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Abstract

This paper uses a regression discontinuity design to estimate the effect of home computers on
child and adolescent outcomes by exploiting a voucher program in Romania. Our main results
indicate that home computers have both positive and negative effects on the development of
human capital. Children who won a voucher to purchase a computer had significantly lower
school grades but show improved computer skills. There is also some evidence that winning a
voucher increased cognitive skills, as measured by Raven’s Progressive Matrices. We do not find
much evidence for an effect on non-cognitive outcomes. Parental rules regarding homework and
computer use attenuate the effects of computer ownership, suggesting that parental monitoring and
supervision may be important mediating factors.

[. Introduction

The impact of home computer use on the development of children’s human capital has been
the subject of much debate.1 As with the introduction of television and other media,
proponents of increasing access to home computers have touted the educational benefits for
children, while opponents have expressed concern about the negative effects of excessive
computer use and the risks of exposure to adult content (Wartella and Jennings 2000).2
Many studies have documented a positive correlation between home computer use and
various educational outcomes in the United States, including math and reading test scores
(Attewell and Battle 1999), school enrollment (Fairlie 2005), and high school graduation
(Beltran, Das, and Fairlie 2010).3 Access to a home computer may also foster the
development of computer skills and thereby lead to better labor market outcomes.4 On the
other hand, home computer use is hypothesized to lead to a lack of physical activity,

*We wish to thank Larry Katz and four anonymous referees for many useful suggestions. We also appreciate comments from Kerwin
Charles, Janet Currie, Ray Fisman, Nora Gordon, Caroline Hoxby, Eleanor Kane, Jens Ludwig, Bruce Meyer, Doug Miller, Andrei
Shleifer, Cristina Vatulescu, Wesley Yin, as well as seminar participants at the University of Chicago, Tel-Aviv University, and the
NBER Economics of Education Program Meetings. We are grateful to Grigore Pop-Eleches who greatly contributed to the
development and implementation of the project. Special thanks go to loana Veghes at Gallup Romania for managing the survey and
the data collection effort. This project would not have been possible without financial support from the Spencer Foundation, the
Population Research Center at NORC and the University of Chicago, ISERP at Columbia University, and the Center for Human
Potential and Public Policy. All errors and opinions are our own.

1A related literature examines the effect of school computer use on educational outcomes. See Angrist and Lavy (2002), Banerjee et.
al. (2007), Barrera-Osorio and Linden (2009), Barrow, Markman and Rouse (2010), Goolsbee and Guryan (2006), and Rouse and
Krueger (2004).

Recent evidence on the effect of early exposure to television on test scores suggests that television does not lead to lower cognitive
achievement (Gentzkow and Shapiro, 2008). In related studies, Olken (2009) finds that television and radio reduces social
garticipation in Indonesia while Jensen and Oster (2009) show that access to cable TV improves women’s status in India.

However, Fuchs and Woessmann (2004) observe that the positive correlation between home computers and student performance on
PISA math and reading scores becomes negative after controlling for detailed student, family and school characteristics.

Krueger (1993) estimates a large wage premium among Americans who use a computer at work but DiNardo and Pischke (1997)
have cast some doubt about a causal interpretation of these premiums.
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increased risk of obesity, decreased social involvement, and more aggressive behavior when
playing violent computer games (Subrahmanyam, et. al. 2000 2001). Nevertheless, with
some recent exceptions (Fairle and London 2009; Vigdor and Ladd 2010), most of the
evidence on the relationship between home computer use and child development outcomes
is subject to many confounding factors and therefore unlikely to reflect a true causal effect.5

Understanding the risks and benefits of home computer use on children’s outcomes is
especially important in light of the large disparities in computer ownership both within and
between countries. In the United States, less than half of children with family incomes under
$25,000 live in a household with a computer, compared to 92 percent of those with family
incomes over $100,000 (U.S. Census Bureau 2005). Estimates from the 2003 Programme
for International Student Assessment (PISA) show that the vast majority of 15 year old
students in developed countries have access to a home computer in contrast to only about
half of 15 year old students in emerging Eastern European countries such as Poland, Latvia
and Serbia. Among 15 year olds in the bottom SES quartile within these emerging countries,
fewer than a quarter have access to a home computer.6 (OECD 2005) Many government and
non-governmental organizations are trying to bridge this “digital divide”. For example, the
One Laptop per Child (OLPC) program has received substantial publicity in its efforts to
develop and distribute cheap laptop computers to children in developing countries.7
Uruguay recently completed its Plan Ceibal by providing a free OLPC laptop to every
primary school child, while other countries, such as Peru and Rwanda, have placed orders
for and received hundreds of thousands of computers (Psetizki 2009; Stross 2010).
However, to our knowledge, there have been no large-scale evaluations of these major
efforts to increase computer access for children.

This paper seeks to provide a causal estimate for the effect of access to a home computer on
the development of human capital for children and adolescents from disadvantaged
households. We analyze a government program administered by the Romanian Ministry of
Education which subsidized the purchase of home computers. The program awarded
approximately 35,000 vouchers worth 200 Euros (about $300) in 2008 towards the purchase
of a personal computer for low-income students enrolled in Romania’s public schools.
Similar to programs in other countries, the Euro 200 program was intended to increase home
computer use among disadvantaged families and promote computer skills for school-aged
children. Since the fixed number of vouchers were allocated based on a simple ranking of
family income, we employ a regression discontinuity design that allows comparisons across
students who are very similar in family income and other respects, but markedly different in
their access to a computer at home. Using data that we collected through in-person
household interviews, we estimate the impact of winning a program voucher on computer
ownership and use, academic achievement, cognitive skills, computer skills, and various
non-cognitive outcomes.

Our findings indicate that home computer use has both positive and negative effects on the
development of human capital. We find that winning a voucher increased the likelihood of
households owning a home computer by over 50 percentage points, making them almost

twice as likely to own a computer as compared to households whose income was above the

SFairlie and London (2009) find that home computers have positive effects on educational outcomes based on a randomized control
trial of 286 community college students in California. Vigdor and Ladd (2010) use panel data to show that newly purchased home
computers lead to negative impacts on student math and reading test scores in North Carolina.

This fraction is substantially lower for less-developed countries such as Thailand, Tunisia, and Turkey, and essentially zero for
countries in sub-Saharan Africa and parts of south Asia.

Even in cases where these computers are provided for school use, they are also intended to serve as home computers. The chairman
of OPLC, Nicholas Negroponte, explains that “mobility is important, especially with regard to taking the computer home at
night...bringing the laptop home engages the family.”http://laptop.org/faq.en_US.html

@ J Econ. Author manuscript; available in PMC 2012 June 18.
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program threshold. As expected, higher rates of computer ownership also led to increased
computer use, with children in households who won a voucher using computers about 3 to 4
hours a week more than their counterparts who did not win a voucher. We find strong
evidence that children in households who won a voucher had received significantly lower
school grades in Math, English and Romanian, with our preferred estimates indicating effect
sizes between 1/4 and 1/3 of a standard deviation. We also estimate that children in
household who won a voucher had significantly higher scores in a test of computer skills
and in self-reported measures of computer fluency, with effect sizes of about 1/4 of a
standard deviation. There is also some evidence that winning a voucher increased cognitive
skills, as measured by Raven’s Progressive Matrices. We do not find much evidence that
winning a computer voucher affected non-cognitive outcomes. Although less precise, the
same pattern of results holds for a smaller sample of households who received a computer
voucher four years earlier, suggesting that our main findings persist over time.

The effect of computer use on academic achievement may not be surprising given the
patterns of actual use. Despite efforts by the government to provide educational software,
few parents or children report having educational software installed on their computer, and
few children report using the computer for homework or other educational purposes. In
contrast, most children report playing computer games on a daily basis.8 Furthermore, there
is some suggestive evidence that winning a computer voucher reduced the time spent doing
homework, watching TV, and reading. These changes in time-allocation may have
contributed to lower academic achievement.

Our analysis also sheds some light on the potential role of parents in shaping the impact of
home computer use on child and adolescent outcomes.9 Interestingly, we find that the
presence of parental rules regarding homework help mitigate some of the negative effects of
winning a computer voucher without affecting the gains to computer skills and cognitive
skills. However, the presence of rules regarding computer use diminishes the positive
impacts on computer skills without improving academic achievement. While these results
are only suggestive, given that such rules are not randomly assigned, they may indicate that
encouraging homework is more effective than restricting computer use.

The paper is organized as follows: Section 11 provides background on the Euro 200 program.
Section 111 describes the data collection effort and the resulting data. Section 1V explains the
empirical strategy which underlies the analysis. Section V presents our main findings.
Section VI reports on some further results, and Section V11 concludes.

Il. The Euro 200 Program

The voucher program, widely known as the Euro 200 program in Romania, was proposed by
the Prime Minister’s office and adopted by unanimous vote in Parliament in June 2004 as
Law 269/2004. According to the law, the official purpose of the program was to establish a
mechanism to increase the purchase of computers through financial incentives based on
social criteria so as to promote competence in computing knowledge. Over time, the
government expanded the resources allocated to the voucher program: 25,051 families
received vouchers in 2004, and the number of awards increased to 27,555 in 2005, 28,005 in
2006, 38,379 in 2007, and 35,484 in 2008. The rules of the program specified the minimum
specifications for computers purchased using the vouchers. In 2008, computers had to be

8stinebrickner and Stinebrickner (2008) provide evidence indicating that the presence of a video game console lowers academic
Berformance in college.

In a qualitative study of home computer use, Giacquinta et. al. (1993) find that children only engaged in educational computing if
parents took an active role in selecting software and spending time with children at the computer.

@ J Econ. Author manuscript; available in PMC 2012 June 18.
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new and equipped with at least a 2 GHz processor, 1GB RAM memory, 160 GB hard-disk
with a keyboard, mouse and monitor, as well as some pre-installed software.

