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ABSTRACT

A Library in the Palm of Your Hand?
A Randomized Field Experiment with
Low-Income Children’

Reading comprehension is critical for academic success, yet children from disadvantaged
backgrounds often engage in reading less frequently than their more advantaged peers.
This study evaluates the impact of a randomized reading intervention targeting 11{12-year-
olds from low-income households in Germany. As part of the intervention, children
received e-book readers with access to a large digital library of age-appropriate books.
The results show a signicant increase in reading engage- ment, leading to improvements
in academic performance. 12 months after the start of the intervention, academic
performance improved by 10.3% of a standard devia- tion, with eects persisting at 9.6%
after 30 months. Additionally, the intervention positively impacted the socioemotional well-
being of the children.
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1 Introduction

Multiple studies document early emergence and persistence of educational achievement
gaps by socioeconomic background (Boggess, 1998; Coelli et al., 2007; Cunha et al., 2006;
Dustmann, 2004; Ermisch and Francesconi, 2001; Heckman, 2008). A key area in which
students from lower-income backgrounds perform worse than students from higher-income
backgrounds is reading. Reading skills and text comprehension are crucial, as they predict
overall academic achievement and further educational attainment (Alexander et al., 1997;
Bigozzi et al., 2017; Herbers et al., 2012; Hernandez, 2011; Kern and Friedman, 2009;
Slavin et al., 2009; Sonnenschein et al., 2010). Moreover, they are predictive of long-term

labor market success and wages (Green and Riddell, 2003; Hanushek et al., 2015).

This paper evaluates the effects of a randomized reading intervention among disadvan-
taged children aged 11-12 across Germany on reading engagement, academic performance,
socioemotional well-being, and non-cognitive skills. The intervention consists of three key
features. First, each child received an e-book reader with a one-year subscription to a
digital library of about 1,000 books, allowing them to select books that align with their in-
terests and reading abilities. Second, the devices were pre-activated, set up with password-
protected child mode, and delivered directly to the children’s homes, reducing barriers to
use and limiting access to age-appropriate content only. Third, we provided book recom-
mendations via postcards in collaboration with Stiftung Lesen, a charitable foundation
that promotes reading, offering guidance similar to that which children from more edu-
cated backgrounds typically receive. Additionally to these features, our geographically
representative and well-dispersed sample of disadvantaged households mitigates concerns

about spillover effects.

Our analysis, conducted 12 months and 30 months after the start of the intervention,
shows that children who received the e-book reader are significantly more likely to engage
in reading. Specifically, after 12 months, treated children are 18 percentage points more

likely to have read an e-book in the last four weeks compared to those in the control



group—a 150% increase from the 12% baseline rate in the control group. This increase
in e-book reading does not come at the expense of reading printed books; instead, we
observe a nine percentage point (11%) rise in overall reading. Our findings also show that
the treatment group engages in reading more frequently, with children in this group being
more likely to read on at least two days a week compared to the control children. The
positive effect on overall reading engagement remains significant 30 months after the start

of the experiment.

The reading intervention also positively impacts children’s academic performance, mea-
sured through a summary index of reading comprehension test, and German and math
grades in the annual school report. 12 months after the start of the intervention, we find
an increase in the academic performance index of 10% of a standard deviation. A closer
examination of the individual components of this index reveals that the improvements are
driven by higher scores in the reading comprehension test and math grades. Specifically,
we find a 13% of a standard deviation increase in reading comprehension and a nine per-
centage point increase in the probability of receiving a good or very good math grade.
Importantly, 30 months after the start of the intervention, improvements in reading and
academic performance remained significant for treated children, with a 14% of a standard
deviation increase in reading comprehension and a 10 percentage point increase in the

probability of receiving a good or very good math grade.

To explore the positive impact on math grades, we included four math problems requiring
varying amounts of reading in the survey conducted 30 months after the start of the
intervention. Our analysis shows that treated children are significantly more likely to
correctly solve the problems with higher reading demands, while no statistical difference
was found for the other tasks. This suggests that the observed improvement in math

grades is likely attributable to better reading comprehension.

Additionally, we assess the impact of the intervention on children’s socioemotional well-

being using the Strengths and Difficulties Questionnaire (SDQ), a behavioral screening



tool (Goodman, 1997). Socioemotional well-being and skills are closely linked to student
test performance and are strong mediators of long-term educational attainment and labor
market outcomes (Heckman and Rubinstein, 2001; Cunha et al., 2010; Chetty et al., 2014;
Keilow et al., 2019; Attanasio et al., 2020; Gray-Lobe et al., 2023; Del Bono et al., 2024).
Our analysis indicates that treated children score 15% of a standard deviation lower on
the SDQ after 12 months, indicating a positive shift in their socioemotional well-being.
This improvement persists, increasing to 22% of a standard deviation 30 months after the

intervention began.

We explore the heterogeneity in the impacts of our intervention by sex, migration back-
ground, reading comprehension, reading engagement, and the home learning environment
(all measured at baseline). Our analysis shows that the effect of the treatment on reading
engagement, academic performance, and SDQ scores is not statistically different across

the various groups, indicating that the intervention is broadly effective.

Our paper contributes to the literature in several ways. First, it adds to the body of
work on early childhood educational interventions, with a focus on alleviating constraints
to reading (Heckman, 2006; Garcia et al., 2020; Fryer and Levitt, 2006; Borman et al.,
2007; Chetty et al., 2011; Machin and McNally, 2008). Disparities in access to educational
resources are frequently cited as key contributors to the socioeconomic status (SES) gap in
reading skills, which are found to emerge as early as 18 months of age (Fernald et al., 2013).
The home literacy environment is especially critical, as children from low-SES households
typically have limited access to educational materials, early literacy experiences, and rich
language exposure (Romeo et al.,; 2022). Access is further challenged by the fact that the
nearest public library for children in our sample is, on average, 4.5 kilometers (2.8 miles)
away. Our intervention directly addresses these constraints by providing e-book readers
with access to a comprehensive library of age-appropriate books at no cost, significantly

reducing both the marginal costs and logistical barriers to obtaining reading materials.

Second, our study contributes to the literature on technology in education by providing



new insights into how specific digital tools can support learning outcomes. Existing
research on the use of computers in educational settings often shows that their impact
on academic performance is limited or negative, primarily due to potential distractions
(Beuermann et al., 2015; Cristia et al., 2017; Fairlie and Robinson, 2013; Fairlie and
Kalil, 2017; Leuven et al., 2007; Malamud and Pop-Eleches, 2011).! In contrast, e-book
readers present a unique advantage by minimizing distractions, as they have no browser
access, games, or apps, but do offer immediate access to a broad range of books. This
focus on a distraction-free digital tool provides a clearer picture of how technology can
positively impact educational outcomes. To the best of our knowledge, this study is the
first large-scale randomized controlled trial to assess the impact of e-book readers as a tool
to enhance reading outcomes, offering new insights into the potential of digital resources

in educational interventions.?

Third, our intervention targets children directly. While parenting style and parental
time investments are important factors in the human capital production function, our
strategy circumvents parental input, focusing instead on the child’s direct interaction
with educational content. Research suggests that after the age of ten, a child’s own time
investment becomes more critical than the time investment of others (Del Boca et al.,
2014). By focusing on the child’s direct interaction with the e-book readers, we aim
to emphasize independence in learning, potentially moderating the influence of parental

background.

Fourth, the large selection of books available through the subscription alleviates concerns
about selecting books that are appropriate for children’s interests and reading levels. We
view this flexibility as crucial, as it increases the likelihood of a meaningful match between

a child’s reading ability and the book’s readability.®* The literature on direct reading

'For an extensive overview, see Bulman and Fairlie (2016) and Escueta et al. (2020).

2Although a few studies have explored the use of e-book readers in classrooms with teacher guidance
(Hashim and Vongkulluksn, 2018; Long and Szabo, 2016; Akbar et al., 2015), these studies are largely
descriptive, with small sample sizes, and lack the rigor of randomized controlled trials.

3For example, when a child starts reading a book and realizes that the text is too easy, too difficult,
or uninteresting, they can switch to another book within seconds with just a few clicks.



interventions, such as book and textbook provision, suggests that their effectiveness hinges
on how well the books provided meet students’ specific needs (Holden, 2016; Kremer et

al., 2013; Abeberese et al., 2014; Guryan et al., 2016; Glewwe et al., 2009).

Fifth, we add to the literature studying non-cognitive effects of educational interventions
(Gray-Lobe et al., 2023; Alan and Ertac, 2018). Our findings show that reading has
significant positive effects on children’s SDQ score. More generally, our results suggest
cross-productivity between reading and other academic and socioemotional skills, high-

lighting how investments in one area of education can lead to broader benefits.

Our study presents a scalable and cost-effective intervention, providing e-book readers and
access to age-appropriate digital libraries, which can be implemented across diverse edu-
cational settings. In numerous countries, there is widespread concern about poor school
outcomes and growing achievement gaps early in life. Reading literacy, in particular, fell
sharply between 2015 and 2022 in many EU member states (OECD, 2023).* Similarly,
the 2024 Nation’s Report Card reveals continued declines in reading scores for Ameri-
can students (National Assessment of Educational Progress, 2025). We observe that the
present intervention results in a significant increase in reading engagement among chil-
dren, positively influencing their reading skills, numeracy, and socioemotional well-being.
These foundational skills are not only crucial in their own right, but are also essential
for the development of higher-level cognitive abilities and have implications for further

learning and academic success.

The rest of the paper is organized as follows: Section 2 describes the experimental design
and our intervention, while Section 3 outlines the empirical strategy. Section 4 presents the
main results, as well as potential heterogeneity and robustness checks. In the robustness
section, we specifically discuss aspects of external validity, experimenter demand effects,
and multiple-hypotheses testing. Section 5 presents additional findings, including a cost-

benefit analysis. Finally, Section 6 concludes.

4From 2018 to 2022, the average reading performance across 35 OECD countries declined by ten
points. This is comparable to the learning equivalent of around three-quarters of a school year.



2 Experimental Design

2.1 Sample

To draw our sample for the experimental intervention, we rely on data from the Social
Security Records of the German Federal Employment Agency. In contract to recruiting
the children at schools, this allows us to precisely target children with a certain household
income level across Germany. When selecting our experimental population, we focus on
low-income and welfare-dependent households.” We conducted the first baseline survey
in November 2020. The study collected an array of relevant socioeconomic and academic
variables, including a reading comprehension test, school grades, and educational aspira-
tions. We also conducted surveys with the parents, allowing us to link children and their

parents both at baseline and in the subsequent follow-up surveys.

