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Abstract

We show that grit, a skill that has been shown to be highly predictive of achievement,

is malleable in childhood and can be fostered in the classroom environment. We evaluate

a randomized educational intervention implemented in two independent elementary school

samples. Outcomes are measured via a novel incentivized real effort task and performance

in standardized tests. We find that treated students are more likely to exert effort to

accumulate task-specific ability, and hence, more likely to succeed. In a follow up 2.5

years after the intervention, we estimate an effect of about 0.20 standard deviations on a

standardized math test.
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“Ever tried. Ever failed. No matter. Try again.

Fail again. Fail better."
— Samuel Beckett, Worstward Ho

1 Introduction

The growing literature on human capital accumulation has emphasized the importance of

non-cognitive skills in explaining individual differences in achievement in various economic

and social domains (Heckman, Stixrud and Urzua, 2006; Borghans et al., 2008). These skills

encompass a broad range of individual character traits, often measured via standardized ques-

tionnaires by psychologists and, more recently, via incentivized experimental elicitation tech-

niques by economists. Non-cognitive skills such as patience, self-control and conscientiousness,

and preference parameters such as risk attitudes have been shown to be highly predictive of

outcomes ranging from educational attainment, occupational and financial success to criminal

activity and health outcomes; see Heckman, Stixrud and Urzua (2006); Almlund et al. (2011);

Dohmen et al. (2011); Sutter et al. (2013); Heckman, Humphries and Mader (2011); Moffit

et al. (2011); Castillo et al. (2011); Golsteyn, Gronqvist and Lindahl (2013). In fact, the

predictive power of non-cognitive skills appears to rival that of cognitive skills (Roberts et al.,

2007; Kautz et al., 2014). More importantly from a policy standpoint, there is now ample ev-

idence suggesting that these important skills are malleable especially in the childhood period

and can be fostered through educational interventions (Almlund et al., 2011; Kautz et al.,

2014).1

Among these skills, “grit” - which has not been studied extensively by economists but

is likely to influence a myriad of economic decisions and outcomes such as entrepreneurial

success, career development, college dropout rates and absenteeism - is the focus of this pa-

per.2 Grit is generally defined as perseverance in a productive task, and is also related to
1Well-known examples of early childhood and elementary school programs include the Perry Preschool

Program (Heckman et al., 2010; Heckman, Pinto and Savelyev, 2013), the Abecedarian Program (Heckman,
Moon and Pinto, 2010; Conti et al., 2014), and the project STAR (Schanzenbach, 2006; Dee and West, 2011;
Chetty et al., 2011). As an example of a targeted education, Alan and Ertac (forthcoming) show that an
educational intervention designed to improve forward-looking behavior in elementary school children leads to
favorable outcomes not only in incentivized elicitation tasks but also in disciplinary conduct in school.

2Grit has been shown to be associated with college GPAs and educational attainment. It also predicts
retention in different contexts: Grittier students are more likely to graduate from high school, grittier employees
are more likely to keep their jobs, grittier soldiers are more likely to be retained in the army and grittier men
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conscientiousness and being able to set long-term goals. Hence, it is a non-cognitive skill that

influences the motivation to set a goal, exert effort towards that goal and persevere in pur-

suing it in response to negative performance feedback. In many educational and employment

settings, individuals frequently face challenging tasks and encounter performance feedback.

Given the central question of how to motivate individuals to work harder in these settings, it

is important to understand the nature of grit as a non-cognitive skill and to explore ways of

enhancing it.

In producing “gritty” behavior, beliefs are likely to play a pivotal role, since an individual

will set ambitious performance goals and persevere in response to failures if her perceived

return to exerting effort is sufficiently high. While beliefs about the existing stock of skills

can play an important role in such decisions, beliefs about the role of effort in the production

or performance process are also likely to be crucial. Considering longer-term, high-reward

targets, these beliefs pertain to the role of effort in general ability development, i.e. to the

malleability of ability through effort. If an individual believes that she can develop skills over

time by exerting effort (e.g. by continued practice), she will be less discouraged by early

failures and more likely to keep at the task, which will lead to higher achievement, especially

if the performance technology is conducive to skill accumulation.