In the early rounds of the program, the 200 Euro (roughly $300) subsidy covered a large
fraction of the price of a new computer that met the minimum specifications. For example,
in 2005, the voucher covered about 75 percent of the price quoted by Romania’s largest
computer retailer, who sold almost 40 percent of the program’s designated computers
(Comunicatii Mobile 2005). However, as the price of computers declined over time, the
voucher covered an even higher fraction of the cost. Indeed, by 2007, two of the largest
computer retailers were able to offer computers that met the minimum specifications for 200
Euros (Ministry of Education 2007). Thus, not surprisingly, data from the Ministry of
Education indicates that 99 percent of the vouchers issued for the regions included in our
study resulted in computer purchases.

The program was targeted towards children from low income families.10 To apply for the
program, a household was required to have at least one child under the age of 26 enrolled in
grades 1 to 12 or attending university. Furthermore, only households with monthly family
income per household member of less than 150 RON (around $65) were eligible to apply.
The calculation of income included all permanent sources of income for family members in
the month prior to the application, with the exception of unemployment benefits, state
support for children, merit scholarships and social scholarships. According to Government
Decision Nr. 1294/2004 that elaborated on the implementation of the Euro 200 program,
parents were required to provide original documents showing the family income of all
household members and sign a declaration that they were reporting their true family income
(Anexa 1, Art. 3). The application form also included several explicit warnings against
reporting false incomes.

In 2008, 52,212 households applied for the program. Following the application deadline, all
the applicants were ranked based on their family income per household member. Since the
government had limited funds, it restricted the number of vouchers to 35,484, which
corresponded to a maximum income of 62.58 RON (about $27). Winners were announced in
May and received their vouchers in August of 2008.11 Neither the number of vouchers nor
the income threshold was known to the applicants in advance. This feature of the program is
extremely important for implementing the regression discontinuity design and we discuss it
further in the section describing our empirical strategy.

The Ministry of Education also offered 530 multimedia educational lessons to encourage the
use of computers for educational purposes. The lessons included subjects such as math,
biology, physics, geography, computer science, history and chemistry for different grades
and were developed under the guidelines of the Ministry of Education in accordance with
the national teaching curriculum. Computer retailers who participated in the Euro 200
program were encouraged to install these lessons at no charge on the computers of program
winners, and these lessons were made available to non-winners as well. However, as
revealed by our household survey, relatively few parents and children report having
educational software installed on their computer, and still fewer children report using the
computer for educational purposes.

10Duye to the correlation between income and academic acheivement, this also tended to target lower achieving children. Among
children who took the national exam at the end of grade 8, those who participated in the Euro 200 program scored about 0.3 standard
deviations below the national average.

Vouchers were issued in the name of the child, and were not transferable. While it was possible for families to sell their computer
after purchase, we show that most voucher winners actually kept their computers.

@ J Econ. Author manuscript; available in PMC 2012 June 18.
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[1l. Data

The data used in this paper come from a 2009 household survey that we conducted with
families who applied to the 2008 round of the Euro 200 program. To conduct the survey, we
obtained a list of 6,418 families who participated from the regions of Arad, Bistrita-Nasaud,
Braila, Cluj, Maramures, Mures and Sibiu.12 This list contained the names of the parent and
child who applied to the program, the place of residence and the name of the child’s school.
It also included information on the income per family member in the month prior to the
application deadline, which is the running variable used to implement our regression
discontinuity design. With the help of Gallup Romania, we attempted to locate and interview
each of these families in person. The survey was conducted in the spring of 2009, between
May and June, while most children were still in school.

We succeeded in interviewing 3,354 families for a response rate of 52 percent, which is in
line with Gallup’s usual rate for this population. While the resulting sample is not
completely representative of the program applicant pool or the population of these regions
more generally, we found no evidence that response rates differed between households who
won vouchers and their counterparts who did not receive vouchers, after controlling flexibly
for income. The raw response rate for households who won vouchers was 53 percent as
compared to 50 percent among the non-winners. However, this difference is close to zero
around the income threshold for receiving a voucher (see Panel A of Appendix Figure 1).13

The household survey had three parts. First, we interviewed the family to obtain
demographic information about each member of the household and basic household
characteristics, including information about computer ownership. Second, we asked the
primary caregiver (i.e. a parent in every case) to provide information on child outcomes for
each child in the family. Third, we conducted a separate interview with each child present at
home on the day of the survey. Both the parent and the child questionnaires included
questions about our main variables of interest, such as computer ownership, computer and
time-use patterns, academic achievement, and the presence of behavioral problems. In
addition, we administered a cognitive skills test, a computer test, and a battery of computer
fluency questions to the children present at the time of the survey.

Table | presents summary statistics for the main household variables. The average monthly
income per household member reported by households in their Euro 200 application is 47.6
RON (approximately $20). Among our 3,356 applicant families, 64.7 percent received a
voucher in the 2008 round of the Euro 200 program and 98.6 percent of the awarded
vouchers were cashed according to records by the Ministry of Education. Since the program
was targeted to low income families, the sample population is predominantly rural and has
comparatively low levels of educational attainment. About 73 percent of all households
owned a computer, indicating that about one third of households who did not qualify for a
voucher in the 2008 round had a computer in the spring of 2009. Appoximately 65 percent
of households had access to computer games, or 87 percent among those owning a
computer. In contrast, only 9 percent of households had access to educational software.
Access to the Internet was limited to just 14 percent of households. Thus, when interpreting
our results, it is important to keep in mind that the voucher program increased computer
access without much of an effect on Internet access.

12These regions are quite representative of Romania. There were no statistically significant differences between the regions in our
study and the rest of the country in terms of area, population, income per capita or program characteristics such as number of
a%plicants and percent winners.

L3an Appendix Figures, Appendix Tables, and a Data Appendix are contained in an on-line appendix.

@ J Econ. Author manuscript; available in PMC 2012 June 18.
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Table Il presents parental reports on time-use, academic, and behavioral outcomes for about
5,900 children.14 The sample of children is evenly split between boys and girls and with
almost all between the ages of 7 and 19. On average, parents reported that children used a
computer about 5 hours a week, or over 6 hours a week conditional on having a home
computer. For measures of time spent doing homework, watching TV, and reading, we focus
on a binary variable indicating daily use: whether children spent more than 1 hour per day
engaged in that activity. Academic outcomes consist of average school grades during the
2008-09 academic year in the subjects of Math, Romanian, and English, as well as a school
behavior grade. All subjects are graded out of 10. Average grades in Math, Romanian, and
English were centered around 7.5, while most students received a 10 in behavior. Response
rates are somewhat lower for school grades (especially for English which is not a required
subject for all students).15 We also asked parents if their children had exhibited various
behavioral problems during the past three months. We created an index for the fraction of
the problems that were reported to be “sometimes” or “often” true of the child, as opposed to
“not true” for the following behaviors: trouble getting along with teachers, disobedience at
home, disobedience at school, hanging around with troublemakers, bullying others, inability
to sit still, and whether the child prefers to be alone.16 Finally, we elicited information about
children’s height and weight to form measures of BMI, as well as information about
participation in sports and service activities.

Table I11 presents summary statistics from approximately 4,600 child interviews on time-
use, academic, and behavioral outcomes, as well as cognitive and computer assessments.17
The distributions of child age and gender in the child surveys are very similar to those in the
parent surveys. Almost all child respondents are aged 7 to 19, with a large majority between
the ages of 9 and 13. Children also reported doing homework and watching TV at similar
frequencies to those reported by parents. In addition, we asked children about the daily use
of computers for games, homework, and educational activities. Almost 20 percent of
children reported that they play games every day. In contrast, less than 2 percent of children
reported that they use the computer for homework every day and less than 1 percent reported
using educational software every day. Average grades in Math, Romanian, and English are
also comparable to those reported by parents. As with the parent reports, there are slightly
lower response rates for school grades (especially for English). We examine the degree of
correspondence between child and parent reports for different questions in greater detail in a
subsequent section.

We also assessed children’s skills more directly. We administered an un-timed cognitive test
based on Raven’s Progressive Matrices, which is standardized with a mean of 0 and standard
deviation of 1.18 This test is designed to assess general intelligence by measuring the ability
to form perceptual relations and to reason by analogy (Raven 1939, 1956). However, a
number of scholars have argued that the test also measures an important spatial component
of ability.19 We also administered a computer test and elicited self-reported computer

14\we allowed the head of household to report on up to 5 children. This sample censoring affects only 29 families who have between 6
and 11 children (based on roster information).

There are slightly more instances of non-response among the oldest and youngest children. However, there is no significant
relationship between non-response and winning a voucher (or most other household characteristics).

The questions are based on items used in the National Health Interview Survey and the National Longitudinal Survey of Youth
Children’s Supplement (NLSY-CS). As in recent MTO evaluations (Katz, Kling, and Leibman 2001), we focus on seven questions
that asked about behaviors which the mothers could observe directly, as opposed to generic questions about behavior or questions
requiring intuition about how their child was feeling.

We found no evidence that response rates of children differed between households who won vouchers and those who did not
receive vouchers, after controlling flexible for income (see Panel B of Appendix Figure I).

This is comprised of two different sets of test questions: one given to children aged 5-12 and another given to children aged 13 and
over. The test instrument is based on the one administered to respondents of the Mexican Family Lifestyle Survey (available at
http://www.mx.s.cide.edu/).
195ee Burke (1958), Hunt (1975), Colom et. al. (2004) and Lynn et. al. (2004).

@ J Econ. Author manuscript; available in PMC 2012 June 18.
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fluency. The computer literacy test contained 12 multiple-choice questions intended to
measure basic computer skills. Self-reported computer fluency was obtained by asking
children about their knowledge of different tasks related to operating a computer, using
applications, as well as email and the internet use. The data appendix contains a full
description of the computer test and the computer fluency questions. These questions are
based on a computer-email-web (CEW) fluency scale developed by Bunz (2004), and
validated with actual abilities performing related tasks in an applied computer-lab session by
Bunz et. al. (2007). We report the raw fluency scores ranging from 1 to 4 in the descriptive
statistics, but we normalize the scales to a mean of 0 and standard deviation of 1 in the
regression analysis. In addition, we asked children to complete a 10 item Rosenberg Self-
Esteem Scale for a self-reported measure of non-cognitive skills.20 Finally, we asked
children about their health status, whether they experienced problems with pain in the hands,
their perception of being overweight or underweight, and the frequency of smoking and
consumption of alcohol.