The survey data has the additional advantage that the participants (and their schools) are
spread across different federal states in Germany, which alleviates concerns about spillover
effects between the treatment and the control group. Due to the fact that the children are
dispersed across Germany, we can also address an important aspect of external validity:
our results are not limited to a small regional area or a single federal state or municipality

but include children from socially disadvantaged families in all 16 federal states.®

Our experimental sample consists of 1,000 children aged 11-12. The children are assigned
to the equal-sized treatment and control groups using a stratified randomization. We
stratify our sample based on the following variables: (i) an indicator of receiving welfare,
(ii) sex of the child, (iii) school grade of the child, (iv) migration background, and (v)

median split of baseline reading comprehension.

The focus on children aged 11-12 is motivated by research showing that this age marks a

5For the purposes of this study, we define low-income households as those below the 60th percentile
of the income equivalence distribution. In selecting the sample, we excluded children with siblings in the
same grade and those who did not complete our baseline reading comprehension test.

SFigure 1 shows the geographic spread of the treatment and control group, and online Appendix Table
A1 presents the sample shares by federal state.



shift toward greater independence in cognitive and behavioral processes. Studies indicate
that after the age of ten, a child’s personal time commitment becomes more important
(Del Boca et al., 2014). According to the stage model of reading by Chall (1983), chil-
dren at this age are more likely to have the necessary decoding skills to read books on
their own, without needing help from teachers or parents.” In contrast, during the early
stages of childhood, the formation of a child’s human capital is significantly influenced
by parental involvement. Research has consistently shown that parents with a lower so-
cioeconomic background tend to allocate fewer resources to their children’s education,
contributing to the well-documented achievement gaps across various skills (Fryer and
Levitt, 2004; Guryan et al., 2008; Caucutt et al., 2020). A recent reading intervention
aimed at enhancing parental engagement in low socioeconomic households among children
around the age of four has shown mixed effects on literacy skills (Kalil et al., 2023). Our
study, however, intentionally targets children who have reached the age at which they are
capable of independently using e-book reader devices. In so doing, we aim to mitigate
the reliance on parental involvement and school quality in children’s learning and human

capital development.

Table 1 shows the summary statistics for relevant pre-treatment variables for the treat-
ment and control groups. In both groups, roughly 50% of participants are girls. The
average grades in German and math are 2.4 and 2.3, on a scale from 1 (very good) to
5 (poor), and thus close to the average in Germany (Lettau, 2021).8 A total of 78% of
parents have at least an intermediate school-leaving qualification and about 80% were
born in Germany. The share of households with very low socioeconomic status, defined as
those receiving welfare, is just above 50% as a result of our oversampling. As the p-values
in column (4) show, the randomization was successful and the baseline characteristics are

balanced between the treatment and the control groups.

"She refers to this stage as when readers “start on the long course of reading to “learn the new”—new
knowledge, information, thoughts and experiments” (Chall, 1983: p. 20).
8Children can also receive the grade 6 (failing), however this rarely happens in this age group.



2.2 Intervention

One year after the baseline data collection, in November 2021, the households assigned
to the treatment group received a letter announcing that they would receive an e-book
reader with a free subscription to more than 1,000 age-appropriate books for an entire
year. Parents and children who did not wish to receive the device could opt out. Of the
500 households assigned to the treatment group, 42 opted-out.? In mid-December 2021,

households that did not opt-out received the pre-activated e-book readers.*’

Our intervention incorporates several key features, which we outline below. First, each
device comes with a pre-activated one-year subscription to a digital library containing
approximately 1,000 books. Thus, children are granted considerable autonomy to select
books that match their individual interests and proficiency levels. We view this freedom
as critical, as it increases the likelihood of a meaningful match between children’s reading

abilities and book readability.

Second, the devices are pre-configured before dispatch. Our team created individual
profiles for each child and enabled a password-protected child mode, ensuring that neither
children nor their parents can deactivate the child protection settings. This configuration
restricts the use of the e-book readers to age-appropriate books only.!'! This further
reduces the barriers to using e-book readers, marking the present intervention as an effort

to lower the obstacles to starting and maintaining regular reading habits.

Third, we sent postcards with book recommendations throughout the first four months
of the intervention. The first was mailed in the first week of January 2022 and the last in

the last week of April 2022. To ensure age-appropriate recommendations, we collaborated

9The original letter (translated from German) is displayed in the online Appendix. We did not replace
households that opted out. Table 2 shows the characteristics of the households that opted out compared
to those that did not. The table shows that the households that opted-out do not significantly differ from
those that did not.

0By early 2022, most pandemic-related school closures had been lifted, and the majority of schools
had resumed in-person teaching, with students attending classes on-site.

H1While parents could theoretically reset the devices to factory settings, this would result in the loss of
the book subscription. Additionally, parents were informed that the e-book reader is intended exclusively
for their child’s use.



with Stiftung Lesen, the leading German charitable foundation that promotes reading.
Treated children received two types of postcards. These were illustrated postcards in-
cluding either the name of the recommended book and a short description, or the name of
the book and a link to a video produced by Stiftung Lesen. In these videos, members of
the Stiftung Lesen team stage a conversation about the book content. We host the videos
on a secure platform, where only the treated children could access them.'? The intention
here is to offer book recommendations to children in the treatment group, providing them
with inputs akin to those children from more educated backgrounds receive from their
parents. For children from less educated families, like those in our sample, such parental
guidance is likely less common.'® Additionally, with the devices providing access to 1,000

books, the reading tips could make it easier for the participants to select their first books.

Our intervention thus leverages several features to address multiple barriers to reading
engagement in a highly scalable manner. Thus the current study assesses the overall

impacts of our bundled treatment described above.

2.8 Timeline

Figure 2 provides an overview of the intervention and data collection timeline. Baseline
information was collected in fall 2020, and the intervention began in late December 2021.
Further data was collected through three follow-up online surveys. The first follow-up
was conducted in summer 2022, approximately six months after the intervention started,
with responses from children and one parent. The second follow-up took place between
February and April 2023, shortly after the library subscription expired. The endline
survey (follow-up III) was conducted in summer 2024, about 30 months after the start
of the e-book reader intervention. Importantly, although the library subscription ended

after one year (December 2022), children kept the e-reader devices.

120nline Appendix Figure Al shows the exact mailing days of the postcards and displays an example
of both types of postcards. The videos can be accessed under
vimeo.com/user/156363831/folder/6212899.

13To ensure continued contact with the control group children, we sent them an illustrated postcard
thanking them for participating in the study, as well as a greeting card for the New Year and summer
holidays.


vimeo.com/user/156363831/folder/6212899

In the first follow-up, response rates were 76% for the treatment group and 74% for the
control group, with no statistically significant differences between the groups, as shown in
Table 3. Similarly, the second follow-up recorded response rates of 73% for the baseline
treatment group and 71% for the control group, again with no significant differences.
However, response rates declined slightly in the third follow-up, particularly in the control
group, resulting in statistically significant differences in attrition between the treatment

4 To assess whether attrition differed by key characteristics, we

and control groups.!
present results on selective attrition in online Appendix Table A2. This analysis shows
that attrition was not selective with respect to baseline frequency of reading, reading

comprehension, or school grades.

3 Empirical Strategy

We estimate and report both intention-to-treat (ITT) and treatment-on-the-treated (TOT)
effects, with the I'TT effects being our preferred specification. The equation for estimating

the I'TT is as follows:

Y; = a + Btreat; + v strata; + ' X; + €; (1)

where Y; is the outcome of interest for child i, treat; indicates the initial assignment
to the treatment or control group, including those who opted out, strata; stands for
a vector of fixed effects of randomization strata, year and month of birth fixed effects,
and ¢; is the error term. To ensure our standard errors are accurate and not influenced
by limited sampling, we report p-values from randomization inference (Young, 2019).

The randomization test works by permuting the treatment assignments to construct the

14To encourage participation in the follow-up surveys, children were sent an invitation by mail with
a prepaid 10 euro voucher redeemable at online or onsite retail stores. Upon survey completion, they
received an additional 10 euro voucher. Non-participating children received a reminder letter after four
weeks. After eight weeks, a second reminder was sent, which included an increased participation incentive
of 30 euros. Parents of non-participating children were also contacted by phone to encourage survey
participation.

10



permutation distribution of the test statistic under the null hypothesis of no treatment
effect. The p-value is then calculated as the fraction of permuted statistics the same as

or more extreme than the observed statistic.

Although our primary focus is on the ITT parameter, we also estimate the TOT effect,
using the initial randomization assignment as an instrument for treatment take-up (An-
grist et al., 1996). In the context of this experiment, we define treatment take-up as the
usage of the e-reader devices at the extensive margin. To operationalize this measure, we
rely on a survey question asking children whether they use the device. If a treated child
reports using the device either alone or with their parents, we code treatment take-up as

one.’ The first and second stage equations are as follows:

T; = 7 + Otreat; + N strata; + ' Xi + n; (2)
Y; =V + GTL + ’y’stratai + M/Xi + v; (3)

where T; is the take-up, and all other variables are defined as above. The identifying as-
sumption is that treatment assignment does not affect those individuals who were assigned
to treatment but did not participate. Given that our sample is drawn from across Ger-
many, it is highly unlikely that there were spillovers between treated children. However, it
is possible that the treatment assignment variable may be influenced by an experimenter
demand effect. For example, some children might report that they use the e-book reader,
even if they do not actually do so in practice. As a result, we place greater emphasis on
the ITT estimates, which are our preferred findings because they are less susceptible to

experimenter demand bias and are the more relevant policy parameter.

15This information was collected during the first follow-up in summer 2022. Children were asked who
typically uses the e-book reader, with response options including: (i) Me, (ii) Me, with my parents, (iii)
my parents, (iv) my siblings, (v) my friends, and (vi) others. The majority of children reported using
the device by themselves. Take-up is coded as one if the children reported using the device alone or
with their parents, and zero otherwise. The TOT estimations include slightly fewer observations, as we
exclude opt-outs and respondents who did not answer this question.

11



3.1 Outcome variables

Our primary outcomes of interest are in four domains: reading engagement, academic
performance, socioemotional well-being, and self-efficacy. In the domain of reading en-
gagement, we examine both the number of books read and the frequency of reading.
Specifically, we consider whether children reported reading at least one e-book, printed
book, or either type of book in the past four weeks. Additionally, we assess whether chil-
dren typically read on two or more days per week.'® In our pre-registration, we specified
that we planned to examine weekly reading frequencies and average reading duration.
However, the latter—assessed by means of an open-ended question—resulted in substan-
tial missing data and numerous implausible responses. Consequently, we do not report

results on daily reading duration.

