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Abstract

We evaluate a pedagogical intervention that aims to improve the learning quality of elementary
school children by nurturing their curiosity. The pedagogy, aimed primarily at science teaching,
was practiced by children’s teachers for an entire academic year. We test the effectiveness of this
pedagogy using objective test scores and a novel measure of curiosity. Our curiosity measure
involves first creating a sense of information deprivation, then quantifying the urge to acquire in-
formation and the ability to retain information. We find that the intervention increases curiosity,
the ability to retain knowledge, and science test scores. The intervention also makes friendship
networks a potent tool to disseminate knowledge within classrooms. Our research design estab-
lishes the causal link between the urge to know and deep learning. The evidence can help design
better pedagogical tools to increase pupil and teacher engagement and the quality of learning

worldwide.
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1 Introduction

Today, more children than ever enroll in primary and post-primary education in the de-
veloping world. Despite this progress, the quality of education remains low. Millions of
children in developing countries leave school without the necessary foundational skills to
help them achieve their potential and lead productive lives.! Low teacher quality, over-
crowded classrooms, and inadequate levels of school inputs such as poorly designed curricula
and insufficient teaching materials are among the many factors contributing to low learning
outcomes (Glewwe, Lambert and Chen (2020)). Recent research highlights the role of ped-
agogy as a potentially effective policy tool to combat the issue of poor education quality.
While there is no consensus on what constitutes a good pedagogy, teaching practices that
respond to the needs of students at all levels, build on their individual strengths, and encour-
age them to learn through experimentation are likely to be effective.? Unfortunately, most
traditional instruction techniques lack these features. They ignore heterogeneous learning
paths, compel students to be passive listeners, and prevent the development of an active
and inquisitive mind (Blanchard, 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 pedagogy that aims to nurture children’s
curiosity and improve learning outcomes. Motivated by the recent evidence on the neural
mechanisms of human curiosity and its connection to deep learning, the pedagogy strives
to cultivate children’s natural urge to learn and explore novel phenomena. The pedagogy
primarily targets scientific curiosity and is practiced by teachers throughout the academic
year. Treated teachers receive extensive training on the importance of curiosity as a critical
driver of success and practical ways to promote it in the classroom by leveraging children’s
natural love of mystery, humor, and excitement. Teachers are provided a pedagogical toolkit
containing materials to support the prescribed teaching practices. These materials are var-
ious visual and reading materials that champion inquisitive minds and encourage children

to question the conventional. While this pedagogy is relevant for any curricular topic, the

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 (3 digits by 1 digit) (ASER (2018)). Results from
similar tests in Pakistan and East Africa paint a similar picture. PISA and TIMMS results highlight large
learning gaps between the developing and the developed world.

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); Banerjee et al. (2016); Banerji and Chavan
(2016)).



toolkit predominantly targets scienti ¢ curiosity and contains activities that promote scien-
ti c inquiry in a joyful manner.

Curiosity, a fundamental component of human cognition, is considered one of the most
critical drivers of success in most aspects of life. Berlyne (1954) and Loewenstein (1994)
provide a theoretical framework for epistemic curiosity, described as \desire for knowledge"
Cognitive psychology links curiosity to achievement in many domains ranging from education
to health and overall life satisfaction; see (Chamorro-Premuzic and Furnham, 2006; Kashdan
and Silvia, 2009; von Stumm, Hell and Chamorro-Premuzic, 2011; Gottfried et al., 2016;
Shah et al., 2018). Recent advances in neuroscience shed light on the neural mechanisms
of curiosity and how it is linked to learning. Gruber, Gelman and Ranganath (2014) show
via functional magnetic resonance imaging that the brain's reward system is evoked when
people are curious about a phenomenon, facilitating more enjoyable learning and knowledge
retention (deep learning) through memory consolidatich Moreover, they show that once
sparked, curiosity creates deep learning moments and enhances the learning of any topic.
While recognized as a powerful engine of learning, curiosity has not been studied within
the context of education and education policy. Our limited knowledge of how to cultivate
such a context-dependent trait and the di culty of measuring it in its complexity are obvious
reasons for the lack of policy-relevant studies. We know of no large-scale study that measures
curiosity in school children nor a study that shows how it can be enhanced in the school
environment. This paper advances the literature on both of these fronts.

The pedagogical program we evaluate was implemented as two independent randomized
controlled trials in two large provinces of Turkey. The rst trial, implemented in the 2018-
2019 academic year in the province of Mersin, included 50 primary and 27 post-primary
schools. The post-primary schools were later dropped out of the program as it was decided
that the proposed pedagogy was more suitable for the primary school level. To improve the
power of the rst study, we re-implemented the program in the neighboring province, Adana,

3Loewenstein (1994) also references therein describe curiosity in an elementary school student as reacting
positively to new or mysterious events by showing urge to explore them.

4Memory consolidation is a process by which acquired information or experiences are poured into the
long-term memory. This is more likely to happen when stimuli spark curiosity; see Gruber and Ranganath
(2019)

SRecently, psychologists have shown interest in the relationship between what they refer to as "epistemic
emotions" and learning. Epistemic emotions include intellectual courage, astonishment, curiosity, interest,
wonder, surprise, the joy of veri cation, and the satisfaction of knowing; These studies are correlational in
nature; See Vogl et al. (2018) and Vogl et al. (201%).



recruiting 84 additional primary schools. This second study took place in the 2021-2022
academic year. Our combined sample has 134 primary schools with about 11,000 primary
school students and 425 teachers. After collecting detailed baseline data from all the 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 on the prescribed pedagogy. Teachers were given the entire academic year to practice
the pedagogy in everyday teaching of the curricular topics, with a greater emphasis on science
lessons. We test the e ectiveness of the pedagogy using objective test scores, educational
aspirations, and a novel measure of curiosity. When we implemented the second study in the
Fall of 2021, we also collected longer-term data from the rst study subjects (about three
years after the implementation in 2018).

Curiosity is challenging to measure due to its context-dependent nature. Psychologists
use survey tools to elicit di erent 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)).
While self-reported item-set questions can be useful to measure curiosity in adults, such
guestions usually have low reliability when implemented on children and adolescents. The
reliability issue is all the more serious in our context, where some children are exposed to
a treatment that encourages all behavioral expressions of curiosity. The lack of a reliable
measure of curiosity for school children motivated us to develop an incentivized task-based
tool. Our tool bene ts from the theoretical framework developed by Loewenstein (1994) and
draws insights from neuroscienti ¢ research on curiosity. Our curiosity measure involves rst
creating a sense of information deprivation, then quantifying the urge to acquire information,
and nally, assessing the degree of knowledge retention after satisfying the urge.

To develop the task, we rst conducted extensive pilot surveys to determine the topics of
interest for our target age group. We identi ed eight broad interest categories representing
about 95% of all reported topics by children. These are, \science", \animals", \history",
\human anatomy’, \vehicles", \cartoons", \space", and \sports". We then prepared eight
booklets with these titles and placed ten surprising facts that are unlikely to be known to a
child (or to an adult) in each booklet. The implementation of the task begins by showing
children each booklet and telling them that they contain facts that most people do not
know. This step aims to create the urge to know. After recording their preferred booklets,
we elicit the children’s willingness to pay for them. For this, we rst endow children with
experimental tokens that can be converted into small gifts of value. We then ask them to
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state the highest number of tokens they are willing to sacri ce for their preferred booklet,
including the option of zero tokens. Our measure of the urge to acquire information, i.e.,
curiosity, is the child's willingness to pay for his/her preferred booklet. The novelty of our
task lies in its temporal component. After eliciting the urge to acquire information and
distributing booklets, we revisit all classrooms exactly one week later, unannounced. During
this surprise visit, we give the students and the teachers a 40-question test that contains
guestions whose answers are in the booklets. The performance in this test is our measure of
knowledge retention (deep learning).

To identify the e ect of the treatment on knowledge retention, we implement the curiosity
task during the rst visit using two regimes. In classrooms that are randomly assigned to
the rst regime, children receive their preferred booklets based on a randomly determined
market price. In classrooms that are assigned to the second regime, only half of the children
in a given classroom receive booklets. In these classrooms, the booklet distribution is purely
random, regardless of children's willingness to pay and their choice of booklets. By ensuring
that the number of booklets and the composition of topics are balanced across treatment
status, the second regime allows us to estimate the treatment e ect on knowledge retention.
This regime also allows us to document, for the rst time, the causal e ect of curiosity on
deep learning.

We rst document that our measure of curiosity, the willingness to pay for a booklet,
correlates well with uid 1Q, performance on the retention test, and actual test scores (crys-
tallized 1Q). We then estimate the e ect of the program on curiosity, knowledge retention,
test scores, and educational aspirations. We nd that the program signi cantly increases
children's curiosity by about 0.11 standard deviations (0.35 extra tokens forgone). The ef-
fect of the program on science curiosity is similar in size (0.10 standard deviations). While
untreated children choose to give up 3.2 tokens for a science-related booklet on average, this
amount is 3.6 tokens for treated children, implying a 12.5% increase in the willingness to pay
for information. The e ect of the intervention on deep learning is striking. Treated children
score about 0.12 standard deviations higher in the unannounced test. What is even more
striking is that after about 3 years and 1.5 years of school closure due to the recent pandemic,
treated students score 0.14 standard deviations higher on the booklet test than untreated
children, revealing remarkable knowledge retention. Our design also allows us to estimate the

Swillingness to pay elicitation is a standard method in economics research. In the context of information
as a good, Hjort et al. (2021) uses this method to elicit policy-makers' willingness to pay for evidence in
Brazil



degree of deep learning when curiosity is sparked (memory consolidation): A one standard
deviation increase in curiosity leads to a 1.12 standard deviation higher knowledge retention.

