068)  (0.060)

Notes: This table presents statistics and estimatedrdiffees between the treatment and control
groups at the student level. The sample includegesits in second grade, the followed cohort and
sixth grade. Columns (1) and (2) present meananuud (3) and (4) present estimated coefficients
and standard errors from OLS regressions. Estinmatesiumn (4) include strata fixed-effects. All
tests have been normalized subtracting the meardading by the standard deviation of the
control group. Standard errors, reported in paesgh, are clustered at the school level.

Significance at the five and ten percent leveladicated by ** and *, respectively.

32



Table 8. Effects on Academic Achievement and Cognitive Skills

Robustness Checks
School wheretests
weretimed
All schools correctly
(1) (2 3) (4) (5 (6)
Academic achievement
Math 0.062 0.046 0.064 0.047 0.060 0.066
(0.070) (0.061) (0.070) (0.061) (0.086) (0.082)
Language -0.030 -0.039 -0.029 -0.038 0.007 0.021
(0.065) (0.057) (0.065) (0.056) (0.087) (0.076)
Average academic achievement 0.016 0.003 0.018 40.00 0.032 0.042

(0.064) (0.055) (0.063) (0.054) (0.081) (0.073)
Cognitive skills

Raven’s Progressive Matrices 0.119* 0.112* 0.119*.11Q@* 0.154*  0.142**
(0.065) (0.057) (0.065) (0.057) (0.083) (0.069)
Verbal fluency test 0.156 0.134 0.160 0.136 0.226%0.241*
(0.101) (0.090) (0.099) (0.088) (0.097) (0.103)
Coding test 0.103 0.086 0.110 0.090 0.184* 0.210*
(0.103) (0.097) (0.100) (0.094) (0.093) (0.092)
Average cognitive skills 0.125* 0.110* 0.129* O0.*12 0.187** 0.197*
(0.068) (0.060) (0.066) (0.058) (0.067)  (0.066)
Number of students 4,100 4,100 4,100 4,100 2,464 2,464
Strata indicators N Y N Y N Y
Tests timed correctly indicator N N Y Y - -

Notes: This table presents estimated differences betwieertreatment and control groups at the student
level. In 60 percent of schools the Coding testrthal fluency test were applied following the foal of
giving students three minutes to complete the assémt. We denote this subset of schools with tee te
timed correctly indicator. In the rest of schooldemst some students were given more time (tylyidd)
minutes). Each cell in the table corresponds to maggession. Labels in rows correspond to dependent
variables. Regressions in columns (1) to (4) inelall students. Regressions in columns (5) andch@)de
students in schools where the mentioned tests tiraexl correctly. Estimates in columns (2), (4) 46y
include strata fixed effects and estimates in (3) &) are obtained including the test timed cdlyec
indicator. All tests have been normalized subtrecthe mean and dividing by the standard deviatioime
control group. Standard errors, reported in paesgh, are clustered at the school level. Signifieat the
five and ten percent levels is indicated by ** @ndespectively.
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Table 9. Patterns of Use and L aptop Competence by Selected Sub-Groups

Low High
Second Followed  Sixth baseline baseline
grade cohort grade Female Male score score
€ 2 ©) (4 ) (6) M
Panel A: Patternsof use (all studentswith logs extracted)
Frequency: sessions in last week
None 0.238** 0.125 0.118 0.149 0.169 0.157 0.160
One 0.185* 0.146 0.124 0.159 0.143 0.161 0.141
Two 0.114 0.092 0.122* 0.111 0.109 0.105 0.114
Three 0.113 0.117 0.091 0.100 0.112 0.095 0.117
Four or more 0.351** 0.519 0.545 0.482 0.467 0.482 0.467
By type of application
% Standard 0.437** 0.480 0.502 0.505  0.443* 0.486 0.463*
% Games 0.214** 0.174 0.128** 0.171 0.170 0.173 0.168
% Music 0.104 0.107 0.133** 0.093  0.137* 0.112 0.119
% Programming 0.049 0.059 0.048* 0.047  0.057** 0.050 0.054
% Other 0.197 0.179 0.189 0.184 0.192 0.180 0.196*
By place
% at school 0.628 0.601 0.619 0.598 0.633* 0.629 0.604
Number of students 639 649 695 976 1,007 961 0221,
Panel B: Laptop competence (interviewed sample)
Competencies
Basic operation 0.782 0.838** 0.795  0.825** 0.813 0.808
Write application 0.497 0.647* 0.557  0.589* 0.567 0.579
Wikipedia application 0.594 0.745* 0.659 0.683 0.653 0.688**
Picture books 0.545 0.662** 0.588 0.620* 0.609 0.600
Stories 0.561 0.706** 0.624 0.645 0.634 0.636
Journal application 0.727 0.845* 0.767  0.807** 0.790 0.784
Average competence 0.594 0.721*  0.644 0.673** 0.656 0.661
Number of students 834 857 833 858 819 872