To analyze the impact on academic performance, we estimate the effects on reading com-
prehension and school grades in German and math, as pre-registered. To assess the
reading comprehension of the participating children, we use a standard reading test de-
veloped by the Institute of Educational Quality Improvement (IQB). This test involved
reading an age-appropriate text and answering several single- and multiple-choice ques-
tions. To account for the changing age of the children, we administered a different test
in each survey wave, adjusting the difficulty level accordingly. The answers were used to
create standardized scores, facilitating comparison across different test versions. For our
primary analysis, we recode the (self-reported) grades from the school annual report into
a binary indicator, where a grade of one (“very good”) or two (“good”) is coded as one,
and all other grades are coded as zero.'” In keeping with our pre-registration, we also an-
alyze the effect of the treatment on children’s well-being (as measured through Strengths
and Difficulties Questionnaire), self-efficacy (grit and locus of control), and educational

aspirations.

16The original phrasing of the questions, translated from German, is presented in the online Appendix.
7Our wording of “very good” and “good” grades thus follows the classification commonly used in
schools.

12



The SDQ is a behavioral and emotional screening tool, covering the domains of emotions,
conduct, attention and inattention, and peer relationships. Higher scores indicate more
problems and lower regulation skills. We expect reading to affect the SDQ score of children
for multiple reasons. First, reading can improve children’s self-regulation skills, which are
directly related to the SD(@Q conduct and attention subdomains. Struggles with reading
can lead to feelings of inadequacy and frustration, which can undermine a child’s belief
in their ability to succeed, translating into emotional and behavioral difficulties (Mak
and Fancourt, 2020). Second, reading intervention can improve cognitive and language
skills, which have a positive impact on the SDQ emotions and attention subdomains. For
example, improved language skills help children express their emotions more effectively,
reducing emotional distress (Eisenberg et al., 2005; Roberts et al., 2015). Third, reading
offers children a relaxing and enjoyable activity, while engaging with complex stories and
novels can enhance their ability to take others’ perspectives, positively influencing the

SDQ peer relationships subdomain.

We thus have 11 outcomes, which may lead to a multiple-inference problem. We employ
several approaches to address this issue. The first is to reduce the number of tests con-
ducted, by aggregating multiple outcomes into indices. Indices also reduce noise, thereby
enhancing signal detection and the precision of estimates. We construct two indices for
reading engagement and for academic performance. In the main table, we report re-
sults for a summary index that averages the equally weighted z-scores of its components,
with each measure adjusted so that higher values represent better outcomes (Kling et al.,
2007). In the robustness section, we report the effect on an inverse-covariance weighted
index following Anderson (2008). In addition to p-values, we also report the sharpened
false-discovery rate (FDR) g-values (Benjamini et al., 2006; Anderson, 2008). The FDR
controls the expected proportion of falsely rejected hypotheses (type I errors). In the
robustness section, we further address possible multiple-inference problems by report-
ing step-down adjusted p-values, p-values from bootstrap-based procedures, and p-values

from vector-based resampling methods (Westfall and Young, 1989; Romano and Wolf,

13



2016; List et al., 2019).

4 Results

4.1 Main results

Table 4 reports the estimated intention-to-treat effects on the two indices (reading en-
gagement and academic performance) and on the individual outcome measures, including
p-values from randomized inference'®, and false discovery rate q-values (share of expected
false positives). Estimated treatment-on-the-treated (TOT) effects are presented in online

Appendix Table A3.

Our analysis reveals a positive and significant change in the reading engagement index
among the treated children, both 12 months and 30 months after the intervention began.
The I'TT point estimate in the first row of Table 4 indicates that providing e-book readers
increased children’s reading engagement by 10.5% of a standard deviation 12 months
after the program’s start (column 1). This impact is precisely estimated, as shown by the
randomization inference p-value (p = 0.000). Although the effect on reading engagement
30 months later is somewhat smaller—around 6% of a standard deviation—it remains
statistically significant (p = 0.016). This sustained impact is worth noting, considering
the subscription to the digital library expired after the first year, though the children were

allowed to keep their e-reader devices.

We then turn to analyze the effect on the individual components of the reading engagement
index, starting with whether a child reports having read at least one e-book in the past
four weeks. The coefficient in column 1 of Table 4 shows that children in the treatment
group are 18 percentage points more likely to have read at least one e-book—an increase
of approximately 150%. This result is not surprising, as only 12% of children in the

control group reported reading e-books. In the longer term, the likelihood of reading e-

BWe do not report the standard p-values. We note that these tend to be smaller than the p-values
from the randomized inference for most outcomes.
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books remains positively and significantly higher for treated children, with a 14 percentage

point (88%) increase (p = 0.000).

To assess whether the provision of e-book readers leads to an overall increase in reading
rather than simply replacing printed books with e-books, we analyze the effect on both the
number of printed books and the total number of books read. The third and fourth rows
in Table 4 display the results of our analysis. 12 months after the start of the program, our
findings indicate no evidence for substitution. On the contrary, we observe that children
in the intervention group are 6.4 percentage points (9%) more likely to report reading a
printed book in the last four weeks compared to those in the control group (p = 0.040).
In total, the treated children have a nine percentage point (11%) higher likelihood of
having read at least one book in either format within the last four weeks. This suggests
that the provision of e-book readers has a positive impact on reading habits, leading to a
noticeable increase in overall book consumption among the treated children. In the longer
term, the positive difference with respect to printed books between the treatment and the

control group fades out.

To measure reading engagement, also in terms of frequency, we analyze the impact on
the variable capturing how often children read in a typical week. The outcome in row
five is equal to one if the child reads on at least two days in a typical week, and zero oth-
erwise. Our estimated coefficient shows an increased likelihood of 8.5 percentage points
(approximately 11%). This positive difference in reading frequency persists over time,
constituting a 9 percentage point increase (14.7%) 30 months after the start of the pro-
gram. It is worth noting that while reading frequency increased among treated children,
the share of children in the control group who reported reading at least two days per week

declined from 74% in follow-up II to 61% in follow-up III.

Next, we study the impact on academic performance. The ITT estimates on the aca-
demic achievement index suggest that treated children experienced an improvement of

around 10% of a standard deviation 12 months after the initiation of the program. This
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positive effect persists 30 months after the start of the experiment, remaining statistically

significant at the 10% level (p = 0.072).

We present the effects on the components of the index next. The results suggest an
increase in treated children’s reading comprehension of about 13% of a standard deviation,
both in the medium and longer term, which is significant at the 10% level (p = 0.080
in both specifications). The g-value of the effect 30 months later indicates that with a
false discovery rate threshold of 10%, the coefficient would not be considered statistically

significant.

Our analysis now turns to evaluating the impact of the intervention on children’s grades
in German and math. The final grades are based on school report cards recorded in sur-
veys 12 months and 30 months after the start of the intervention. We focus on binary
outcomes, indicating whether a child received a very good or good grade, while results
for discrete grades are presented in the robustness section. The analysis reveals no sta-
tistically significant effect on German grades, while math grades among treated children
show significant improvements in both the medium and longer term. Specifically, the
probability of receiving a good or very good grade in math increased by 8.6 percentage
points after 12 months (p = 0.020) and by 10 percentage points after 30 months (p =

0.024), compared to the control group mean of 47% and 40% respectively.'?

Several studies, including ours, find that educational interventions tend to have a positive
impact on math grades, but not on language grades. For example, Bettinger (2012) shows
that financial incentives improve math scores, while English scores remain unaffected.
Similarly, Bergman (2021) finds that providing parents with information about missed
assignments boosts math test scores, but has no effect on English scores. To explore
the positive effects on math grades in our context, we asked children at endline (follow-

up III) to solve four math problems—two of which were text-heavy, while the other

19Tn unreported regressions, we also controlled for an indicator for whether the child is attending the
academic school track (Gymmnasium) versus any other school track, as achieving a good or very good
math grade is typically more challenging in the academic track. This does not affect our main results for
school grades.
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two involved minimal text. This design allows us to assess whether the improvement
in math performance was driven by better reading comprehension, enabling students to
understand and solve the problems more efficiently. If this were the case, we would
expect a larger performance gap between treated children and those in the control group
with regard to the text-heavy tasks, compared to tasks with minimal text. Figure 3
plots the estimated coefficients and their respective confidence intervals from a regression
analogous to equation 1, where the outcome variables are math scores. As shown in
Figure 3, we observe a significant positive treatment effect on math tasks with a large
amount of reading, while there are no significant differences in performance on math
tasks that require minimal reading between the treatment and control groups. The ITT
estimate on the math tasks with a large amount of reading suggest that treated children
experienced an improvement of nearly 20% of a standard deviation. This pattern suggests
that the improvement in math grades is attributable to the treatment group’s ability to

comprehend text-heavy math problems rather than to improvements in core math skills.

Next, we present the results on the well-being of the children, using the SDQ. We find a
statistically significant decrease in the SDQ scores, implying an improvement in socioe-
motional well-being. The ITT point estimate for the SDQ score suggests a reduction in
the score of 15% of a standard deviation 12 months after the reading intervention was
initiated (p = 0.064). The effect on socioemotional well-being strongly persists over time,
with an even larger absolute magnitude of the effect size, showing a decline in the SDQ
score of 22% of standard deviation after 30 months (p = 0.004). These findings suggest
that the treated children experience an improvement in their socioemotional well-being.
The present results primarily rely on the children’s self-assessments, as parental assess-
ments of children’s non-cognitive skills may be directly influenced by the parents’ own
skills (Del Bono et al., 2020). For comparison, we also analyze the effect of the treat-
ment on the SDQ as reported by parents. Our results indicate a statistically significant

decrease in the SDQ score based on parental assessments as well.?® These findings relate

20When analyzing the parents’ assessment of their child’s SDQ, we find a reduction of -0.170 of a
standard deviation in the medium term, with a p-value of 0.036.
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to earlier research emphasizing that early investments in children’s development can yield

compounding benefits over time (Cunha and Heckman, 2007; Heckman, 2008).

As pre-registered, we also analyze the impact on children’s grit and locus of control. It
is possible that the reading experience and improvement in reading skills could positively
influence children’s confidence in their abilities and perseverance. However, we do not
find evidence that the reading intervention affects these outcomes either 12 months or 30
months after the intervention began. In line with our pre-registration, we also examine
the effect on educational aspirations. The variable in the last row of Table 4 equals one
if the child aspires to achieve the academic school track qualification, and zero otherwise.
The results, however, indicate no effect on the likelihood of aspiring to this higher track

in either the medium or long term.