The positive e ects of the program on curiosity extend to actual learning outcomes. The
program signi cantly improves children's objective test scores in science with no statistically
signi cant impact on math and verbal scores. The estimated e ect size on science test scores
is about 0.08 standard deviations in the short term. We nd that the positive e ect on
science test scores persists into middle school years, even after a long school closure. Treated
students score 0.07 standard deviations higher than untreated students in a science test
covering the middle school curriculum. Finally, we show that the intervention signi cantly
raises children's aspirations to go to university and study science, although these e ects are
not as precisely estimated in the long-run.

Our results suggest that the program's success likely stems from its ability to unleash
curiosity in both teachers and students. Treated teachers report a signi cant increase in
their own curiosity level. They also report having adopted a growth mindset. We show that
the program also increases children's tolerance for uncertainty and makes them more critical
in their thinking process. Finally, we provide evidence that the program made friendship
networks much more e ective information dissemination tools, likely contributing to the
positive results we estimate for knowledge retention and test scores. Treated students who
did not receive a booklet but had someone in their friendship network who received a booklet
scored 0.19 standard deviation higher booklet knowledge than untreated students in the same
condition. These results strongly suggest more e cient information dissemination in treated
classrooms where students are more curious and passionate about pursuing knowledge.

Our contribution is threefold. First, we evaluate a pedagogical intervention that targets
a component of human cognition, curiosity, that has not been studied at a large scale and in
a policy-relevant context before. Second, leveraging the neuroscienti ¢ evidence on curiosity
and memory consolidation, we o er a novel approach to measuring curiosity in primary
school children. Finally, combining the two, we establish, for the rst time, the causal link
between childhood curiosity and deep learning. We show that once sparked, curiosity creates
deep learning moments and leads to enhanced knowledge retention. Therefore, the results
of the paper are of high policy relevance. They can help us design better pedagogical tools
to increase pupil and teacher engagement and the quality of learning globally. The results
are particularly relevant for the developing world, where the 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 showing the
e ectiveness 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 e ectiveness when not complemented by correct teaching prac-
tices (Glewwe et al. (2004); Kremer, Glewwe and Moulin (2009); Kremer, Brannen and
Glennerster (2013)). Related literature explores the ways to improve teacher motivation
and engagement and shows that extrinsic motivations have limited e ectiveness in improv-
ing learning outcomes (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 fos-
tered at young ages (Alan and Ertac, 2018; Alan, Boneva and Ertac, 2019; Alan et al.,
2021). By showing that an important trait can be cultivated in the classroom through a
change in teaching practices, we advance this literature. Third, by testing a pedagogy that
focuses mainly on science teaching, the paper speaks to the literature that aims to increase
the STEM participation of girls (Buser, Peter and Wolter (2017); Fischer (2017); Kahn and
Ginther (2017)). Our paper shows that teaching practices may play an important role in
raising girls' aspirations for higher education and STEM majors. Finally, we contribute to
neuroscience and psychology literature in their e orts to understand the cognitive underpin-
nings of human curiosity by causally linking the desire for knowledge with deep learning in
children.

The rest of the paper is organized as follows. Section 2 summarizes the key features of
the program and the context in which it was implemented. Section 3 details the evaluation
design and gives a detailed account of our outcome measures, including our task-based
curiosity measure. Section 4 describes the data and presents our main results. In Section 5,
we present the causal link between curiosity and learning and explore mechanisms through
which the program improved knowledge retention and achievement outcomes. We conclude
in Section 6.

2 Evaluation Context and The Nature of The Pedagogical Pro-
gram

The program we evaluate has been developed by a team of pedagogy experts and curricula
developers in an innovation center connected to a private university. The program's overar-
ching objective is to promote scienti cally informed teaching practices to improve learning
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outcomes at all grade levels. It aims to do so by replacing traditional teaching with tech-
niques that can stimulate children's interest in academic matters. Given the global emphasis
on promoting STEM education and improving learning outcomes in science, the program
puts a greater emphasis on science teaching.

The Turkish primary school system is such that a centrally appointed teacher is assigned
to a classroom in grade 1. The teacher is expected to teach the same pupils until the end of
grade 4, after which he/she goes back to teaching at grad€’ IStudents move on to middle
school for grades 5 to 8, where each subject is taught by a di erent (branch) teacher. The
program has been developed exclusively for primary school teachers. It is thought that the
ideal context to implement the prescribed pedagogy would be where a single teacher has a
full day of contact with his/her 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 seminars, teach-
ers were rst introduced to the concept of curiosity as a fundamental driver of academic
achievement. Then, teachers were introduced to various pedagogical practices to cultivate
curiosity in the classroom environment. These practices include ways to allow students to
question and challenge the conventional, seek evidence, and ways to encourage them to
express their interests openly in the classroom. During seminars, teachers interactively prac-
ticed ways of tapping into children's natural love of mystery, surprise, and humor to lock
in their attention and create teachable moments before teaching important and di cult-to-
teach concepts.

Teachers also received a toolkit to help them practice the pedagogy. They worked on this
toolkit during the training seminars with the guidance of education consultants. The toolkit
contains various visual and reading materials that emphasize the importance of having an
inquisitive and open mind and the bene ts of asking questions. These materials are designed
to help practice the prescribed pedagogy and are not meant to be a set of materials to be
covered in a speci ed period of time. Rather, they are designed to help the teacher create
teachable moments before she introduces a new and complex topic. For example, before
introducing a science topic on the solar system, which is an o cial curricular item to be
covered, students see a short video on the mysteries of space. The video is designed to capture

"While this is a 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



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
ctional student with a deep interest in painting using unconventional tools ( nding making

a mess with raw eggs liberating).

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 enjoyable for children and for themselves. See the Online
Appendix D for examples of activities provided in the toolkit and some implementation
photographs.

3 Evaluation Design and Outcomes of Interest

The program was implemented as two independent randomized trials three years apart. The
rst trial took place in the 2018-2019 academic year covering 50 primary and 27 post-primary
schools in the province of Mersin (Study 1). Despite the program's target grade of 4, with
the recommendation of the local authorities in Mersin (Study 1), we decided to test the
program also in the rst year of the post-primary context by including a sample of 5th
graders and their science teachers. However, it became clear during the training phase that
the prescribed pedagogy would be very hard to implement in a middle school setting. Invited
middle school teachers expressed their concerns regarding the larger number of pupils per
classroom and the more demanding nature of the national curriculum relative to primary
schools. We then removed middle schools from the study. Because we lost 27 schools after
middle schools dropped out of the program, to improve the power of our design, we ran a
second trial in the 2021-2022 academic year. The second trial covers 84 primary schools in
the neighboring province, Adan&

In both trials, local authorities provided us with a list of schools located in socioeconom-
ically deprived neighborhoods in their provinces. Teachers from these schools were o ered
participation in the program. The program participation was voluntary on the part of teach-

8We rst launched the second trial in 2019-2020 but failed to implement and evaluate it due to the Covid-
19 related school closures, which lasted about 1.5 years in Turkey. We launched the second trial again as
soon as schools opened in Fall 2021



ers. The program was oversubscribed in both provinces. Because Turkish state schools are
generally big, containing multiple classrooms for each grade level, we were compelled to se-
lect 2 to 7 classrooms randomly from each school for evaluation purpo8€Bwo trials pooled
together provide us with about 11,000 students and 425 teachers from 134 socioeconomically
deprived state primary schools in two large provinces of Turkey. The majority of our sam-
ple is composed of 4th graders. We also have some third-grade students in our rst study
samplel®

The timeline of each trial is as follows: We collected baseline data for Study 1 in Oc-
tober 2018. We then conducted the randomization at the school level. We strati ed our
randomization by district and grade level. The probability of treatment is 50%, assigning
25 schools to treatment and 25 to control in Study 1. Teacher training seminars for Study
1 took place in November 2018. 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 distriét. The probability of treatment
is 50%, assigning 43 schools to treatment and 41 to control in Study 2. Teacher training
seminars for 43 treatment schools took place in October 2021. Short-term endline data are
to be collected in May 2022 for this study.

Both baseline and endline data collection were carried out by the research team, assisted
by locally recruited and trained eld 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 implement our behavioral curiosity task at endline only. Because of the temporal nature
of the task, we organized two visits for each classroom at endline, one week apart. On the
rst visit, we spent about two lecture hours conducting the curiosity task and collecting
other relevant data subject tests, surveys, and friendship network information). Our second
visit was unannounced. Upon arrival at the school, 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 these tests in the next subsections.

9Primary school sizes vary signi cantly in our sample, ranging from remote village schools with a single
4th-grade class to overcrowded urban schools with over 15 classrooms for each grade level.

OWwWe admitted a small number of grade 3 classrooms in the rst 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

1\We managed to limit our sample to 4th graders in the second study.



In October 2021, almost three years after the rst implementation of the program in
Mersin (Study 1), we managed to conduct another round of data collection. Locating the
original subjects of the rst study was challenging as while most 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 middle school in the province, and 7% moved to the private system or moved out of
the province. In the end, we managed to collect long-term data from about 64% of the
original participants. The attrition is more likely for girls and refugees, exacerbated by the
long school closures due to the Covid-19 pandemic, but balanced across treatment status
(p-value=0.66). Figure 1 depicts the timeline of the trials. Both trials were registered at the
AEA Registry before their respective endline dates. The rst 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 rst registry for the PAP.

Next, we will explain our curiosity task and the way we implement it in the classroom
at endline, followed by descriptions of other outcomes of interest.

3.1 A Task-based Approach to Measuring Childhood Curiosity

We o er a novel incentivized task to measure curiosity and use it as our primary behavioral

outcome. We designed this task to capture two prominent aspects of human curiosity:
an urge to acquire knowledge and the retention of the acquired knowledge. For the rst
component, we benet from the conceptual framework developed by Loewenstein (1994).
Based on this framework, we rst 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 rst conducted extensive pilot surveys in several out-of-sample
schools to determine the interests of the target age group. Compiling all our survey responses,
we identi ed eight interest categories representing about 95% of all topics of interest. These
are, \science", \animals", \history", \numan 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
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of SPACE," with eye-catching space illustrations to create information deprivation. Figure

2 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 facts that are mostly unknown to people.
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 endowment 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 rst 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.}> Then, we begin explaining how this purchase will be made in
practice. We rst emphasize that all booklets have the same price, and each student can
only buy one booklet. We tell them 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 may happen in their classroom:

~

Market price implementation regime: In this regime, we randomly choose a booklet
price (between 1 and 10) for the classroom. Students whose willingness to pay falls
under the revealed market price does 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 receive 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

12Children see 9 options here, 8 topics, and an option of \no booklet." The layout of the task screen is
provided in the Online Appendix.
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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.