IV. Empirical strategy

We employ a regression discontinuity (RD) design to estimate the effect of providing a
computer voucher to low-income students enrolled in Romania’s public schools in 2008.
Since these computer vouchers were allocated according to a simple income cutoff, we are
able to compare outcomes across families with similar income and other characteristics, but
very different levels of computer ownership. This corresponds to a RD design and the
standard regression model used through the analysis is as follows:

outcome;=f'X;+dwinner;+ f (income;)+&; 1)

where outcome;jrepresents a particular child outcome such as computer use or GPA for child
£ X jincludes a set of control variables: age, ethnicity, gender, and educational attainment of
the head of household, as well as child gender and age dummies. In practice, these control
variables have very little effect on our estimates of the discontinuity and serve mainly to
increase precision. The indicator variable, winner;, is equal to 1 if monthly household
income per capita is less than the cut-off of 62.58 RON, and 0 otherwise. The coefficient §,
our main coefficient of interest, indicates the effect of receiving a Euro 200 computer
voucher on the relevant outcome. Finally, f(income)) is a smooth function of income, which
is the forcing variable that determines the assignment of a computer voucher.

The central assumption underlying the RD design is that we have correctly specified the
function of income, f(/ncome;). Accordingly, we consider both parametric and non-
parametric functions of income and explore the robustness of our findings to a variety of
functional form assumptions. For our parametric specifications, we present quadratic splines
which allows the slope to vary on each side of the cutoff, but results using linear and cubic
splines are shown in an online appendix. For our non-parametric specifications, we follow
Hahn, Todd, and van der Klaauw (2001) and Porter (2003) in using local linear regressions
to estimate the left and right limits of the discontinuity, where the difference between the
two is the estimated treatment effect. We estimate this in one step using a simple rectangular
kernel. Although a triangular kernel, by putting more weight on observations closer to the
cutoff point, has been shown to be boundary optimal (Chang, Fan, and Marron, 1997), Lee
and Lemuiex (2010) argue that a more transparent way of putting more weight on
observations close to the cutoff is to re-estimate a model with a rectangular kernel using

20The Rosenberg test consists of 10 statements related to overall feelings of self-worth or self-acceptance. The items are answered on
a four-point scale which ranges from “strongly agree” (1) to “strongly disagree” (4). Summing the ratings after reverse scoring the
positively worded items, scores range from 10 to 40, with higher scores indicating lower self-esteem.

@ J Econ. Author manuscript; available in PMC 2012 June 18.
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smaller bandwidths. However, as in much of the earlier research, our results are not very
sensitive to the choice of kernel (Fan and Gijbels, 1996). A more consequential decision is
the choice of bandwidth.

Given the absence of a widely agreed-upon method for the selection of optimal bandwidths
in the non-parametric RD context, we follow Ludwig and Miller (2007) and examine our
results for a broad range of candidate bandwidths. Our preferred estimates are based on a
bandwidth of 30 RON which appears to balance the goal of staying relatively local to the
cutoff while providing enough data to yield informative estimates, but results using
bandwidths of 60, 15, and 7.5 are presented in an online appendix. In addition, we present
two alternative approaches for estimating the optimal bandwidth: (i) a modified cross-
validation (CV) procedure, as described by Ludwig and Miller (2005) and Imbens and
Lemuiex (2007);21 and (ii) the Imbens-Kalyanarman (1K) optimal bandwidth, as described
by Imbens and Kalyanarman (2009).22 The specific bandwidths determined according to
these procedures differ for each outcome, but most IK bandwidths range from 5 to 10
whereas most CV bandwidths range from 20 to 40. Finally, we follow Imbens and Lemuiex
(2007) and Lee and Lemuiex (2010) by presenting standard robust errors, but cluster by
household when running regressions at the child level to allow for within-household
correlations.23

Another important assumption for the RD design is that households were not able to
manipulate the forcing variable, income, around the program threshold. We have strong
reason to believe that this assumption is maintained in our particular setting. As mentioned
earlier, parents were warned against any attempt to falsify information on income and were
required to provide documentation regarding family income. Furthermore, essentially all
household who applied for vouchers in the previous rounds of 2006 and 2007 ended up
qualifying to receive a voucher. Therefore, it is plausible that families believed they would
receive a voucher even if their income was close to the upper limit for eligibility.
Nevertheless, it is possible that some families still attempted to understate their true income
in order to raise the likelihood of receiving a voucher. Such cheating would only create a
problem for our identification strategy if it varied differently on either side of the income
threshold. This could arise only if families had information about the income threshold at the
time they applied for the Euro 200 program. In fact, the cut-off of 62.58 RON for receiving
a voucher was not known ex-ante; it was determined by the amount of funds available and
by the number of households who applied and their corresponding income, none of which
were known prior to the start of the program.24 Furthermore, along the lines of McCrary
(2007), we show that the frequency density does not vary around the income threshold (see
Appendix Figure 11).

Note that we restrict most of our analysis to the reduced-form effects of winning a voucher.
Given that almost all of the awarded vouchers are actually cashed in to buy computers, this
closely corresponds to the effect of receiving a free computer. But this does not necessarily
represent the effect of having a computer because some households who did not win a

21The cross-validiation (CV) procedure is implemented by examining prediction errors for each data point within 10 RON of the
income cutoff. Specifically, we generate a loss function of the average boundary prediction error, where the predicted values of
datapoints to the left (right) of the cutoff are based on local linear regressions using data only to the left (right) of these points. We
create this loss function for bandwidths ranging from 1 to 50 and select the one which minimizes loss. This procedure is implemented
s%)arately for each outcome variable.
22The 1K bandwidth selection procedure is implemented using the Stata ado file named rdob.ado available at
http://www.economics.harvard.edu/faculty/imbens/software_imbens.

Using analytic standard errors derived based on the formula provided by Porter (2003) does little to alter our inferences. However,
these do not account for the possibility of correlated observations within-household.
24Note that, due to the choice of bandwidths, all of our non-parametric specifications omit families who report zero income which
might be associated with a higher likelihood of cheating (since it would almost guarantee the receipt of a voucher).

@ J Econ. Author manuscript; available in PMC 2012 June 18.
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voucher do report having a computer at home. Unfortunately, we do not know exactly when
these computers were purchased so there may be variation in the exposure to computers
which is not revealed by observed computer ownership at the time of the survey. As a result,
instrumenting for computer ownership with receipt of a voucher may not “scale up” our
estimates appropriately. Nevertheless, though we focus on the reduced-form effects of the
program, we will report “naive” two-stage least squares (2SLS) estimates for a selection of
our main outcomes.

V. Main Results

We present our main results by showing 3 non-parametric specifications (local linear
regressions using a bandwidth of 30, as well as the Imbens-Kalyanaraman (1K) and cross-
validation (CV) optimal bandwidths) and 1 parametric specification (quadratic spline) for
each outcome. All our regressions include age, ethnicity, gender, and educational attainment
of the head of household, as well as child gender and age dummies. We show results based
on both child and parent reports, which serve as an important check on the validity of our
measures. Our preferred estimates are based on child reports with a non-parametric
bandwidth of 30. Consequently, we also plot graphs based on child reports using local linear
regressions with a bandwidth of 30, unless otherwise stated. These show fitted values of
residuals from local linear regressions of the main outcomes on our standard set of controls
(where income is always normalized to be 0 at the 62.58 RON cutoff).25

V.A. Effect on Computer Ownership and Use

Table IV and Figure | present estimates for the effect of winning a voucher on computer
ownership and computer use. Columns 1 and 6 of Table IV indicate that households who
won a voucher were over 50 percentage points more likely to own a home computer at the
discontinuity, representing at least a 170 percent increase over the rate of computer
ownership for non-winners. Panel A of Figure | reveals a sharp discontinuity and confirms
that families around the cutoff with very similar incomes experienced a very different
likelihood of owning a computer at home. Panel B shows that winning a voucher also
increased computer use among children. The corresponding estimates from columns 2 and 7
indicate that children in households who received a voucher spent between 2 and 4
additional hours per week on the computer as compared to children who did not receive a
voucher with similar income; our preferred estimates are clustered around 3 hours. The
estimates in columns 3 and 8 also confirm that winning a voucher did not lead to significant
differences in internet access.

Panels C and D of Figure | display the likelihood that households who won a voucher had a
computer that is installed with educational software and games, respectively. The
corresponding estimates are again shown in Table IV. While the effect of winning a voucher
on having educational software installed is significant in columns 5 and 10, it is substantially
smaller than the effect on having games installed in columns 4 and 9. Indeed, almost all
households who won a voucher had a home computer installed with games. The absence of
educational software is somewhat surprising given that the Ministry of Education made such
software freely available to winners of the Euro 200 program. However, this software was
not pre-installed and required additional effort for installation by computer vendors and
voucher winners.26 The next section examines the types of computer use reported by
children in more detail, as well as time use for other activities.

25Plotting residuals yields similar graphs to those based on raw values but helps reduce some of the noise. See Lee and Lemuiex
52010) for a discussion of residualized outcomes.

6 Anecdotal evidence from internet postings regarding the Euro 200 program suggests that children may have wished to avoid the
substantial time cost to installing these programs.
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V.B. Effect on Time Use

Table V and Figure Il present estimates for the effect of winning a voucher on children’s
computer and time use activities based on binary variables that indicate daily use.27
Information about specific types of computer use was only recorded in the child survey.
Column 1 shows that children who won a voucher were 14 percentage points more likely to
use a computer for games on a daily basis. In columns 2 and 3, we observe that winning a
voucher did not translate into increased computer use for doing homework or for using
educational software. Apart from the fact that computers are not used for strictly educational
purposes, time spent in front of a computer also appears to have crowded out other activities.
Columns 5 and 7 suggest that the probability of doing at least 1 hour of homework a day is
lower for voucher winners, although this finding is not very precisely estimated, nor is it
robust across all specifications. Columns 6 and 8 indicate that winning a computer voucher
also decreased the time spent watching TV. Finally, parental reports of reading in column 9
indicate that children in households who won a voucher were significantly less likely to read
for pleasure on a daily basis. The results from Table V are mirrored in Figure 11 which
suggest that the increase in computer use among winners of the Euro 200 program was
mostly spent playing games, and may have been associated with some reductions in the time
spent watching TV and doing homework. However, it is important to note that we generally
do not find significant effects for average measures of time-use for homework and TV use
(results for time spent reading are robust to using measures of average hours). This might
suggest that the effect on time use is on the margin of daily use. More generally, we believe
that our time-use results may be subject to measurement error. Retrospective reports of time-
use, as used in this survey, are known to be seriously affected by recall bias and internal
inconsistencies (Robinson 1985; Juster and Stanford 1991).28

V.C. Effect on Academic Achievement

Table VI and Figure 111 present estimates for the impact of winning a computer voucher on
measures of academic achievement. In particular, we focus on average school grades for the
2008-2009 academic year in Math, Romanian, and English, as well as grades for school
behavior. These constitute the main subjects in Romanian schools and serve as important
indicators of school performance. Note that the age distribution of respondents to these
academic outcomes is very similar to the age distribution in the broader sample.