We present the TOT effects in online Appendix Table A3. The findings here confirm the
main ITT results. As expected, the TOT effects are larger in magnitude, suggesting that
the effect on children who did indeed use the devices is stronger. The estimates suggest an
increase in reading engagement index of 7-13% of a standard deviation, an improvement in
academic performance of 11-13% of a standard deviation, and a decrease in the SDQ score
of 13-18% of a standard deviation. The TOT effects also show a statistically significant
increase of 16% of a standard deviation in reading comprehension of the treated children

in both follow-ups.

Overall, the results in this section show that the e-book reading intervention increased
children’s reading engagement and improved their academic performance both in the

medium and longer term, and has a positive effect on children’s well-being.

4.2 Heterogeneity and mechanisms

In this section, we examine the potential differential impact of the e-book reader interven-
tion across various baseline characteristics and the possible mechanisms for the positive

effects of our reading intervention. For the former, we estimate a modified version of the
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intention-to-treat model (equation 1), as follows:

Y; = a + Bitreat; + Bagroup; + Pstreat; x group; + ' strata; + ' X; + € (4)

where group; is an indicator equal to one if a child is in the given group, and zero other-
wise. The rest of the variables are defined as in equation (1).>! We report heterogeneous
effects for the following predetermined (baseline) dichotomous variables: female, migra-
tion background, low reading score, low reading engagement, and low home resources.
The dummy variable “migration background” is equal to one if parents do not speak
German at home, and zero otherwise. The variable “low reading score” is equal to one if
children’s reading score at baseline is below the median score, and zero otherwise. The
variable “low reading engagement” is equal to one if children report that they read less
often than once a week, and zero otherwise. Lastly, the dummy variable “low home re-
sources” is equal to one if children’s home environment score is below the median, and
zero otherwise. The home resources score is predicted by the first principal component
based on the following information (reported by children) at baseline: whether children
have (i) their own desk for studying; (ii) their own room; (iii) an e-book reader that they
can use; (iv) books that are helpful for homework; (v) (fast) internet at home; (vi) their
own computer. We interpret a low home environment score as an indicator of a home

that is not very conducive to learning.

We study the effect heterogeneity across these variables because each of these dimensions
can significantly influence reading engagement and academic performance and possibly
interact with the treatment. For example, the effect might differ by sex, as girls tend
to perform better in reading (Logan and Johnston, 2010). Anderson (2008) analyzed
early educational programs (Abecedarian, Perry, Early Training Project) and finds that
the interventions provided significant short- and long-term benefits for girls, but not

for boys. Children with a migration background and with low levels of reading skills

2Tn cases where we examine heterogeneity in the baseline characteristics used for stratification, we do
not include an additional fixed effect for that group.
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or reading engagement at baseline, might benefit more from the intervention. Beyond
individual characteristics, a substantial body of literature suggests that the family and
home environment play a crucial role in children’s development (Angrist and Lavy, 2009;
Bettinger, 2012; Guryan et al., 2014; Bergman et al., 2018), and these environmental

factors may interact with intervention effectiveness.

Figure 4 plots the estimated coefficient Bg from equation 4 and the corresponding 90%
and 95% percent confidence intervals for the outcome reading engagement index measured
12 months and 30 months after the start of the intervention. The results in both panels
indicate no significant heterogeneous effects. In the top panel, the estimated interaction
effects are all relatively small, close to zero, and not precisely estimated. The point
estimates in the bottom panel of Figure 4 provide some suggestive evidence that girls,
children with a migration background and those with lower levels of home resources
might benefit slightly more from the reading intervention in the longer run. However,
the confidence intervals are relatively large and our study may lack sufficient power to
estimate heterogeneous effects precisely.?? Overall, while we do not find strong evidence
of significant heterogeneous effects, we cannot completely rule out the possibility that
certain groups may benefit more from the intervention, although the differences do not

seem substantial.

We further present exploratory evidence on the channels behind our findings. One poten-
tial mechanism for increased reading engagement through our intervention is the inherent
appeal of an electronic device and advantage of easy, instant, and low-cost access to a large
variety of books. Hence, we explore children’s satisfaction with the devices. We surveyed
children in the treatment group about their satisfaction with the e-book readers and their
enjoyment in using the device. The distribution of their responses is illustrated in Figure

5. The descriptive analysis indicates a high overall level of satisfaction with the e-book

220nline Appendix Figures A2 and A3 display the corresponding results for the outcomes academic
performance index and SDQ score, respectively, where we also do not find significant heterogeneity. In
unreported regressions, we also looked at heterogeneity by parent’s education and employment, but again
find no significant heterogeneity.
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readers, an increase in reading frequency since receiving the device, and a notable 60%
of children reporting greater enjoyment in reading than before. These findings provide
suggestive evidence that e-book readers can enhance the enjoyment of reading.?® In fact,
at endline more than half of the children reported that they continued using the devices,

even though the prepaid subscription has expired.

We also conduct a mediation analysis following the approach of Heckman and Pinto (2015)
and report the details in the online appendix. We decompose the treatment effects across
our main outcomes—reading engagement, academic performance, SDQ score, and present
the results in Figure B2 in the online appendix. The variables we measure do not appear
to explain a substantial portion of the effect on reading engagement. However, we are able
to explain 20% of the effect of academic performance 12 months after the intervention
began, and 60% after 30 months, with reading engagement and self-concept being the
most important factors. In contrast, while we can explain 40% of the effect on SDQ score
12 months post-intervention, the contribution of mediators to the SDQ effect becomes

significantly smaller 30 months later.

Overall, the devices themselves appear to play a role, with children reporting high sat-
isfaction and increased enjoyment of reading, suggesting that the e-book readers may
help sustain engagement. Reading engagement primarily accounts for the improvements
in academic performance, while its contribution to SDQ effects is observed only in the

medium term.

23In the first follow-up survey, both control and treatment group participants were asked whether they
had read any of a list of ten books. Six of these books were actively recommended to the treatment group
via postcards and videos, while the control group received no such recommendations. The remaining four
books were not mentioned to either group. In online Appendix Figure A4, we show coefficients from ten
separate regressions, each testing whether a child reported reading a specific book. We find a statistically
significant increase in the likelihood of the treated children reading the recommended books.
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5 Additional evidence

5.1 Robustness

We assess the robustness of our main findings through several sensitivity checks. First, we
address potential experimenter demand effects. Second, we introduce additional control
variables into our main regression specification. Third, we present results from Poisson re-
gressions and ordered probit models for discrete outcome variables that were dichotomized
in the main analysis. Fourth, we report findings using an alternative summary measure:
the inverse-covariance-weighted summary index (Anderson, 2008). Additionally, we pro-
vide p-values adjusted for multiple hypothesis testing (Westfall and Young, 1989; Romano
and Wolf, 2016; List et al., 2019) and discuss the stable unit treatment value assumption

(SUTVA) along with various aspects of external validity.

Experimenter demand effect

Self-reported reading behavior, while informative, may be influenced by experimenter
demand effects, whereby participants adjust their responses to align with perceived ex-
pectations. Ideally, objective metadata directly collected from the reading devices would
provide a more reliable and unbiased measure of reading behavior. However, since the
control group did not receive e-reader devices, we rely on self-reported survey data for
comparing the reading behavior between treated and control children. To assess the extent
of potential misreporting in the self-reported data, we compare it to the objective usage
data stored in the online dashboard of the reading devices of the treated children. Unfor-
tunately, several technical issues resulted in incomplete dashboard data, such that we are
only able to perform this comparison for a sub-sample of participants. Figure 6 provides
a descriptive cross-validation of children’s survey responses with data collected from the
dashboard. The y-axis displays the number of books read in the last four weeks based
on recorded (objective) reading behavior. The x-axis displays the number of e-books the

children reported having read during the last four weeks in the survey. The figure shows
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a positive and strong relationships between both measures, with the subjective measure
of the number of e-books read being a rather lower bound. We interpret this as first
suggestive evidence that a large experimenter demand effect in children’s self-reported

reading behavior is rather unlikely.?*

To further address concerns about experimenter demand effects, we provide additional
evidence on children’s reading engagement, as reported by both children and parents. In
the first follow-up we asked identical questions to both children and parents, allowing
us to assess the reliability of children’s responses and minimize concerns about demand
effects. Table 5 summarizes the results for reading engagement, reported separately for
children and parents. The binary variables are defined as described in section 3. The
estimates indicate that there was a significant positive impact on reading engagement as
reported by both parents and children, with point estimates aligning closely. For instance,
both children and parents report an increase in the likelihood of having read an e-book in
the past four weeks of just over 40 percentage points, with randomized inference p-values
of 0.000. This close alignment of children’s and parents’ responses provides reassuring

evidence of the reliability of children’s survey data.

Additional control variables

Next, we introduce additional control variables into our main regression specification.
In Table 6, we successively add control variables, which we refer to as Set 1, Set 2,
and Set 3. All additional explanatory variables are measured at baseline, prior to the
intervention. Set 1 includes the reading comprehension score, grades in math and German,
and grit. Moving to Set 2, we extend the control variables to include indicators for
whether the children have their own desk, their own room, their own e-book reader,

access to the internet, and whether the primary language spoken at home is German.

24We were able to retrieve reliable information for 80 unique accounts. To ensure conmsistency, we
matched the survey dates with the dashboard data so that the last four weeks refer to the same time
period in both sources. It is important to note that the number of e-books recorded in the dashboard is
often higher than the self-reported number in the survey, as the dashboard tracks books opened, regardless
of whether they were finished. In contrast, the survey specifically asks children about the books they had
finished reading.
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Set 3 further includes fixed effects for federal state of residence, parent’s employment
status, and parent’s education level. We deal with missing values for control variables by
imputing them with sample averages and accounting for them using dummy variables in
our analysis. Table 6 presents the I'TT estimates and the permuted p-values. Overall,
the table shows that our estimates are not sensitive to the inclusion of additional control
variables. However, the effect on reading comprehension in the third follow-up looses its

significance, although the magnitude of the estimate does not change much.

Poisson and ordered probit

Table 7 presents the results from Poisson and ordered probit models, where we analyze the
discrete variables without converting them into binary form. We use Poisson regressions
to examine the effect of the treatment on the number of (e-)books read in the past four
weeks and the number of days children report reading during a typical week. The Poisson
regression results align with our main findings from Table 4. For instance, the ITT
estimates indicate a 74% increase in the number of e-books read in the last four weeks
and a 9.3% increase in reading frequency. These results also show that the positive effects

on reading engagement persist 30 months after the start of the experiment.

To analyze grades in math and German, we use ordered probit models. We reverse the
grading, such that higher numbers mean better grades. Table 7 reports the results. Again,
the findings confirm no significant effect on German language grades, but a positive impact

on math grades.