The elicited willingness to pay, ranging from zero to 10, is our measure of \urge to know,"
i.e., curiosity. This measure is theoretically independent of the implementation regime, and
our data corroborates this: Mean willingness to pay across regimes is statistically not di erent
from each other (p-value=0.48). 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 e ect to be particularly prominent in the willingness to pay for
science-related booklets, which we refer to as \scienti ¢ curiosity." These booklets are science,
space, human body, animals and vehicles.

In addition to measuring the urge to acquire knowledge, we measure knowledge retention
using the temporal component of our task. Speci cally, we re-visit all classrooms, unan-
nounced, precisely one week later. In this surprise visit, we give children a 40-question
multiple-choice test containing 5 questions from each booklet. The score from this test is
our measure of knowledge retention. However, when elicited under the market price regime,
this outcome has two confounds. If the program increases children's overall curiosity, mea-
sured as the willingness to pay, we expect more students in treatment classrooms to have
access to booklets under the random market price regime. This di erential availability of
knowledge is the rst confound in measuring retention, as more availability likely leads to
more knowledge mechanically. Similarly, if, say, science topics are more popular in treatment
classes, more science booklets will be available in treated classrooms rendering di erential
availability of science-related knowledge, the second confound. In the half-half regime, a
random half of the children in each class receive a randomly chosen booklet, regardless of
their willingness to pay and their preferred booklet. Therefore we eliminate both confounds
under this regime. By making the amount and the type of information available independent
of the treatment status, this regime allows us to identify the program's impact on knowledge
retention. It also allows us to estimate the causal e ect of curiosity on deep learning. In
Study 1, a given classroom had a 50% chance of being subject to either regime, and children
were informed accordingly. Because the causal e ect of the treatment on information reten-
tion can be estimated only in the half-half regime, to improve the power of the experimental
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design, we implemented the half-half regime in most classrooms (95%) in the second study,
and children were informed accordingly. The Online Appendix E gives full instructions for
the task and its implementation.

3.2 Learning Outcomes and Educational Aspirations

If the program successfully stimulates students' curiosity, we expect deeper learning of cur-
ricular topics as well. In particular, given the program's heavy 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 outcomes, 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®® All tests were implemented in classrooms in the absence of teachers.

In addition to learning outcomes, we assess whether the program a ected children's
educational aspirations and their plans for study majors. For this, we ask children i) whether
they would like to go to university, and if so, ii) about their aspired topic of study. 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 a signal regarding the program's success
in raising educational aspirations in children.

We also collected data on various cognitive and non-cognitive skills, beliefs, and pref-
erences at baseline and endline. Children's uid was measured using Raven's progressive
matrices (Raven and Court (1998)) at baseline. We conducted standardized achievement
tests, both baseline, and endline. We elicited risk and ambiguity attitudes using Gneezy and
Potters (1997) risky investment task, both at baseline and endline. Using surveys, we con-
struct measures of curiosity, grit, impulsivity, critical thinking, and gender role beliefs. The
motivation to collect these outcomes is to establish the validity of our task-based curiosity
measure and explore potential channels through which the program might impact learning
outcomes.

We also collected rich information from teachers. At baseline, we collected their uid IQ
via Raven's test and their emotional intelligence through reading the mind in the eyes test
(Baron-Cohen et al. (1997)). In addition to demographic information collected at baseline,
we collected information on their teaching styles, beliefs, behaviors, and, importantly, their

3We bene ted from the Ministry's question bank in preparing these questions. We extensively piloted
the tests to ensure the appropriateness of the di culty level
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curiosity at baseline and endline. Finally, 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 te’$t Full measurement
inventory for students and teachers is presented in the Online Appendix C.

4 Data and Results

Before randomizing schools into treatment arms for each study sample, we visited all class-
rooms in person and spent three lecture hours collecting detailed baseline data from children
and teachers. While we were collecting data from children, teachers were out in a quiet room
working on their own surveys and tests.

Table 1 presents the balance of baseline variables across treatment status for the pooled
sample. Panel 1 presents the balance of the baseline student characteristics, and Panel 2
the balance of classroom and teacher characteristics. Balance for each study separately is
presented in Table A1 and A2 in the Online Appendix. We detect no signi cant imbalance
in any of the variables in either study and conclude that randomization was successful.

We estimate the average treatment e ects of the program on outcomes of interest by
conditioning on baseline covariates and strata xed e ects:

Yies= ot 1lst Xi(::s + + Wgs + a7t Vics (1)

whereyics is the outcome of interest for childi in classroomc, schools. Ts is the binary
treatment indicator, which equals one if schod is in the treatment group and zero otherwise,
and X2 is a vector of student-level observablesalV2 is a vector of classroom and teacher
level observables measured at baseline. The former includes student gender, age in months,
standardized uid 1Q score, risk aversion, and baseline achievement test scores. The latter
include class size, the share of refugees in the classroom, teacher experience, teacher 1Q, and
teacher gender. , are district xed e ects. The estimated *, is the average treatment e ect.
Standard errors are clustered at the school level. Throughout the text, we present the results
from the pooled sample. The summary of the results for each province separately is given

in Figure Al in the Online Appendix.

All treated teachers were expected to practice the proposed pedagogy upon receiving

14Both science and booklet tests for teachers were implemented in the second study only

14



training. Recall that participation in the program was voluntary, and the program was
oversubscribed. However, we acknowledge that compliance in terms of the actual implemen-
tation may not be perfect. To assess compliance, we asked treated teachers to report their
estimated degree of program implementation at endline. Speci cally, we asked them to mark
their estimated degree of implementation using an unmarked 10cm line. The elicited dis-
tance gives us a continuous measure of program implementation intensity ranging anywhere
between zero and 100%. Note that because this is a pedagogical intervention that aims to
in uence the way teachers teach, the reported implementation intensity is purely subjective.
Nevertheless, we believe that it gives us an idea of teacher compliance, albeit noisy. Figure
3 depicts the distribution of the reported implementation intensity for the pooled sample.
Overall, treated teachers report to have accomplished 81% program coverage. Given this
high but imperfect compliance, the estimated {*should be interpreted as the average intent
to treat e ect (ITT).

4.1 The Predictive Validity of the Curiosity Task

Before presenting the program e ects, we show that our curiosity measure (willingness to pay
for a booklet) has predictive validity, i.e., correlates well with knowledge retention and test
scores. To do this, we use our control sample. Figure 4 depicts the distribution of forgone
tokens for the control sample. Children, on average, forgone 6.3 tokens to receive their
desired booklet, with the minimum WTP being zero (6% of the sample) and a maximum of
10 (22.7% of the control sample).

Curiosity is known to be associated with higher cognitive ability in individuals, and our
data corroborates this evidence. Table 2 presents the predictive power of overall curiosity,
scienti ¢ curiosity, and non-science curiosity on science, math, and verbal test scores, as well
as knowledge retention (performance on the respective questions in the booklet test). Panel
1 presents raw associations, and panel 2 presents the associations controlling for 1Q. The
results in this table con rm that our measure of curiosity has reasonable validity in predicting
crystallized cognitive ability. Correlations are particularly strong for scienti ¢ curiosity, that
is, the willingness to pay for a science-related booklet. One standard deviation increase in the
willingness to pay for a science-related booklet is associated with 0.083 standard deviations
higher science test scores, 0.02 standard deviation higher math scores, and 0.09 standard
deviation higher verbal test scores.

Another important question is whether curiosity is associated with knowledge retention,
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as suggested by neuroscientists. Panel 1 also shows that a higher willingness to pay for a
booklet is associated positively with the retention of information provided in that booklet.
Speci cally, a one standard deviation increase in the willingness to pay for a science booklet
is associated with 0.08 standard deviations higher knowledge retention in science. This
association remains strong, controlling for 1Q (0.08 standard deviations). Finally, note that
non-science curiosity, which is the willingness to pay for either history, sports, or cartoons
booklet, is negatively associated with crystallized 1Q but still positively associated with
higher retention in non-science knowledge. The way we implement our curiosity task in
the classroom and the fact that we have a randomly implemented program that enhances
curiosity allows us to go beyond these correlations. In Section 5 we will show how curiosity
causally leads to higher knowledge retention, i.e., deep learning in children.

4.2 Treatment E ects on Curiosity

We rst explore whether the program a ects children's interests and in particular, whether it
increases their interest in science. Table 3 Panel 1 presents the estimated average marginal
e ects of the program on topic choice. The rst column shows the treatment e ect on
the probability of choosing to purchase a science-related booklet (science, animals, space,
vehicles, human anatomy). The second column presents the treatment e ect on choosing
a non-science booklet (history, sports, and cartoons). The last column gives the estimated
e ect 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 to 54% in the treatment group,
and this di erence is statistically signi cant at the 1% level. 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 50% e ect. The program e ect on interest in science can also be seen
in visual clarity in Figure 5. Treated children are signi cantly more likely to rank science,
animals, and space booklets as their top 3.