Notes: This table presents statistics on patterns ofarsk laptop competence by groups. It also indicttes
statistical significance of differences across guiips within dimensions analyzed. ** and * dendiféerences at
the five and ten percent level, respectively. lherthree analyzed dimensions the comparison grangpgollowed
cohort, females and schools with average baseliadamic achievement below the median. Applicatioese
grouped into five types: Standard (includes wribepwser, paint, calculator and chat); Games, Music,
Programming and Others. Percent of use by typesefethe proportion of opened applications by grauthe
last four sessions averaged across students. Pefaese at school is computed in a similar fastbahreporting
the proportion of applications that were openedveekdays from 8 a.m. to 1 p.m. The basic operatidniscale
measures the competence of the student in turmifgffahe laptop, finding certain icons and goirack to the
home page. In the write application sub-scale trsbdlés are evaluated: how to make a text bold,eulide it,
insert tables and save the document. The questeated to the Wikipedia, Picture books, Storied daurnal
sub-scales check whether the student knows howea/stop each application and her ability to finbimation
about a particular research topic.

34



Table 10. Heter ogeneous Effects on Academic Achievement and Cognitive Skills

Second - Followed Sixth Male Female b;-sglvivne bgsle?ir;le
grade cohort grade ore ore
@ @ (©) 4 ®) (6) Q)
Academic achievement
Math -0.060 0.027 0.205** 0.061 0.028 -0.077 0.143
(0.093 (0.083 (0.073 (0.068  (0.067 (0.077 (0.098
Languag -0.09¢ -0.06: 0.04: -0.05¢ -0.02¢ -0.07¢ -0.027
(0.090) (0.075) (0.069) (0.067) (0.064) (0.076) 08D)
Average academic achievement -0.077 -0.019 0.125* 0.002 0.000 -0.076 0.058
(0.085) (0.072) (0.061) (0.062)  (0.060) (0.070) 083)
Cognitive skills
Raven’s Progressive Matrices 0.195** -0.030 0.157** 0.110* 0.103 0.081 0.164**
(0.082 (0.076 (0.071 (0.063  (0.067 (0.082 (0.079
Verbal fluency te: 0.14¢ 0.16- 0.09¢ 0.166* 0.10¢ 0.11% 0.214°
(0.110) (0.102) (0.098) (0.091) (0.101) (0.106) 1pB)
Coding test 0.056 0.138 0.076 0.105 0.078 -0.042 220D.
(0.111) (0.109) (0.105) (0.102) (0.101) (0.126) 11@)
Average cognitive skil 0.133* 0.08¢ 0.10¢ 0.125**  0.09t 0.051 0.198**
(0.061 (0.066 (0.067 (0.061, (0.067 (0.068 (0.086
Number of students 1,426 1,328 1,346 2,084 2,016 2,079 2,021

Notes: This table presents estimated differences betweertreatment and control groups at the student feve
different sub-samples. Each cell in the table poads to one regression. The column titles inditia¢ sample
included in the estimation. Labels in rows corregspdo dependent variables. Standard errors, repdrte
parentheses, are clustered at the school levelesis have been normalized subtracting the meariaiding by
the standard deviation of the control group. Sigaiice at the five and ten percent levels is inditdy ** and *,

respectively.
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Figure 1. Frequency of Laptop Use

None One Two Three Four or more
Sessions during last week

Notes: Sample includes treated students in second grade, follmsbdrt and sixth
grade. Statistics are computed based on logs extracteddmtops.
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Figure 2. Distribution of Laptop Use by Time

lam. 3am. 5am. 7am. 9am. 11am. 1 p.m. 3p.mm5 7 p.m. 9 p.m. 11 p.m.

Notes:Sample includes treated students in second grade, foll@akdrt and sixth grade.
Statistics are computed based on logs extracted from thedapPercent of use at a certain
hour corresponds to the proportion of opened applicatibtisea time of the day averaged
across students. Statistics are computed using the ladfoiop sessions.
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Figure 3. Distribution of Laptop Use by Day and Time Period
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Notes: Sample includes treated students in second grade, foll@okdrt and sixth grade.
Statistics are computed based on logs extracted from thedspPercent of use in a day-
time period corresponds to the proportion of opened appica at that period averaged
across students. Results are generated using the lastafmtopl sessions. The 8 a.m. to 1
p.m. period matches the regular school schedule.
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Figure 4. Distribution of Laptop Use by Type of Application

Standard Games Music Programming Other

Notes:Sample includes treated students in second grade, folloakdrt and sixth grade.
Statistics were computed based on logs extracted from theoda. Applications are
grouped into five types: Standard (includes write, browgeint, calculator and chat),
Games, Music, Programming and Others. See Section 2.3 fesaigdtion of applications
included in the groups. Results are generated using thlastaptop sessions.
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Figure5. Laptop Competence
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Notes: Statistics are computed using the interviewed sampleoff@t cohort and sixth
graders) and correspond to the average fraction of cormswers across students. The
following tasks were evaluated in each sub-scale: i) Bagierations: turn on/off the
laptop, find relevant icons, go back to the home page; ii) t8/Application: open the
application, make text bold, underline text, insert tapkes/e work, close the application;
iii) Journal Application, Wikipedia Application, Storieand Picture Books: open the
application, search for particular information, close dipplication.
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