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We evaluate a pedagogical intervention aiming at improving learn-
ing in elementary school children by fostering their curiosity. We
test the effectiveness of the pedagogy using achievement scores and
a novel measure of curiosity. The latter involves creating a sense of
information deprivation and quantifying the urge to acquire infor-
mation and retention ability. The intervention increases curiosity,
knowledge retention, and science test scores, with the effects per-
sisting into middle school years. It also leads to more information
sharing and peer learning in the classroom. The evidence can help
design better pedagogical tools to increase pupil engagement and
the quality of learning.
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Today, more children than ever enroll in primary and post-primary education
in the developing world. Despite this progress, the quality of education remains
low. Millions of children in developing countries leave school without the neces-
sary foundational skills to help them achieve their potential and lead productive
lives.1 Low teacher quality, overcrowded classrooms, and inadequate levels of
school inputs such as poorly designed curricula and insufficient teaching materi-
als are among the many factors contributing to low learning outcomes (Glewwe
and Muralidharan, 2016; Glewwe, Lambert and Chen, 2020). Recent research
highlights the role of pedagogy as a potentially effective policy tool to combat
poor education quality (World Bank, FCDO and BE2, 2020; Brown et al., 2022).
While there is no consensus on what constitutes good pedagogy, teaching prac-
tices that respond to the needs of students at all levels, build on their individual
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1According to 2017 Annual Status of Education Report for India, about 25% aged 14-18 fail to read
basic text fluently in their language, 57% struggle with division (three digits by one digit) (ASER, 2018).
Results from similar tests in Pakistan and East Africa paint a similar picture. PISA and TIMMS results
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strengths, and encourage them to learn through experimentation are likely to be
effective.2 Unfortunately, most traditional instruction techniques lack these fea-
tures. They ignore heterogeneous learning paths, compel students to be passive
listeners, and prevent the development of an active and inquisitive mind (Blan-
chard, Southerland and Granger, 2009; Granger et al., 2012; Terrenghi et al.,
2019; Ashraf, Banerjee and Nourani, 2021).

In this paper, we evaluate the effectiveness of a pedagogical program that aims
to nurture children’s curiosity and improve learning outcomes. The program tar-
gets teachers’ everyday teaching practices, encouraging them to be more creative
in preparing children for deep learning experiences before introducing new sub-
jects. Grounded in recent insights on the neural mechanisms of human curiosity
and its connection to deep learning, the program provides teachers with knowledge
on how learning is enhanced in the brain when the urge to acquire knowledge is
stimulated. This knowledge equips teachers with strategies to improve the quality
of learning in their classrooms. For this, treated teachers first underwent seminar
sessions that explained the mechanisms of learning and the formation of long-
term memories. Then, they studied interactively a pedagogical toolkit containing
various visual and reading materials prepared for them. The toolkit contains in-
novative ideas for creating teachable moments and holding students’ undivided
attention before introducing new and complex curricular topics. While it may be
utilized in teaching any curricular topic, in its current form, the pedagogy is more
relevant for science teaching as the toolkit primarily targets scientific curiosity.
Teachers were asked to practice the prescribed pedagogy throughout an academic
year.

Curiosity, a fundamental component of human cognition, is considered a crit-
ical driver of success in most aspects of life. Berlyne (1954) and Loewenstein
(1994) provide a theoretical framework for epistemic curiosity, described as “de-
sire for knowledge”.3 Cognitive psychology associates curiosity with achievement
in many domains ranging from education to health and overall life satisfaction
(Chamorro-Premuzic and Furnham, 2006; Kashdan and Silvia, 2009; von Stumm,
Hell and Chamorro-Premuzic, 2011; Gottfried et al., 2016; Shah et al., 2018). Re-
cent advances in neuroscience shed light on the neural mechanisms of curiosity
and its links to learning. Gruber, Gelman and Ranganath (2014) show via func-
tional magnetic resonance imaging that the brain’s reward system is evoked when
people are curious about a phenomenon. This facilitates more enjoyable learning
and knowledge retention (deep learning) through memory consolidation.4 More-

2For example, tailoring the level of teaching to children’s ability has been shown to be effective in
helping those who lag behind to catch up (Banerjee et al., 2007, 2016; Banerji and Chavan, 2016). In
highly deprived settings where teacher competency is low, teaching practices as structured as following
a written script have been shown to be effective as well; see Gray-Lobe et al. (2022).

3Throughout the text, the word curiosity refers to epistemic curiosity, distinguishing human curiosity
from animals’. Loewenstein (1994) (and references therein) describes curiosity as reacting positively to
new or mysterious events by showing the urge to explore and understand them. Philosopher William
describes curiosity as the “impulse towards better cognition” (James, 1983).

4Memory consolidation is a process by which acquired information or experiences are poured into
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over, they show that once sparked, curiosity creates deep learning moments and
enhances the learning of any topic, not only the topic that sparked curiosity ini-
tially. While recognized as a powerful motivator for learning, curiosity has not
been studied on a large scale within the context of education policy. Our limited
knowledge of how to cultivate such a context-dependent trait and the difficulty
of measuring it are obvious reasons for the lack of policy-relevant studies. This
paper advances the literature on both of these fronts.5

The pedagogical program was implemented as two independent randomized
controlled trials in two large southern provinces of Turkey. The first trial, im-
plemented in the 2018-2019 academic year in the province of Mersin, included
50 primary schools. We then re-implemented the program in the neighboring
province, Adana, recruiting 84 primary schools. This second study took place in
the 2021-2022 academic year.6 Our combined sample includes 134 primary schools
with about 11,000 students and 425 teachers. After collecting detailed baseline
data from children and teachers in Fall 2018 (Study 1) and Fall 2021 (Study 2),
we randomly assigned 78 schools to treatment (25 in Study 1, 43 in Study 2).
Teachers from the selected schools received training in the prescribed pedagogy.
They were given the entire academic year to practice the pedagogy in the every-
day teaching of the curricular topics, with a greater emphasis on science lessons.
We collected our endline data in May 2019 (Study 1) and May 2022 (Study 2)
to test the effectiveness of the pedagogy using objective test scores, educational
aspirations, and a novel incentivized measure of curiosity. When we implemented
the second study in the Fall of 2021, we also collected longer-term data from
the first study subjects (about three years after the program implementation in
2018).

Curiosity is challenging to measure due to its context-dependent nature. Psy-
chologists use survey tools to elicit different types of curiosity in adults (Litman
and Spielberger, 2003; Collins, Litman and Spielberger, 2004; Litman, Collins
and Spielberger, 2005; Kashdan et al., 2020). Behavioral tasks are used for very
young children (Jirout and Klahr, 2012). Although self-report questionnaires can
effectively measure curiosity in adults, it may be necessary to complement them
with task-based measurement tools for schoolchildren. We designed an innovative
task-based instrument that draws upon the theoretical framework developed by
Loewenstein (1994) and insights from neuroscientific research on curiosity. The
core idea of our tool is to elicit children’s willingness to pay for topic-specific
booklets in an incentivized setting. Following the elicitation of willingness to

long-term memory. It is more likely to happen when stimuli spark curiosity; see Gruber and Ranganath
(2019).

5Recently, psychologists have shown interest in the relationship between what they refer to as “epis-
temic emotions” and learning. Epistemic emotions include intellectual courage, astonishment, curiosity,
interest, wonder, surprise, the joy of verification, and the satisfaction of knowing. These studies are
correlational in nature; See Vogl et al. (2019b) and Vogl et al. (2019a).

6Both trials were registered at the AEA Registry before their respective endline dates. The first trial
was registered on March 8, 2019, along with a pre-analysis plan. The second trial was registered on
November 30, 2021, referring to the first registry for the PAP.
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pay and the distribution of booklets, we revisit all classrooms one week later,
unannounced, to measure booklet-specific knowledge retention. The distribution
of the booklets on the first visit follows one of two regimes. In classrooms that
are randomly assigned to the first regime, children receive their preferred book-
lets based on a randomly determined market price. In classrooms assigned to
the second regime, only a random half of the children within each classroom re-
ceive booklets, irrespective of the children’s willingness to pay or their choice of
booklets. By ensuring that the proportion of children receiving booklets and the
composition of topics are balanced across treatment status, the second regime
enables us to estimate the treatment effect on knowledge retention and explore
treatment effects on information sharing and peer learning within the classroom.

Teacher compliance was high in both trials. Almost all teachers reported
practicing the prescribed pedagogy, albeit with differing intensity. As aimed,
the program significantly changed the way teachers taught curricular topics.
Treated teachers reported practicing a more modern, i.e., more learner-centered
and inquiry-based teaching relative to control teachers. They also reported a sig-
nificant increase in their own curiosity level and embracing a growth mindset. We
then find that the program significantly improves children’s objective test scores
in science with no statistically significant impact on math and verbal scores. The
estimated effect size on science test scores is about 0.073 standard deviations
in the short term. The positive effect on science test scores persists into mid-
dle school years, even after a long school closure due to the Covid-19 pandemic.
Treated students score 0.073 standard deviations higher than untreated students
in a science test covering the middle school curriculum.

The program significantly increases children’s willingness to pay for informa-
tion (curiosity) by about 0.109 standard deviations, implying 5.7% more tokens
forgone to purchase a preferred booklet. The effect of the program on the will-
ingness to pay for science-related booklets (scientific curiosity) is similar in size
(0.098 standard deviations) and precision. Treated children give up 0.38 more
tokens than untreated children for a science-related booklet on average, implying
a 11.7% increase in the willingness to pay for scientific information. The effect of
the intervention on knowledge retention is striking. Treated children score about
0.114 standard deviations higher in the unannounced booklet test we conducted
one week later. Even more striking is that after about three years, including 1.5
years of school closure due to the recent pandemic, treated students score 0.137
standard deviations higher on the same booklet test than untreated children,
indicating a remarkably persistent treatment effect on knowledge retention.

We also provide evidence that the program makes friendship networks more
effective information dissemination tools. Treated students who did not receive a
booklet and whose preferred booklet was received by someone else in their friend-
ship network scored 0.170 standard deviations higher on the booklet test than
untreated students in the same condition. We also show that as the information
availability increases within friendship networks, treated students exhibit higher
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knowledge retention than untreated students. These results strongly suggest more
efficient peer learning technology and information dissemination in treated class-
rooms where students are more curious and passionate about pursuing and sharing
knowledge. The improved peer learning is also consistent with the recent evidence
that human curiosity is sensitive to the social environment and stimulated by the
curiosity of others (Dubey, Mehta and Lombrozo, 2021). Finally, we show that
the intervention significantly raises children’s aspirations to go to university and
study science. While persistent in size, these effects are less precisely estimated
in the long run.

Our results suggest that the program’s success likely stems from its ability to
unleash children’s curiosity by changing teaching practices. We rule out improved
teacher ability (curricular content knowledge) as a possible mechanism to explain
our results. While enhanced curiosity appears as an important channel, we also
show that multiple alternative channels may also be at work. We show that the
program also increases children’s tolerance for uncertainty and makes them more
critical in their thinking process.