Table 3 Panel 2 presents the estimated treatment e ects on the willingness to pay for
the desired booklet. Note that the measure is standardized to have zero mean for the
control group so that the coe cient estimates are standard deviation e ects. Column 1
presents the overall willingness to pay for any preferred booklet, column 2 presents the
e ect on the willingness to pay for a science-related booklet, and the last column for a
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non-science booklet. We estimate a signi cant 0.11 standard deviation e ect on overall
curiosity. In terms of tokens, this corresponds to forgoing about 0.35 extra tokens for a
booklet. Given that children forgo 6.1 of their tokens on average for their preferred booklets
in the control group, this e ect implies a 6% treatment e ect. The e ect on science curiosity
is similar with about 0.10 standard deviation treatment e ect, again precisely estimated.
Similarly, treated students exhibit higher curiosity for non-science subjects than untreated
students. These results show that the program is successful in stimulating children's interest
and curiosity. Our next question is whether this stimulated curiosity translates into actual
learning. The temporal component of our task, along with the half-half implementation of
booklet distribution, allows us to answer this question.

4.3 Treatment E ects on Learning

The estimated treatment e ects 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 provided in booklets. A clean identi cation of the e ect of the program on
knowledge retention 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 randomly to half of
the students regardless of their willingness to pay and their choice of booklets. Panel 1
Table 4 presents the estimated treatment e ects on booklet test scores using the full sample
for comparison purposes. The rst 3 columns give short-term, and the last 3 give long-term
e ects (only Study 1). Panel 2 presents the results using only the classes that were subject to
the half-half regime. The e ect of the program on the ability to retain knowledge is striking.
Treated students perform signi cantly better than untreated students in the 40-question
booklet test. Considering the half-half regime, where we have clean identi cation, treated
students perform about 0.12 standard deviations higher than untreated students overall, and
the performance di erence is similar for performance in science topics (0.10 sd). Note that
treated students perform better even in non-science topics of the test, consistent with the
e ects we estimate on non-science curiosity in Panel 2 of Table 3. What is truly remarkable
is that after 3 years and a devastating pandemic, treated students still exhibit much higher
booklet knowledge than untreated students, supporting the claims of neuroscientists that
enhanced curiosity is associated with memory consolidation, i.e., deep learning. Treated
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students perform 0.14 standard deviations higher in the booklet test given after 3 years.
The retention of science-related topics after 3 years is about 0.16 standard deviations.

Our next question is whether these positive learning e ects extend to actual learning
outcomes. Panel 3 in Table 4 presents the treatment e ects on math, verbal (Turkish),
and science test performance. While we do not estimate statistically signi cant e ects on
math and Turkish, we nd that treated students perform signi cantly better than untreated
students in the science test. The e ect is about 0.08 standard deviations and signi cant at
the 1% level. The positive e ect on science test scores also persists into middle school years.
We nd that treated students still perform better than untreated students in science (0.07
standard deviation) 3 years after the implementation of the program. The near-zero e ect
sizes for math and verbal scores, while a signi cant and persistent e ect on science, are not
surprising given the program's heavy emphasis on science.

4.4 Treatment E ects on Educational Aspirations

To measure educational aspirations, we asked children two questions. First, we asked whether
they intended to go to university when they grew up. Second, if they did, we asked what
study major they wanted to pursue. For the latter, we gave them a full list of study majors

to choose from. The rst column of Table 5 presents the estimated treatment e ect (average
marginal e ect) on the willingness to go to university. The following columns present the
estimated average marginal e ects on planned study majors. These are science, engineering,
medicine, and Non-STEM (social sciences and humanities). Note rst that almost all (95%)
children in the control group stated that they plan to go to university when they grow up.
Nevertheless, we still estimate a signi cant treatment e ect on this high base, albeit small

in size (1 percentage point). More importantly, only 12% of the children in the control
group state their plan to major in science at university. This value is 2.4 percentage points
higher for the treatment group, implying a 17% treatment e ect. We estimate null e ects

for engineering and medicine. The estimated negative e ect on non-STEM majors suggests
that the positive e ect 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, the e ects are estimated
imprecisely.

18



4.5 Heterogeneity in Treatment E ects

As stated in our PAP, we explore heterogeneity in treatment e ects with respect to two
characteristics. First, we check whether the estimated e ects are di erent across gender.
Second, we investigate whether the program has a di erential impact on children with dif-
ferent levels of cognitive ability. The rst panel in Table 6 shows that the program's e ect
on the shift toward science topics mainly comes from girls. Treated girls are 7.8 percentage
points more likely to choose a science 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 signi cantly 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 signi cant gender heterogeneity in the treatment e ect on curiosity.
The estimates in Panel 2 indicate that while the program is e ective in increasing curiosity for
both genders, the results seem stronger for girls. Treated girls have 0.17 standard deviations
higher scienti ¢ curiosity than untreated girls. We reject the equality of e ects for overall
curiosity as well as science and non-science curiosity. However, we estimate no signi cant
gender heterogeneity in retention and test scores (Table 7). Finally, we do not detect any
noteworthy gender heterogeneity in aspirations; see Table 8.

Table A3 in the Online Appendix presents treatment e ect heterogeneity with respect to
uid cognitive ability. Here, we use our measure of uid 1Q (Raven score) and estimate treat-
ment e ects separately for high (above median) and low IQ (below median) levels. Overall,
the estimated e ects seem stronger for students with higher cognitive ability, although we fail
to reject the equality of the estimated e ects in most cases. The exception is the treatment
e ect on curiosity. As can be seen in Panel 2, while the program seems e ective in increasing
curiosity for all cognitive levels, its e ect is stronger for students with high cognitive ability.
This is re ected in the retention results (Table A4, Panel 1), but we fail to reject the equality
of the estimates (see the borderline p-values). Finally, We do not estimate any treatment
e ect heterogeneity in test scores or aspirations with respect to 1Q.

Taken together, our results suggest that the program was highly successful in increasing
children's interest in science and stimulating their curiosity. In addition, it was highly
e ective in enhancing children's ability to retain the acquired knowledge and improving
science test scores. In the next section, we will explore possible mechanisms through which
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the program achieves these positive results.

5 Potential Mechanisms

5.1 The E ect of Curiosity on Learning

We conjecture that curiosity is causally linked to deep learning. Therefore teaching practices
that nurture children's curiosity lead to higher quality (deep) learning and better achievement
outcomes though sparking children's curiosity. Our experimental design allows us to test
this conjecture using the following simple structural model of memory consolidation (deep
knowledge) though enhanced curiosity:

Yies = o+t 1Curiosity s + Xi(:;s 2+ Wgs 3+ "ics (2)

whereyi.s is the level of knowledge student in classroomc, schools possess in a given
time. Curiosity ics is the student's urge to know.X & is a vector of student-level observables,
which include demographics and all non-cognitive skills measured pre-treatmerw/?, is a
vector of classroom and teacher-level observables measured at baseline. Naturally, one's
curiosity is naturally endogenous to her knowledge. However, our design allows us to estimate
this structural equation using the treatment assignment as an instrument. We can conduct
this estimation using the classrooms where we had the half-half regime. We also estimate this
equation for test scores in the same way, using the full sample but the exclusion restriction for
the latter is less likely to hold. Figure 7 depicts the margin plots of the second stage estimates
for knowledge retention (performance on the booklet test) and for achievement scores. The
positive causal e ect of curiosity on retention is clear in Panel 1. The estimated coe cients
are presented in Table A6. The results suggest that a one standard deviation increase
in curiosity leads to a 1.28 to 1.13 standard deviation increase in knowledge. The e ect
on curricular knowledge in science is also large and signi cant. A one standard deviation
increase in science curiosity increases science test scores by about 0.80 standard deviations,
depicted in visual clarity in Figure 7 Panel 2. We estimate economically signi cant e ects of
curiosity on math and verbal ability, but the estimates do not reach statistical signi cance.
The results for the long-term (Study 1) are too imprecise due to the small sample.

The IV estimator has the exclusion assumption that the e ect on outcomes is coming
only through the e ect of the program on curiosity. While we conjecture that this is the
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primary mechanism, especially for the knowledge retention results, we explore other channels.
Speci cally, we test whether the program also had any impact on some key non-cognitive
skills in children. We also explore the role of teachers, in particular, the impact of the
program on their styles, practices, beliefs, and behaviors.

5.2 E ects on Students' Socioemotional Skills

While the program has a speci ¢ focus on curiosity, it is possible that it a ects some other
attributes in children. To explore this, we consider preferences, behaviors, and attitudes
that are likely to be associated with curiosity. Speci cally, we consider risk and ambiguity
attitudes, impulsivity (Sleddens et al. (2013)), grit (Duckworth et al. (2007)) and critical
thinking (Sosu (2013)). First, we show the extent to which these attributes are related to
curiosity as we measure it. Here, we also check whether our task-based measure correlates
with the survey measure of curiosity proposed by Kashdan and Silvia (2009). Then we
explore whether the program has any e ect on them.

Table 9 presents associations of curiosity, measured as the willingness to pay, with various
attributes measured using surveys and incentivized tasks. Panel 1 presents raw associations,
whereas Panel 2 shows associations with the respective attribute controlling for uid 1Q. The
latter is to assess the extent to which our curiosity measure predicts individual preferences
and socio-emotional skills over and above what is predicted by uid 1Q. As can be seen in
both panels, while there is a negative correlation between science curiosity and impulsivity,
curiosity, especially science curiosity, correlates positively with grit, risk and ambiguity toler-
ance, and survey-based curiosity measure. The correlations and their precision remain after
we control for uid 1Q (Panel 2). Given these correlations, it is plausible that the program
that enhances curiosity might also in uence these attributes.

Figure 8 depicts the estimated e ects on the aforementioned attributes. Note that for
self-reported curiosity and grit, we also have long-term results. Consistent with the e ects
we estimate on the behavioral task, we estimate a large and precise treatment e ect on self-
reported curiosity. We nd that this e ect persists into adolescence (Study 1). We also nd
that treated children have become more tolerant of risk and ambiguity and better critical
thinkers relative to untreated children. The latter are short-term results as we do not have
long-term data on them.
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5.3 E ects on Teachers' Practices and Beliefs

Given its success in a ecting student outcomes, it is likely that the program was also success-
ful in in uencing teaching practices and teachers' beliefs. Recall that we collected detailed
information from teachers regarding their everyday teaching practices and pedagogical beliefs
both at baseline and endline. For the former, we adapted some of the item questions from
the Teaching and Learning International Survey (TALIS) questionnaire (OECD (2013)), and
constructed the following styles: Modern teaching, inquiry-based pedagogy, warmth, extrin-
sic motivator, competence. For the latter, we construct an index for growth mindset using
Dweck (2008), attachment to the profession, and gender stereotyping. Finally, we also mea-
sure teachers' curiosity using Kashdan and Silvia (2009). We standardized all measures, so
all coe cient estimates are standard deviation e ects.