Inverse-covariance-weighted summary index and multiple hypothesis testing

An alternative way to aggregate multiple outcome variables is by using the inverse-
covariance-weighted summary index (Anderson, 2008). This approach combines multiple
related outcomes by weighting each standardized outcome by the inverse of its variance-
covariance matrix, effectively giving less weight to outcomes that are highly correlated

and more weight to outcomes that are less correlated. Table 8 presents the estimates for
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the indices reading engagement and academic performance. A comparison of the I'TT
results in Tables 4 and 8 shows that the weighted index also suggests a positive impact
on both reading engagement and academic performance, though with larger effect sizes.

We prioritize the results in Table 4, as they provide more conservative estimates.

To further examine potential issues of multiple hypothesis testing, we present three al-
ternative testing methods in Table 9. We start by reporting step-down adjusted p-values
in line with Romano and Wolf (2016). Second, following List et al. (2019) we report
p-values from bootstrap-based procedures. Third, the last two columns in Table 9 report
p-values for multiple hypothesis testing using vector-based resampling methods (Westfall
and Young, 1989). Together with the g-values from false-discovery rates in Table 4 and
the results from both summary outcome indices (Kling et al., 2007; Anderson, 2008),

findings provide a comprehensive picture of multiple hypothesis testing.

Overall, the variables measuring number of (e-)books, reading frequency, and good math
grades remain robustly significant across all methods of correction in both the short and
longer term. SDQ scores (socioemotional well-being) also show consistent significance,
strengthening over time. Although multiple hypothesis testing corrections push the p-
values for reading comprehension beyond conventional thresholds, the unadjusted p-values
and FDR g-values indicate a positive effect. Given that MHT corrections can be overly
conservative, especially in settings with small sample sizes and correlated outcomes, we
do not rule out an impact on reading comprehension. German grades, grit, locus of
control, and educational aspirations remain consistently insignificant across all methods

and surveys.

The stable unit treatment value assumption (SUTVA)

A typical concern in educational interventions is the potential violation of the stable
unit treatment value assumption (SUTVA). This assumption would be violated if the
control students also benefited from the reading intervention. Since randomization of the

treatment occurred at the household level, it is highly unlikely that treatment and control
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students were in the same class or school. Further, as shown in Figure 1, the experimental
participants are geographically dispersed across different regions of Germany and it is
therefore very unlikely that treatment and control children know or interact with one
another. The average geographical distance between children in the treatment group and

children in the control group is slightly more than 300 kilometers (186 miles).

Ezxternal validity

Our study focuses specifically on low-income children. While this might limit the gen-
eralizability of our findings to other income groups, we believe that low-income children
represent a particularly important demographic group to study because they have limited
access to educational resources, early literacy, and language experiences. Consequently,
these children are likely to benefit most from such interventions, rendering our results

especially meaningful within this context (Agostinelli and Wiswall, 2025).

Several features of our study enhance the external validity of our findings within the con-
text of low-income families. First, we use registry data as an effective tool for obtaining a
representative sample. We invited children and their parents to participate by mail, using
data from the German Federal Employment Agency—a method that improves representa-
tiveness, as noted by List et al. (2023). Second, our sample includes children from across
Germany (see Figure 1), ensuring that our findings are not confined to a single region or
federal state, but rather pertain to children from families in all 16 federal states. Third,
as List et al. (2023) emphasize, it is important to consider whether a study’s setting is
appropriate for generalizing its results. We argue that our intervention minimizes dis-
ruption to children’s daily routines, as they are able to read books at home—the setting

where reading for pleasure most often occurs (7).

5.2 Comparisons with other reading interventions and cost-benefit analysis

In this section, we compare our findings with other randomized reading interventions. We

primarily focus on RCTs involving children of a similar age. Additionally, we provide
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cost-benefit analyses and briefly discuss them in the context of other educational studies.

Our study is most closely related to interventions in which children are directly provided
with reading resources. One strand of this literature is book giveaway programs, which
often target pre-school children and many of which are not causally evaluated (e.g. Dolly
Parton’s Imagination Library). Among studies is this area that aim at estimating causal
effects, Abeberese et al. (2014) examine a 31-day reading intervention in schools in the
Philippines. The key components of the program were the provision of age-appropriate
books to schools, teachers being trained on how to incorporate reading, and teachers being
supported in initiating reading in the classroom. The authors find an immediate increase
in reading skills of 0.13 standard deviations among 4th graders. The effect decreases to

0.06 standard deviations three months after the program.

Kim and Guryan (2010) study a more structured summer reading intervention (READS)
for low-income Latino children in California. At the end of 4th grade, children were
randomly assigned to three different groups. In the first treatment group, children received
ten books of their choice during the summer vacation. In the second treatment group,
children also received ten books of their choice and they and their parents were invited
to attend three literacy events. Children in the third group constitute the comparison
group. The authors find significant positive effects on self-reported reading behavior, but
no significant positive effect on reading achievement. In a meta study of summer reading
interventions, Kim and Quinn (2013) report an 11-22% of a standard deviation effect,

with larger benefits for children from low-SES backgrounds.?

Overall, the findings in our study are comparable in magnitude to studies that find positive

and significant impacts, while being less resource-intensive and independent of external

25 Among the most effective, yet expensive interventions are tutoring interventions, which are quite
different from ours. Tutoring interventions, such as a web-based intelligent tutoring system (ITSS) used
by 4th and 5th graders in the U.S., have shown effectiveness. Wijekumar et al. (2012) report that students
using the I'TSS for 30-45 minutes weekly over six months improved reading comprehension by 0.1 standard
deviations. A follow-up study by Wijekumar et al. (2014) found a 0.2 standard deviation improvement
for 5th graders. Other interventions, such as a computerized reading program (Rouse and Krueger, 2004),
financial incentives (Bettinger, 2012), and after-school programs (Goux et al., 2017), show no impact on
academic outcomes.
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support from teachers, parents, or tutors.

Cost-benefit analysis

At the time of our reading intervention, the cost of an e-book reader, including the
one-year book subscription, was around 100 euros. The cost of the production of video
recommendations amounts to approximately 16,000 euros, and there were additional costs
for the design of the postcards, postage, and student assistants’ working hours for pre-
configuration. We calculate the total cost of the e-book reader intervention at about

130,000 euros, or 260 euros per e-book reader.

For the benefit analysis, we build on Hanushek and Woessmann (2008) who summarize
that several studies consistently find that a one standard deviation increase in test scores
is linked to a roughly 12% increase in earnings. Based on our point estimate of an increase
of 0.11 standard deviations in reading comprehension, this corresponds to an increase in
earnings of around 1.3%.2¢ We then calculated a present discounted value of the life long
earnings gains of our reading intervention of around 5,150 euros (based on the minimum
wage in Germany in 2024) and 10,135 euros (based on the average monthly gross earnings
of 4,323 euros as of April 2023).2" Overall, this implies benefit-cost ratios of about 20
and 39, respectively. These compare favorably with other early childhood educational
intervention programs. Obviously, the high ratio in our setting results from the very
low costs of e-book reader provision compared to other educational interventions (i.e.,

face-to-face tutoring programs, reducing class sizes, longer school days).

6 Conclusion

This paper provides insights into the impact of a scalable randomized reading intervention,

which provides e-book readers and access to a comprehensive digital library to 11-12-year-

26This is very likely a lower bound, as we are not accounting for the positive effects on math, socioe-
motional well-being, and potential benefits for society as a whole.

2TWe calculated the present discounted value of an increase in annual earnings of 1.3% with a discount
rate of 5% over a time window of 30 years.
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old children from disadvantaged backgrounds. By offering e-book readers with access to
a large digital library, we observe significant improvements in reading habits, comprehen-
sion, math grades, and socioemotional well-being, both 12 months and 30 months after
the start of the intervention. The flexibility and minimal distraction offered by e-books
make them a promising tool for improving educational outcomes, especially for children
from low-income backgrounds who face significant barriers to accessing learning resources.
Our findings underscore that interventions during early adolescence, when children are

gaining greater autonomy in their learning processes can generate significant returns.

Schools and policymakers face numerous challenges, including teacher shortages, and dis-
parities in school performance linked to socioeconomic background. Our study offers
valuable insights into how reading habits and academic performance among disadvan-
taged children can be positively impacted, complementing the efforts and investments
made within schools. Providing children with access to reading resources at home is both
cost-effective and scalable, offering an easy-to-implement solution that can significantly

support their learning outside the classroom.

We would, however, like to acknowledge several limitations of our study. First, our setting
does not allow us to separate the independent effect of providing children with e-book
readers from the impact of book recommendations and the advantage of access to an
extensive library. A multi-arm treatment design to isolate these mechanisms would have
required substantially larger sample sizes to achieve adequate statistical power, exceeding
the financial and logistical constraints of our research budget. Second, while our study
finds positive and lasting effects of an e-book reading intervention on children’s reading
engagement, academic performance, and socioemotional well-being, we cannot provide
information on whether and how the content of the books affect children’s outcomes. For
example, recent work by Adukia et al. (2023) examines the representation of identity
(e.g., gender, race, skin color) in children’s books using novel computer vision methods
and identifies various dimensions of inequality in representation within these books, which

may influence children’s learning, norms, and beliefs.
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Unlike many early childhood interventions that demonstrate skill attenuation over time,
our treatment group maintained significant gains relative to the control group 30 months
post-intervention, showing no evidence of mean reversion. This persistence suggests that
the intervention may have successfully cultivated sustainable reading habits. Studying
the long-term returns of the e-reader provision intervention offers promising avenues for

future research.
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Figure 1: Geographic spread of the sample
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Notes: This figure illustrates the geographic distribution of treatment and control groups across Germany.
The map highlights the federal states, with dots representing the number of sampled units in the treatment
group and triangles representing the control group. The scale of treatment and control groups is further
categorized by size at the county level. Treatment units are represented as circles, with three categories:
small circles (1-5 units), medium circles (6-10 units), and large circles (11-14 units). Similarly, control
units are depicted with triangles, with small (1-5 units), medium (6-10 units), and large (11-17 units)
triangle symbols. 42



Figure 2: Intervention and data collection timeline
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Figure 3: The effect of the treatment on math score by type of math problem