Our contribution is threefold. First, we evaluate a pedagogical intervention
that targets a crucial component of human cognition, curiosity, that has not
been studied on a large scale and in a policy-relevant context before. Second,
we introduce a novel approach to measuring curiosity in primary school children.
Combining the two, we provide suggestive evidence to support the link between
childhood curiosity and deep learning in a natural field setting. We show that once
sparked, curiosity leads to enhanced knowledge retention in children. Finally, we
reveal the learning externalities generated by human curiosity. We show that a
pedagogical approach aimed at nurturing students’ curiosity not only enhances
individual learning outcomes but also promotes information sharing and peer
learning within the classroom. These results hold high policy relevance. They can
help us design better pedagogical tools to increase pupil and teacher engagement
and the quality of learning worldwide. The results are particularly relevant for the
developing world, where learning outcomes have been alarmingly low and have
deteriorated even further due to the Covid-19 pandemic (Goldhaber et al., 2022).

Our paper relates to several strands of the economics literature. First, by show-
ing the effectiveness of a particular pedagogical approach, it contributes to the
literature that strives to improve learning outcomes in developing countries. This
literature establishes that school-based inputs have very little effectiveness when
not complemented by correct teaching practices (Glewwe et al., 2004; Kremer,
Glewwe and Moulin, 2009; Kremer, Brannen and Glennerster, 2013). Related lit-
erature explores whether improving teacher motivation and engagement through
various incentives improves learning outcomes and yields mixed results (de Ree
et al., 2018). Second, the paper also relates to a growing literature that shows
that social and emotional skills are likely malleable and can be fostered at young
ages (Alan and Ertac, 2018; Alan, Boneva and Ertac, 2019; Alan et al., 2021).
We advance this literature by showing that an essential component of human cog-
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nition can be cultivated in the classroom through a change in teaching practices.
By testing a pedagogy that focuses mainly on science teaching, the paper also
speaks to the literature that aims to increase the STEM participation of girls
(Buser, Peter and Wolter, 2017; Fischer, 2017; Kahn and Ginther, 2017; Car-
lana and Fort, 2022). Our heterogeneity analysis reveals that the pedagogy we
evaluate increases girls’ scientific curiosity more than boys’. Finally, by provid-
ing new evidence on the effectiveness of a professional development program, we
complement the growing literature on teacher training programs (Popova et al.,
2022).

The rest of the paper is organized as follows. Section I summarizes the key
features of the program and the context in which it was implemented. Section II
details the evaluation design. Section III gives a detailed account of our outcome
measures, including our task-based curiosity measure. Section IV describes the
data and presents our main results. In Section V, we explore mechanisms through
which the program improved knowledge retention and achievement outcomes. We
conclude in Section VI.

I. Evaluation Context and The Nature of The Pedagogical Program

The program we evaluate has been developed by an expert team of pedagogy
specialists and curricula developers in a private university’s innovation center.
The program’s overarching objective is to promote scientifically informed teaching
practices to improve learning outcomes. It aims to do so by replacing traditional
teaching with techniques that can stimulate children’s curiosity for academic mat-
ters. This is especially pertinent in light of the global push for STEM education
and better outcomes in science. As such, the program puts a greater focus on the
teaching of science.

The Turkish primary school system is designed such that a centrally appointed
teacher is assigned to a single classroom in Grade 1 and is expected to teach the
same pupils until the end of Grade 4, after which they move on to middle school
for Grades 5 to 8 where each subject is taught by a different (branch) teacher.7

The program has been developed to exclusively benefit primary school teachers,
as it is thought that the ideal context for implementing the prescribed pedagogy
would be when a single teacher has a full day of contact with their pupils and when
science concepts are formally introduced. Such a context is grade 4 of primary
school in Turkey.

The intervention was an intensive teacher training program. In training semi-
nars, teachers were first introduced to the concept of deep learning and its connec-
tion to epistemic curiosity. The primary objective emphasized throughout the ses-
sions was the importance of tapping into childhood curiosity to enhance children’s

7While this is the general practice, there are many exceptions to this rule. Firstly, the headteacher
can decide which grade level the newly appointed teacher should begin teaching based on the needs of the
school. Secondly, the Ministry can re-appoint a teacher, voluntarily or involuntarily, to another school
at any grade level. These rotations tend to occur frequently for early career teachers.
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learning capacity. Following these intense informational sessions, teachers were
introduced to a range of pedagogical practices to foster curiosity in their class-
rooms. These practices included ways to allow students to suspect and inquire,
as well as encourage them to express their interests openly in the classroom. Cen-
tral to these strategies was capitalizing on children’s natural inclination towards
mystery, surprise, and humor to capture their attention and create productive
teaching moments.

Teachers received a toolkit containing visual and written material to help them
practice the pedagogy. These materials are not meant to be a set of materials to be
covered in a specified period of time. Rather, they are designed to help the teacher
create teachable moments using emotional triggers to hold students’ undivided
attention before she introduces a new and complex topic. For example, before
introducing a science topic on the solar system, which is an official curricular item
to be covered, students see a short video on the mysteries of space. The video
is designed to capture students’ attention, tapping into their love of mystery to
create a teachable moment. As another example of creating a teachable moment,
this time, using humor, the teacher reads a funny story about a girl who gets
excited about exploding liquids before introducing a topic on chemical reactions.
While most activities are related to science, the toolkit contains some non-science
activities as well. For example, in one of the activities, students read about
a fictional student with a deep interest in painting using unconventional tools
(finding making a mess with raw eggs liberating). Teachers worked on the toolkit
and repeatedly practiced different ways of creating teachable moments during the
training seminars with the guidance of education consultants.

We monitored the teachers throughout the implementation process. Every Fri-
day, our designated personnel asked for an update on what was done that week
and received pictures of the work done. We sent reminders when we noticed a few
weeks of silence in a school. The overall feedback from the teachers regarding the
program content was extremely positive. The majority of teachers reported that
the program made everyday teaching, not just science teaching, much more enjoy-
able for children and for themselves. We received reports and visuals from many
treated teachers showing their innovative ways of creating teachable moments.
Bringing a mysterious box to the classroom that contains valuable information
on the layers of the earth, hiding an important piece of information about the
phases of matter in the teacher’s hair, and hanging the names of the planets in
our solar system around an umbrella; are just a few examples.8 See the On-
line Appendix C for examples of implementation photographs we received from
teachers.

8All these topics are part of the 4th-grade Turkish national science curriculum.
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II. Evaluation Design

The program was implemented as two independent randomized trials three
years apart. The first trial took place in the 2018-2019 academic year, covering
50 primary and 27 post-primary schools in the province of Mersin (Study 1). Due
to the logistical difficulties of implementing the program in middle schools, all
27 middle schools were removed from the study at the training sessions.9 This
resulted in a loss of 27 schools, leading to a need for a second trial to enhance
the power of the design. We launched the second trial in the 2021-2022 academic
year in the neighboring province, Adana, covering 84 primary schools.10

In both trials, local authorities provided us with a list of schools in their
provinces’ socioeconomically deprived neighborhoods. Teachers from these schools
were offered participation in the program without any commitment regarding
when they would be invited to training seminars. The purpose of this noncom-
mittal invitation was to ensure that we first collect the willingness to participate
in the project and then randomize schools into immediate teacher training (treat-
ment group) or training in later academic years (control group). Participation in
the program was voluntary on the part of teachers. The program was oversub-
scribed in both provinces. Due to the large size of Turkish state schools, which
generally have multiple classrooms for each grade level, 1 to 6 classrooms were
selected randomly from each school for evaluation purposes.11 Two trials, pooled
together, provide us with about 11,000 students and 425 teachers from 134 state
primary schools in two large provinces of Turkey. The majority of our sample
is composed of 4th graders. We also have some third-grade students in our first
study sample.12

The timeline of each trial is as follows: We collected baseline data for Study
1 in October 2018, followed by randomization at the school level, stratified by
district and grade level. The probability of treatment was 50%, assigning 25
schools to treatment and 25 to control. Teacher training seminars for Study 1
took place in November 2018, and short-term endline data were collected in May
2019. We collected baseline data for Study 2 in October 2021 and conducted the
randomization at the school level in the same manner, stratifying by district. We
managed to limit our sample to 4th graders in the second study. The ex-ante
probability of treatment was again 50%, assigning 43 schools to treatment and 41

9With the recommendation of the local authorities in Mersin, we initially included middle schools.
The local authority asked us to include 5th-grade students, corresponding to the first year of middle
school in Turkey) and their science teachers. However, it became apparent during the training phase
that the prescribed pedagogy would be too challenging to implement in a middle school setting.

10We first launched the second trial in the 2019-2020 academic year but failed to implement the
program and evaluate it due to the school closures caused by the Covid-19 pandemic, which lasted about
1.5 years in Turkey. Therefore, to re-launch the second study, we had to wait until Fall 2021, when the
Turkish Ministry of Education opened all schools.

11Primary school sizes vary significantly in Turkey, ranging from schools with a single 4th-grade class
to overcrowded schools with over 15 classrooms for each grade level.

12We admitted a small number of grade 3 classrooms in the first study, comprising about 16% of
the sample in this study. This is because we received an overwhelming interest from these teachers and
admitted them to the program.
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to control in Study 2. Teacher training seminars for 43 treatment schools took
place in October 2021. Short-term endline data were collected in May 2022 for
this study. The timeline of each study is shown in Figure 1. As can be seen in
the figure, at the time we launched the second study in October 2021, we also
collected long-term data from our Study 1 subjects in Mersin.

Figure 1. Timeline of the Two Trials

Both baseline and endline data collection were carried out by the research
team, assisted by locally recruited and trained field assistants. We made sure
that teachers were not present in classrooms during data collection. At baseline,
we spent about three lecture hours in each classroom to conduct incentivized
games, achievement and psychometric tests, and surveys. We implemented our
behavioral curiosity task only at endline. Because of the temporal nature of the
task, we organized two visits for each classroom at endline, one week apart. On
the first visit, we spent about two lecture hours implementing the curiosity task
and collecting other relevant data using tests and surveys. Our second visit was
an unannounced surprise visit, which is why our task was implemented only at
endline. Upon arrival at the school on the second visit, we kindly asked the
teacher to spare us one lecture hour to implement a couple of tests on students
and themselves. We will explain the nature of our curiosity task and the tests we
implemented later in the text.

In October 2021, almost three years after the first implementation of the pro-
gram in Mersin (Study 1), we managed to conduct another round of data collec-
tion for Study 1. Locating the original subjects of the first study was challenging.
While most students were scattered around various middle schools in the same
province, some had left the province or left the education system altogether. We
eventually located 86% of our original participants with the help of the provincial
authority’s database. Among those, 84% were formally registered in a state mid-
dle school in the province, giving us 72% of our original sample. The attrition is



10 THE AMERICAN ECONOMIC REVIEW MONTH 2023

more likely for girls and refugees, exacerbated by the extended school closures due
to the Covid-19 pandemic, but balanced across treatment status (p-value=0.634
and p-value=0.839).13

III. Outcomes of Interest

We evaluate the program with respect to a rich set of outcomes using a toolkit
comprising achievement tests, surveys, and a novel incentivized task. We first
explain our incentivized task.