In this paper, we provide evidence that grit is malleable in the childhood period and

can be fostered in the classroom environment. Our evidence comes from the evaluation of a

randomized-controlled educational intervention that we develop and implement in Istanbul,

Turkey. The intervention aims to foster grit by highlighting the importance of goal setting

and perseverance in achieving success. It also aims to positively influence children’s beliefs

about the malleability of ability and the productivity of effort in the skill accumulation process

to encourage gritty behavior. The program exposes children to a worldview in which ability,

rather than being innately fixed, can be developed through sustained, goal-oriented effort. The

core message is to highlight the role of effort in the skill accumulation process and thereby

in achievement, and to discourage students from interpreting early setbacks and failures as

evidence for a lack of innate ability. The premise is that holding such beliefs about the

are more likely to remain married. See Duckworth et al. (2007); Duckworth and Quinn (2009); Maddie et al.
(2012); Eskreis-Winkler et al. (2014).
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performance technology will increase the motivation to undertake challenging but rewarding

tasks and to exert sustained effort, resulting in higher achievement.

The intervention material involves animated videos, mini case studies and classroom ac-

tivities that highlight i) the plasticity of the human brain against the notion of innately fixed

ability, ii) the role of effort in enhancing skills and achieving goals, iii) the importance of a

constructive interpretation of failures and therefore perseverance, and iv) the importance of

goal setting. These materials are shaped by a multidisciplinary team of education consultants

and elementary school teachers, and are conveyed by the students’ own teachers, who are

trained before the program starts. In addition, teachers are encouraged to adopt a teaching

philosophy that emphasizes the role of effort in everyday classroom tasks, e.g. while giving

performance feedback and interpreting test results. In this sense, the program is not merely

a set of materials to be covered in a specified period of time, like a common curriculum

item. Instead, it aims to change the students’ beliefs about the importance of effort partly

by changing the mindset of the teachers and the nature of the classroom environment.3

We evaluate the effect of this unique training program using two independent samples of

4th grade students (ages 9-10). Within each sample, the intervention is randomized across

schools in which at least one teacher was willing to participate in the program. We measure

the outcomes through a multi-faceted methodology that includes a novel incentivized real

effort task, grades and objective test scores. The incentivized real effort task is designed

to elicit a number of aspects of grit; challenge seeking, perseverance through setbacks, goal

setting and the propensity to engage in effortful behavior to accumulate skill. Specifically, we

elicit students’ choices between a challenging high-reward and an easy low-reward task, and

the dynamic response of this choice to negative performance feedback. The experiment also

involves a temporal component, which allows us to observe longer-term skill accumulation in

the challenging task through practice. In addition to experimental choices and outcomes, we

administer standardized tests to measure mathematics and verbal (Turkish) skills. We also

measure students’ beliefs about the malleability of ability and the role of effort in achievement,
3Blackwell, Trzesniewski and Dweck (2007) show that students’ mindset with regard to the malleability of

intelligence has an effect on the trajectory of mathematics grades among 7th graders. More evidence on the
relationship between students’ mindsets and achievement is provided by Aronson, Fried and Good (2002) and
Good, Aronson and Inzlicht (2003).
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as well as self-reported attitudes and behaviors regarding perseverance, using pre- and post-

treatment questionnaires.