Columns 1 and 5 of Table VI indicate that children in households who won a voucher had a
significantly lower Math GPA than non-winners across most specifications. The coefficients
generally range from 0.3 to 0.7 which represents an effect size of 1/5 to 1/2 of a standard
deviation, with a preferred estimate of approximately 1/4 of a standard deviation.29 Panel A
of Figure 11 displays the discontinuity in the non-parametric plots of Math GPA on our
normalized measure of income. Columns 2 and 6 also indicate significantly negative effects
of winning a voucher on GPA in Romanian language, and the corresponding discontinuity is
plotted in panel B of Figure I11. The effect size in our preferred estimate is about 1/3 of a
standard deviation. Columns 3 and 7 together with panel C show similar results for the
effect of winning a voucher on GPA in English language. These magnitudes are similar to
the differences in Math and Romanian GPAs between children whose head of household has
a secondary education versus a primary education (although they are only half the size of the
differential between secondary and primary educated heads for English GPAs). We find no

27 s explained earlier, we asked children whether they used their computer every day for games, homework, and educational
activities. For homework, watching TV, and reading, we measure daily use with a binary variable indicating whether children spent
more than 1 hour a week engaged in that activity.

Unfortunately, we lacked sufficient funds to incorporate time-diaries, which yield more reliable measures of time use.

The magnitudes appear to be larger for smaller bandwidths. Plots using these smaller bandwidths appear to be somewhat
undersmoothed with a few points near the discontinuity driving the larger results.
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significant difference in the effect of winning a voucher on grades received for school
behavior, as seen in columns 4 and 8 and panel D. Overall, these results indicate that
winning a voucher and receiving a free computer through the Euro 200 program led to lower
academic performance in school.30

V.D. Effect on Cognitive and Computer Skills

Table VII and Figure IV present estimates for the effect of winning a computer voucher on a
number of different assessments that we administered directly to children. The first is an un-
timed cognitive test based on Raven’s Progressive Matrices. As explained earlier, this test is
designed to assess general intelligence independent of formal schooling so it is likely to
differ from the measures of academic achievement described in the previous section.
Moreover, insofar as the test requires matching different shapes and patterns to a series of
spatial configurations, it may also pick up an important spatial component of cognitive
skills. Column 1 of Table VII shows that children in households who received a voucher
tended to have significantly higher Raven scores than their counterparts who did not win a
voucher, with an effect size of 1/3 of a standard deviation in our preferred specification.
However, this result is not robust across all specifications.31 Panel A of Figure IV confirms
the discontinuity in cognitive skills.

The magnitude of these effects on cognitive skills appear to be quite large. This may be
surprising given that the Raven’s test is thought to provide a relatively stable measure of
what psychologists term “g”, or general intelligence. However, there is other evidence that
home computer use at young ages is correlated with cognitive skills (Fiorini, 2010), and a
number of psychological experiments have shown that playing computer games increases
spatial skills in the short-run (Subrahmanyam and Greenfield, 1994; Okagaki and Frensch,
1994). To the extent that the Raven’s test picks up spatial ability, this may explain the
sizeable effects. Other interventions, such as the Perry Preschool Project, also led to
extremely large initial gains of over 12 points on the Stanford-Binet 1Q test, though the
effects faded over time (Heckman, et. al. 2006). Furthermore, it is important to note that, as
with other measures of 1Q, scores on the Raven Progressive Matrices have been rising over
time. Flynn (1987) presents data from 14 nations showing 1Q gains ranging from 5 to 25
points in a single generation, with some of the largest gains observed for Raven’s
Progressive Matrices.32 One hypothesis for the observed gains in 1Q scores is the increased
exposure to new media, including computers (Neisser 1996; Greenfield 1998). While the
debate about the sources of rising 1Q scores over time is beyond the scope of this paper, our
findings may be viewed as providing some tentative support for this hypothesis.

We also administered two assessments to measure children’s computer skills. The first was a
computer test consisting of 12 multiple choice questions intended to measure computer
knowledge. Column 2 of Table VIl shows that children in households who received a
voucher had significantly higher computer test scores than those who did not win a voucher,
with an effect size ranging from 1/5 to 2/5 of a standard deviation in all specifications. The
graphical representation of this estimate is shown in Panel B of Figure V. The second
assessment asked children about their fluency with respect to different aspects of computer
use. We find that winning a voucher improves the ability to operate a computer (column 3)
and the ability to effectively use a number of applications (column 4). While the coefficients

30while many of our residualized measure of academic achievement show a downward slope for winners, the differences in slope on
either side of the discontinuity are generally not statistically significant.

The magnitude and significant of this effect diminishes substantially with bandwidths smaller than 15 (including the IK bandwidth
which is approximately 7 for this outcome).

For example, the scores of 19-year-olds in the Netherlands, for example, went up more than 8 points, or over half a standard
deviation between 1972 and 1982.

@ J Econ. Author manuscript; available in PMC 2012 June 18.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Malamud and Pop-Eleches Page 12

on these outcomes become insignificant for bandwidths smaller than 15, the magnitudes
remain similar in these specification. These findings are confirmed in panel C of Figure 1V,
which plots an average of these two measures of computer fluency. Given that internet use
did not increase much with the Euro 200 program, it is not surprising that we do not find
improvements on questions related to web and email fluency reported in columns 5 and 6, or
in panel D of Figure IV which plots an average of these two measures of internet fluency.

V.E. Effect on Non-Cognitive Outcomes

We examine the impact of winning a voucher on various non-cognitive outcomes in Table
VIII and Figure V. In the child survey, we administered the Rosenberg Self-Esteem Scale
and asked children about their health status, whether they experience pain in their hands and
fingers, their perception of being overweight, and frequency of smoking and drinking of
alcohol. In the parent survey, we asked parents to complete the Behavioral Problem Index
(BPI) and provide information about child height and weight for BMI calculations, as well
as their engagement in sports and community service activities. For most of these non-
cognitive outcomes, we find no significant effects across our various specifications. There
are a few significant coefficients that could suggest negative effects of winning a computer
voucher on health (i.e. hand pain) and behavioral outcomes (Rosenberg, BPI). However,
given the problems associated with multiple inference, we are hesitant to put much weight
on these findings.

V.F. Effects of Parental Rules Concerning Computer Use and Homework

We explore whether the effects of winning a computer voucher are mediated through
parental involvement and supervision by introducing indicator variables for whether parents
have rules regulating computer use and homework activities for each child. Approximately
one third of children have parents who imposed rules on computer use and a similar fraction
of children have parents who imposed rules on homework activities.33 Table IX presents
estimates from regression equations in which the variable for winning a Euro 200 voucher is
interacted seperately with each of these parental rules.34 Note that these variables are
potentially endogenous, so the results of this analysis should be interpreted with care.

Panel A of Table IX displays the interaction of our program effect, winner;, with the
presence of rules related to computer use. As might be expected, the interaction is negative
and significant in column 1, indicating that computer use is substantially lower for children
whose parents imposed rules on computer use. This appears to lead to lower computer skills,
as demonstrated by the negative and significant interactions for the computer test and
measures of computer fluency in columns 7, 8, and 9. On the other hand, the presence of
rules on computer use do not seem to impact daily homework activities, or academic
achievement in school. In Panel B, we present analogous results for the interaction of
winnerjwith the presence of rules related to homework. Again, as might be expected,
children whose parents impose rules on homework do more homework (the interaction is
positive and significant in column 2). Moreover, this also appears to impact academic
outcomes. The presence of rules regarding homework activities attenuates the negative
impact of winning a computer voucher on Math, Romanian, and English GPAs with the
coefficients on the interaction terms in columns 3, 4, and 5 about half the size of the main
effects. Interestingly, having rules regulating homework does not have a negative effect on

33Interesting|y, the fraction of parents who impose rules on homework activities is similar between winners and non-winners, whether
or not we control for income. The fraction of parents with rules regarding computer use is significantly higher for winners.

Specifically we estimate the equation: outcomej= B’ X j+ winnerj+ vrulesj+ Awinnerj* rulesj+ f(incomej) + e jwhere rulesjis
an indicator for whether the parents have rules about computer use or homework activities.
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computer use or the accumulation of computer skills. Neither rules regarding computer use
nor homework appear to impact scores on the Raven’s Progressive Matrices test.35

We interpret these findings as potentially consistent with the view that parental monitoring
through rules can be an important mediating factor. In particular, our results suggest that
rules regarding computer use reduce the positive effects of winning a voucher on computer
skills without improving academic achievement, while rules regarding homework mitigate
some of the negative effects of winning a computer voucher without affecting the gains to
computer skills or cognitive skills.