A. An Incentivized Task to Measure Childhood Curiosity

We designed an incentivized task to capture two prominent aspects of human
curiosity: the urge to acquire knowledge and the retention of the acquired knowl-
edge upon satisfying the urge. We benefit from the conceptual framework devel-
oped by Loewenstein (1994) for the first component. Based on this framework, we
first create a sense of information deprivation in children and then quantify the
degree of the urge to acquire information. The second component of our task is
informed by the neural mechanisms of curiosity documented in Gruber, Gelman
and Ranganath (2014). That is, the higher the urge to know, the stronger the
knowledge retention upon satisfying the urge (memory consolidation).

To develop the task, we first conducted extensive pilot surveys and qualitative
interviews in several out-of-sample schools to determine the interests of the tar-
get age group. Compiling all our survey responses, we identified eight interest
categories representing about 95% of all topics of interest. These are, “science”,
“animals”, “history”, “human anatomy”, “vehicles”, “cartoons”, “space”, and
“sports”. We then prepared eight small booklets for each topic with a cover
that clearly shows the above titles. For example, the cover of the space booklet
reads “The mysteries of SPACE,” with eye-catching space illustrations to create
information deprivation. Figure B2 in the Online Appendix shows the covers of
all eight booklets. We placed in each booklet exactly ten pieces of information
that are surprising and highly unlikely to be known by children (or by adults).
Examples include, “the color of dawn on Mars is blue” in the space booklet, “the
actual color of the black box in planes is orange” in the vehicles booklet, or “the
shortest battle in history took 38 minutes” in the history booklet.

The implementation of the task in a classroom follows the following steps: We
arrive at the classroom with booklets and a basket full of small gift items. The
latter are small stationery items that are of value to children of the socioeconomic
group we target in this study. We present the booklets to the children one by one,
showing the title cover. We tell them that each booklet contains some incredible

13Both provinces have a significant refugee population, and all refugee children are covered under the
MoE-EU refugee school placement program. However, Turkey’s refugee population is highly mobile and
difficult to track as they tend to be agricultural laborers. We provide a detailed attrition pattern for
Study 1 in Figure B1 in the Online Appendix. A notable number in this figure is 520 missing children
the Ministry lost track of in the pandemic period.



VOL. VOL NO. ISSUE NURTURING CURIOSITY 11

facts that are unknown to most people. This step aims to create information
deprivation (a strong urge to know) in children. We then ask children to rank
these booklets according to their interest in the topic, 1 being the most interesting
and 8 being the least interesting.

After obtaining their ranking, we inform children that everyone has an endow-
ment of 10 tokens, and each token can be converted into a gift from our gift
basket. We show children these gift items one by one. We then tell them they
can also use their tokens to purchase a booklet if they want to. For this, they
first need to state the booklet they would like to purchase by ticking the relevant
box. We emphasize that they do not have to buy a booklet if they do not want
to. In practice, children see 9 options on their screen, 8 topics, and an option of
“I don’t want a booklet”. Then, we begin explaining how this purchase will be
made in practice. We first emphasize that all booklets have the same price, and
each student can only buy one booklet. We tell them that no one knows the price
of a booklet yet, but they need to state their willingness to pay for their preferred
booklet, using the options ranging from zero to 10. Then we explain to children
that one of two things will happen in their classroom by random chance:

• Market price implementation regime: In this regime, we randomly choose
a booklet price (between 1 and 10) for the classroom. Students whose will-
ingness to pay falls under the revealed market price do not receive their
desired booklet. They, therefore, convert all their tokens into gift items.
Those whose willingness to pay is at or above the revealed market price re-
ceive their desired booklets at the market price and convert their remaining
tokens into gift items.

• Half-half implementation regime: In this regime, we do not choose a market
price for the classroom. Instead, a random half of the classroom receives
booklets and all 10 tokens worth of gift items, regardless of their stated
willingness to pay and the type of booklet they prefer. The other half of
the classroom receives 10 tokens worth of gift items but no booklet. We
explain the rationale behind this implementation regime below.

After providing this information and ensuring they fully understand the task, we
ask children to state their willingness to pay for their desired booklet with utmost
secrecy by tapping the relevant box on their tablet. The elicited willingness to
pay, ranging from zero to 10, is our measure of “the urge to know,” i.e., curiosity.14

We conjecture that the treatment will increase children’s willingness to pay for
information on their preferred topic. Given the program’s heavy focus on science,
we expect this effect to be particularly prominent in the willingness to pay for
science-related booklets, which we refer to as “scientific curiosity.” These booklets
are science, space, human body, animals, and vehicles.

14Willingness to pay elicitation is a standard method in economic research. In the context of infor-
mation as a good, Hjort et al. (2021) uses this method to elicit policy-makers’ willingness to pay for
evidence in Brazil.
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The novelty of our task lies in its temporal component. In addition to mea-
suring the urge to acquire knowledge, we measure actual knowledge retention
using the temporal component of our task. For this, we re-visit all classrooms,
unannounced, precisely one week later. In this surprise visit, we give children a
40-question multiple-choice test containing 5 questions from each booklet.15 The
score from this test is our measure of knowledge retention.

Distributing booklets based on children’s willingness to pay would generate
two confounds for estimating the effect of the treatment on knowledge retention.
First, if treatment increases willingness to pay for a booklet, treated classrooms
would have more booklets circulating, i.e., have more information available to
absorb. Second, if treatment increases interest in science, more science-related
booklets would be circulating in treated classrooms, i.e., there would be more
science information to absorb. In classrooms assigned to the second regime, only
half the children in a given classroom received booklets. In these classrooms,
the booklet distribution was random, regardless of children’s willingness to pay
and their choice of booklets. Ensuring that the proportion of students receiving
booklets and the composition of topics are balanced across treatment status, this
regime (and only the second regime) allows us to estimate the treatment effect
on knowledge retention. This regime also allows us to show the extent to which
treatment improves information sharing and peer learning within the classroom.

Allocating a non-zero number of classrooms to the first regime is required to
ensure the incentive compatibility of the task. In Study 1, a given classroom
had a 50% chance of being subject to either regime, and children were informed
accordingly. Because the causal effect of the treatment on information retention
can be estimated only in the half-half regime, to improve the power of the exper-
imental design, we implemented the half-half regime in most classrooms (95%) in
the second study, and children were informed accordingly. The willingness to pay
for a booklet is theoretically independent of the implementation regime, and our
data corroborates this: Mean willingness to pay across regimes is statistically not
different from each other (p-value=0.484). When implementing this regime, we
made sure that every classroom had all 8 booklets. We randomize the regimes
within schools to make sure that when we restrict our sample to the classrooms
that are subject to the half-half regime, we keep the number of schools (clus-
ters) intact. The Online Appendix D gives full instructions for the task and its
implementation.16

B. Learning Outcomes and Educational Aspirations

If the program successfully stimulates students’ curiosity, we expect deeper
learning of curricular topics as well. In particular, given the program’s heavy

15To do this, we arrived back at schools and kindly asked their permission to take one lecture hour
immediately. We gave the same test to teachers and asked them to do their own tests in a quiet,
designated room. All our teachers cooperated.

16Full implementation kits are available upon request.
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emphasis on science teaching, we expect treated students to achieve higher test
scores in science. To assess the impact of the program on actual learning out-
comes, we implemented tests on math, Turkish (in visit 1), and science (in visit
2) in all classrooms. Because there is no standardized testing system in Turkey
for the grade levels we work with, we designed a testing inventory based on the
national curriculum.17 All tests were implemented in classrooms in the absence
of teachers both baseline and endline.

In addition to learning outcomes, we assess whether the program affected chil-
dren’s educational aspirations and their plans for study majors. For this, we
asked children whether they would like to go to university, and if so, what their
aspired topic of study would be. We collected this information both at baseline
and endline. We acknowledge that this is not a reliable measure of major choice
considering the age of our subjects. Nevertheless, we believe that it gives us an
indication of the program’s success in raising educational aspirations in children.

IV. Data and Results

We collected data on various cognitive socioemotional skills, beliefs, and prefer-
ences at baseline and endline. For students, all demographic information and fluid
IQ (Raven and Court, 1998) were measured only at baseline. We conducted stan-
dardized achievement tests and elicited risk and ambiguity attitudes using Gneezy
and Potters (1997) risky investment task, both at baseline and endline. We col-
lected information via item response surveys to construct measures of epistemic
and scientific curiosity (Kashdan and Silvia, 2009), grit (Duckworth and Quinn,
2009), impulsivity (Sleddens et al., 2013), and critical thinking (Sosu, 2013) both
at baseline and endline, though critical thinking is measured only in Study 2. Fi-
nally, we collected friendship networks both baseline and endline. The motivation
to collect these attributes is to establish the validity of our task-based curiosity
measure and explore potential channels through which the program might impact
learning outcomes. We implemented our curiosity task only at endline.

Our long-term testing inventory was shorter than our short-term inventory
because of the constraints imposed by the middle school schedules. We first
gathered our students in designated classrooms in their middle schools. Then
we gave them the same 40-question booklet test to assess the persistence of our
knowledge retention results, followed by math, science, and verbal tests. The
last three tests were prepared based on the appropriate grade level covering the
national curricula. Finally, we conducted a short survey that elicited curiosity,
grit, and aspirations. Table B1 in the Online Appendix shows the variables we
collected in each trial at baseline, endline, and long-term follow-up (Study 1 only).

We also collected rich information from teachers. In addition to demographic
information, we measured their fluid IQ via Raven’s test and their emotional in-
telligence through the Reading the Mind in the Eyes test (Baron-Cohen et al.,

17We benefited from the Ministry’s question bank in preparing these questions. We extensively piloted
the tests to ensure the appropriateness of the difficulty level.
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1997) at baseline. We also collected detailed information regarding teachers’ ev-
eryday teaching practices and beliefs both at baseline and endline. To measure
teacher practices, we adapted some of the item questions from the Teaching and
Learning International Survey (TALIS) questionnaire (OECD, 2013) and con-
structed the following styles: Modern (learner-centered) vs. traditional (lecture-
based) teaching, extrinsic vs. intrinsic motivation style, and warm vs. distant
(discipline-based) style. For beliefs, we elicited growth mindset (Dweck, 2008),
attachment to the profession, competence beliefs, and gender stereotyping. We
also measured teachers’ curiosity using Kashdan and Silvia (2009) and critical
thinking using Sosu (2013). Again the latter was collected only in Study 2. Fi-
nally, we tested teachers’ curricular knowledge in science to establish whether the
intervention increased their content knowledge. We conducted this test in the
second (surprise) visit along with the 40-question booklet test.18 Table B1 in the
Online Appendix also gives the variables we collected from teachers. Measure-
ment inventories for students and teachers are presented in the Online Appendix
E.

Table A1 presents the balance of student, teacher, and classroom characteristics
at baseline. Balance for each study separately is presented in Table B2 and B3 in
the Online Appendix. We detect no significant imbalance in any of the variables
in either study and conclude that randomization was successful.