In both samples, our results reveal a striking impact of the intervention on students’

behaviors and outcomes in the experimental task. In particular, we find treated students to

be significantly more likely to opt for a difficult high-reward task when offered the choice

against an easier low-reward alternative. Treated students are also significantly more likely

to re-attempt the difficult task after receiving negative performance feedback. The design

of our experimental task additionally allows us to investigate whether treated students are

more likely to aim for succeeding in the difficult task when they are given the opportunity

to accumulate task-specific skill. When given time (exactly one week) to acquire the skill

needed to succeed in the difficult task, treated students are significantly more likely to set

themselves the goal of succeeding in the difficult task. They are also significantly more likely

to achieve this goal. More specifically, they are about 8 to 10 percentage points more likely to

succeed in the difficult task, and consequently, they collect about 15 to 26% higher rewards

than students in the control group. These findings suggest that treated students are more

likely to set ambitious goals, to engage in skill accumulating activities, and to end up with

higher success as a result. We find that the estimated treatment effects are remarkably similar

across the two independent samples in which we randomize the educational intervention. The

replicability of our results is encouraging and clears the path for a potential scale-up (see

Maniadis, Tufano and List, 2014).

The positive effects we estimate in the incentivized task also extend to real outcomes.

Although we do not estimate a significant treatment effect on subjective grades given by

teachers, we find that treated students perform significantly better in objective tests. Tests

conducted immediately after the program reveal a large treatment effect (about 0.31 standard

deviations) on math and a smaller and less precise effect (about 0.15 standard deviations) on

verbal performance. Particularly encouraging is that the program has remarkably persistent

effects on math scores: In a follow-up conducted 2.5 (1.5) years after the implementation of

the program in the first (second) sample, we estimate an effect of about 0.20 (0.19) standard

deviations on an objective math test. For verbal scores, however, the estimated short-term

effect seems to have dissipated in both samples.

5



In order to explore potential mechanisms through which the program led to such posi-

tive effects on math performance, we rely on a formal instrumental variable-based mediation

analysis. For this, we first stipulate a causal mechanism that runs through the effect of the

treatment on students’ beliefs about whether abilities are malleable through effort. We iden-

tify the causal effect of such beliefs on math performance. We then decompose this total

effect of beliefs into a “direct effect” and an “indirect effect”. The latter represents the effect

of beliefs on test scores through their effect on gritty behavior. We find that about 84 to 87%

of the total effect of beliefs on test scores is mediated through their effect on grit.

The paper makes several contributions to the literature. To our knowledge, this is the

first large-scale randomized intervention which provides causal evidence that grit, as a spe-

cific non-cognitive skill, can be improved through targeted education. While there are several

studies showing that interventions that aim to change mindset may lead to positive outcomes,

this is the first study that i) provides longer-term results on key achievement outcomes and,

ii) targets the mindset and classroom practices of teachers, rendering scale-up easier. The

unique measurement methodology offers important advantages in capturing a rich set of be-

liefs, behaviors and outcomes related to grit, and in studying potential mechanisms through

which the impact has been achieved. With its dynamic real-effort framework, the paper also

contributes to the recent experimental economics literature on the motivational effects of per-

formance feedback and quitting behavior in work settings (Azmat and Iriberri, 2010; Eriksson,

Poulsen and Villeval, 2009; Gill and Prowse, 2012; Barankay, 2014). More broadly, the study

contributes to the existing literature that uses randomized controlled trials to test the effec-

tiveness of interventions on children’s behaviors and educational outcomes (e.g. Fryer, 2011;

Bettinger et al., 2012; Kosse et al., 2016; Levitt et al., 2016; Alan and Ertac, forthcoming).

We show that educational materials and activities, implemented in the children’s natural

classroom environment by their own teachers, can produce remarkable effects on behaviors

related to goal-setting and perseverance, and on eventual success and payoffs in an incentivized

real effort task, as well as performance in standardized tests. Given the pivotal role of non-

cognitive skills for academic achievement and labor market success (Duckworth et al., 2007;

Almlund et al., 2011; Kautz et al., 2014), evidence on the positive impact of such education

is of utmost policy importance. Our results provide an affirmative answer to the question of
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whether non-cognitive skills are malleable, and highlight a particular low-cost alternative that

can be implemented to foster these skills in the natural environment of the classroom. Being

able to achieve such an impact in the school environment offers hope for reducing persistent

achievement gaps observed in many countries, where many educational policy actions aiming

to enhance family inputs face challenges in engaging families of low socio-economic strata.