VI. Further Results

To summarize the evidence presented thus far, winning a voucher and receiving a free home
computer has both positive and negative effects on child outcomes. While computers
certainly improve computer skills, they affect school performance negatively, as measured
by the average grades in three important academic subjects. There is also evidence that
winning a voucher and receiving a free computer leads to higher scores on a test of cognitive
skills. This section reports on further results that build on our main findings. In particular,
we examined whether the effects of winning a computer voucher differed by child age and
gender and whether the effects persisted over time. We also compare estimates using OLS
and 2SLS, and consider a number of different specifications checks. All of the tables
containing these results are available in an online appendix.36

VI.A. Heterogeneous Effects

We explored the differential impact of child characteristics by estimating equations in which
we interacted child age and gender with the indicator for winning a Euro 200 voucher.37
The results are reported in Appendix Table I. There are substantial differences in the mean
levels of our outcomes variables by gender: girls spent less time using computers and did
more homework; girls also had higher GPA and cognitive skills scores but lower computer
skills. However, we do not find any significant differences in the effect of winning a
computer voucher between boys and girls. As with gender, there are substantial differences
in the mean levels of our outcome variables by child age. But there is also some evidence
that younger children experience the largest gains in computer fluency and in cognitive
skills as measured by Raven’s Progressive Matrices. The finding that younger children
display larger gains in cognitive skills is consistent with work by Cunha and Heckman
(2008) showing that cognitive skills are more malleable at early ages.

VI.B. Long Term Effects

The main analysis examined the impact of winning a computer voucher on outcomes
approximately one year after families received their free computer. To address whether this
program also had longer term impacts on child outcomes, we implemented an identical
survey on a sample of children who participated in the 2005 round of the same Euro 200
program.38 From an initial list of 1,554 families who applied to the 2005 round from the

35Appendix Figures Il and IV show results for parents who do and do not impose rules on computer use and homework respectively.

In the interest of saving space and to improve the precision of our estimates, all of the results in this section are based on linear
splines using the full sample and the standard set of controls. We focus on nine of our main outcome variables which include
computer use, homework, Math GPA, Romanian GPA, English GPA, Raven’s Progressive Matrices test, computer test, computer
fluency, and application fluency, all derived from the child survey instrument.

Specifically, we estimate the equation: outcomej= B’ X + 8winnerj+ wchild_charsj+ \winnerj*child_charsj+ f(income)) + ej
where child_charsjincludes age and gender.

We previously analyzed the short term effects of the Euro 200 program on this sample of 2005 program participants from Covasna
and Valcea as part of a smaller scale pilot study (Malamud and Pop-Eleches 2008). Our findings from that study are broadly consistent
with those in the current study.
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regions of Covasna and Valcea, we were able to successfully complete 647 household
interviews in 2009. Results from this sample are reported in Appendix Table 1. We find that
households who won a voucher in the 2005 round of the Euro 200 program had significantly
higher levels of computer ownership than non-winners, even four years after they received a
free computer.39 The long-term effects of receiving a voucher on average grades in Math,
Romanian, and English are negative but imprecise. The impact of winning a voucher on
cognitive skills as measured by the Raven’s Progressive Matrices test is positive but
insignificant. Finally, the effect of winning a voucher on computer skills is positive in two
out of our three assessments. The lack of power in most of these estimates is not surprising
given the small sample and we do not wish to draw any strong conclusions. However, if we
re-scale the size of these effects in light of the smaller difference in computer ownership, the
magnitude of these estimates suggest long term effects that are similar to the short-term
ones. Taken as a whole, these results are consistent with the long term persistence of
negative effects on academic achievement and positive effects on cognitive skills and
computer skills.

VI.C. 2SLS and OLS Estimates

Thus far, we have focused exclusively on the reduced-form estimates of winning a computer
voucher through the Euro 200 program. This does not represent the effect of having access
to a home computer because some of the households who did not win a voucher do report
having a computer at home. But we could “scale up” our reduced-form estimates by the
difference in computer ownership between household who won and did not win a voucher.
40 With an estimated difference in computer ownership of approximately 50 percentage
points, this suggests the impact of having access to a home computer is about twice the
impact of winning a voucher (2 8). A similar scaling would be achieved by estimating 2SLS
regressions in which we use our indicator for winning a voucher (winner;) to instrument for
computer ownership (computer)). Panel A of Appendix Table 111 presents these 2SLS
estimates of computer ownership on nine of our main outcomes. However, as explained
earlier, this approach may not “scale up” our estimates appropriately. Since we do not know
exactly when these computers were purchased, there may be variation in the exposure to
computer ownership that isn’t captured by observed ownership in 2009. For example,
households who did not win a voucher but purchased a computer just prior to the time of the
survey will have had a much shorter exposure than households who won a voucher and
received their computers in the summer of 2008. Nevertheless, our naive 2SLS estimates do
provide a useful benchmark and indicate effects of computer ownership that are
approximately twice as large as the reduced-form effects of winning a computer voucher.

We also compare our estimates with those that would emerge from a conventional cross-
sectional analysis by estimating an OLS regression for children in households that did not
receive a computer voucher through the Euro 200 program.41 Approximately 37 percent of
the 1,186 households in our sample who did not receive a voucher reported owning a
computer at the time of the survey. The OLS estimates for our nine main outcome variables
are reported in Panel B of Appendix Table I11. As with our reduced-form and 2SLS
estimates, owning a computer is associated with higher scores on the computer test as well
as greater fluency in operating a computer and using applications. Indeed, the magnitude of

397The difference of 17 percentage points between households who did and did not receive a voucher is substantially smaller than the
differential in the short-term, but not surprising given that those families who applied for a voucher in 2005 but did not receive one
could reapply in subsequent years.

Note that this resembles the standard calculation used in moving from an intention-to-treat (ITT) estimator to a treatment-on-the-
treated (TOT) estimator. Such a scaling of the reduced form estimate by the proportion of individuals that actually received the
treatment was introduced by Bloom (1984).

Specifically we estimate the equation: outcomej= B’ Xj + 8computerj+ f(incomej) + e jwhere computerjis an indicator variable
for computer ownership.
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the coefficients in these OLS regressions are strikingly similar to those from 2SLS. On the
other hand, owning a computer is also associated with higher average grades in Math,
Romanian, and English. Insofar as our causal estimates indicate a negative impact of
winning a computer voucher on average grades, this suggests that children in households
who purchased computers were more likely to have higher academic achievement. Finally,
the OLS estimate for the effect of computer ownership on cognitive skills is positive and
significant but only two-thirds of the magnitude of the 2SLS estimate.

VI.D. Specification Checks

We conducted a number of specification checks. First, we verified that our estimates are
generally robust to using a broader set of parametric and non-parametric specifications.
Appendix Tables IV to VIII present local linear regressions with bandwidths of 60, 30, 15,
and 7.5 as well as linear, quadratic, and cubic splines for all outcomes. Second, we provide
evidence that response rates do not differ around the income threshold of 62.58 RON for
receiving a voucher. Panel A of Appendix Figure I shows that there is no difference in
overall response rates among households who won and didn’t win vouchers; panel B
indicates that there is also no difference in the response rates among children in the
household around the income threshold. Third, we tested for manipulation of reported
income by checking the frequency density along the lines of McCrary (2007). Appendix
Figure Il plots local linear regressions of the density of children over income from the child
survey (in panel A) and the parent survey (in panel B) showing that the density varies
continuously over different income levels with no significant discontinuity around the
income cutoff. Fourth, we sought to test that all backgound characteristics, other than receipt
of a computer voucher through the Euro 200 program, vary continuously around the income
cutoff of 62.58 RON. While we cannot verify this assumption for unobserved
characteristics, Appendix Figure V and Appendix Table IX confirm that there are no
significant discontinuities in all but one (child gender) of our observed household and child
characteristics. Fifth, we examined the degree of correspondence between the parent and
child reports in their responses to the same survey questions. For questions regarding
household characteristics, such as computer ownership, the responses of children and their
parents were identical 96 to 98 percent of the time. For questions regarding average grades
in Math, Romanian and English, the responses of children and their parents were identical
91 to 92 percent of the time. For questions regarding time-use, the responses of children and
their parents were somewhat less likely to match up, being identical only 86 percent of the
time. But overall, we find the relatively high level of correspondence between child and
parent reports to be a reassuring finding.42 Finally, we checked that our main results
continue to hold when we restrict ourselves to samples where parent and child responses
overlap and when averaging between parent and child responses for identical survey
questions.

VII. Conclusion

This paper examined the impact of increased access to home computers on the development
of human capital among low-income children and adolescents. Using data from several
regions in Romania that we collected through in-depth household interviews during 2009,
we implemented a regression discontinuity design to estimate the effect of winning a Euro
200 government-funded voucher towards the purchase of a personal computer in 2008. We
show that winning a voucher led to substantial increases in computer ownership and
computer use. We find that children in households who won a voucher had significantly

42\\e also examined whether the rates of match between parent and child reports varied around the discontinuity. For the most part,
there were no significant differences for these outcomes.
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lower school grades in Math, English and Romanian, with most estimates clustered around
an effect size of 1/3 of a standard deviation. On the other hand, we estimate that children in
households who won a voucher had significantly higher scores on a test of computer skills
and in self-reported measures of computer fluency. There is also some evidence that
winning a voucher increased cognitive skills, as measured by the Raven’s Progressive
Matrices test. These results indicate that providing home computers to low-income children
in Romania lowered academic achievement even while it improved their computer skills and
cognitive skills. Given the positive and negative effects of home computer use on the
development of human capital, it would be extremely useful to evaluate the net effect of
home computer use on labor market outcomes, such as wages. We hope to pursue this
question in further work, by following up on these children over time.