We estimate the average treatment effects of the program on outcomes of inter-
est by conditioning on baseline covariates and randomization strata fixed effects:

(1) yics = α0 + α1Ts +X
′
icsβ +W

′
csγ + δd + εics

where yics is the outcome of interest for child i in classroom c, school s. Ts is
the binary treatment indicator, which equals one if school s is in the treatment
group and zero otherwise, and X ′

ics is a vector of student-level observables, W ′
cs

is a vector of classroom and teacher level observables measured at baseline. δb
represents district fixed effects. We chose our covariates by post-double-selection
LASSO separately for the short and long term. We defined grade and district
dummy variables as partialled-out covariates so that they were not penalized by
the LASSO. We also kept gender dummy and fluid IQ scores in the covariate
set as we conducted heterogeneity analysis with these variables (specified in our
PAP). The short-term covariate set includes gender, fluid IQ, baseline curiosity
(survey), refugee status, math and verbal scores, class size, the share of refugees,
teacher experience, and the number of children the teacher has. The long-term
covariate set is similar to the short-term set but excludes class size and the share
of refugees. We also present our main results without covariates; see Table B4,
B5, and B6 in the Online Appendix.

The estimated α̂1 is the average intent to treat effect (ITT). Standard errors
are clustered at the school level. We also provide wild clustered bootstrapped p-

18Both science and booklet tests for teachers were implemented in the second study only.
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values in our tables. Throughout the text, we present the results using the pooled
sample. The summary of the results for each study separately is given in Figure
B3, and detailed results are provided in Tables B7 to B8 in the Online Appendix.
We present our results corrected for multiple hypotheses testing (sharpened q-
values and Romano Wolf p-values) in Table A2. Most of our results survive the
adjustments. We use inverse probability weights for the long-term results (Study
1) to account for attrition.

A. Treatment Effect on Teaching Practices

All treated teachers were expected to practice the proposed pedagogy upon
receiving training. Recall that participation in the program was voluntary, and
the program was oversubscribed. However, we acknowledge that compliance may
not be perfect. To assess compliance, we asked treated teachers to report their
estimated degree of program implementation at endline. Specifically, we asked
them to mark their estimated degree of implementation using an unmarked 10cm
line. The elicited distance gives us a continuous measure of program implementa-
tion intensity ranging anywhere between zero and 100%. Note that because this
is a pedagogical intervention that aims to influence the way teachers teach, the
reported implementation intensity is purely subjective. Nevertheless, we believe
that it gives us an idea of teacher compliance. Figure A1 depicts the distribution
of the reported implementation intensity for the pooled sample. Overall, treated
teachers reported to have accomplished 81% program coverage. Only 4 out of 226
teachers reported zero implementation.

The next question is whether the program changed teachers’ classroom practices
as intended. Figure 2 plots the estimated treatment effects on teaching styles and
beliefs. What emerges from the figure is that the program positively impacted
the teaching styles, teachers’ epistemic curiosity, and mindset. Treated teach-
ers shifted their teaching practices from traditional lecture-based activities to
more modern, learner-centered ones. They also reported less discipline-oriented,
warmer interaction with their students. What is remarkable is that teachers them-
selves became more curious and adopted a more growth mindset. We estimate
0.199 standard deviations higher curiosity and 0.278 standard deviations higher
growth mindset for treated teachers than untreated teachers, and both differences
are statistically significant at the 1% level.

B. Treatment Effect on Test Scores

Given the effects on teachers’ beliefs and classroom practices, we first explore
whether the program improved core academic outcomes. Table 1 presents the
treatment effects on math, verbal (Turkish), and science test performance. While
we do not estimate statistically significant effects on math and Turkish, we find
that treated students perform significantly better than untreated students in the
science test. The effect size is about 0.073 standard deviations and significant at
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Figure 2. Treatment Effects on Teachers’ Pedagogical Beliefs and Teaching Practices

Note: The figure depicts the estimated treatment effects on teachers’ beliefs, attitudes, and teaching
styles. Covariates, selected via post-double-selection LASSO, include baseline beliefs and teaching styles.
Grade and district fixed effects included. Standard errors are clustered at the school level.

the 5% level (wild bootstrapped p-value=0.033). The positive effect on science
test scores also persists into middle school years. Even three years after the
program’s implementation, treated students continue to outperform untreated
students in science, with an effect size of 0.073 standard deviations, which is
significant at the 10% level (wild bootstrapped p-value=0.124). Note that the
precision of the long-term estimates is lower due to the smaller sample size.

The near-zero effect sizes observed for math and verbal scores, coupled with the
significant and consistent effect on science, may be attributed to the program’s
strong emphasis on science. This emphasis stems from the fact that science
lends itself more readily to this pedagogical approach. Many children find science
intriguing and enjoyable, as science topics can be animated and infused with
mystery and humor. On the other hand, achieving the same level of engagement
in subjects like mathematics and language requires a greater degree of creativity.

The program was also highly cost-effective. Considering printing costs of about
14,000 USD, distribution costs of 3,500 USD, and teacher training costs of about
6,500 USD, the cost per pupil stands at 3.47 USD. Kremer, Brannen and Glen-
nerster (2013) is a valuable reference to put our effect sizes and the program’s
cost-effectiveness into perspective. The study compares 30 educational RCTs
evaluated with respect to learning outcomes. Some of these RCTs are about
infrastructure building in highly deprived settings, and they led to significant
learning gains. Our intervention is comparable to a smaller set of interventions
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Table 1—Treatment Effect on Test Scores

Short Term Long Term

Science Math Verbal Science Math Verbal
Treatment 0.073 0.013 0.032 0.073 -0.017 -0.006

(0.030) (0.028) (0.027) (0.043) (0.041) (0.048)
Wild Bootstrap P-Value 0.033 0.644 0.246 0.124 0.688 0.921
Control Mean -0.000 -0.000 0.000 -0.000 -0.000 -0.000
Observations 9977 10433 10713 2424 2424 2424
Number of Schools 134 134 134 50 50 50

Note: Estimates are obtained via OLS. The dependent variables are standardized subject test scores.
The first 3 columns give short-term results using the pooled sample, and the last 3 provide the long-term
results of Study 1. Covariates for the short-term specification, selected via post-double-selection LASSO,
include gender, fluid IQ, survey measure of curiosity, refugee status, math and verbal scores as individual
baseline characteristics, class size, the share of refugees, teacher experience, and the number of children
the teacher has. The long-term covariate set, selected via post-double-selection LASSO, is similar but
excludes class size and refugee share. Grade and district fixed effects included. Standard errors are
clustered at the school level and are reported in parentheses.

aiming at pedagogy and teacher training.
Pedagogical interventions, such as student tracking, teacher training, and mon-

itoring, offer significant advantages as low-cost policy actions compared to in-
frastructure and governance interventions. Notably, renowned programs like the
Balsakhi program achieved an effect size of 0.14 standard deviations, with a cost-
effectiveness ratio of 3.01 standard deviations per $100 (Banerjee et al., 2007).
Duflo, Dupas and Kremer (2011) demonstrated an effect size of 0.18 standard
deviations and a cost-effectiveness ratio of 34.78 additional standard deviations
per $100. The Read-a-Thon Philippines study yielded effect sizes of 0.13 stan-
dard deviations immediately after the program and 0.06 standard deviations after
three months, displaying a cost-effectiveness ratio of 1.18 standard deviations per
$100 (Abeberese, Kumler and Linden, 2014). A recent teacher coaching pro-
gram in Peru yielded effect sizes ranging from 0.21 to 0.26 standard deviations
while giving a cost-effective ratio of 0.04 standard deviations per $100 (Majerow-
icz and Montero, 2022). Our effect size of 0.075 standard deviations may ap-
pear modest compared to these studies. However, our program demonstrates a
cost-effectiveness ratio of 2.10 standard deviations per $100, exceeding several
other interventions. Additionally, it achieves notable success in generating strong
teacher support. In light of these factors, our program stands out as a promising
pedagogical intervention.

C. Treatment Effect on the Willingness to Pay and Knowledge Retention

We now investigate whether the program stimulated children’s urge to know
and their ability to retain knowledge as intended. Before presenting the esti-
mated treatment effects on decisions made in our curiosity task, we establish its
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predictive validity. For this, we are interested in two types of predictive validity:
First, we want to assess whether the willingness to pay (WTP) for a preferred
booklet predicts subsequent knowledge retention. Second, and more generally,
whether it predicts core academic outcomes. For the latter, our main interest is
the association between willingness to pay for science-related booklets and test
scores.

The Predictive Validity of the Willingness to Pay

Table 2—Predictive Power of the Willingness to Pay

Panel A: Raw associations
Science Math Verbal Retention

WTP (All) 0.044 0.027 0.035 0.048
(0.019) (0.017) (0.020) (0.015)

WTP (Science) 0.085 0.024 0.086 0.084
(0.018) (0.013) (0.015) (0.017)

WTP (Non-Science) -0.048 -0.002 -0.056 0.087
(0.016) (0.012) (0.015) (0.015)

Observations 4558 4558 4675 4558

Panel B: Raw associations controlling for IQ Score
Science Math Verbal Retention

WTP (All) 0.023 0.014 0.011 0.040
(0.016) (0.015) (0.016) (0.015)

WTP (Science) 0.065 0.012 0.061 0.076
(0.016) (0.012) (0.013) (0.017)

WTP (Non-Science) -0.046 0.000 -0.052 0.088
(0.016) (0.011) (0.014) (0.015)

Observations 4558 4558 4675 4558
Note: The table presents OLS coefficients from the regression of the willingness to pay for a booklet
separately on test scores (science, verbal, math and booklet test). The analysis uses only the control
sample. Standard errors are clustered at the classroom level and are reported in parentheses.

Figure A2 depicts the distribution of forgone tokens for the control sample.
Children, on average, forgone 6.14 tokens to receive their desired booklet, with
the minimum WTP being zero (7.3% of the control sample) and a maximum of 10
(22.7% of the control sample). Using only the control group, Table 2 presents the
predictive power of overall WTP, WTP for science-related booklets, and WTP
for non-science related booklet on science, math, and verbal test scores, as well as
knowledge retention (performance on the respective questions in the booklet test).
Panel A presents raw associations, and Panel B presents the associations control-
ling for fluid IQ. The results in this table confirm that our WTP measure has
reasonable validity in predicting academic outcomes, and it is highly correlated
with knowledge retention. Correlations are particularly strong for the willingness
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to pay for a science-related booklet (scientific curiosity). A one standard devia-
tion increase in the willingness to pay for a science-related booklet is associated
with 0.085 standard deviations higher science, 0.086 standard deviations higher
verbal, and 0.024 standard deviations higher math scores, with the first two statis-
tically significant at the 1%, the last at the 10% level. Note that the willingness
to pay for either history, sports, or cartoons booklet (non-science curiosity) is
negatively associated with academic outcomes but still positively associated with
higher knowledge retention (performance in non-science booklet questions). We
provide binned scatter plots to show the relationship between WTP and academic
outcomes in visual clarity; see Figures B4 to B9 in the Online Appendix.