The paper is organized as follows. Section 2 presents details on the design and imple-

mentation of the educational intervention, and on the measurement of the different outcome

variables of interest. Section 3 contains details on the data, while Section 4 presents the

results. Section 5 provides the results of a mediation analysis and Section 6 concludes.

2 Design and Outcome Measurement

2.1 Nature of the Intervention

The educational intervention consists of a carefully designed curriculum to be covered by

teachers in official extra-curricular hours. Each topic is introduced by the teacher with the

help of a kit that provides specific guidelines for implementing activities. The curriculum

consists of animated videos, mini case studies and classroom activities that highlight i) the

plasticity of the human brain against the notion of innate ability, ii) the role of effort in

enhancing skills and achieving goals, iii) the importance of a constructive interpretation of

setbacks and failures, and iv) the importance of goal setting. The aim of the training is to

expose students to a worldview in which any one of them can set goals in an area of their

interest and can work toward these goals by exerting effort. The materials highlight the idea

that in order to achieve goals, it is imperative to avoid interpreting immediate failures as a

lack of innate ability or intelligence. This worldview embraces any productive area of interest,

whether it be music, art, science or sports. While the target concepts of the educational

materials were determined by the scientific team, specific contents (e.g. scripts) were shaped

with input from an interdisciplinary team of education psychologists, a group of voluntary

elementary school teachers, children’s story writers and media animation artists, according to

the age and cognitive capacity of the students. A minimum of 10 sessions were recommended
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to the teachers to complete the curriculum.4

To give an example, in an animated video, two students who hold opposite views on the

malleability of ability engage in a dialog. The student who believes that ability is innate

and therefore believes that there is no scope for enhancing ability through effort, points

out that the setbacks she experiences are reminders of the fact that she is not intelligent.

Following this remark, the student who holds the opposite view replies that she knows that

setbacks are usually inevitable on the way to success; she interprets them as opportunities to

learn, and therefore, they do not discourage her. The video contains further dialogs between

these two students on similar ideas such as the importance of sustained effort in achieving

one’s long-term goals. Training materials also include stories in the form of mini-case studies

containing similar ideas in different contexts. In addition to material about the malleability

of abilities, the intervention contains materials that highlight the importance of goal-setting,

and address issues that tend to hinder perseverance, such as fear of failure, fear of math

and challenging tasks. Visual materials and stories are supplemented by classroom activities

created and supervised by teachers, based on general suggestions and guidelines put forward

in the teacher training. For example, in a large number of schools, students prepared colorful

posters that contain famous phrases of renowned individuals pertaining to the importance of

grit and perseverance. These posters were exhibited in these schools in the week during which

the lives of famous scientists and explorers in history were covered as part of the life sciences

curriculum.5

In teacher training seminars, teachers were encouraged to adopt the ideas put forward in

the materials as part of a teaching philosophy, and to implement them by praising students’

effort, perseverant behavior and their positive attitude toward learning, rather than just

praising good outcomes. Teachers were also encouraged not to praise a successful student in

a way which would imply that the student possesses superior intelligence (in the innate sense

of the word), but were rather advised to highlight the role of effort in the student’s success.

In this sense, the intervention is not merely a set of materials to be covered in a specified
4Based on the feedback we received from participating teachers, on average 12 weeks were necessary to

complete the curriculum. Most teachers reported that they spent at least 2 hours/week on the project.
5Oversight of the ministry and the input received from independent school teachers in preparation of the

materials ensured that all activities and reading materials complemented the existing curricula. A summary
of the curriculum can be found in the Online Appendix.
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period of time, like any other curriculum item, but rather an attempt to change the mindset

of children by changing the mindset of the teachers.6

While the intervention is strongly related to growth mindset and the incremental theory of

intelligence (Dweck, 2006), it differs from previous “mindset interventions” on several levels.