Figure 9 plots the estimated treatment e ect on teaching styles, pedagogical beliefs,
science, and booklet knowledge. All estimates are obtained by controlling for the baseline
value of relevant outcomes, teacher demographics, and strata xed e ects. Estimates for
science test scores and booklet test scores are available only for Study 2. What emerges
from the gure is that the program made a positive impact on the teaching styles, teachers'
curiosity, and mindset. Treated teachers report 0.23 (0.27) standard deviations and higher
curiosity (growth mindset) than untreated teachers. In terms of teaching styles, the e ects
on warmth and the tendency to practice modern and inquiry-based teaching emerge as
the most prominent. The treatment e ects for these style items seem sizeable but are
estimated imprecisely. These ndings are consistent with the positive feedback we received
from teachers regarding the program throughout the implementation period. It is clear that
teachers who embrace the prescribed pedagogy become more curious themselves and adopt a
more growth mindset. Note that we safely rule out a mechanism whereby teachers learn more
curricular material themselves and therefore improve students' science scores. We estimate
precise null e ects on teachers' curricular knowledge in science. We also nd no evidence
of higher booklet knowledge in treated teachers. The latter rules out a mechanism whereby
teachers learn the information provided in booklets and teach the students.

5.4 Information Dissemination in the Classroom

One of the explanations for these positive results may be that the pedagogy also made the
classroom share information more readily and e ciently. It is shown that curiosity also
leads to passionate information sharing (Hartung and Renner (2013); Litman and Pezzo
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(2007)). Our design allows us to investigate whether the program made the classroom a
denser learning environment where students enthusiastically share what they learn with
their peers. We collected friendship networks at baseline and endline by asking each student
to nominate at most 3 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 classrooms is disseminated and
how treatment interacts with the way information is disseminated.

Table 10 shows the treatment e ect on information retention (booklet test scores) for
students who received a booklet (Panel 1) and those who did not (Panel 2). The e ect sizes
are larger for those who have the books in their possession (0.15 standard deviations) even
though booklet ownership status was randomly assigned. What is striking is the evidence
that the information was shared within treated classrooms much more e ectively. Treated
students who ended up not receiving a book performed 0.07 standard deviations better than
their untreated counterparts. In Panel 3, we present the retention results for students who
did not receive a booklet but had at least one student in their friendship network who
received a booklet they wished to receive. The results are remarkable: We estimate about
0.19 standard deviation higher booklet knowledge for these students overall, indicating a
pursuit of information. Treatment e ects on science and non-science knowledge retention
are 0.16 and 0.14 standard deviations for these students, respectively. These results strongly
indicate more e cient information dissemination in treated classrooms where students are
more curious and passionate about pursuing knowledge.

Overall, while we believe that the pedagogical program improves deep learning, especially
in science, by increasing children's curiosity, we nd that the program's impact on critical
thinking, tolerance for uncertainty on the children's part, teaching practices, and heightened
curiosity on the teachers' part may also play a role. Finally, as an additional channel, we
show that the program made the classroom friendship networks more conducive to sharing
information and learning from peers.

6 Conclusion

We test the e ectiveness of a pedagogical program that aims to cultivate children's curiosity
in the classroom. We evaluate the program with respect to children's urge to acquire knowl-
edge and their ability to retain it. The pedagogy is informed by recent research on the neural
mechanisms of human curiosity and mainly targets science teaching in elementary schools.
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It involves o ering teachers practices that encourage children to question the conventional
and allow the behavioral expression of curiosity. In addition, the program teaches teachers
how to utilize children's natural love of mystery, surprise, and humor to create teachable mo-
ments. The program was implemented as two independent clustered randomized controlled
trials in two large provinces of Turkey, involving 134 primary schools, 425 teachers, and over
10,000 children of age 9 to 11.

To evaluate the program's e ect on children's curiosity, we develop a behavioral measure
that quanti es children's urge to acquire knowledge and their ability to retain knowledge for
an extended period. We nd that the intervention increases children's curiosity, measured
by their willingness to pay for information and their ability to retain knowledge, i.e., learn
deeply. We also show that the pedagogy signi cantly improves children's objective test
scores in science and raises their educational aspirations for science. Moreover, the e ects
we estimate on knowledge retention and test scores persist well into the adolescent years.

The results are promising and likely to have high external validity. While the participation
was voluntary, in practice, the program was oversubscribed. In all participating schools, the
majority of the teachers were eager to join the program. Considering the policy issue of
motivating teachers, the program's positive e ects on teachers are particularly encouraging.
The program was also highly cost-e ective. The toolkit for teachers and other written
materials are now available free of charge. The remaining program costs include printing
hard copy materials, distributing the materials to schools, and conducting teacher training.
Total printing costs were about 30,000 USD, the distribution costs were 9,000 USD, and
teacher training costs were about 6,000 USD. These values imply a minimal (4 USD) program
cost per child.

Global learning poverty is at its worse in the wake of a devastating pandemic. While
the learning crisis predates the pandemic, the pandemic-related school closures made mat-
ters disproportionately worse for underprivileged children. They further widened the already
sizeable socioeconomic achievement gaps to an alarming level in both developed and develop-
ing countries. The crisis now calls for evidence-informed and scalable actions more urgently
than ever. One action may be to equip teachers with e ective teaching practices that have
a high chance of increasing teacher and pupil engagement, resulting in quality learning. We
provide rigorous evidence on the e ectiveness of one such scalable and cost-e ective action.
There are 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
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of the academic year. Another way can be to o er seminar courses for teacher candidates in
universities. It is not clear which medium of delivery would be more e ective and may be a
topic of future research.
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Tables

Table 1: Balance at Baseline

Control Treatment Di

N Mean Mean pvalue
Student Characteristics
Male 13039 0.51 0.51 0.96
Age in Months 13039 112.43 112.74 0.25
Fluid 1Q Score 10912 -0.08 -0.05 0.82
Math Score 10922 -0.07 -0.04 0.90
Verbal Score 10922 -0.05 -0.02 0.96
Curiosity 13039 -0.05 -0.03 0.59
Risk Attitude 13039 2.61 2.58 0.77
Ambiguity Attitude 10409 2.47 2.42 0.84
Gender Roles 10613 0.03 0.02 0.36
Home - Computer 10758 0.50 0.52 0.51
Home - Internet 10738 0.80 0.80 0.72
Siblingship Size 10814 2.74 2.72 0.90
Birth Order 10814 2.61 2.59 0.99
Teacher Characteristics
Male 425 0.27 0.29 0.68
Age 425 45.49 44.66 0.25
Fluid 1Q Score 425 17.76 17.70 0.81
Cognitive Empathy Score 425 23.05 22.94 0.87
Married 425 0.83 0.85 0.62
Number of children 425 1.81 1.71 0.18
Teaching experience in Years 425 21.01 20.50 0.41
University Graduate 425 0.94 0.95 0.50
Curiosity 425 -0.05 0.09 0.15
Gender Styping Beliefs 425 -0.05 -0.05 0.88
Growth Mindset 425 0.01 0.06 0.56
Professional Attachment 425 0.01 -0.00 0.85
Competence Beliefs 424 0.01 0.07 0.50
Modern Teaching 425 0.05 0.07 0.69
Extrinsic Motivator 425 -0.03 -0.11 0.20
Warmth 425 -0.08 -0.03 0.51
Inquiry-based Pedagogy 424 -0.04 0.03 0.40
Classroom Characteristics
Classroom size 425 31.14 30.78 0.60
Refugee Share 425 0.07 0.07 1.00

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. Test scores and survey items are standardized to have a mean zero and a standard
deviation of 1.
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Table 2: Predictive Power of Curiosity Task

Panel 1: Raw associations

Science Maths Verbal Retention
Overall Curiosity 0.041 0.027 0.035 0.047
(0.02) (0.02) (0.02) (0.02)
Science Curiosity 0.083 0.024 0.086 0.084
(0.02) (0.01) (0.01) (0.02)
Non-Science Curiosity -0.049 -0.002 -0.056 0.087
(0.02) (0.01) (0.01) (0.02)
Observations 4558 4558 4675 4558
Panel 2: Raw associations controlling for IQ Score
Science Maths Verbal Retention
Overall Curiosity 0.021 0.014 0.011 0.040
(0.02) (0.02) (0.02) (0.01)
Science Curiosity 0.063 0.012 0.061 0.076
(0.02) (0.01) (0.01) (0.02)
Non-Science Curiosity -0.046 0.000 -0.052 0.088
(0.02) (0.01) (0.01) (0.02)
Observations 4558 4558 4675 4558

The table presents OLS coe cients of the regression of test scores (science, verbal, math and booklet test) on task-based
curiosity measure (WTP). The analysis uses only the control sample. Standard errors are clustered at the school level and are
reported in parentheses. Coe cient estimates are standard deviation e ects, controlling district xed e ects in Panel 1, district

xed e ects and uid IQ (Raven's score) in Panel 2.