Our results also reveal several additional factors which may play an important role in
shaping the impact of home computer use on child and adolescent outcomes. We find that
despite efforts by the Romanian Ministry of Education to encourage the use of these
computers for educational purposes, relatively few children have educational software
installed on their computer, and fewer still report using their computer for educational
purposes. Instead, computers were mainly used to play games. There is also some suggestive
evidence that children who received vouchers spent less time reading and doing homework.
These factors may have contributed to the decline in academic achievement. Moreover, we
show that parental involvement and supervision can be important mediating factors. The
presence of rules regarding homework help mitigate some of the negative effects of winning
a computer voucher. In contrast, the presence of rules regarding computer use seem to
reduce the positive impacts of winning a voucher on computer skills without improving
academic achievement. Since computers represent such a versatile technology, the potential
risks and benefits of computer use are highly dependent on the availability of different types
of software and the patterns of actual use. In implementing future programs to increase
access to home computers, policy makers need to take these behavioral responses by both
children and parents into account to maximize the positive effects and minimize the negative
effects of home computer use.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Panel A: Have a Computer
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Figurel. Computer Ownership and Use
Notes: The dependent variables are defined in Tables I, 11, and 111. The open circles plot the
residuals from regressions of the dependent variables on our standard set of controls for 5
RON intervals. The solid lines are fitted values of residuals from local linear regressions of
the dependent variable using a rectangular kernel with a bandwidth of 30. The income
variable is the monthly household income per family member used by the Euro 200 program
and is normalized to be 0 at the 62.58 RON cutoff. Source: 2009 Euro 200 Survey.
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Panel B: Computer Use

o
o o OO o
ol
o° © °
(]
° o
o o o
|"’°o °6o0o0
O —
| |
-70 0 100
Income
Panel D: Education Software
.s-m..‘f-;
o] o
o o oO o
o - W
| I
-70 0 100

@ J Econ. Author manuscript; available in PMC 2012 June 18.

Income



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Malamud and Pop-Eleches

Panel A: Comp-Games (everyday)
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Panel B: Comp-Homework (everyday)
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Figurell. TimeUse

Notes: The dependent variables are defined in Tables I, 11, and 111. The open circles plot the
residuals from regressions of the dependent variables on our standard set of controls for 5
RON intervals. The solid lines are fitted values of residuals from local linear regressions of
the dependent variable using a rectangular kernel with a bandwidth of 30. The income
variable is the monthly household income per family member used by the Euro 200 program
and is normalized to be 0 at the 62.58 RON cutoff. Source: 2009 Euro 200 Survey.
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Panel A: Math GPA
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Panel B: Romanian GPA
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Figurelll. Academic Achievement
Notes: The dependent variables are defined in Tables I, 11, and I11. The open circles plot the

residuals from regressions of the dependent variables on our standard set of controls for 5
RON intervals. The solid lines are fitted values of residuals from local linear regressions of
the dependent variable using a rectangular kernel with a bandwidth of 30. The income
variable is the monthly household income per family member used by the Euro 200 program
and is normalized to be 0 at the 62.58 RON cutoff. Source: 2009 Euro 200 Survey.
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Panel A: Cognitive Test
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Panel B: Computer Test
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Figure V. Cognitive and Computer Skills
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Notes: The dependent variables are defined in Tables I, 11, and I11. The open circles plot the
residuals from regressions of the dependent variables on our standard set of controls for 5
RON intervals. The solid lines are fitted values of residuals from local linear regressions of
the dependent variable using a rectangular kernel with a bandwidth of 30. The income
variable is the monthly household income per family member used by the Euro 200 program
and is normalized to be 0 at the 62.58 RON cutoff. Source: 2009 Euro 200 Survey.
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Panel B: Behavior Problems Index
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Panel A: Rosenberg Index
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Figure V. Non-Cognitive Outcomes
Notes: The dependent variables are defined in Tables I, 11, and 111. The open circles plot the

residuals from regressions of the dependent variables on our standard set of controls for 5
RON intervals. The solid lines are fitted values of residuals from local linear regressions of
the dependent variable using a rectangular kernel with a bandwidth of 30. The income
variable is the monthly household income per family member used by the Euro 200 program
and is normalized to be 0 at the 62.58 RON cutoff. Source: 2009 Euro 200 Survey.
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Table |
Summary Statistics of Household Characteristics
Mean SD N

Winner 0.647 0.478 3,356
Income 47.614 50.683 3,356
Used Voucher 0.638 0.481 3,356
Female HoH 0.119 0.324 3,376
Age of HoH 40.666  8.012 3,358
Ethnicity of HoH

Romanian 0.676 0.468 3,376

Hungarian 0.149 0.356 3,376

Gypsy 0.107 0309 3,376

Other 0.068 0.253 3,376
Education of HoH

Primary 0.126 0.332 3,340

Secondary 0.857 0.350 3,340

Tertiary 0.017 0.128 3,340
Computer ownership

Have a Computer 0.727 0.446 3,350

Have Internet 0.144 0.351 3,344

Have a Computer w/ Games Installed 0.649 0.477 2,856

Have a Computer w/ Education Software ~ 0.091 0.288 2,507

Hours Computer is On (per day) 1.453 1590 3,140

Page 24

Notes: SD is the standard deviation and N is the sample size. "Winner" is defined as 1 for individuals with an income below the program cutoff of
62.58 RON, and 0 otherwise. Income is the monthly household income per family member used by the Euro 200 program (normalized to be 0 at
the 62.58 RON cutoff in regressions and graphs). Used Voucher indicates vouchers that were cashed according to records by the Ministry of

Education. Gender, age, ethnicity and education of the head of household represent the main household demographic covariates. "Have a

Computer" indicates whether households had a computer in the home. "Have Internet” indicates whether households had an internet connection in
the home. Variables indicating having a computer with games or educational software installed are unconditioned on having a computer. Source:

2009 Euro 200 survey.
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Summary Statistics of Parental Reports

Mean SD N

Female 0.487 0500 5,936
Age 12.225 3.334 5,928
Time use

Computer Use (hours per week) 5245  6.510 5,283

Homework = 1hr everyday 0.661 0.473 5,483

TV = 1hr everyday 0.746  0.436 5,498

Reading = 1hr everyday 0.053 0.224 5,244
Academic outcomes

Math GPA 7.602 1474 4,462

Romanian GPA 7.762 1422 4,478

English GPA 7.822 1501 3,536

Behavior GPA 9.931 0.388 4,835
Non-cognitive outcomes

Behavior Problems Index (BPI) ~ 0.207  0.235 4,791

BMI 19.783 3.814 4,611

Sports 2722 1589 5,392

Service 1.845 0.997 5,457

Table Il

Page 25

Notes: SD is the standard deviation and N is the sample size. Child gender and age are reported by primary caregiver. Computer Use is measured in
hours per week. Homework, TV, and Reading are indicator variables for daily activity of more than 1 hour per day. GPAs represent raw scores
ranging from 1 to 10. BMI is the body-mass index calculated from reported height and weight of the child. BPI ranges from 0 to 1 with higher
scores indicating more behavior problems associated with trouble getting along with teachers, disobedience at home, disobedience at school,

hanging around with troublemakers, bullying others, inability to sit still, and whether the child prefers to be alone. Sports and Service are
frequencies ranging from 1 to 5. Source: 2009 Euro 200 survey.
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Table llI
Summary Statistics of Child Reports
Mean sD N

Female 0.495 0500 4,643
Age 12,187 3.003 4,637
Computer and Time use

Computer Use (hours per week) 5.465 6.349 4,384

Computer for Games everyday 0.189 0.391 4,606

Computer for Homework everyday 0.015 0.120 4,614
Computer for Ed Software everyday =~ 0.003  0.051 4,611
Computer for Web/Email everyday 0.052 0.221 4,614

Homework > 1hr everyday 0.682 0.466 4,539

TV > 1hr everyday 0.759 0428 4,512
Academic outcomes

Math GPA 7.493 1512 4,279

Romanian GPA 7.653 1471 4,302

English GPA 7.717 1539 3,476

Behavior GPA 9910 0427 4,367

Cognitive and Computer Assessments

Raven's Progressive Matrices Test -0.059 0.999 4,628
Computer Test (raw) 3352 2810 4,375
Computer Operation Fluency (raw) 2739 1135 4,620
Applications Fluency (raw) 2761 1375 4,620
Web Fluency (raw) 2163 1.359 4,620
Email Fluency (raw) 2334 1329 4,620
Non-cognitive outcomes
Rosenberg Index (raw) 19.050 3.750 4,085
Health index 3.401 0.659 4,602
Hand pain 0.081 0.273 4,546
Overweight 0.086 0.281 4,483
Smoking 0.047 0.211 4,597
Drinking 0.065 0.247 4,611

Notes: SD is the standard deviation and N is the sample size. Child gender and age are derived from the parental reports. Computer use for games,
homework, education, and web/email are indicator variables for daily activites. Homework and TV are indicator variables for daily activity of more
than 1 hour per day. GPAs represent raw scores ranging from 1 to 10. The Raven's Progressive Matrices test is standardized with a mean of 0 and
standard deviation of 1. The computer test represents raw scores from 1 to 12 but it is normalized to a mean of 0 and standard deviation of 1 in the
graphs and regression tables. The fluency scores represent raw responses ranging from 1 (not at all fluent) to 5 (very fluent), again normalized with
a mean of 0 and standard deviation of 1 in the graphs and regression ables. Rosenberg index is a raw score ranging from from 1 to 30 with higher
scores indicating lower self-esteem, also normalized to a mean of 0 and standard deviation of 1 in the graphs and regression tables. Health status is
self-reported health status ranging from 1 (poor) to 5 (very well). Hand pain is an indicator variable for any problems with pain in the hands.
Overweight is an indicator variable for self-reported perception of being overweight. Smoking and drinking are indicator variables for any report of
smoking or drinking during the past year. Source: 2009 Euro 200 survey.

@ J Econ. Author manuscript; available in PMC 2012 June 18.