Table 3—Associations Between Willingness to Pay and Socio-emotional Skills

Panel A: Raw associations

Curiosity
Survey

Science
Curiosity
Survey Grit Impulsivity Risk Ambiguity

Critical
Thinking

WTP (All) 0.038 0.046 0.051 -0.014 0.228 0.189 0.049
(0.015) (0.018) (0.018) (0.015) (0.017) (0.018) (0.018)

WTP (Science) 0.048 0.058 0.049 -0.056 0.086 0.075 0.067
(0.015) (0.016) (0.016) (0.015) (0.015) (0.015) (0.016)

WTP (Non-Science) -0.015 -0.019 -0.006 0.044 0.108 0.086 -0.027
(0.014) (0.016) (0.016) (0.014) (0.016) (0.015) (0.016)

Observations 4954 4953 4524 4650 5070 5066 3635

Panel B: Raw associations controlling for IQ Score

Curiosity
Survey

Science
Curiosity
Survey Grit Impulsivity Risk Ambiguity

Critical
Thinking

WTP (All) 0.029 0.035 0.044 -0.006 0.231 0.193 0.040
(0.015) (0.017) (0.018) (0.015) (0.017) (0.018) (0.018)

WTP (Science) 0.038 0.047 0.041 -0.048 0.090 0.078 0.058
(0.015) (0.015) (0.016) (0.015) (0.015) (0.015) (0.016)

WTP (Non-Science) -0.014 -0.017 -0.004 0.042 0.107 0.086 -0.025
(0.014) (0.016) (0.015) (0.014) (0.016) (0.015) (0.016)

Observations 4954 4953 4524 4650 5070 5066 3635
Note: The table presents OLS coefficients from the regression of the willingness to pay for a booklet
separately on curiosity, scientific curiosity, grit, impulsivity, risk and ambiguity tolerance, and critical
thinking. Risk and ambiguity tolerance is measured via incentivized tasks. Other skills are measured via
item-response questionnaires. All measures are standardized. The analysis uses only the control sample.
Standard errors are clustered at the classroom level and are reported in parentheses.

Table 3 further validates our incentivized task. Here, we check whether the
willingness to pay for a booklet correlates with survey measures of curiosity de-
veloped by Kashdan and Silvia (2009). In addition, we conjecture that curiosity
may be correlated with attitudes toward uncertainty, grit, critical thinking, and
impulsive behavior, acknowledging its possible relationship with other social and
emotional skills we do not measure in this paper. Panel A presents raw associa-
tions, and Panel B presents the associations controlling for fluid IQ. We observe
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strong positive correlations between our curiosity and established survey mea-
sures of curiosity. Moreover, the willingness to pay for science-related booklets
(our scientific curiosity measure) correlates positively with grit, critical thinking,
and risk and ambiguity tolerance and negatively correlates with impulsivity.

Table B9 in the Online Appendix shows the associations between the WTP and
academic outcomes, controlling for all cognitive and socioemotional skills available
in our data. The table shows that fluid IQ is the most significant predictor of
academic success. A one standard deviation increase in fluid IQ is associated
with a 0.414 standard deviations gain in science test scores. Over an above IQ,
we observe significant predictive power coming from grit, impulsivity, and critical
thinking in the expected direction. More importantly for the validity of our
measure, we observe that the willingness to pay for a science-related booklet is
still highly predictive of science and verbal test scores, even after controlling for
IQ and all other socioemotional skills available in our data, with the estimated
size of 0.068 standard deviation, significant at the 1% level. We also provide the
associations between the WTP and socio-demographic characteristics in Table
B10 in the Online Appendix.

Treatment Effect on Interest and the Willingness to Pay for a Booklet

Figure 3. Treatment Effect on the Ranking of Topics

Note: The figure depicts the average marginal treatment effects obtained from logistic regressions on
subject ranking. The dependent variables are binary indicators of one if the respective booklet is ranked
as one of the top 3 interests by the student. Covariates, selected via post-double-selection LASSO,
include gender, fluid IQ, survey measure of curiosity, refugee status, math and verbal scores as individual
baseline characteristics, class size, the share of refugees, teacher experience, and the number of children
the teacher has. Grade and district fixed effects included. Standard errors are clustered at the school
level.

Recall that students’ first decision in the curiosity task was to rank the presented
eight topics from the most interesting to the least. Figure 3 depicts the average
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marginal treatment effects on the probability of a given topic being ranked as
top 3. Treated children are 3.3 percentage points more likely to rank science and
animals as their top 3 interests, with the former statistically significant at the
1% and the latter at the 5% level. Interest in space is also higher among treated
children than control, but the effect is less precisely estimated (p-value=0.083).

Table 4—Treatment Effect on the Choice of Booklet and Willingness to Pay

Panel A: Choice of Booklet
Science Related Non-Science Related No booklet

Treatment 0.038 -0.009 -0.029
(0.011) (0.011) (0.008)

Wild Bootstrap P-Value 0.000 0.406 0.001
Control Mean 0.495 0.440 0.065
Observations 10898 10898 10898
Number of Schools 134 134 134

Panel B: Willingness to Pay
WTP (All) WTP (Science) WTP (Non-Science)

Treatment 0.109 0.098 -0.009
(0.040) (0.026) (0.025)

Wild Bootstrap P-Value 0.017 0.001 0.708
Control Mean -0.000 0.000 -0.000
Observations 10892 10891 10891
Number of Schools 134 134 134

Note: Estimates are obtained via OLS. Panel A reports the estimated effects on the choice of a booklet.
The dependent variables are binary indicators of choosing a science-related booklet (science, space,
vehicles, human body, and animals) in column 1, choosing a nonscience-related booklet (history, sports,
and cartoons) in column 2, and choosing no booklet option in column 3. Panel B reports estimated
effects on the WTP for a booklet, WTP for a science-related booklet, and WTP for a non-science
booklet. Covariates, selected via post-double-selection LASSO, include gender, fluid IQ, survey measure
of curiosity, refugee status, math and verbal scores as individual baseline characteristics, class size, the
share of refugees, teacher experience, and the number of children the teacher has. Grade and district
fixed effects included. Standard errors are clustered at the school level and are reported in parentheses.

Table 4 Panel A shows the program’s impact on topic interest further by focus-
ing on children’s preferred booklet, i.e., the booklet for which they stated their
willingness to pay. The first column shows the treatment effect on the proba-
bility of choosing to purchase a science-related booklet (science, animals, space,
vehicles, human anatomy). The second column presents the treatment effect on
choosing a non-science booklet (history, sports, and cartoons). The last column
gives the estimated effect of the treatment on “no interest,” i.e., the probability
of choosing not to purchase a booklet. Notice that about 50% of the children in
the control group stated their willingness to purchase a science-related booklet.
This value goes up by about 4 percentage points in the treatment group, and
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this difference is statistically significant at the 1% level.19 It appears that the
program shifted children’s interest to science topics but not much at the expense
of non-science topics (see column 2). As shown in column 3 of the table, the
program lowered the probability of no interest, i.e., stating zero willingness to
pay, by 2.9 percentage points, representing about a remarkable 45% effect.

Table 4 Panel B presents the estimated treatment effects on the willingness to
pay for the desired booklet. We standardize WTP to have a mean zero for the
control group, so the coefficient estimates are standard deviation effects. Column
1 presents the overall willingness to pay for any preferred booklet, column 2 for a
science-related booklet, and the last column for a non-science booklet. Note that
the measure sets the willingness to pay for unpreferred booklets to zero. This
could potentially pose a threat to internal validity for WTP (science) and WTP
(non-science) if the program, rather than enhancing scientific curiosity, shifts the
interest of already curious children from non-science to science topics. However,
we do not see evidence of such substitution in Panel B.

We estimate a significant 0.109 standard deviation effect on overall willingness
to pay. In terms of tokens, this corresponds to the willingness to forgo about
0.35 extra tokens for the preferred booklet. Given that children forgo 6.1 of their
tokens on average for their preferred booklets in the control group, this effect
implies a 6% treatment effect and is significant at the 5% level based on the
wild bootstrapped p-value (0.017). The effect on the willingness to pay for a
science-related booklet (scientific curiosity) is similar with about 0.098 standard
deviation treatment effect, again precisely estimated (wild bootstrapped p-value
of 0.001). The estimated effect on the willingness to pay for non-science booklets
is statistically zero. These results indicate that the program is successful in stim-
ulating children’s interest in science-related topics and their curiosity in general.
Our next question is whether this stimulated urge to know translates into actual
learning. The temporal component of our task and the half-half implementation
of booklet distribution allow us to answer this question.

Treatment Effect on Knowledge Retention

The estimated treatment effects on the willingness to pay suggest that in the
market price regime, where the price of a booklet is determined randomly, treated
classrooms necessarily end up with a proportionally higher number of booklets.
This means that treated classrooms have more information (booklets) available
for all, making it more likely to acquire and retain the knowledge available in the
classroom. A clean identification of the effect of the program on knowledge re-
tention requires the amount and the content of information to be balanced across
treatment status. The half-half implementation regime delivers this by design.
Recall that in classrooms subject to this regime, we distributed the booklets ran-
domly to half of the students regardless of their willingness to pay and their choice

1953 students stated that they did not want a booklet but still stated their WTP, indicating they did
not fully understand the task. We do not exclude these students from our sample.
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of booklets. Therefore, we can compare the performance on the surprised book-
let test across treatment status by restricting our sample to the classrooms that
were subject to the half-half regime. Panel A in Table 5 presents the estimated
treatment effects on booklet test scores. The first 3 columns give short-term, and
the last 3 give long-term effects (only Study 1).

Table 5—Treatment Effect on Knowledge Retention

Panel A: Knowledge Retention
Short Term Long Term

Retention
Science

Retention
Non-Science
Retention Retention

Science
Retention

Non-Science
Retention

Treatment 0.114 0.102 0.086 0.137 0.156 0.056
(0.051) (0.046) (0.044) (0.062) (0.052) (0.064)

Wild Bootstrap P-Value 0.027 0.026 0.069 0.065 0.016 0.407
Control Mean -0.000 0.000 0.000 -0.000 0.000 0.000
Observations 9070 9070 9070 1335 1335 1335
Number of Schools 134 134 134 50 50 50

Panel B: Knowledge Retention (excluding Preferred Booklet)
Short Term Long Term

Retention
Science

Retention
Non-Science
Retention Retention

Science
Retention

Non-Science
Retention

Treatment 0.119 0.105 0.097 0.169 0.154 0.120
(0.053) (0.047) (0.044) (0.061) (0.053) (0.069)

Wild Bootstrap P-Value 0.028 0.026 0.040 0.017 0.016 0.130
Control Mean -0.000 0.000 -0.000 -0.000 -0.000 0.000
Observations 8299 8299 8299 1218 1218 1218
Number of Schools 134 134 134 50 50 50

Note: Estimates are obtained via OLS using the sample restricted to the half-half regime. The dependent
variables are standardized booklet test scores (knowledge retention). The first three columns give short-
term results using the pooled sample, and the last three provide the long-term results obtained from
Study 1. Covariates for the short-term specification, selected via post-double-selection LASSO, include
gender, fluid IQ, survey measure of curiosity, refugee status, math and verbal scores as individual baseline
characteristics, class size, the share of refugees, teacher experience, and the number of children the teacher
has. The long-term covariate set, selected via post-double-selection LASSO, is similar but excludes class
size and refugee share. Grade and district fixed effects included. Standard errors are clustered at the
school level and are reported in parentheses.