A4

Notes: The figure plots the estimated coefficient B from a model similar to equation 1 with corresponding
90% and 95% confidence intervals. The outcome variable is children’s math score in math problems
measured 30 months after the start of the RCT (follow-up IIT). We differentiate between two types of
tasks: minimal reading and reading-intensive. Each point estimate comes from a separate regression.
The first point estimate (confidence intervals) displays the treatment effect on the overall score (average
score for all four math problems), the second point estimate (confidence intervals) is for math tasks with
minimal reading, and the final point estimates (confidence intervals) are for reading-intensive math tasks.
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Figure 4: Heterogeneous effects of the e-book reading intervention on the reading engage-
ment index
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Notes: The figures plot the estimated Bg coeflicients from equation 4 with corresponding 90% and 95%
confidence intervals. Each point estimate comes from a separate regression. All stratifying variables are
measured at baseline. Follow-up II: 12 months after the start of RCT. Follow-up III (endline): 30 months
after the start of RCT.
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Figure 5: Self-reported satisfaction with e-book readers, reading frequency, and enjoyment
of reading
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Notes: Figure (a) on the top left depicts treated children’s satisfaction with their e-book readers on a
scale from 0 to 10. Figure (b) on the top right plots the share of treated children based on whether they
read more, as much, or less since receiving the e-book reader. Figures (c¢) and (d) at the bottom show
the share of treated children who report that reading, for pleasure or school, respectively, has been more
or less enjoyable since receiving the e-book reader.
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Figure 6: Cross-validation of survey responses

10

Number of distnict books in the last 4 weeks (dashboard)

\* > >
N \é \é
) 00 00

Q
EN (L‘O Q;O

Number of books in the last 4 weeks (survey)

Notes: The y-axis shows the number of e-books read in the last four weeks as (objectively) recorded in
the dashboard. The x-axis displays the number of e-books read as reported by treated children in the
survey.
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Table 1: Balance of covariates at baseline (November 2020)

Control Treatment Difference p-value

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

Female 0.52 0.51 0.01 (0.85)
School year 4.43 4.43 -0.00 (0.98)
Year of birth 2010.07  2010.13 -0.05 (0.24)
Month of birth 6.53 6.38 0.15  (0.50)
Reading score -0.00 0.00 -0.01 (0.92)
German grade 2.39 2.34 0.05 (0.33)
Math grade 2.33 2.28 0.05 (0.38)
Parents’ school leaving qualification  0.78 0.79 -0.01 (0.69)
Parents born in Germany 0.79 0.79 0.00 (0.88)
Very low socioeconomic status 0.53 0.54 -0.00 (0.95)
Number of observations 500 500

Notes: German and math are the respective school grades, measured on a scale of 1—
5, where 1 is the best possible grade. Parental school leaving qualification is a binary
variable taking on the value 1 if the parent has at least a middle school (Realschule)
qualification, and zero otherwise. Very low socioeconomic status refers to students who
come from households receiving welfare.
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Table 2: Balance of the covariates at baseline between opt-outs and those who received
e-book readers

Received e-book Opted out Difference p-value

reader
1) ) G @

Female 0.52 0.43 0.09  (0.25)
School year 4.43 4.43 0.00 (1.00)
Year of birth 2010.13 2010.07 0.06 (0.61)
Month of birth 6.37 6.48 -0.11 (0.85)
Reading score 0.02 -0.21 0.24 (0.15)
German grade 2.33 2.40 -0.07 (0.61)
Math grade 2.28 2.33 -0.05 (0.75)
Parents’ school leaving qualification 0.79 0.81 -0.02 (0.75)
Parents born in Germany 0.80 0.71 0.08 (0.21)
Very low socioeconomic status 0.54 0.50 0.04 (0.63)
Number of observations 458 42

Notes: German and math are the respective school grades, measured on a scale of 1-5, where one
is the best possible grade. Parental school leaving qualification is a binary variable taking the value
one if the parent has at least an intermediate school-leaving qualification (Realschule), and zero
otherwise. Very low socioeconomic status refers to children who come from households receiving
welfare benefit.
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Table 3: Response rates in follow-up surveys

Treatment Control Difference p-value

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

Response rate:

Follow-up 1 0.76 0.74 -0.02 (0.42)
Follow-up II 0.73 0.71 -0.02 (0.44)
Follow-up III (endline) 0.71 0.66 -0.05 (0.07)
Responded all surveys 0.61 0.59 -0.02 (0.45)

Notes: Response rates are calculated based on the original sample of 1,000 partici-
pants. The last row of the table presents the share of children who participated in all
three follow-up surveys. Follow-up I: 6 months after the start of RCT. Follow-up II:
12 months after the start of RCT. Follow-up III: 30 months after the start of RCT.
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Table 4: Effect of e-book reading intervention on main outcomes

Follow-up II: 12 months Follow-up III: 30 months
after the start of RCT after the start of RCT

Intention- p-value from  FDR  Intention- p-value from FDR

to-treat  randomized q-value to-treat  randomized g-value

(ITT) inference (ITT) inference

Reading engagement (index) 0.105 0.000 0.063 0.016

At least one e-book 0.177 0.000 0.022 0.136 0.000 0.001

At least one printed book 0.064 0.040 0.066 0.017 0.636 0.613

At least one book 0.089 0.000 0.009 0.010 0.768 0.732

At least two days/week 0.085 0.000 0.022 0.091 0.008 0.043
Academic performance (index) 0.103 0.036 0.096 0.072

Reading comprehension 0.129 0.080 0.09 0.137 0.080 0.120

Good math grade 0.086 0.020 0.063 0.102 0.024 0.043

Good German grade 0.023 0.590 0.285 0.025 0.582 0.613
SDQ score -0.147 0.064 0.077 -0.218 0.004 0.027
Grit -0.055 0.450 0.264 -0.044 0.592 0.380
Locus of control 0.089 0.282 0.155 -0.050 0.568 0.613
School aspirations -0.018 0.646 0.337 0.049 0.300 0.613

Notes: This table shows the ITT estimates of the e-book treatment on the two summary indices (reading engagement and
academic performance) and on the 11 separate outcome measures. The variables in the index reading engagement are binary,
taking the value one if the child has read at least one (e-)book in the last four weeks, or reported reading on at least two
days in a typical week. Reading comprehension is a standardized score of the reading tests. Math and German grades are
dichotomized to take the value one if the student has a good or very good grade (1 or 2 on the German grading scale), and
zero otherwise. Components of SDQ are standardized with a mean of zero and a standard deviation of one. All regressions
control for strata (randomization block), year and month of birth fixed effects. Only observations with observed outcomes are
included. The number of observations in regressions varies between 712 to 645, depending on item non-response. The table
reports p-values from randomization inference (Young, 2019) and sharpened false-discovery rate (FDR) g-values.
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Table 5: Reading engagement (follow-up I)

p-value of  Number
ITT randomized of

inference obs.

Reported by children

At least one e-book 0.433 0.000 734
At least one printed book 0.002 0.990 742
At least one book 0.061 0.018 733
At least two days/week 0.056 0.014 741

Reported by parents

At least one e-book 0.412 0.000 705
At least one printed book -0.029 0.310 719
At least one book 0.065 0.006 703
At least two days/week 0.064 0.002 723

Notes: This table shows the impact of e-book readers on reading en-
gagement at follow-up I (six months after the start of the experiment),
as reported by the children and their parents. All variables are binary.
The variable (At least one e-book (printed book)) takes the value one if the
child has read at least one e-book (printed book) in the last four weeks,
and zero otherwise. The variable At least one book takes the value one
if the child has read at least one book in the last four weeks, regardless
of the format, and zero otherwise. The variable At least two days/week
takes the value one if the child reads on at least two days a week, and
zero otherwise. Randomization inference p-values are reported next to
the coefficients. All regressions control for strata (randomization block),
year and month of birth fixed effects. Only observations with observed
outcomes are included. The table reports p-values from randomization
inference (Young, 2019).
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Table 6: Robustness test: Additional control variables

Set 1 Set 2 Set 3
ITT p-value ITT p-value ITT p-value
Panel A. Follow-up II
Reading engagement (index) 0.104  0.000  0.110  0.000  0.110  0.000
At least one e-book 0.177  0.000 0.183 0.000 0.183  0.000
At least one printed book 0.060 0.038 0.063 0.0562 0.062 0.040
At least one book 0.084  0.006  0.090 0.000 0.092  0.000
At least two days/week 0.089 0.004 0.096 0.004 0.099 0.004
Academic performance (index) 0.107  0.032  0.106 0.020 0.110  0.018
Reading comprehension 0.138 0.078 0.136  0.092 0.142 0.084
Good math grade 0.078  0.066 0.079  0.056  0.080  0.044
Good German grade 0.027 0.564 0.030 0.470 0.028 0.512
SDQ score -0.155 0.058 -0.138 0.090 -0.133  0.086
Grit -0.059 0438 -0.052 0.524 -0.050 0.512
Locus of control 0.101 0.232 0.115 0.184 0.115  0.198
School aspirations 0.001  0.978 0.006 0.872 0.004 0.936
Panel B. Follow-up II1
Reading engagement (index) 0.050  0.060 0.049 0.076  0.049 0.078
At least one e-book 0.130  0.000 0.130  0.002  0.129  0.000
At least one printed book 0.006 0.882 0.007 0.888 0.008 0.814
At least one book -0.004  0.930 -0.003 0.948 -0.003 0.914
At least two days/week 0.073  0.062 0.069 0.070 0.068  0.084
Academic performance (index) 0.086  0.094  0.077 0.158 0.081 0.134
Reading comprehension 0.109 0.184 0.097 0.214 0.100 0.226
Good math grade 0.099 0.024 0.095 0.048 0.096 0.018
Good German grade 0.023 0.600 0.019 0.652 0.014 0.766
SDQ score -0.211  0.006 -0.208 0.012 -0.205  0.004
Grit -0.017 0.818 -0.002 0.936 -0.002 0.986
Locus of control -0.070  0.410 -0.064 0.448 -0.081 0.350
School aspirations 0.041 0.316 0.047 0.286 0.051 0.212

Notes: This table reports estimates when adding further explanatory variables (all measured at base-
line, prior to the intervention). Set 1 comprises controls for reading competence score, grades in math
and German, and grit. Set 2 adds whether the children have their own desk, their own room, their
own e-book reader, access to the internet, and whether the primary language spoken at home is Ger-
man. Set 3 adds fixed effects for federal state of residence, parent’s employment status, and parent’s
educational qualifications. The table reports p-values from randomization inference (Young, 2019).
Follow-up II: 12 months after the start of RCT. Follow-up III (endline): 30 months after the start of

RCT.
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Table 7: Poisson and ordered probit regressions

Follow-up 11 Follow-up III
Intention- 100 % p-value Intention- 100 x p-value
Poisson to-treat  (exp(B) — 1)/ to-treat  (exp(B) — 1)
(ITT) (ITT)

Number of e-books® 0.553 73.907 0.008 0.789 120.188 0.000
Number of printed books® 0.072 7.482 0.330 -0.047 -4.606 0.569
Number of books® 0.175 19.143 0.025 0.119 12.671 0.155
Number of days read® 0.089 9.280 0.043 0.130 13.932 0.032
Ordered probit dy/ dx dy/ dx
Math grade 0.176 0.036 0.055 0.228 -0.004 0.008
German grade 0.075 0.013 0.410 0.078 -0.000 0.368