32



Table 3: Treatment E ect on the Choice of Booklet and Level of Curiosity

Panel 1: Choice of Booklet

Science Related Non-Science Related No booklet
Treatment 0.040 -0.011 -0.029
(0.01) (0.01) (0.01)
Control Mean 0.50 0.44 0.06
Observations 10858 10858 10858

Panel 2: Level of Curiosity

Curiosity Science Curiosity  Non-Science Curiosity
Treatment 0.111 0.100 -0.011
(0.04) (0.03) (0.02)
Control Mean -0.01 -0.00 -0.00
Observations 10852 10851 10851

Estimates are obtained via OLS. 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. Standard errors are clustered at the school level and are reported
in parentheses. Covariates include gender, age, uid IQ, risk tolerance, survey measure of curiosity, math and verbal scores as
individual baseline characteristics, class size, the share of refugees, teacher gender, experience, and uid IQ as baseline classroom
and teacher characteristics. Grade and district xed e ects are also included.
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Table 4: Treatment E ect on Learning

Panel 1: Knowledge Retention - Full Sample

Short Term Long Term
~_Science Non-Science ~_Science Non-Science
Retention Retention Retention Retention Retention Retention
Treatment 0.119 0.107 0.089 0.083 0.121 0.005
(0.04) (0.04) (0.04) (0.04) (0.04) (0.05)
Control Mean -0.01 -0.01 -0.01 -0.00 0.00 0.00
Observations 10580 10580 10580 2417 2417 2417
Panel 2: Knowledge Retention - Half Half
Short Term Long Term
Science Non-Science Science Non-Science
Retention Retention Retention Retention Retention Retention
Treatment 0.115 0.103 0.086 0.143 0.157 0.071
(0.05) (0.05) (0.04) (0.07) (0.06) (0.06)
Control Mean -0.04 -0.03 -0.03 -0.04 -0.02 -0.04
Observations 9055 9055 9055 1327 1327 1327
Panel 3: Test Scores
Short Term Long Term
Science  Maths Verbal Science  Maths Verbal
Treatment 0.078 0.017 0.033 0.074 -0.018 -0.019
(0.03) (0.03) (0.03) (0.04) (0.04) (0.04)
Control Mean -0.01 0.00 -0.00 0.00 0.00 0.00
Observations 9939 10390 10668 2417 2417 2417

Estimates are obtained via OLS. The dependent variables are standardized booklet test scores (knowledge retention) in Panels

1 and 2, and standardized subject test scores in Panel 3. The rst 3 columns give short-term results using the pooled sample,
and the last 3 provide the long-term results of Study 1. Standard errors are clustered at the school level and are reported in
parentheses. Covariates include gender, age, uid 1Q, risk tolerance, survey measure of curiosity, math and verbal scores as
individual baseline characteristics, class size, the share of refugees, teacher gender, experience, and uid IQ as baseline classroom
and teacher characteristics. Grade and district xed e ects are also included.
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Table 5: Treatment E ect on Aspirations

Panel 1: Short Term

University Science Engineering Medical Non-STEM
Treatment 0.008 0.024 0.001 -0.003 -0.022
(0.00) (0.01) (0.01) (0.01) (0.01)
Control Mean 0.95 0.12 0.12 0.16 0.61
Observations 10683 10176 10176 10176 10176
Panel 2: Long Term
University Science Engineering Medical Non-STEM
Treatment 0.010 0.020 0.010 -0.018 -0.012
(0.01) (0.02) (0.02) (0.02) (0.02)
Control Mean 0.95 0.13 0.12 0.22 0.54
Observations 2312 2176 2176 2176 2176

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 1 presents short-term results from the
pooled sample, and Panel 2 long-term results from Study 1. Standard errors are clustered at the school level and are reported
in parentheses. Covariates include gender, age, uid 1Q, risk tolerance, survey measure of curiosity, math and verbal scores as
individual baseline characteristics, class size, the share of refugees, teacher gender, experience, and uid IQ as baseline classroom

and teacher characteristics. Grade and district xed e ects are also included.
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Table 6: Heterogeneous Treatment E ects - Gender

Panel 1: Choice of Booklet

Science Related Non-Science Related No booklet

Treatment = Girls 0.078 -0.044 -0.035

(0.02) (0.02) (0.01)
Treatment = Boys 0.002 0.022 -0.024

(0.02) (0.02) (0.01)
P-Value : Girls=Boys 0.003 0.010 0.218
Control Mean - Girls 0.50 0.44 0.07
Control Mean - Boys 0.49 0.44 0.06
Observations 10858 10858 10858
Panel 2: Level of Curiosity

Curiosity Science Curiosity  Non-Science Curiosity

Treatment = Girls 0.148 0.174 -0.056

(0.05) (0.03) (0.03)
Treatment = Boys 0.075 0.028 0.033

(0.04) (0.03) (0.04)
P-Value : Girls=Boys 0.059 0.001 0.066
Control Mean - Girls -0.07 -0.01 -0.04
Control Mean - Boys 0.05 0.01 0.04
Observations 10852 10851 10851

Estimates are obtained via OLS. 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. Standard errors are clustered at the school level and are reported
in parentheses. Covariates include gender, age, uid 1Q, risk tolerance, survey measure of curiosity, math and verbal scores as
individual baseline characteristics, class size, the share of refugees, teacher gender, experience, and uid IQ as baseline classroom
and teacher characteristics. Grade and district xed e ects are also included.

36



Table 7: Heterogeneous Treatment E ects - Gender

Panel 1. Knowledge Retention - Full Sample

Short Term Long Term
~_Science Non-Science ~_Science Non-Science
Retention Retention Retention Retention Retention Retention
Treatment = Girls 0.119 0.107 0.088 0.031 0.054 -0.009
(0.05) (0.04) (0.05) (0.05) (0.05) (0.06)
Treatment = Boys 0.119 0.107 0.089 0.130 0.163 0.040
(0.05) (0.04) (0.04) (0.07) (0.06) (0.07)
P-Value : Girls=Boys 0.985 0.994 0.981 0.213 0.192 0.561
Control Mean - Girls -0.09 -0.09 -0.06 -0.05 0.02 -0.12
Control Mean - Boys 0.07 0.07 0.04 0.05 -0.02 0.12
Observations 10580 10580 10580 2417 2417 2417

Panel 2: Knowledge Retention - Half Half

Short Term Long Term
~_Science Non-Science ~_Science Non-Science
Retention Retention Retention Retention Retention Retention
Treatment = Girls 0.113 0.101 0.085 0.087 0.084 0.057
(0.06) (0.05) (0.05) (0.08) (0.08) (0.09)
Treatment = Boys 0.117 0.104 0.088 0.183 0.196 0.097
(0.05) (0.05) (0.05) (0.09) (0.08) (0.09)
P-Value : Girls=Boys 0.930 0.932 0.952 0.434 0.322 0.762
Control Mean - Girls -0.12 -0.11 -0.09 -0.07 0.03 -0.16
Control Mean - Boys 0.04 0.05 0.02 -0.01 -0.07 0.07
Observations 9055 9055 9055 1327 1327 1327
Panel 3: Test Scores
Short Term Long Term
Science  Maths Verbal Science  Maths Verbal
Treatment = Girls 0.059 0.018 0.023 0.105 -0.038 -0.006
(0.04) (0.03) (0.03) (0.05) (0.05) (0.05)
Treatment = Boys 0.098 0.015 0.043 0.039 -0.003 -0.028
(0.03) (0.03) (0.03) (0.06) (0.05) (0.06)
P-Value : Girls=Boys 0.335 0.931 0.503 0.381 0.567 0.741
Control Mean - Girls -0.01 -0.02 0.11 -0.02 0.02 0.12
Control Mean - Boys -0.01 0.03 -0.12 0.02 -0.02 -0.12
Observations 9939 10390 10668 2417 2417 2417

Estimates are obtained via OLS. The dependent variables are standardized booklet test scores (knowledge retention) in Panels

1 and 2, and standardized subject test scores in Panel 3. The rst 3 columns give short-term results using the pooled sample,
and the last 3 provide the long-term results of Study 1. Standard errors are clustered at the school level and are reported in
parentheses. Covariates include gender, age, uid 1Q, risk tolerance, survey measure of curiosity, math and verbal scores as
individual baseline characteristics, class size, the share of refugees, teacher gender, experience, and uid IQ as baseline classroom
and teacher characteristics. Grade and district xed e ects are also included.
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Table 8: Heterogeneous Treatment E ects - Gender

Panel 1: Short Term

University Science Engineering Medical Non-STEM

Treatment = Girls 0.008 0.031 0.003 -0.010 -0.024
(0.01) (0.01) (0.01) (0.01) (0.02)
Treatment = Boys 0.008 0.016 -0.001 0.005 -0.020
(0.01) (0.01) (0.01) (0.01) (0.02)
P-Value : Girls=Boys 0.998 0.305 0.751 0.341 0.829
Control Mean - Girls 0.96 0.08 0.06 0.23 0.63
Control Mean - Boys 0.94 0.15 0.17 0.09 0.58
Observations 10683 10176 10176 10176 10176

Panel 2: Long Term

University Science Engineering Medical Non-STEM

Treatment = Girls 0.004 0.027 0.005 -0.044 0.013
(0.01) (0.02) (0.02) (0.03) (0.04)
Treatment = Boys 0.013 0.001 0.021 0.016 -0.038
(0.01) (0.03) (0.03) (0.02) (0.04)
P-Value : Girls=Boys 0.603 0.440 0.680 0.086 0.376
Control Mean - Girls 0.96 0.10 0.05 0.30 0.56
Control Mean - Boys 0.94 0.16 0.19 0.13 0.52
Observations 2312 2176 2176 2176 2176

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 1 presents short-term results from the
pooled sample, and Panel 2 long-term results from Study 1. Standard errors are clustered at the school level and are reported
in parentheses. Covariates include gender, age, uid IQ, risk tolerance, survey measure of curiosity, math and verbal scores as
individual baseline characteristics, class size, the share of refugees, teacher gender, experience, and uid IQ as baseline classroom
and teacher characteristics. Grade and district xed e ects are also included.
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Table 9: Associations Between Curiosity Task (WTP) and Socio-emotional Skills

Panel 1: Raw associations

Critical Curiosity  Science
Grit  Impulsivity Risk Ambiguity Thinking Survey Curiosity