The impact of the program on the ability to retain knowledge is striking.
Treated students performed about 0.114 standard deviations higher than un-
treated students overall, and the performance difference is similar in science topics
(0.102 standard deviations). Both effects are significant at the 5% level. Note that
treated students performed better even in non-science topics of the test. More-
over, they continued to exhibit higher booklet knowledge after three years, even
after disruptions caused by the Covid-19 pandemic. Treated students performed
0.137 standard deviations higher in the booklet test 3 years after the interven-
tion. The retention of science-related topics after 3 years is about 0.156 standard
deviations, and this effect is significant at the 5% level (wild bootstrapped p-
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value=0.016), whereas the retention effect on non-science topics fades in the long
term.

We hypothesize that enhanced curiosity leads to the absorption of the avail-
able information in one’s environment, whether such information is of interest to
the individual or not. Our research design allows us to test this hypothesis. We
do know the student’s preferred booklet, whether or not she received a booklet,
and if received, which booklet she received. We constructed a booklet test score
performance for each child by eliminating the questions related to her preferred
topic. Panel B presents estimated effects on knowledge of topics outside students’
preferred booklet. The overall retention results refer to topics other than the pre-
ferred one. Science retention refers to the performance of students who preferred a
non-science booklet on science-related topics. Non-science retention refers to the
performance of students who preferred a science booklet on non-science-related
topics. We see positive and significant effects with similar magnitudes presented
in Panel A, both in the short and the long term.

Note, however, that to the extent that treated students have a preferred booklet
or tend to prefer science booklets more, the composition of questions we base
our testing on will differ across treatment and control. Recall that 6 percent of
students in the control group stated that they did not want a booklet. This value
is 45% less in the treatment group, meaning more control students are tested on
all 8 booklets (40 questions rather than 35 questions) than treatment, giving them
the advantage of getting more questions correct, working against finding positive
treatment effects. Despite this, these results should be considered suggestive
rather than causal. These results also clue us in on a possible social aspect of
curiosity and learning, which we explore further in the next section.

Treatment Effect on Information Dissemination in the Classroom

It has been shown that in addition to being associated with deep learning, hu-
man curiosity has positive externalities. Hartung and Renner (2013) and Litman
and Pezzo (2007) show that curiosity is associated with passionate information
sharing. Dubey, Mehta and Lombrozo (2021) show that human curiosity is sen-
sitive to the social environment and stimulated by the curiosity of others. These
externalities imply enhanced peer learning in our context, and our research design
allows us to test the presence of these externalities. Our test involves exploring
whether the program made the classroom a denser learning environment where
students share what they learn with their peers. We collected friendship networks
at baseline and endline by asking each student to nominate at most three peers
in their classrooms as their friends. With these nominations and the fact that we
know who received which booklet, we can gain a deeper understanding of how
the information provided to a subset of students in the classroom is disseminated
and how treatment interacts with the way information is disseminated.

Table 6 shows the treatment effect on retention for students who received a
booklet (Panel A) and those who did not (Panel B). The former takes the stu-
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Table 6—Treatment Effect on Knowledge Retention through Information Dissemination

Panel A: Booklet Received

Retention
Science

Retention
Non-Science
Retention

Treatment 0.150 0.129 0.119
(0.058) (0.053) (0.050)

Wild Bootstrap P-Value 0.007 0.013 0.026
Control Mean 0.000 -0.000 -0.000
Observations 4217 4217 4217
Number of Schools 134 134 134

Panel B: No Booklet Received

Retention
Science

Retention
Non-Science
Retention

Treatment 0.080 0.070 0.061
(0.048) (0.043) (0.043)

Wild Bootstrap P-Value 0.125 0.123 0.183
Control Mean 0.000 0.000 0.000
Observations 5283 5283 5283
Number of Schools 134 134 134

Panel C: Network Effect

Retention
Science

Retention
Non-Science
Retention

Treatment 0.170 0.145 0.138
(0.076) (0.072) (0.073)

Wild Bootstrap P-Value 0.036 0.057 0.082
Control Mean 0.000 -0.000 0.000
Observations 1054 1054 1054
Number of Schools 134 134 134

Note: Estimates are obtained via OLS. The dependent variables are standardized booklet test scores
(knowledge retention). Panel A uses the sample of booklet recipients only in the half-half regime. Panel
B uses the sample of students who did not receive a booklet. Panel C uses the sample of students who did
not receive a booklet but have at least one person in their network who has received the booklet of their
choice. Covariates, selected via post-double-selection LASSO, include gender, fluid IQ, survey measure
of curiosity, refugee status, math and verbal scores as individual baseline characteristics, class size, the
share of refugees, teacher experience, and the number of children the teacher has. Grade and district
fixed effects included. Standard errors are clustered at the school level and are reported in parentheses.
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dents who received booklets under the half-half regime, and the latter uses all
students who did not receive any booklet. Recall that not having a booklet may
be due to a pure chance (under half-half regime), or by unwillingness to buy a
booklet (under market price regime), or by falling under the market price (under
market price regime).20 The effect sizes are larger and more precisely estimated
for booklet recipients. Treated students who received a booklet performed 0.150
standard deviations better on the booklet test than their untreated counterparts.
This effect is significant at the 1% level. However, the retention effects are gen-
erally weaker for those who did not receive a booklet. Treated students who did
not receive a booklet performed 0.080 standard deviations better in the booklet
test than their untreated counterparts, but this effect is statistically weak (wild
bootstrapped p-value=0.125).

In Panel C, we present the retention results for students who did not receive
a booklet and whose preferred booklet was received by someone else in their
friendship network. Here, the friendship network of a student contains all her
friendship nominations (out-degree ties) and all her classmates who nominate
her as their friend (in-degree ties).21 The results are remarkable: We estimate
0.170 standard deviations higher booklet knowledge for these students overall,
suggesting a significantly higher pursuit of information among treated students.
Treatment effects on science and non-science knowledge retention are 0.145 and
0.138 standard deviations for these students, respectively. Note that while highly
restricted, this sample is balanced across treatment status with respect to baseline
characteristics; see Table B12 in the Online Appendix. Finally, the retention
effects presented in Panel A and C are not statistically different.

We also explore the treatment effect heterogeneity under differential informa-
tion availability within friendship networks to complement these results. Figure
4 plots the estimated treatment effects on knowledge retention conditional on
information availability within friendship networks. Here, we focus on the in-
formation the student is interested in, i.e., booklets that he/she ranked as top
3. Panel A presents estimated effects conditional on receiving a booklet and an
increasing number of top-3 ranked booklets available in the friendship network
(zero, one, two, or three and more booklets). Panel B presents estimated effects
conditional on receiving no booklet and an increasing number of top-3 ranked
booklets available in the friendship network. The depicted treatment effects sug-
gest significantly higher knowledge retention for treated children, monotonically
increasing with the availability of information within their networks. Consis-
tent with Table 6 Panel A, the estimated effects are stronger for booklet owners.
Treated booklet owners who are the sole booklet owners within their network per-

20Here, the underlying hypothesis is that information will flow to those who did not receive a booklet,
either by chance or due to their lower willingness to pay. The estimates using only the half-half regime
are not materially different; see Table B11 in the Online Appendix.

21We checked whether the program had any impact on the network structure, such as the network
density, the number of friendship ties, the number of isolated students, and the number of reciprocal ties,
and found no such evidence.
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form 0.064 standard deviations better in science-related booklet questions than
untreated booklet owners in the same situation. This effect is statistically in-
significant. The estimated treatment effect goes up to 0.278 standard deviations
for this group when their friendship network possesses more than three science-
related booklets. While we cannot reject the equality of these effects due to
insufficient power, the visible monotonicity is important to note.

Figure 4. Information Availability and Treatment Effects on Knowledge Retention

Note: The figure depicts the estimated treatment effects on standardized booklet test scores (knowledge
retention). Panel A restricts the sample to those who received a booklet, and Panel B to those who did
not receive a booklet. Depicted coefficient estimates are obtained by further restricting each sample as
having none, one, two, and more than three top-3 ranked booklets in the student’s network (our measure
of information availability within the friendship network). Covariates, selected via post-double-selection
LASSO, include gender, fluid IQ, survey measure of curiosity, refugee status, math and verbal scores as
individual baseline characteristics, class size, the share of refugees, teacher experience, and the number
of children the teacher has. Grade and district fixed effects included. Standard errors are clustered at
the school level.

The effects are weaker for those who did not receive a booklet (Panel B), but
we still observe monotonically increasing treatment effects on knowledge retention
in science-related topics as information availability increases within the network.
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We interpret these estimates as more efficient information dissemination and peer
learning in treated classrooms where students are more curious and passionate
about pursuing and sharing knowledge. Note also that stronger effects estimated
for the booklet owners suggest that access to available information within net-
works via booklet exchange is more prominent in treated classrooms. Put differ-
ently, treated booklet owners, who are in a better position to access other booklets
in their network, utilize this access better and absorb more information than their
control counterparts.

D. Treatment Effects on Educational Aspirations

Table 7—Treatment Effect on Aspirations

Panel A: Short Term
University Science Engineering Medical Non-STEM

Treatment 0.008 0.023 0.000 -0.002 -0.021
(0.005) (0.007) (0.007) (0.008) (0.011)

Wild Bootstrap P-Value 0.113 0.003 0.937 0.799 0.061
Control Mean 0.950 0.115 0.118 0.162 0.605
Observations 10721 10212 10212 10212 10212
Number of Schools 134 134 134 134 134

Panel B: Long Term
University Science Engineering Medical Non-STEM

Treatment 0.010 0.018 0.011 -0.015 -0.014
(0.008) (0.019) (0.016) (0.018) (0.022)

Wild Bootstrap P-Value 0.230 0.385 0.536 0.431 0.593
Control Mean 0.950 0.129 0.118 0.214 0.540
Observations 2318 2181 2181 2181 2181
Number of Schools 50 50 50 50 50

Note: Estimates are obtained via OLS. The dependent variables are binary choice variables of intention
to go to university, intention to choose a science major, engineering major, medicine, and non-STEM
major. Panel A presents short-term results from the pooled sample, and Panel B long-term results from
Study 1. Covariates for the short-term specification, selected via post-double-selection LASSO, include
gender, fluid IQ, survey measure of curiosity, refugee status, math and verbal scores as individual baseline
characteristics, class size, the share of refugees, teacher experience, and the number of children the teacher
has. The long-term covariate set, selected via post-double-selection LASSO, is similar but excludes class
size and refugee share. Grade and district fixed effects included. Standard errors are clustered at the
school level and are reported in parentheses.