Notes: The top panel reports Poisson regression coefficients and the change in the outcome in percent. ¢

Number of books read in the last four weeks. ® Number of days read in a typical week. The bottom panel
reports the ordered probit coefficients, and the marginal effects evaluated for the outcomes is to the best
grade. The grading is reversed such that higher values mean better grades. The table reports p-values from
randomization inference (Young, 2019). Follow-up II: 12 months after the start of RCT. Follow-up III (endline):
30 months after the start of RCT.
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Table 8: Effect of e-book reading intervention on inverse-covariance-weighted summary
indices

Intention- p-value from
to-treat randomized

(ITT) inference
Reading engagement (indezx)
Follow-up II 0.385 0.000
Follow-up III (endline) 0.305 0.002
Academic performance (indez)
Follow-up II 0.157 0.034
Follow-up III (endline) 0.166 0.024

Notes: The table reports treatment effects (ITT) on the inverse-covariance-

weighted summary indices reading engagement and academic performance
(Anderson, 2008). The table reports p-values from randomization inference
(Young, 2019). Each coefficient and p-value comes from a different regression.
Follow-up II: 12 months after the start of RCT. Follow-up III (endline): 30
months after the start of RCT.
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Table 9: Family-wise error: Multiple hypothesis testing

Unadjusted Romano & Wolf List et al. Westfall & Young
Follow-up 1T Follow-up III  Follow-up II  Follow-up III  Follow-up II  Follow-up III ~ Follow-up II  Follow-up III
At least one e-book 0.000 0.016 0.001 0.001 0.001 0.001 0.000 0.001
At least one printed book 0.040 0.636 0.036 0.742 0.040 0.797 0.022 0.786
At least one book 0.000 0.768 0.007 0.766 0.001 0.788 0.006 0.790
At least two days/week 0.000 0.008 0.019 0.041 0.015 0.034 0.013 0.043
Reading comprehension 0.080 0.080 0.163 0.168 0.140 0.185 0.178 0.157
Good math grade 0.020 0.024 0.082 0.055 0.085 0.051 0.102 0.053
Good German grade 0.590 0.582 0.544 0.543 0.553 0.552 0.582 0.576
SDQ score 0.064 0.004 0.204 0.022 0.202 0.017 0.197 0.017
Grit 0.450 0.592 0.591 0.810 0.724 0.605 0.588 0.847
Locus of control 0.282 0.568 0.951 0.810 0.946 0.807 0.956 0.847
School aspirations 0.646 0.300 0.709 0.810 0.624 0.802 0.730 0.847

Notes: Columns 1-2 present the unadjusted p-values from the main Table 4. Columns 3-4 report step-down adjusted p-values (Romano and Wolf, 2016). Columns 5-6 report
p-values from bootstrap-based procedures (List et al., 2019), and columns 7-8 report p-values for multiple hypothesis testing using vector-based resampling methods (Westfall
and Young, 1989). p-values below 0.1 are highlighted in bold. Follow-up II: 12 months after the start of RCT. Follow-up III (endline): 30 months after the start of RCT.
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Online Appendix A: Additional Figures and Tables
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Figure A1l: Postcard mailing timeline and sample postcards with and without a video link
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type: text type: video type: text type: video . type': oA type: video
" " . " " literature: school & . .
literature: fantasy literature: environment literature: fantasy literature: sport fantasy literature: environment

A postcard with a link to a video

CoDu-Studie
Institut fir Arbeitsmarkt- und Berufsforschung
Regensburger Strafte 104
90478 Niirmberg

He LE“TEI —6\3

kennt ihr schon die Detektivinnen Kim, Franzi
und Marie? In ihrem neuen Fall setzen sie sich
fiar den Klimaschutz und die Waldtiere ein.

= [&] Neugierig geworden? Dann
L 7] scannt einfach den QR-Code
NEUES oder schaut mal unter:

Cobu PRA®  https://t1p.de/vimeo-codu.
Da gibt’s ein tolles Video, das
E s+ Euch mehr verrat!

Um ,Die drei !!! — Voller Einsatz fiir die Erde”
von Kirsten Vogel zu lesen, kénnt ihr es
kostenlos auf Euren E-Reader laden!

B

Viel SpaB beim Lesen, (0 &2

A postcard without a link to a video

chu

CoDu Studie
Institut fr Arbeitsmarkt- und Berufsforschung
Regensburger StraBie 104

90478 Niamberg %j fﬁ"i
Hr LEVTE, ’_?j\

habt ihr schon mal ein total ratselhaftes
Paket bekommen? Ich leider auch nicht!

Nemo aus unserem Buchtipp ist genau das
passiert. Und stellt Euch vor, es fangt mitten
im Sommer an zu schneien und ein zotteliges
Pliischtier erwacht zum Leben!

Wie das weitergeht? Das erfahrt ihr, wenn ihr
Bitte nicht 6ffnen 1: Bissig!” von Charlotte
Habersack auf Euren E-Reader ladet.
Natiirlich kostenlos!

Viel Spas beim Lesen, (0 T2 Y

Notes: The upper panel indicates when the postcards with reading tips were sent to the treatment
children, as well as the type of book (e.g., fantasy, environment, etc.) and type of recommendation
(postcard with a link to a video (example shown in the middle panel) or postcard without a link to a
video (example shown in the lower panel)).
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Figure A2: Heterogeneous effects of the e-book reading intervention on academic perfor-

mance index
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Notes: The figures plot the estimated Bg coeflicients from equation 4 with corresponding 90% and 95%
confidence intervals, respectively. Each point estimate comes from a separate regression. All stratifying
variables are measured at baseline. Follow-up II: 12 months after the start of RCT. Follow-up III (endline):

30 months after the start of RCT.
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Figure A3: Heterogeneous effects of the e-book reading intervention on Strengths and
Difficulties Questionnaire (SDQ)

(a) Follow-up II
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Notes: The figures plot the estimated Bg coeflicients from equation 4 with corresponding 90% and 95%
confidence intervals, respectively. Each point estimate comes from a separate regression. All stratifying
variables are measured at baseline. Follow-up II: 12 months after the start of RCT. Follow-up III (endline):
30 months after the start of RCT.
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Figure A4: The effects on reading a book title (recommended vs. not mentioned)
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Notes: The figure presents the estimated coefficients (95% confidence intervals) from ten separate re-
gressions, each examining whether the child reported reading a specific book. The dependent variable
in each regression is equal to one if the child says they read the given book, and zero otherwise. In the
figure, the darker blue points with confidence intervals represent the books that were recommended, while
lighter ones represent those that were not. The results indicate a statistically significant increase in the
likelihood of children in the treatment group reporting having read four of the six recommended books.
In contrast, no such effect was observed for the books that were not explicitly recommended.

In follow-up I, participants from both the control and treatment groups were asked to answer a series
of questions. Specifically, we presented them with a list of ten book titles and asked whether they had
read any of them. Of these ten books, six were actively recommended to the children in the treatment
group through postcards and videos from our research team. The control group did not receive these
recommendations. The remaining four books were not mentioned in any of our communications to either
group.
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Table Al: Share of participants by federal state

State Our sample Germany
Baden-Wuerttemberg 14.2 13.3
Bavaria 17.0 15.8
Berlin 3.5 4.4
Brandenburg 4.4 3.0
Bremen 0.3 0.8
Hamburg 2.5 2.2
Hesse 6.6 7.5
Mecklenburg-Western Pomerania 3.0 1.9
Lower Saxony 8.9 9.6
North Rhine-Westphalia 19.1 21.6
Rhineland-Palatinate 3.8 4.9
Saarland 0.6 1.2
Saxony 6.5 4.9
Saxony-Anhalt 2.5 2.7
Schleswig-Holstein 4.2 3.5
Thuringia 2.8 2.6

Notes: Column (1) presents the share of students in the experimental
sample by federal state. Column (2) presents the share of Germany’s
population by federal state. Source: German Statistical Office.
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Table A2: Selective attrition

Follow-up I Follow-up II Follow-up IIT
(1) 2) ®3) (4) (5) (6) (7) (8) (9)

Treat 0.019  0.017  0.016 0.021  0.020  0.020 0.054*  0.055*  0.055*
(0.497) (0.535) (0.553) (0.443) (0.459) (0.476) (0.063) (0.059) (0.055)

Treat x baseline e-books -0.047 -0.047 0.021
(0.115) (0.138) (0.475)

Treat x baseline books 0.043 0.052* 0.045
(0.135) (0.072) (0.139)

Treat x baseline reading comprehension 0.020 -0.005 0.008
(0.510) (0.864) (0.793)

Treat x baseline math grade -0.011 -0.005 0.016
(0.737) (0.882) (0.652)

Treat x baseline German grade 0.005 0.000 -0.022
(0.877) (0.991) (0.537)

Baseline e-books -0.005  0.015 -0.000  0.019 0.015  0.008
(0.729) (0.423) (0.984) (0.310) (0.336) (0.676)

Baseline books 0.002  -0.020 0.003  -0.024 0.005  -0.018
(0.865) (0.323) (0.844) (0.253) (0.730) (0.425)

Baseline reading comprehension 0.013 0.002 -0.013  -0.011 0.017 0.011
(0.588) (0.946) (0.580) (0.692) (0.504) (0.715)

Baseline math grade 0.001 0.006 0.017  0.019 0.015 0.007
(0.944) (0.792) (0.333) (0.441) (0.412)  (0.772)

Baseline German grade 0.033*  0.031 0.034*  0.035 0.027  0.039
(0.061) (0.193) (0.056) (0.175) (0.134) (0.129)

Number of observations 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000

Notes: The table shows the selective attrition analysis for follow-ups I-II1. All dependent variables are binary, taking the value one if the child participated

=

in the survey, and zero otherwise. In columns (1), (4), (7) only the treatment status is included as an independent variable. In columns (2), (5), (8),
additional baseline covariates are added and, in columns (3), (6), and (9), all these baseline covariates are interacted with the treatment status variable.
Math and German grades are dichotomized to take the value one if the child has a very good or good grade, and zero otherwise. All specifications include
strata fixed effects. Robust standard errors are in parentheses. Follow-up I: 6 months after the start of RCT. Follow-up II: 12 months after the start of
RCT. Follow-up III (endline): 30 months after the start of RCT.
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Table A3: Treatment-on-the-treated (TOT) effects of e-book reading intervention on main

outcomes

Follow-up II

Follow-up III

Treatment-  p-value from  Treatment-  p-value from
on-the-treated randomized on-the-treated randomized
(TOT) inference (TOT) inference