There are several studies showing that interventions that aim to change mindset may lead to

positive outcomes. But as Kautz et al. (2014) note, these studies have some shortcomings, in

the sense that (1) exposure to the treatment is usually short, since treatment usually consists

of introducing the incremental theory of intelligence to students, (2) effects measured are

short-term. A major feature of our intervention that diverges from existing interventions

on mindset is our means of training. Rather than only focusing on showing instructional

videos or teaching the incremental theory of intelligence, the intervention aims to change the

mindset and classroom practices of teachers, and places the focus more directly on encouraging

actual perseverant behavior. This, in fact, also ensures that exposure to the material is not

limited to project hours but also is exemplified in everyday classroom practices. In this sense,

compared to the literature, our intervention is more intense. A second major contribution of

our intervention is the longer-term follow-up on test scores (Section 4.4) and the analysis of

mechanisms through which the program effects are manifested in these test scores (Section 5).

Third, unlike interventions that are implemented in smaller samples and in a single school,

we randomize the treatment at the school level. This is important because the estimates from

our randomized-controlled trial are relevant for educational policy – if policymakers would

like to implement such programs at a larger scale through training teachers, our intervention

provides a realistic measure of how effective this would be in terms of student achievement.
6In order to assess how successful this attempt was, we conducted an anonymous survey among teachers

at the end of the academic year and asked about their views on the ideas put forward in the materials. More
than 95% of all teachers report that they agree with the ideas conveyed by the training and more than 90%
report having implemented the training moderately or intensely. Anecdotally, the field partner who maintained
contact with teachers after the conclusion of the intervention, received feedback from teachers supporting our
point that the ideas put forward in the offered materials were adopted as a teaching philosophy. Several
teachers revealed that they were implementing these ideas for their new cohort of students (in the absence of
an official program).
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2.2 Evaluation Design

The Turkish Ministry of Education encourages schools and teachers to participate in socially

useful projects offered by the private sector, NGOs, the government and international orga-

nizations. These projects, upon careful examination and endorsement by the Ministry, are

made available to interested schools. The Ministry allows up to 5 lecture hours per week for

project-related classroom activities, and participation in these projects is at the discretion

of teachers. Subject matters for these projects are many, and typical examples include the

environment, art, citizenship, foreign languages, health, and dental care. These are generally

high quality projects designed and offered by the Turkish Ministry of Health, the Ministry of

the Environment, universities, reputable NGOs and international organizations.

The program we develop and evaluate is offered as part of a corporate social responsibility

project of the Turkish division of a major international bank. The main objective of the

program is to improve key non-cognitive skills in elementary school children in the classroom

environment. The program is implemented by the students’ own teachers in a large number of

state elementary schools in Istanbul with the permission and oversight of the Turkish Ministry

of Education. In the last few decades, middle class families in Turkey tend to prefer private

schools over under-resourced state schools for their children. Therefore, the program mainly

reaches students from lower socio-economic backgrounds.

We implement and evaluate the program as two independent studies, resulting in two

independent samples. In both samples, we randomize the intervention across schools in which

at least one teacher stated his/her willingness to participate in the program. In the first study,

students who received training on grit in Fall 2013 had already received another training in

Spring 2013, which aimed to improve the ability to make decisions in a forward-looking manner

and encourage patience.7 This sample (Sample A henceforth) consists of 36 schools, 15 of

which are assigned to treatment (grit+patience) and 21 to control, and has a total of about

1,700 students in 64 classrooms. Among those 21 control schools, 9 of them received only the

patience treatment. While we can evaluate the independent impact of the patience treatment

on our outcome measures (and indeed show that the patience treatment by itself does not
7The results of the evaluation of this intervention are reported in Alan and Ertac (forthcoming).
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produce gritty behavior; see Table C.1 in the Online Appendix), we are not able to isolate

or rule out potential complementarities across the grit and patience training using Sample

A. The second study, which was implemented in the school year 2015-2016 and essentially

provides a replication sample, resolves this issue.