Given the program’s focus on science and its positive impact on interest in
science, it is plausible that it also affected children’s educational aspirations. To
measure aspirations, we asked the children two questions. First, we asked whether
they intended to go to university when they grew up. Second, if they did, we what
study major they wanted to pursue. For the latter, we gave them a full list of
study majors to choose from. The first column of Table 7 presents the estimated
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treatment effect (average marginal effect) on the willingness to go to university.
The following columns present the estimated average marginal effects on planned
study majors. These are science, engineering, medicine, and Non-STEM (social
sciences and humanities). Note first that almost all (95%) children in the control
group stated that they plan to go to university when they grow up. We estimate
a statistically weak treatment effect of 1 percentage point on this high base. More
importantly, only 11.5% of the children in the control group state their plan to
major in science at university. This value is 2.3 percentage points higher for the
treatment group, implying a 20% treatment effect. We estimate null effects for
engineering and medicine. The estimated negative effect on non-STEM majors
suggests that the positive effect we estimate for science comes at the expense
of non-STEM majors. While 61% of the students express a preference toward
a social science topic in the control group, treated students are 0.02 percentage
points less likely to state such a preference. Note, however, while estimated
sizes remain similar in the long run, they are estimated imprecisely, likely due to
insufficient statistical power.

E. Heterogeneity in Treatment Effects

As stated in our PAP, we explore heterogeneity in treatment effects with re-
spect to two characteristics. First, we check whether the estimated effects are
different across gender. Second, we investigate whether the program has a dif-
ferential impact on children with different levels of cognitive ability (fluid IQ).
The first thing to report regarding gender heterogeneity is that we observe more
non-science curiosity for boys (mainly driven by their interest in sports) with no
gender difference in the willingness to pay for a science-related booklet; see Table
B10 in the Online Appendix for the associations between WTP and demographic
characteristics in the control group.

Interestingly, as seen in the first panel in Table A3, the program’s effect on the
shift toward science topics mainly comes from girls. Treated girls are 7.7 percent-
age points more likely to choose a science-related booklet relative to untreated
girls. The corresponding estimate is statistically zero for boys. As for choosing no
booklet (no interest), we estimate no gender heterogeneity. Both boys and girls in
the treatment group are significantly less likely to choose “no booklet” than those
in the control group, suggesting that the program stimulated the overall interest
of both boys and girls. Similarly, we detect a significant gender heterogeneity
in the treatment effect on the willingness to pay for a booklet. The estimates
in Panel B indicate that while the program is effective in increasing curiosity for
both genders, the results seem stronger for girls. Treated girls have 0.171 standard
deviations higher willingness to pay for a science-related booklet than untreated
girls. We reject the equality of effects across gender for overall curiosity as well
as science and non-science curiosity. We do not detect any noteworthy gender
heterogeneity with respect to knowledge retention, test scores and educational
aspirations; see Tables A4 to A6.
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Tables B13, B14, B15, and B16 in the Online Appendix present treatment ef-
fect heterogeneity with respect to cognitive ability. Here, we use our measure of
fluid IQ (Raven score) and estimate treatment effects separately for high (above
median) and low IQ (below median) levels. Overall, the estimated effects seem
stronger for students with higher cognitive ability, although we fail to reject the
equality of the estimated effects in most cases. The exception is the treatment
effect on the willingness to pay; see Table B13 in the Online Appendix. As can be
seen in Panel B, while the program seems effective in increasing the willingness
to pay for both IQ levels, its effect is stronger for students with high IQs. This is
reflected in the retention results (Table B14 in the Online Appendix, especially
for the long-term results. Treated high IQ children performed 0.216 standard de-
viations higher than control children in the booklet test given to them by surprise
three years after the intervention. We do not estimate any treatment effect het-
erogeneity aspirations with respect to IQ; see Table B16 in the Online Appendix.

Taken together, our results suggest that the program was highly successful in
increasing children’s interest in science and stimulating their curiosity. In addi-
tion, it was highly effective in enhancing children’s ability to retain the acquired
knowledge and improving science test scores. The next section will explore pos-
sible mechanisms through which the program achieves these positive results.

V. Potential Mechanisms

While the program had a specific focus on stimulating curiosity, given the cor-
relations, we established in Table 3, it is plausible that it also affected related
attributes in children, potentially leading to improved learning. To investigate
this, we explore whether the program had any impact on other attributes corre-
lated with curiosity.

Figure 5 depicts the estimated treatment effects on grit, impulsivity, risk and
ambiguity tolerance, critical thinking, and survey measure of epistemic and scien-
tific curiosity. For the long term (Study 1), we only have self-reported epistemic
and scientific curiosity and grit. Note first that consistent with the effects we
estimate on the behavioral task. We estimate a 0.207 standard deviation treat-
ment effect on self-reported curiosity and a 0.161 standard deviation effect on
self-reported scientific curiosity. The former effect persists into adolescence, but
the latter does not (Study 1). We also find that treated children have become
more tolerant of risk and ambiguity and more critical in their thinking process
than untreated children. We do not estimate a statistically significant treatment
effect on grit in the short term but observe an effect of 0.070 standard deviation
on grit in treated children in the long term. The latter effect is significant at the
10% level.

These results suggest that while it is plausible that the enhanced curiosity ex-
plains our knowledge retention results, other mechanisms may be at work for
the improved science test scores. For example, in addition to enhanced curios-
ity, the program’s positive impact on children’s critical thinking skills may be
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Figure 5. Treatment Effects on Students’ Beliefs and Attitudes

Note: The figure depicts the estimated treatment effects on children’s socio-emotional skills, beliefs,
and attitudes. Covariates for the short-term specification, selected via post-double-selection LASSO,
include gender, fluid IQ, survey measure of curiosity, refugee status, math and verbal scores as individual
baseline characteristics, class size, the share of refugees, teacher experience, and the number of children
the teacher has. The long-term covariate set, selected via post-double-selection LASSO, is similar but
excludes class size and refugee share. Grade and district fixed effects included. Standard errors are
clustered at the school level.

responsible for improved test scores. Recall that the program had a significant
impact on teachers’ classroom practices, swaying teachers toward adopting a more
inquiry-based, learner-centered teaching style. While this style of teaching may
have stimulated children’s curiosity about science-related topics, it may also have
led them to be more critical in their thinking process, which may be partially
responsible for improved test scores.

While we refrain from fully subscribing to a particular channel, we can safely
rule out one. An alternative mechanism for the improved science test scores
could be that the program improved teachers’ curricular content knowledge. Even
though the program did not provide any curricular information, treated teachers
may have invested some time to increase their ability in science as they became
more curious. A similar mechanism may explain the retention results. Upon
observing them circulating in the classroom, teachers may have learned the in-
formation provided in booklets out of curiosity and taught their students, even
though we gave no indication that we would return and give a test containing
questions about the information provided in booklets. We estimate precise null
effects on teachers’ curricular knowledge in science (p-value=0.908), measured by
their performance on a test covering the 4th-year science curriculum. We also find
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no evidence of higher booklet knowledge in treated teachers (p-value=0.456).22

VI. Conclusion

We demonstrate the effectiveness of a pedagogical program aimed at fostering
children’s curiosity in the classroom. The pedagogy is informed by recent research
on the neural mechanisms of human curiosity and mainly targets science teaching
in elementary schools. The program offers teachers practices that help them cre-
ate teachable moments by tapping into children’s natural love of learning. The
program was implemented as two independent clustered randomized controlled
trials in two large provinces of Turkey, involving 134 primary schools, 425 teach-
ers, and about 11,000 children of age 9 to 11. The program made a significant
impact on teachers’ teaching practices, shifting from traditional lecture-based in-
struction to learner-centered inquiry-based approaches. Moreover, the pedagogy
significantly improved children’s objective test scores in science, with the effects
persisting well into early adolescence.

To evaluate the program’s effect on children’s curiosity, we developed a novel
behavioral measure that quantifies children’s urge to acquire knowledge and their
ability to retain knowledge upon satisfying the urge for an extended period. Us-
ing this measure, we found that the intervention increases children’s curiosity,
measured by their willingness to pay for information and their ability to retain
knowledge. Furthermore, our design allowed us to show that classroom practices
that nurture children’s curiosity also encourage more information sharing in the
classroom, revealing the link between pedagogy and peer learning.

The results are promising and likely to hold high external validity for two rea-
sons. First, despite the fact that the participation was voluntary, the program
was oversubscribed. Most teachers were eager to join the program in almost
all contacted schools, implying generalizability within the Turkish context. Sec-
ond, Turkey is a middle-income (OECD) country that does not face challenges
related to infrastructure, teacher absenteeism, and low teacher competency, as
we often observe in low-income countries. Turkish teachers are reasonably well-
educated and value pedagogical training. Therefore, our results are likely to be
generalized to settings such as Southern and Eastern Europe, Latin America, and
some relatively well-off Asian countries facing educational challenges similar to
the challenges facing Turkey.

Global learning poverty is at its worse in the wake of the devastating Covid-
19 pandemic. While the learning crisis predates the pandemic, the pandemic-
related school closures made matters disproportionately worse for underprivileged
children. They further widened the already sizeable socioeconomic achievement
gaps to an alarming level in both developed and developing countries. The crisis
now calls for evidence-informed and scalable actions more urgently than ever.

22Estimates for science test scores and booklet test scores for teachers are available only for Study 2
as we were not allowed to test teachers in the first study.
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One action may be to equip teachers with effective teaching practices that have
a high chance of increasing teacher and pupil engagement, resulting in quality
learning. We provide rigorous evidence on the effectiveness of one such scalable
and cost-effective action. We envision a couple of ways this program can be
scaled up. One way is through incorporating the training in regular professional
development seminars given to teachers at the beginning of the academic year.
Another way can be to offer seminar courses for teacher candidates in universities.
It is unclear which delivery medium would be more effective and may be a topic
of future research.

Appendix A: Tables and Figures

Table A1—Balance at Baseline

N
Control
Mean

Treatment
Mean

Diff
pvalue

Student Characteristics
Male 13039 0.510 0.509 0.961
Age in Months 13039 112.433 112.745 0.254
Fluid IQ Score 10912 -0.017 0.015 0.824
Math Score 10922 -0.017 0.015 0.897
Verbal Score 10922 -0.016 0.014 0.964
Curiosity 13039 -0.008 0.007 0.641
Risk Attitude 13039 2.615 2.580 0.770
Ambiguity Attitude 10409 2.468 2.425 0.845
Gender Roles 10613 0.035 0.027 0.386
Home - Computer 10758 0.501 0.523 0.513
Home - Internet 10738 0.796 0.797 0.721
Siblingship Size 10814 2.737 2.722 0.902
Birth Order 10814 2.611 2.591 0.995
Teacher Characteristics
Male 425 0.271 0.288 0.678
Age 425 45.487 44.659 0.248
Fluid IQ Score 425 17.759 17.704 0.809
Cognitive Empathy Score 425 23.046 22.944 0.868
Married 425 0.829 0.850 0.619
Number of children 425 1.814 1.712 0.184
Teaching experience in Years 425 21.005 20.504 0.411
University Graduate 425 0.940 0.951 0.504
Curiosity 425 -0.051 0.084 0.143
Gender Styping Beliefs 425 -0.006 -0.011 0.863
Growth Mindset 425 -0.041 -0.002 0.691
Professional Attachment 425 -0.012 -0.025 0.865
Competence Beliefs 424 -0.021 0.055 0.367
Modern Teaching 425 -0.001 0.012 0.874
Extrinsic Motivator 425 -0.000 -0.075 0.323
Warmth 425 -0.117 -0.073 0.497
Classroom Characteristics
Classroom size 425 30.774 30.597 0.739
Refugee Share 425 0.067 0.066 0.989