Reading engagement (indez) 0.134 0.000 0.071 0.040
At least one ebook 0.258 0.000 0.161 0.000
At least one printed book 0.070 0.074 0.017 0.724
At least one book 0.105 0.006 0.005 0.986
At least two days/week 0.099 0.022 0.106 0.082
Academic performance (indez) 0.126 0.018 0.106 0.084
Reading comprehension 0.158 0.100 0.156 0.060
Good math grade 0.104 0.020 0.130 0.008
Good German grade 0.060 0.324 0.016 0.722
SDQ score -0.132 0.092 -0.176 0.060
Grit -0.047 0.508 -0.022 0.736
Locus of control 0.066 0.528 -0.103 0.398
School aspirations 0.005 0.806 0.054 0.210

Notes: This table shows the TOT estimates of the e-book treatment on the two indices (reading engagement and
academic performance) and on the 11 separate outcome measures. The variables in the index reading engagement
are binary, taking the value one if the child has read at least one (e-)book in the last four weeks or reported
reading on at least two days in a typical week. Reading comprehension is a standardized score of the reading test
a year after the intervention. Math and German grades are dichotomized to take the value one if the student has
a good or very good grade (1 or 2 on the German grading scale), and zero otherwise. Components of SDQ are
standardized with a mean of zero and a standard deviation of one. All regressions control for strata (randomization
block), year and month of birth fixed effects. Only observations with observed outcomes are included. The table
reports p-values from randomization inference (Young, 2019) and sharpened false-discovery rate (FDR) g-values.
Follow-up II: 12 months after the start of RCT. Follow-up III: 30 months after the start of RCT.
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Online Appendix B: Mediation Analysis

We perform the mediation analysis for our three main outcomes: reading engagement
index, academic performance index, and SDQ score. The potential mediators we inves-
tigate are a) the child’s reading self-concept, b) positive leisure activities, and c) study
hours. To shed light on the mediators of academic performance and SDQ, we additionally
consider the index of reading behavior as a mediator. All mediator variables are measured
in follow-up I (six months after the start of the intervention), before the outcome assess-
ments 12 and 30 months later. The mediators we consider are those that are positively

and significantly impacted by the treatment.

When examining the impact of leisure activities, we categorize them into positive types
and less constructive types. Positive leisure activities include computer usage, music-
related activities, and sports. Conversely, less constructive activities include social media
engagement and watching television. Since the treatment does not significantly affect the
latter, they are excluded from our mediation analysis. We asked respondents to report

the frequency of their engagement in these activities during a typical week.

Following the approach of Heckman and Pinto (2015), we assume that the treatment influ-
ences the outcomes through both direct and indirect channels. The indirect effects operate
via the observed mediators discussed above, while the direct effects include all unmeasured
factors. Our mediation analysis, therefore, aims to quantify the relative contribution of
these indirect effects. To implement this, we augment equation 1 by incorporating the
vector of mediators, denoted as M. The coefficients associated with these mediators, 77,
where j indexes the individual mediators, are then estimated. Subsequently, we estimate
the treatment effect of the intervention on each mediator separately, capturing these ef-
fects with the coefficients . The contribution of each mediator to the overall treatment

effect is calculated as the ratio: ﬁjg’\j, where B represents the estimated treatment effect

on the outcomes derived from the unconditional regression in equation (1).

The results for outcomes measured 12 and 30 months after the start of the RCT are illus-
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trated in Figure B2. The top panel examines potential mediators of reading engagement
index, followed by academic achievement index, and the SDQ score. Each mediator’s
contribution is represented by different shades of the horizontal bar, with the gray area

indicating the unexplained portion of the treatment effect.

The figures reveal that the explanatory power of the measured mediators is modest in
explaining the treatment effect on the reading index. Specifically, 92% of the observed
positive effect on reading behavior remains unexplained by the factors we consider 12
months after the start of the RCT. The equivalent percentage 30 months later is 85%.
Next, we decompose the effect on academic performance index, where we find that that
reading self-concept and reading behavior are significant mediators for academic achieve-
ment, especially in the longer term. 30 months after the start of the experiment, these
factors combined explain just above 60% of the effect we find. When it comes to chil-
dren’s socioemotional well-being, reading behavior seems to be important in explaining
our results 12 months after the start of the RCT, but in the longer-term the considered

mediators do not appear to explain the effect we estimate.

We would like to note, however, that drawing causal inferences from these results requires
making assumptions about the sources of variation in the mediators, as discussed by Imai
et al. (2010). Since we do not have exogenous variation across specific channels and are
limited to a single instance of randomization, this analysis can only provide suggestive
evidence regarding the role of different mediators in explaining the observed treatment

effects.
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Figure B1: Self-assessed reading skills (self-concept)
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Notes: The figure presents the share (and 95% confidence intervals) of children reporting reading dif-
ficulties (top panel), the need to reread text (middle panel), and the share considering themselves fast
readers (bottom panel). The results are shown for the baseline and two follow-up surveys (follow-up I: 6
months after the start of RCT) and follow-up III (30 months after the start of RCT.)
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Figure B2: Mediation analysis
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Notes: This figure shows the results of our mediation analysis. Panel (a) shows the decomposition of the
treatment effect on the outcome reading index, panel (b) displays the decomposition for the academic
achievement index, and panel (c¢) shows the decomposition of the treatment effect on the outcome SDQ
index. Follow-up II: 12 months after the start of RCT. Follow-up III (endline): 30 months after the start

of RCT.
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Online Appendix C: Survey Materials and Questionnaires

Cover letter and information sheet about the e-reader

Own translation from German

Mr./Mrs. [Last Name]
Recipient’s Address
City, Zip Code

Dear Mr./Mrs. [Last Name],

We would like to thank you and your child once again for participating in the first CoDu
survey in fall 2020. The next survey has been delayed due to current developments and is
expected to take place in mid-2022. We would be delighted if you were also to take part

in further surveys.

In the meantime, we would like to provide an e-reader to [your daughter/son] who was
born in [month of birth] [year of birth] and attended 4th or 5th grade in the last school
year and participated in our first survey. As part of our study, children will receive an
e-reader giving them access to over 1,000 popular and age-appropriate books for free for

a year. You can find more information about the e-reader on the next page.

If you agree, you don’t need to do anything else. The e-reader will be sent to you auto-

matically within the next three weeks. This will not incur any costs for you.

If you do not wish to receive the e-reader, please return the detachable, anonymized reply
form on the last page in the stamped addressed envelope enclosed by November 26, 2021.

This will not incur any costs or disadvantages for you.

However, we hope that you and your child will take this opportunity to read fun and

adventurous stories together.

Sincerely,

69



P.S. Below you will find additional information on the e-reader:

Information sheet on the e-reader:

e As part of our study, we are providing you and your child with an e-reader free of

charge.

e Parental controls are already activated on the e-reader, so you do not need to set

up anything.

e With the e-reader, your child can read over 1,000 popular and age-appropriate books

for a year free of charge.
e The e-reader makes reading easy on the eyes.

e There is no access to games, the internet, or videos. No messages can be sent, and

there is no advertising.

e If you have any questions or problems, please call our hotline at (0911) 179 XXXX,

and we will be happy to help you.
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Questionnaire excerpts

Reading

1. How much time do you usually spend reading outside of school?
Consider books, e-books (e.g., for Kindle or Tolino), or magazines. Please provide

the number of hours and minutes. If you read for less than one hour, write 0 in the

first field.

e On a school day, I usually read (outside of school) for:

hours and minutes.

2. On a non-school day, I usually read (outside of school) for:

hours and minutes.

3. How many days per week do you usually read outside of school?

Consider books, e-books (e.g., for Kindle or Tolino), or magazines.

e On 0 days/week
e On 1 day/week
e On 2 days/week
e On 3 days/week
e On 4 days/week
e On 5 days/week
e On 6 days/week
e On 7 days/week

4. How many books have you read outside of school in the last 4 weeks?
By books, we mean books in paper format and e-books (e.g., for Kindle or Tolino).

Please specify the number for e-books and paper books separately.
e Number of e-books read:

— No e-books
— 1 e-book
— 2 e-books
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— 3 e-books
— 4 e-books
— 5 e-books
— More than 5 e-books

e Number of paper books read:

— No books

— 1 book

— 2 books

— 3 books

— 4 books

— 5 books

— More than 5 books

School aspirations

What school qualification do you aspire to achieve?
e Hauptschulabschluss (basic school-leaving certificate)
e Realschulabschluss / Mittlere Reife (intermediate school-leaving certificate)
e Abitur (university entrance qualification)

e Leave school with no qualification

Locus of control

To what extent do you agree with the following statements?
Scale: 1 = Strongly disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 =

Strongly agree
e What one achieves in life is mostly a matter of fate or luck.

e Success must be earned through hard work.

72



Grit

To what extent do the following statements apply to you? There are no right or wrong
answers!
Scale: 1 = Not at all like me, 2 = Not much like me, 3 = Somewhat like me,

4 = Mostly like me, 5 = Very much like me

e New ideas and projects sometimes distract me from previous ones.

Setbacks do not discourage me.

I am passionate about an idea or project at first, but lose interest later.

e | am someone who works hard.

I often set myself a goal but switch to a different one later.

I find it hard to stay focused on a project that takes more than a few months.

I finish everything I start.

I am careful and thorough in my work.

SDQ

To what extent do the following statements apply to you? There are no right or wrong
answers!
Scale: 1 = Not at all like me, 2 = Not much like me, 3 = Somewhat like me,

4 = Mostly like me, 5 = Very much like me
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Ttem Not

true

Some-
what

true

Certainly

true

I try to be nice to other people. I care about their feelings.
I am restless, I cannot stay still for long.

I get a lot of headaches, stomach-aches, or nausea.

I usually share with others, for example CDs, games, food.
I get very angry and often lose my temper.

I would rather be alone than with people of my age.

I usually do as I am told.

I worry a lot.

I am helpful if someone is hurt, upset, or feeling ill.

I am constantly fidgeting or squirming.

I have one or more good friends.

I fight a lot. I can make other people do what I want.

I am often unhappy, depressed, or tearful.

Other people my age generally like me.

I am easily distracted, I find it difficult to concentrate.

I am nervous in new situations. I easily lose confidence.

I am kind to younger children.

I am often accused of lying or cheating.

Other children or young people pick on me or bully me.

I often offer to help others (parents, teachers, children).

I think before I do things.

I take things that are not mine from home, school, or elsewhere.
I get along better with adults than with people my own age.
I have many fears, I am easily scared.

I finish the work I'm doing. My attention span is good.
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