Page 27

Malamud and Pop-Eleches

*AaAIns 00z 043 600Z :82N0S “PJIYD BY) JO SajgeLIeA Awwnp abe pue Japuab se |jam se

‘pjoyasnoy 4o peay sy} Jo Uo1eINPa pue AdIUYIS ‘18puab ‘abe Joj S]0AU0 3pNjaUI SUOISSaIBal |1V “UipIMmpueq [ewndo uewIeURATEY-SUSGW U} 0} SI3Jal M| ‘Uipimpueq [ewndo ay) aALISP 0} pasn ainpasold
UOIIEPI[BA-SSOID PAIIPOL 3Y} 03 SI8J31 AD "[auJdX JejnBueldas B asn suoneoy1oads oLlawesed-uou |1y 8sIMIBUI0 0 ‘“NOY 85°29 40 4010 welboid syl Mojag SWodU! U Y S[enpIAIpUI 10} T Se paulap s
JBUUIAN,, B|CeLIBA 8L 10} 8Je SIUBII800 pariodal 8yl “||] Pue ‘|| ‘| S3|geL Ul pauljap aie sajqeLieA Juspuadap ayL ‘Ajaandadsal [ans] 1usdsad QT pue G ‘T 8y} 18 80URDLHIUBIS [BONSITEIS B1EOIPUI x PUB 4y ‘xxx

"S)9X0RIQ Ul 818 [9A3] PIOYISNOY B} 1B PaISISN|O SI0IS PAEPUBIS 1SNQOY :SBION

ey 186"V evl's 2LT'S 9G1'G T00'v 8ve'y £05'Y S62'7 0TS'Y SUOIRAIZSAO
[tso0l [ssool  [svo0] [t220] [es00] [ovoro] [rsool  [vvool [602°0] [rso0]  aunds anespend
ox8VT0  _0/S0  gegg L, ET€T L TVS0  __LET0  ,_T6V0  gop'g  ,nn198E 0060 oLBWeed
€z1 897 96T 28y 892 1T 012 1T 01€ 66T SUOIRAIBSIO
[ovT0] [ssTol  [sot0l [tozTl [601°0] [680°0] [eot'0l  [v60°0] [2zz1] [6TT°0] uipimpueg M|
£9T°0 w0990 TT0 0BT 1200 9800 2 19L0 9900 e €607 6690 oinswereduoN
Lv9 €18'T 1€2'T €502 6TE'Z oy 69T'T 128 8ET'T 818'T suoIeAIZSqO
[s20°0] [esool  [esool [ovg-al [8v0°0] [990°0] [osoo]  [o9070] [se2 0] [8v00l yipimpueg AD
e 8ET0 L WVS0 G000 wweBTCT L TVGO0 L L8T0  __ OV0 7000 exeCSEE ,,.81S0 oLaweseduoN
yoT'T §62'T 9eY'T 00€'T 8EY'T 5.6 €50'T 690'T 120'T 0L0'T SUOITBAISSAO
[rsool [ego0l  [sv0°0l [8220] [650°0] [ovo0l [ssoal  [6v00] S0l [09070] 0€ - UpImpueg
e ETO L VBS0  jog0- .. l6€T  ,,.8Y50  __LTT0 ., /6V0 1100 s lOVE ., OVG0 areweseduoN
(or) 6) ®) (3] ©) (©) ) € @ )
9Iem1jos pa|esu| an ReIndwo) 9 Jemijos po|fesu| aan RINdwo)d a|qelren
feuoileonpy  saweo vuUBIU|  BINdwo)D eaneH feuoleonNpg  seweo puRI|  JINdwo)d eaneH Juspuadap
>w>._3w e fed g pued \.w>._3w U Ip[IYD Vv pued

JUSWIAABIYIY d1Wapeay uo welboid 0ozoin3 ayl Jo 19a43

Al 3|0eL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

@ J Econ. Author manuscript; available in PMC 2012 June 18.



Page 28

Malamud and Pop-Eleches

*AaAIns 00z 043 600Z :82N0S “PJIYD BY) JO SajgeLIeA Awwnp abe pue Japuab se |jam se

‘pjoyasnoy 4o peay sy} Jo Uo1eINPa pue AdIUYIS ‘18puab ‘abe Joj S]0AU0 3pNjaUI SUOISSaIBal |1V “UipIMmpueq [ewndo uewIeURATEY-SUSGW U} 0} SI3Jal M| ‘Uipimpueq [ewndo ay) aALISP 0} pasn ainpasold
UOIIEPI[BA-SSOID PAIIPOL 3Y} 03 SI8J31 AD "[auJdX JejnBueldas B asn suoneoy1oads oLlawesed-uou |1y 8sIMIBUI0 0 ‘“NOY 85°29 40 4010 welboid syl Mojag SWodU! U Y S[enpIAIpUI 10} T Se paulap s
JBUUIAN,, B|CeLIBA 8L 10} 8Je SIUBII800 pariodal 8yl “||] Pue ‘|| ‘| S3|geL Ul pauljap aie sajqeLieA Juspuadap ayL ‘Ajaandadsal [ans] 1usdsad QT pue G ‘T 8y} 18 80URDLHIUBIS [BONSITEIS B1EOIPUI x PUB 4y ‘xxx

"S)9X0RIQ Ul 818 [9A3] PIOYISNOY B} 1B PaISISN|O SI0IS PAEPUBIS 1SNQOY :SBION

0ET'S L1€'S G9e's TTH'y 8ev'y 605"t 920G'Y 605'v 20G'Y SUOIRAIZSAO
[8eor0l [6s0°0] [vsool [250°0] [ss0°0l [seoal [etool [tTo0] [tso0l aunlds anepend
wx WLO0- L €CT0-  gego- L6010~ ggoo- 1200 100 1000~ 2 VPO aLjeUEIEd
LT 892 282 12 122 r2 48 €8 9€T 06T SUOIBAIZSAO
[¥90°0] [oeT0l [otT0] [vzTol [2eT0] [8so0l [0o00] [tT0°0] [z1T°0] uipimpueg M|
#x SET0- L TPEO- T0C0- 0€C0-  szr0- 500 0000 ¥00°0- «0€C0 orswereduoN
509 0522 TET'C SG6L'T 9gT'T Tt 6 505 €0T'T suoIeAIZSqO
[2v0°0] [osool [8v00l [6v0°0l [250°0] [9zo0l [ooo°0] [vTo0l [eso0] yipimpueg AD
££600- 7800~ 6v00-  x"800-  z)00- 6100 0000 100°0 #x VETO oLnaweseduoN
v0E'T 29€'T 9G€'T €50'T 0L0'T 080'T 180'T 6.0'T v.0'T SUOITBAISSAO
[reo0l [s9070] [6s070] [¥9070l [6s070] [2z070] [cT00] [60070] [¥s0-0l 0€ - UpImpueg
»x €600= 2600~ €100-  0.00-  960°0- 6100 0100 2000 «x9ET0 orewereduoN

®) ® @) ) ) ¥) © @ 0]

BUBIU| 9Jemijos p3 X JoMBWOH sowes)
Buipeay AL 3 JIOMOWOoH AL yiomowoH o) eindwo)  Joj eindwod oy eIndwo)  Joj eindwod  a|gelsen Juspuadsp
>®>‘_3w e led g pued >w>\_3w W IP|IYD v pued
3sM awi] uo weiboud pozoin3 ayp Jo 198143
A 3|geL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

@ J Econ. Author manuscript; available in PMC 2012 June 18.



Page 29

Malamud and Pop-Eleches

*AanIns 00z 04n3 600Z :32N0S “PJIYD B} JO SajgeLieA Awwnp abe pue Japuab se |jam se

‘pjoyasnoy Jo peay sy} Jo Uo1eaNpa pue AIo1uyle ‘ispush ‘abe 1o} S]0U0D apNjaUl SUOISSaIBal |1V UipIMmpueq [ewndo uewseueA e -SUSqW Y} 01 SIajal M| ‘yipimpueq [ewndo sy sALIsp 0} pasn ainpasold
UOIIEPI[BA-SSOID PAILIPOLL BY) O} S18J81 AD "[aU49X JejnBue)dal e asn suoneal41oads oLlawesed-uou |1y 8SIMIBUI0 0 ‘“NOY 85°29 40 44010 welBoid syl MOJag SWI0dUI Uie YIIM S[enpIAIpUI 10} T Se paulyap s
JBUUIAN,, B]CeLIBA U JO} BJe SIUIIB00 pariodal aYL |11 PUe ‘] ‘| S3|qeL Ul paulap aJe sajgerten Juapuadap ayL “Ajaanoadsal [aAs] 1usosad QT pue G ‘T ay} 18 30URdIHIUBIS [BINSIIEIS B1BIIPUI x PUB sy ‘soxx

"S19X0R.IQ Ul 818 [9A3] PIOY3SNOY 8] 18 PaIsISN|O SI0.I8 PAEPUB]S 1SNQOY :S8I0N

LTl ovv'e (k34 85€'y 99z'7 188'¢ 102"y 6LT'Y SUOIBAIZSAO
[99070] [otz0l [vot0l [sot°0] [¥90°0l [eoz0l [sot0] [sst0] aullds oneipend
190°0- L 95€°0- o EGE0- 1 BBE0- ¥10°0 o ELV0- ox CBE0- o 89E°0- oewesey

ove 667 982 062 102 91z 99z €92 suoleAIZSqO
[90z°0] [t6v°0l [vee ol [eee ol [ssT 0l [6vv°0l [oee ol [6ee 0] yipimpueg |
» 0980~ 5020~ €650~ 0L'0- 622°0- £89°0- e 060 #0990~ oLnaweseduoN

TEE'T LEE'T 2T 186 658 182'T 2E'T 110'T SUOITRAIZSAO
[s9070] [9gT0] [e9T0] [ssT0] [t8070] [e6T0] [esT0l [621°0] yipimpueg AD
£90°0- L 90€0- LTTE0- e 8TV 0= 150°0- L EVE0- e ETE0- e TIVO- areweseduoN

9ST'T €v8 290'T 850'T 810'T 08 200'T 866 SUOIJBAISSAO
[cz00] [tezal [o170] [osT°0] [oz070] [szzol [t810] [t170] 0€ - YIpimpueg
650°0- e VEG0- o 0LE0- e STVO- 8000 o VE90- o 0950- o SEVO- ouaweseduoN

() @) ©) © () € @) ™
VdO loineleg  VdO UsIiBuT  VdO Uellewor VO URIN  VdO loineyegd  vdO WSIBUT  vdO Uellewoy  vdO YR - 8|qelren Juspuadep
fenins s fed :g pued fonins ueIp|IYD 1V Pued
JUSWIAABIYIY d1Wapeay uo welboid 0ozoin3 ayl Jo 19a43
IN3lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

@ J Econ. Author manuscript; available in PMC 2012 June 18.