Note: The table presents the balance at baseline for the pooled sample. The p-values from the test of
equality between control and treatment are shown in the last column. The p-value from joint test of
student characteristics is 0.967. The p-value from joint test of teacher and classroom characteristics is
0.904. Test scores and survey items are standardized to have a mean zero and a standard deviation of 1.
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Table A2—Multiple Hypothesis Testing

Original
P-Value

Sharpened
Q-Value

Romano Wolf
P-Value

Panel A: Student Outcomes
Experimental Task
Science Related Booklet 0.001 0.004 0.024
Non-Science Booklet 0.393 0.199 0.583
No Booklet 0.000 0.003 0.016
WTP(All) 0.007 0.015 0.048
WTP (Science) 0.000 0.002 0.014
WTP (Non-Science) 0.712 0.350 0.719
Retention 0.011 0.021 0.060
Science Retention 0.012 0.021 0.060
Non-Science Retention 0.027 0.028 0.092
Achievement & Aspirations
Science 0.017 0.024 0.146
Math 0.645 0.326 0.944
Verbal 0.232 0.145 0.681
University Aspiration 0.086 0.064 0.411
Science Aspiration 0.001 0.003 0.018
Engineering Aspiration 0.944 0.447 0.962
Medical Aspiration 0.798 0.385 0.962
Non-STEM Aspiration 0.057 0.052 0.329
Students’ Beliefs & Attitudes
Grit 0.225 0.145 0.443
Impulsivity 0.548 0.281 0.623
Risk 0.079 0.062 0.261
Ambiguity 0.011 0.021 0.048
Critical Thinking 0.006 0.015 0.036
Curiosity Survey 0.000 0.001 0.002
Science Curiosity 0.000 0.001 0.002
Panel B: Teacher Outcomes
Curiosity 0.002 0.011 0.026
Modern Teaching 0.046 0.135 0.349
Warmth 0.053 0.135 0.357
Extrinsic Motivator 0.302 0.734 0.914
Growth Mindset 0.000 0.005 0.010
Professional Attachment 0.813 1.000 0.990
Competence Beliefs 0.871 1.000 0.990
Gender Styping 0.399 0.823 0.942
Critical Thinking 0.758 1.000 0.990
Curricular Knowledge in Science 0.898 1.000 0.990
Booklet Knowledge 0.451 0.823 0.942

Note: The table presents estimation results for sharpened False Discovery Rate (FDR) q-values (An-
derson, 2008) and adjusted p-values via Romano and Wolf (2005) multiple hypothesis correction. To
accommodate Romano-Wolf correction to control for family wise error rate (FWER), we group our out-
come variables into three, namely (i) experimental outcomes, (ii) achievement and aspiration related
outcomes, (iii) beliefs and attitudes.
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Table A3—Heterogeneous Treatment Effects - Gender

Panel A: Choice of Booklet
Science Related Non-Science Related No booklet

Treatment = Girls 0.077 -0.042 -0.035
(0.017) (0.017) (0.010)

Treatment = Boys 0.000 0.023 -0.023
(0.017) (0.016) (0.008)

P-Value : Girls=Boys 0.003 0.010 0.213
Control Mean - Girls 0.496 0.437 0.067
Control Mean - Boys 0.495 0.443 0.062
Observations 10898 10898 10898
Number of Schools 134 134 134

Panel B: Willingness to Pay
WTP (All) WTP (Science) WTP (Non-Science)

Treatment = Girls 0.146 0.171 -0.054
(0.047) (0.034) (0.033)

Treatment = Boys 0.073 0.026 0.035
(0.040) (0.034) (0.037)

P-Value : Girls=Boys 0.057 0.001 0.068
Control Mean - Girls -0.062 -0.010 -0.041
Control Mean - Boys 0.060 0.010 0.039
Observations 10892 10891 10891
Number of Schools 134 134 134

Note: Estimates are obtained via OLS. Panel A reports the estimated effects on the choice of a booklet.
The dependent variables are binary indicators of choosing a science-related booklet (science, space,
vehicles, human body, and animals) in column 1, choosing a nonscience-related booklet (history, sports,
and cartoons) in column 2, and choosing no booklet option in column 3. Panel B reports estimated
effects on the WTP for a booklet, WTP for a science-related booklet, and WTP for a non-science
booklet. Covariates, selected via post-double-selection LASSO, include gender, fluid IQ, survey measure
of curiosity, refugee status, math and verbal scores as individual baseline characteristics, class size, the
share of refugees, teacher experience, and the number of children the teacher has. Grade and district
fixed effects included. Grade and district fixed effects included. Standard errors are clustered at the
school level and are reported in parentheses.
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Table A4—Heterogeneous Treatment Effects - Gender

Panel A: Knowledge Retention
Short Term Long Term

Retention
Science

Retention
Non-Science
Retention Retention

Science
Retention

Non-Science
Retention

Treatment = Girls 0.114 0.101 0.087 0.080 0.151 -0.047
(0.056) (0.050) (0.050) (0.077) (0.064) (0.084)

Treatment = Boys 0.114 0.103 0.085 0.193 0.161 0.160
(0.054) (0.049) (0.049) (0.096) (0.082) (0.093)

P-Value : Girls=Boys 0.997 0.966 0.965 0.362 0.920 0.096
Control Mean - Girls -0.083 -0.079 -0.056 -0.031 -0.087 0.057
Control Mean - Boys 0.083 0.079 0.056 0.030 0.085 -0.055
Observations 9070 9070 9070 1335 1335 1335
Number of Schools 134 134 134 50 50 50

Panel B: Knowledge Retention (excluding Preferred Booklet)
Short Term Long Term

Retention
Science

Retention
Non-Science
Retention Retention

Science
Retention

Non-Science
Retention

Treatment = Girls 0.107 0.086 0.097 0.086 0.123 0.001
(0.059) (0.052) (0.052) (0.079) (0.063) (0.096)

Treatment = Boys 0.131 0.123 0.096 0.253 0.185 0.240
(0.056) (0.051) (0.046) (0.095) (0.084) (0.089)

P-Value : Girls=Boys 0.604 0.384 0.993 0.190 0.563 0.059
Control Mean - Girls -0.073 -0.078 -0.031 -0.037 -0.079 0.030
Control Mean - Boys 0.073 0.077 0.031 0.035 0.075 -0.029
Observations 8299 8299 8299 1218 1218 1218
Number of Schools 134 134 134 50 50 50

Note: Estimates are obtained via OLS using the sample restricted to the half-half regime. The dependent
variables are standardized booklet test scores (knowledge retention). The first three columns give short-
term results using the pooled sample, and the last three provide the long-term results of Study 1.
Covariates for the short-term specification, selected via post-double-selection LASSO, include gender,
fluid IQ, survey measure of curiosity, refugee status, math and verbal scores as individual baseline
characteristics, class size, the share of refugees, teacher experience, and the number of children the teacher
has. The long-term covariate set, selected via post-double-selection LASSO, is similar but excludes class
size and refugee share. Grade and district fixed effects included. Standard errors are clustered at the
school level and are reported in parentheses.



VOL. VOL NO. ISSUE NURTURING CURIOSITY 37

Table A5—Heterogeneous Treatment Effects - Gender

Short Term Long Term

Science Math Verbal Science Math Verbal
Treatment = Girls 0.056 0.015 0.024 0.100 -0.031 0.005

(0.040) (0.031) (0.029) (0.050) (0.049) (0.055)
Treatment = Boys 0.091 0.011 0.040 0.045 -0.002 -0.016

(0.033) (0.030) (0.032) (0.064) (0.055) (0.063)
P-Value : Girls=Boys 0.384 0.856 0.583 0.469 0.639 0.761
Control Mean - Girls -0.005 -0.021 0.114 -0.020 0.020 0.120
Control Mean - Boys 0.005 0.021 -0.113 0.020 -0.020 -0.118
Observations 9977 10433 10713 2424 2424 2424
Number of Schools 134 134 134 50 50 50

Note: Estimates are obtained via OLS. The dependent variables are standardized subject test scores.
The first 3 columns give short-term results using the pooled sample, and the last 3 provide the long-term
results of Study 1. Covariates for the short-term specification, selected via post-double-selection LASSO,
include gender, fluid IQ, survey measure of curiosity, refugee status, math and verbal scores as individual
baseline characteristics, class size, the share of refugees, teacher experience, and the number of children
the teacher has. The long-term covariate set, selected via post-double-selection LASSO, is similar but
excludes class size and refugee share. Grade and district fixed effects included. Standard errors are
clustered at the school level and are reported in parentheses.
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Table A6—Heterogeneous Treatment Effects - Gender

Panel A: Short Term
University Science Engineering Medical Non-STEM

Treatment = Girls 0.009 0.030 0.002 -0.008 -0.024
(0.006) (0.008) (0.008) (0.013) (0.015)

Treatment = Boys 0.008 0.015 -0.001 0.004 -0.018
(0.007) (0.011) (0.011) (0.009) (0.016)

P-Value : Girls=Boys 0.913 0.300 0.791 0.411 0.782
Control Mean - Girls 0.963 0.079 0.063 0.228 0.630
Control Mean - Boys 0.937 0.151 0.174 0.095 0.580
Observations 10721 10212 10212 10212 10212
Number of Schools 134 134 134 134 134

Panel B: Long Term
University Science Engineering Medical Non-STEM

Treatment = Girls 0.004 0.024 0.006 -0.040 0.011
(0.010) (0.025) (0.019) (0.026) (0.038)

Treatment = Boys 0.013 0.000 0.022 0.018 -0.040
(0.014) (0.027) (0.030) (0.023) (0.035)

P-Value : Girls=Boys 0.612 0.482 0.667 0.100 0.374
Control Mean - Girls 0.963 0.095 0.048 0.299 0.558
Control Mean - Boys 0.936 0.163 0.190 0.127 0.520
Observations 2318 2181 2181 2181 2181
Number of Schools 50 50 50 50 50

Note: Estimates are obtained via OLS. The dependent variables are binary choice variables of intention
to go to university, intention to choose a science major, engineering major, medicine, and non-STEM
major. Panel A presents short-term results from the pooled sample, and Panel B long-term results from
Study 1. Covariates for the short-term specification, selected via post-double-selection LASSO, include
gender, fluid IQ, survey measure of curiosity, refugee status, math and verbal scores as individual baseline
characteristics, class size, the share of refugees, teacher experience, and the number of children the teacher
has. The long-term covariate set, selected via post-double-selection LASSO, is similar but excludes class
size and refugee share. Grade and district fixed effects included. Standard errors are clustered at the
school level and are reported in parentheses.
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Note: The figure depicts the program implementation intensity reported by treated teachers at endline.
Teachers were given a 10cm line that has a moving cursor to report the level they believe represents their
implementation intensity, zero representing no implementation, and 10 a 100% implementation.

Figure A1. Implementation Intensity

Figure A2. Student Curiosity Distribution (WTP)

Note: Figures depict the distribution of the number of tokens forgone for a booklet (Panel A), for a
science-related booklet (Panel B), and for a non-science related booklet (Panel C).
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