Overall Curiosity 0.051 -0.014 0228 0.189 0.050 0.037 0.042
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Science Curiosity 0.049 -0.056 0086 0.075 0.067 0.047 0.053

(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Non-Science Curiosity  -0.006  0.044 0.108 0.086  -0.027 -0.015 -0.017

(0.02) (0.01) (0.02) (0.02) (0.02) (0.01) (0.02)
Observations 4524 4650 5070 5066 3635 4954 4954

Panel 2: Raw associations controlling for 1Q Score

Critical Curiosity  Science
Grit  Impulsivity Risk Ambiguity Thinking Survey Curiosity

Overall Curiosity 0.044  -0.007 0232 0193 0040 0.028 0.031
(0.02) (0.01) (0.02) (0.02) (0.02) (0.01) (0.02)
Science Curiosity 0.042 -0.048 0090 0.079 0.058 0.038 0.042
(0.02) (0.02) (0.01) (0.02) (0.02) (0.01) (0.02)
Non-Science Curiosity  -0.005  0.043 0.107  0.086 -0.025 -0.014 -0.015
(0.02) (0.01) (0.02) (0.02) (0.02) (0.01) (0.02)
Observations 4524 4650 5070 5066 3635 4954 4954

The table presents OLS coe cients of the regression of socio-emotional skills, survey measure of curiosity and risk/ambiguity
preferences on task-based curiosity measure (WTP). Risk and ambiguity preferences are measured via incentivized tasks. The
analysis uses only the control sample. Standard errors are clustered at the school level and are reported in parentheses.
Coe cient estimates are standard deviation e ects, controlling district xed e ects in Panel 1, district xed e ects and uid

1Q (Raven's score) in Panel 2.
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Table 10: Knowledge Retention Through Dissemination

Panel 1: Booklet Received

_ Science Non-Science
Retention Retention Retention
Treatment 0.151 0.131 0.120
(0.06) (0.05) (0.05)
Control Mean 0.00 -0.00 -0.00
Observations 4197 4197 4197
Panel 2: No Booklet Received
_ Science Non-Science
Retention Retention Retention
Treatment 0.079 0.072 0.058
(0.05) (0.04) (0.04)
Control Mean 0.00 0.00 0.00
Observations 5307 5307 5307
Panel 3: Network E ect
Science Non-Science
Retention Retention Retention
Treatment 0.185 0.163 0.143
(0.08) (0.07) (0.07)
Control Mean 0.00 0.00 0.00
Observations 1068 1068 1068

Estimates are obtained via OLS. The dependent variables are standardized booklet test scores (knowledge retention). Panel 1
uses the sample of booklet recipients only in the Half-Half regime. Panel 2 uses the sample of students who did not receive any
booklet. Panel 3 uses the sample of students who did not receive any booklet but have at least one person in their network
who has received the booklet of their choice. Standard errors are clustered at the school level and are reported in parentheses.
Covariates include gender, age, uid 1Q, risk tolerance, survey measure of curiosity, math and verbal scores as individual
baseline characteristics, class size, the share of refugees, teacher gender, experience, and uid 1Q as baseline classroom and
teacher characteristics. Panel 3 speci cation include total number of friendship ties the student have in the classroom. Grade
and district xed e ects are also included.
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Figures

Figure 1: Timeline of the Two Trials

Figure 2: Covers of the Booklets
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Figure 3: Implementation Intensity

The gure 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 4: Student Curiosity Distribution (WTP)

Figures depict the distribution of the number of tokens forgone for a booklet (Panel 1), for a science-related booklet (Panel 2),
and for a non-science related booklet (Panel 3).
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Figure 5: Treatment e ect on the Ranking of Booklets

The gure depicts the marginal treatment e ects obtained from logistic regressions on subject interest. The dependent variables
are binary indicators of one if the respective booklet is ranked as one of the top 3 interests by the student. Standard errors are
clustered at the school level and are reported in parentheses. Covariates include gender, age, uid IQ, risk tolerance, survey
measure of curiosity, math and verbal scores as individual baseline characteristics, class size, the share of refugees, teacher
gender, experience, and uid 1Q as baseline classroom and teacher characteristics. Grade and district xed e ects are also
included.
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Figure 6: Theory of Change-Potential Mechanisms
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Figure 7: E ect of Curiosity on Learning - IV results

The gures depict the margin plots obtained from the two-stage least squares estimation of the e ect of science curiosity
on booklet retention (Panel 1), and test scores (Panel 2), where science curiosity is instrumented with the binary treatment
assignment. Standard errors are clustered at the school level. Covariates include gender, age, uid 1Q, risk tolerance, survey
measure of curiosity, math and verbal scores as individual baseline characteristics, class size, the share of refugees, teacher
gender, experience, and uid IQ as baseline classroom and teacher characteristics. Grade and district xed e ects are also
included.
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Figure 8: Treatment E ects on Students' Beliefs and Attitudes

The gure depicts the estimated treatment e ects on socio-emotional skills, beliefs and attitudes. Standard errors are clustered

at the school level. Covariates include individual baseline characteristics: gender, age, baseline uid 1Q, risk tolerance, survey
measure of curiosity, math and verbal scores, baseline classroom and teacher characteristics: class size, the share of refugees,
teacher gender, experience, and uid IQ. Grade and district xed e ects are also included.
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Figure 9: Treatment E ects on Teacher's Pedagogical Beliefs and Teaching Styles

The gure depicts the estimated treatment e ects on teachers skills, beliefs, attitudes and teaching styles. Standard errors are
clustered at the school level. Covariates include teacher gender, experience, uid I1Q, class size, the share of refugees. Grade
and district xed e ects are also included.
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Online Appendix- Not For Publication

A Additional Tables and Figures

The table presents the balance at baseline for Study 1 sample. The p-values from the test of equality between control and
treatment are shown in the last column. Test scores and survey items are standardized to have a mean zero and a standard

deviation of 1.

Table Al: Balance at Baseline: Study 1
Control Treatment Di

N Mean Mean pvalue
Student Characteristics
Male 3786 0.51 0.51 0.53
Age in Months 3786 110.89 111.56 0.47
Fluid IQ Score 3376 -0.01 0.05 0.82
Math Score 3386 -0.01 0.08 0.73
Verbal Score 3386 0.05 0.12 0.92
Curiosity 3786 0.06 0.07 0.90
Risk Attitude 3786 2.13 2.08 0.61
Ambiguity Attitude 2873 1.94 1.97 0.66
Gender Roles 3254 0.01 0.01 0.64
Home - Computer 3286 0.53 0.54 0.83
Home - Internet 3273 0.67 0.65 0.30
Siblingship Size 3324 271 2.67 0.68
Birth Order 3324 2.63 2.57 0.99
Teacher Characteristics
Male 129 0.38 0.32 0.55
Age 129 43.05 42.19 0.39
Raven Score 129 19.13 19.17 1.00
Cognitive Empathy Score 129 22.65 22.91 0.57
Married 129 0.83 0.83 0.84
Number of children 129 1.58 1.51 0.46
Teaching experience in Years 129 18.95 18.17 0.37
University Graduate 129 0.92 0.93 0.66
Curiosity 129 -0.08 0.12 0.22
Gender Styping Beliefs 129 -0.03 -0.24 0.12
Growth Mindset 129 0.06 0.08 0.86
Professional Attachment 129 -0.08 0.15 0.18
Competence Beliefs 128 -0.00 0.21 0.18
Modern Teaching 129 0.04 0.15 0.33
Extrinsic Motivator 129 -0.01 -0.20 0.12
Warmth 129 0.02 0.13 0.28
Inquiry-based Pedagogy 128  -0.16 0.07 0.08*
Classroom Characteristics
Classroom size 129 28.20 30.35 0.33
Refugee Share 129 0.14 0.13 0.76
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Table A2: Balance at Baseline: Study 2

Control Treatment Di

N Mean Mean pvalue
Student Characteristics
Male 9253 0.51 0.51 0.68
Age in Months 9253 113.02 113.26 0.37
Fluid 1Q Score 7536 -0.11 -0.10 0.90
Math Score 7536 -0.10 -0.10 0.99
Verbal Score 7536  -0.09 -0.08 0.99
Curiosity 9253 -0.09 -0.07 0.49
Risk Attitude 9253  2.80 2.80 0.97
Ambiguity Attitude 7536  2.65 2.61 0.65
Gender Roles 7359 0.04 0.02 0.24
Home - Computer 1472 0.49 0.52 0.42
Home - Internet 7465 0.85 0.87 0.29
Siblingship Size 7490 2.75 2.74 1.00
Birth Order 7490 2.61 2.60 0.99
Teacher Characteristics
Male 296 0.22 0.27 0.33
Age 296 46.54 45.75 0.42
Raven Score 296 17.17 17.06 0.79
Cognitive Empathy Score 296  23.22 22.96 0.58
Married 296 0.83 0.86 0.46
Number of children 296 1.91 1.80 0.27
Teaching experience in Years 296  21.89 21.53 0.73
University Graduate 296 0.95 0.96 0.62
Curiosity 296 -0.03 0.07 0.34
Gender Styping Beliefs 296 -0.05 0.03 0.51
Growth Mindset 296 -0.01 0.06 0.57
Professional Attachment 296 0.05 -0.07 0.35
Competence Beliefs 296 0.02 0.01 0.93
Modern Teaching 296 0.05 0.04 0.87
Extrinsic Motivator 296 -0.03 -0.07 0.63
Warmth 296 -0.12 -0.11 0.94
Inquiry-based Pedagogy 296 0.02 0.01 0.93
Classroom Characteristics
Classroom size 296 3241 30.97 0.23
Refugee Share 296 0.04 0.04 0.74

The table presents the balance at baseline for Study 2 sample. The p-values from the test of equality between control and
treatment are shown in the last column. Test scores and survey items are standardized to have a mean zero and a standard
deviation of 1.
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Table A3: Heterogeneous Treatment E ects - 1Q