Page 30

Malamud and Pop-Eleches

*AaAIns 00z 043 600Z :82N0S “PJIYD BY) JO SajgeLIeA Awwnp abe pue Japuab se |jam se

‘pjoyasnoy 4o peay sy} Jo Uo1eINPa pue AdIUYIS ‘18puab ‘abe Joj S]0AU0 3pNjaUI SUOISSaIBal |1V “UipIMmpueq [ewndo uewIeURATEY-SUSGW U} 0} SI3Jal M| ‘Uipimpueq [ewndo ay) aALISP 0} pasn ainpasold
UOIIEPI[BA-SSOID PAIIPOL 3Y} 03 SI8J31 AD "[auJdX JejnBueldas B asn suoneoy1oads oLlawesed-uou |1y 8sIMIBUI0 0 ‘“NOY 85°29 40 4010 welboid syl Mojag SWodU! U Y S[enpIAIpUI 10} T Se paulap s
JBUUIAN,, B|CeLIBA 8L 10} 8Je SIUBII800 pariodal 8yl “||] Pue ‘|| ‘| S3|geL Ul pauljap aie sajqeLieA Juspuadap ayL ‘Ajaandadsal [ans] 1usdsad QT pue G ‘T 8y} 18 80URDLHIUBIS [BONSITEIS B1EOIPUI x PUB 4y ‘xxx

"S)9X0RIQ Ul 818 [9A3] PIOYISNOY B} 1B PaISISN|O SI0IS PAEPUBIS 1SNQOY :SBION

915"y 91G'Y 91G'Y 91G'y 9.2y Zes'y SUOIRAIZSAO
[0t 0l [eoT 0] [votol [eoT 0] [660°0] [ozTol aunlds anepend
5200 YOT0 e LLTO A e TEE0 e 18E0 JIewesed

e oz T €22 e 592 SUOITBAISSAO
[rvzol [ssz 0l [t9z0l [zzzal [otz0] [coe0l uipimpueg M|
182°0- 18T°0- 1100 520 82570 0800 aLaweseduoN
900'T 906 0z€'T 900'T 188 We't suoIeAIZSqO
[oet ol [9zT 0] [vorol [yer ol [teral [seTal yipimpueg AD
6v0°0- 9700 L ET20 L7120 LL€20 e 90€0 oLaweseduoN
280'T 280'T 280'T 280'T 120'T ¥80'T SUOITBAISSAO
[sTT°0] [oTT°0] [sTT°0] [sTT°0] [vtT0l [retol 0€ - UpImpueg
590'0- 1200 0520 L2120 8920 e LZE0 orewrereduoN

©) (©) ) () @ (9]

191 SOl N

foueni4 jrew3  Aouen|4 e Adueni4suolrelddy  Aoueni4 seindwo) 1591 BINdwo)  aAlse IB0Id S UsARY  a|gelsen Juapuadap
fonins wapyd

SIS Jeindwio) pue aaniubo) uo weiboid 0ozoin3 sy Jo 10343
lIN 3lgeL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

@ J Econ. Author manuscript; available in PMC 2012 June 18.



Page 31

Malamud and Pop-Eleches

*AaAIns 00z 043 600Z :82N0S “PJIYD BY) JO SajgeLIeA Awwnp abe pue Japuab se |jam se

‘pjoyasnoy 4o peay sy} Jo Uo1eINPa pue AdIUYIS ‘18puab ‘abe Joj S]0AU0 3pNjaUI SUOISSaIBal |1V “UipIMmpueq [ewndo uewIeURATEY-SUSGW U} 0} SI3Jal M| ‘Uipimpueq [ewndo ay) aALISP 0} pasn ainpasold
UOIIEPI[BA-SSOID PAIIPOL 3Y} 03 SI8J31 AD "[auJdX JejnBueldas B asn suoneoy1oads oLlawesed-uou |1y 8sIMIBUI0 0 ‘“NOY 85°29 40 4010 welboid syl Mojag SWodU! U Y S[enpIAIpUI 10} T Se paulap s
JBUUIAN,, B|CeLIBA 8L 10} 8Je SIUBII800 pariodal 8yl “||] Pue ‘|| ‘| S3|geL Ul pauljap aie sajqeLieA Juspuadap ayL ‘Ajaandadsal [ans] 1usdsad QT pue G ‘T 8y} 18 80URDLHIUBIS [BONSITEIS B1EOIPUI x PUB 4y ‘xxx

"S)9X0RIQ Ul 818 [9A3] PIOYISNOY B} 1B PaISISN|O SI0IS PAEPUBIS 1SNQOY :SBION

6E€'G  082's  vOS'Y  Tv8'Y  9vv't  00S'w 10G'Y g6y zZ8e'y 686'c SUOIRAIZSAO
[estol [sozol [99vol [teool [teoo]l [82001  [9200] [teoal [seoal [eeT 0] aunlds anepend
8020- ¥¥Z0  6S€0 k700 L0900  zoro- 9000 1100 500 1900 oLBWeIRd
152 662 0€ 91 STT A LA 6T 81T 6T €2 SUOIRAIBSIO
[toe'ol [oosol [eseol [s900] [ze00l [ssT0l  [S9070] [69070] [tTT0] [09z 0l uipimpueg M|
902'0- G2L'0- €280- SO0 9000- ¥8T0- €500 670°0- 820°0- #x €290 aLnawe.eduoN
uUY'T  TELT VBTS20 798 8TL'T 129'T 80V'T 6.6 €YS'T suoIeAIZSqO
losTol [tozol [egeol [zzo0l [eco0] [99001  [geool [610°0] [ovoral [sTT0] yipimpueg AD
Z9T0- 2520 2600  «4P00 1900 95p0-  zTOO- 6000 €100 Sv0'0 ausweseduoN
62€'T  G0ET  TOT'T  80ZT  9v0T  ¥.0'T 8/0'T zL0'T Lv0'T 126 SUOITBAISSAO
[ooT'0l [szzol [zeval [veool [veool [eso0l  [8zool [czo0l [6c00] [tsT0] 0€ - UpImpueg
Z120- 9500  60v0 9900 LS00 pero-  6000- 2200 2200 9200~ anaueseduoN
(ot) 6) ®) (3] ) () ) € @ (9]
xopu |
20IABS  sHods  INg Idg  spueH yieeH Bupunia  Bupjows bBemAO  Biequesoy  aiqellen Juspusdep
Aonuns 1ue fed g jpued fonIng U Ip|IYD 1V PUEd

$3W021INQO aAIuBoD-uoN uo weiboud gozoin3g syl Jo 198113

A 3lqeL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

@ J Econ. Author manuscript; available in PMC 2012 June 18.



Page 32

Malamud and Pop-Eleches

300U UB )M S[enpIAIpUI J0J T Se Paulyap SI ,JaUUIMA,,

‘Kanans 00z 04n3 600z :894Nn0S “ajdwres [|ny ay1 Buisn uoiealy0ads suijds Jesur) ay) Uo paseq
SI UOITBLINSS BYL "PIIYD 8} JO sa|qerten Awwinp abe pue Japuab se [[am se ‘pjoyasnoy Jo pesy sy} Jo uoneanpa pue Aoiuyie ‘1spuab ‘abe 1oy $]03U0 3pnjaul suoissaiBal |1y ash ylomawoy Buiprelas sajni
aAeY sjuased JaylayM Joy J0YedIpUI UE SI S9Ny YIOMAWOH,, SN Jaindwod BuipieBal sajnt aney siussed Jayiaym oy J01edlpul Ue si,,sa|ny Jaindwo),, "asIMIBLYI0 0 ‘NOY 85 29 40 JJoind weiboid ay) mojaq

11 pue ‘|| ‘| S3|qe.L Ul pauliap ale sajqeLieA Juapuadap syl ‘AjaAnoadsal ans] 1wsasad 0T pue G ‘T ay) 18 30UedLIuBIS [e011SITR]S S1EDIPUL 5 PUR 4y ‘sxx

"S)9X0RIQ Ul 818 [9A3] PIOYBSNOY B} 1B PaISISN|O SI0LIS PAEPURIS 1SNQOY :SBION

g6e'y g6e'y G9T'Y TV gee's eeT'y Ty gee'y 8Ty SUONRAIBSGO
[¥90°0] [z90°0] [s90°0] [e20°0] [eTT0] [e60°0] [060°0] [ze070] [verol
. ) ) S9INY YJOMBWOH xISUUIAA
1100 6500 Z10'0 9T0°0— wxxOVEO0  GTT0 0£T°0 4xx 3800 ¥0Z°0
[es0°0] [zs0°0] [zs0°0] [650°0] [z60°0] [220°0] [s.00] [2z20°0] [oveo]
. . . S9|NY HJ0MaWoH
L 600 , G800 980°0 1,00 060°0- ¥10°0- 1900 45 1900 L7r9°0
[tz00] [0200] [tz00] [z80°0] [zeT0] [ttT0] [zoT0] [6€00] [20s70]
JBUUIAN
610°0— IO 72 S R ¢ Al LLYT0 e 8TVO- __ €Vp0-  TG20-  __ v0T0- e 350
g pued
88’y 88’y G5z'y y0S'y 89¢e'e 9TV GST'Y rAN A7 892"y SUONBAIBSGO
[020°0] [s90°0] [990°0] [080°0] [eTT 0] [s60°0] [260°0] [¥€0°0] [t2v70]
) ) s3|ny 18INdWoD xJaUUIAN
90T'0- 1600- ., 8870~ ¥10°0— ¥90°0— 120°0- €000 900 oy VECE
[090°0] [950°0] [9s00] [690°0] [z600] [080°0] [e800] [szo0] [68€0]
sa|ny Jaindwod
xx OTE0 e WEO . TTE0 S0T°0 e 0CE0 V620 0520 ¥70°0 e 1O
[oz00] [690°0] [690°0] [t80°0] [eeT 0] [60T0] [vot0l [s€00] [tsv0l
JBUUIAN
820°0— e CLT0 L €920 6IT°0 ee8G€0- 8TVO- 8520~  __/600- oy SCSE
v pued
6) )] ) ()] ©) ) (€ (@ (0]
Koueni4 Aouen|4 =11 vdo vdo
suoieolddy  eindwo)d  eindwo) 19 S,ueney usIibug uejuewoy  vdO Yr  ylomewoH asn »eindwo)d a|qelten Juspuadap
S9Ny [eluated JO S10a43
Xl a|qeL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

@ J Econ. Author manuscript; available in PMC 2012 June 18.