Panel 1: Choice of Booklet

Science Related Non-Science Related No booklet

Treatment = Low 1Q 0.028 0.007 -0.034

(0.02) (0.01) (0.01)
Treatment = High 1Q 0.047 -0.021 -0.026

(0.01) (0.01) (0.01)
P-Value : Low = High 0.348 0.143 0.402
Control Mean - Low 1Q 0.48 0.45 0.07
Control Mean - High 1Q 0.50 0.43 0.06
Observations 10858 10858 10858

Panel 2: Level of Curiosity

Curiosity Science Curiosity Non-Science Curiosity

Treatment = Low 1Q 0.062 0.048 0.003

(0.05) (0.04) (0.03)
Treatment = High 1Q 0.142 0.134 -0.019

(0.04) (0.03) (0.03)
P-Value : Low = High 0.060 0.058 0.572
Control Mean - Low 1Q -0.05 -0.04 0.00
Control Mean - High 1Q 0.02 0.02 -0.00
Observations 10852 10851 10851

Estimates are obtained via OLS. 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. Standard errors are clustered at the school level and are reported
in parentheses. Covariates include gender, age, uid 1Q, risk tolerance, survey measure of curiosity, math and verbal scores as
individual baseline characteristics, class size, the share of refugees, teacher gender, experience, and uid IQ as baseline classroom
and teacher characteristics. Grade and district xed e ects are also included.
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Table A4: Heterogeneous Treatment E ects - 1Q

Panel 1. Knowledge Retention - Full Sample

Short Term

Long Term

Science Non-Science

: ; | ~_Science Non-Science
Retention Retention Retention Retention Retention Retention

Treatment = Low 1Q 0.065 0.055 0.054 0.012 0.022 -0.006

(0.04) (0.04) (0.04) (0.06) (0.06) (0.06)
Treatment = High 1Q 0.153 0.140 0.111 0.124 0.164 0.027

(0.06) (0.05) (0.05) (0.06) (0.06) (0.06)
P-Value : Low = High 0.111 0.118 0.248 0.253 0.143 0.694
Control Mean - Low 1Q -0.13 -0.14 -0.06 -0.16 -0.04 -0.23
Control Mean - High 1Q 0.07 0.08 0.03 0.10 0.03 0.15
Observations 10580 10580 10580 2417 2417 2417
Panel 2: Knowledge Retention - Half Half

Short Term Long Term

Science Non-Science

: ; | ~_Science Non-Science
Retention Retention Retention Retention Retention Retention

Treatment = Low IQ 0.071 0.045 0.079 0.049 0.052 0.026

(0.05) (0.04) (0.04) (0.07) (0.07) (0.07)
Treatment = High 1Q 0.145 0.141 0.092 0.197 0.202 0.115

(0.07) (0.06) (0.06) (0.09) (0.09) (0.08)
P-Value : Low = High 0.239 0.112 0.808 0.187 0.207 0.327
Control Mean - Low 1Q -0.16 -0.16 -0.10 -0.14 -0.02 -0.24
Control Mean - High 1Q 0.04 0.05 0.01 0.04 -0.03 0.11
Observations 9055 9055 9055 1327 1327 1327
Panel 3: Test Scores

Short Term Long Term

Science Maths Verbal Science Maths Verbal
Treatment = Low IQ 0.064 0.012 0.055 0.036 -0.129 0.008

(0.03) (0.04) (0.03) (0.06) (0.06) (0.08)
Treatment = High 1Q 0.088 0.021 0.023 0.094 0.047 -0.033

(0.04) (0.04) (0.04) (0.05) (0.06) (0.05)
P-Value : Low = High 0.652 0.888 0.402 0.440 0.057 0.658
Control Mean - Low 1Q -0.36 -0.20 -0.43 -0.32 -0.34 -0.21
Control Mean - High 1Q 0.21 0.13 0.26 0.21 0.22 0.14
Observations 9939 10390 10668 2417 2417 2417

Estimates are obtained via OLS. The dependent variables are standardized booklet tests scores (knowledge retention) in Panel
1 and 2, standardized subject test scores in Panel 3. The rst 3 columns give short-term results using the pooled sample, the
last 3 give the long-term results of Study 1. Standard errors are clustered at the school level and are reported in parentheses.
Covariates include gender, age, uid 1Q, risk tolerance, survey measure of curiosity, math and verbal scores as individual
baseline characteristics, class size, the share of refugees, teacher gender, experience, and uid IQ as baseline classroom and

teacher characteristics. Grade and district xed e ects are also included.

51



Table A5: Heterogeneous Treatment E ects - 1Q

Panel 1: Short Term

University Science Engineering Medical Non-STEM

Treatment = Low 1Q 0.007  0.017 0.007 0.006  -0.029
(0.01) (0.01) (0.01)  (0.01)  (0.02)
Treatment = High 1Q 0.009  0.028 -0.002  -0.008  -0.018

(0.01) (0.01) (0.01) (0.01)  (0.01)
P-Value : Low = High  0.813 0438 0506 0322 0576

Control Mean - Low 1Q 0.94 0.12 0.10 0.14 0.64
Control Mean - High 1Q 0.96 0.11 0.13 0.18 0.59
Observations 10683 10176 10176 10176 10176

Panel 2: Long Term

University Science Engineering Medical Non-STEM
Treatment = Low I1Q 0.016 0.001 0.002 -0.021 0.018
(0.01) (0.03) (0.02) (0.03) (0.04)
Treatment = High 1Q 0.004 0.021 0.019 -0.011 -0.029
(0.01) (0.02) (0.02) (0.02) (0.03)
P-Value : Low = High 0.480 0.571 0.568 0.788 0.325

Control Mean - Low 1Q 0.92 0.13 0.08 0.22 0.57
Control Mean - High 1Q 0.97 0.12 0.14 0.21 0.52
Observations 2312 2176 2176 2176 2176

Estimates are obtained via OLS. The dependent variables are binary choice variables of intention to go to university, choose
science major, engineering major, medicine and non-STEM major. Panel 1 presents short term results from the pooled sample,
Panel 2 long-term results from Study 1. Standard errors are clustered at the school level and are reported in parentheses.
Covariates include gender, age, uid IQ, risk tolerance, survey measure of curiosity, math and verbal scores as individual
baseline characteristics, class size, the share of refugees, teacher gender, experience, and uid IQ as baseline classroom and
teacher characteristics. Grade and district xed e ects are also included.

Table A6: E ect of Curiosity - IV Results

Science Non-Science
Retention Retention Retention Science Maths Verbal

Science Curiosity  1.284  1.125 0.998  0.798 0.161 0.289
(0.55) (0.48) (0.48) (0.35) (0.29) (0.27)
Observations 9733 9733 9733 9733 9733 10002

The table presents the 2SLS results depicted in Figure 7 in the main text. The estimates are obtained from the two-stage least
squares estimation of the e ect of science curiosity on booklet retention and test scores, where science curiosity is instrumented
with the binary treatment assignment. Standard errors are clustered at the school level. Covariates include gender, age, uid
1Q, risk tolerance, survey measure of curiosity, math and verbal scores as individual baseline characteristics, class size, the
share of refugees, teacher gender, experience, and uid 1Q as baseline classroom and teacher characteristics. Grade and district
xed e ects are also included.Standard errors clustered at school level and are reported in parentheses.Outcome variable is
the standardized score from second week test on the curiosity booklet knowledge. Control variables include dummy variable
for male, dummy variable for middle school, age in months, 1Q, baseline risk behavior, baseline survey measure of curiosity,
baseline math and verbal scores. Models include strata xed e ects.
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B Figures

Figure Al: Treatment E ects -by Study Sites

The gure depicts the estimated treatment e ects and their 95% con dence intervals for all outcomes considered in the study.
Standard errors are clustered at the school level. The vertical line indicates a treatment e ect of 0. The rst three outcomes
are the choice of booklets, the following three are curiosity levels based on the experimental task, followed by the booklet
performance (7-9), subject test scores (10-12), and educational aspirations(13-17). Covariates include gender, age, uid 1Q,
risk tolerance, survey measure of curiosity, math and verbal scores as individual baseline characteristics, class size, the share of

refugees, teacher gender, experience, and uid IQ as baseline classroom and teacher characteristics. Grade and district xed
e ects are also included.
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C Survey Inventories

We provide some example questions from our student and teacher surveys below. The full
inventory for both is available upon request.

Table A7: Student Survey Inventories

Inventory ‘ Exemplary Items

4-point likert scale: completely agree, agree, disagree, completely disagree

There are always questions on my mind.

Curiosi
v When | hear a word that | do not know, | am eager to learn it.

o o It is fun to break things into pieces to see what is inside.
Scienti ¢ Curiosity

I never hesitate to ask questions.

Obstacles or setbacks may discourage me.

Grit
| often set a goal but later choose to pursue a di erent one.

. | tend to say the rst thing that comes to mind, without thinking about it.
Impulsivity

| interrupt people when they are talking.

. . It's important to understand other people's viewpoint on an issue.
Critical Thinking

I usually check the credibility of the source of information before making judgements.

Table A8: Teacher Survey Inventories

Inventory ‘ Exemplary Items

4-point likert scale: completely agree, agree, disagree, completely disagree

| encourage my students to do research on topics they are interested in and
discuss these topics with me. (Inquiry-based Pedagogy)

It does not matter if there is noise in the classroom as long as the students are
busy with something productive. (Modern Teaching)

. Punishment is necessary to create a disciplined class. (Extrinsic Motivation
Teaching Styles y P ( )

Teachers should be serious and authoritative in their relationships with students.

(Warmth)
Professional Satisfaction | am very pleased to have chosen teaching as a profession.
Competence It is di cult for me to communicate e ectively with students.
Growth Mindset Your intelligence is something that you can't change very much.
Critical Thinking | sometimes nd a good argument that challenges some of my rmly held beliefs.
Gender Stereotyping Men have better judgment compared to women; hence they are better leaders.
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