In the second randomized field experiment, we randomly assign the same grit intervention

across a new set of schools in Istanbul. This sample (Sample B henceforth) consists of 16

schools (8 treatment, 8 control) and has a total of about 1,300 students in 42 classrooms. While

the intervention followed the same procedures (same curricular materials and teacher training

approach), there are a couple of important differences in the way the study was conducted.

These differences were made to alleviate potential issues with the design of the first study,

which were due to logistical constraints. First, in the replication study the treatment schools

were not subject to any other treatment than grit. This allows us isolate the effect of the grit

intervention. Second, we administer our own math and verbal tests both at baseline and at

follow-up. These tests measure students’ math and verbal (Turkish) performance, two core

skills that are of utmost importance for the students’ further academic endeavors (Altonji,

Blom and Meghir 2012; Hodara 2013; Aucejo and James 2016). The test scores give us a solid

measure of real outcomes on which we can evaluate the impact of the training.8

In both studies, the randomization was performed in the following way. First, the Istanbul

Directorate of Education sent the official documentation of the program to all elementary

schools in designated districts of Istanbul.9 The teachers in these schools were then contacted

in random sequence and offered to participate in the program.10 Once a teacher stated a

willingness to participate, we assigned their school into the treatment or control group.11

8Another difference between Sample A and Sample B is that the students in Sample B are about 6 months
younger than the students in Sample A. This is because of an unexpected educational reform implemented in
2012 that lowered the age at which children start school.

9The general intervention program was titled “financial literacy, savings and economic decisions” and no
further information on the particulars of the program were disclosed to the teachers prior to the teacher training
seminars.

10Teachers were informed that upon participation they would be assigned to different training phases within
the coming two academic years. All teachers who agreed to participate were promised to eventually receive all
training materials, and to participate in training seminars, but they were not told when within the next two
academic years they would receive the treatment until the random assignment was completed. The promise of
the training offer was made to the teacher and not to current students, i.e. while children in control groups
will never receive the training as they move on to middle school after year 4, their teachers will, albeit at a
later time.

11The sample generated with this design contains schools in which at least one teacher stated their willingness
to participate in the program. Therefore, the estimated impact of the program is the average treatment effect on
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In Sample A, baseline data were collected in Spring 2013, the first intervention (patience)

was implemented in Spring 2013, and the intervention on grit was implemented in Fall 2013.

The short-term follow-up data related to the grit intervention was collected approximately

four months after the implementation of the intervention, in Spring 2014. In Sample B, the

baseline data were collected in Spring 2015, the intervention (grit only) was implemented in

Fall 2015, and the short-term follow-up data were collected in January 2016.12

Acknowledging the importance of long-term follow-up, we launched two separate data

collection efforts, one covering Sample A in March 2016 and the second covering Sample B

in June 2017 (see Table 1). The first one involved revisiting the students in Sample A when

they were in grade 6, approximately 2.5 years after the intervention and giving them math

and verbal tests based on the official grade 6 curriculum. The second one involved revisiting

Sample B students when they were in grade 5, approximately 1.5 years after the program,

with the same purpose (math and verbal tests based on the grade 5 curriculum). Because

there is no central database in Turkey that allows tracking students easily when they change

schools, to be able to conduct the follow-up, we enlisted elementary school headmasters’ help

in getting a list of schools that their students usually go to in the neighborhood. After locating

these middle schools, we obtained a list of the students enrolled in 6th grade for Sample A and

5th grade in Sample B. We then matched the lists with our elementary school data based on

student and elementary school name, and with this method we were able to track about 65%

(60%) of the students in the original Sample A (Sample B). As we show in Table C.2 in the

Online Appendix, our follow-up data are balanced. Nevertheless, we use inverse probability

weights to account for possible differential attrition. Full details of the evaluation designs for

each study sample are given in Table 1.

One potential concern here is potential Hawthorne effects operating on the part of the

the treated and is not readily generalizable to the population. However, in the study sample A approximately
60% of the contacted teachers accepted our offer and the most common reason for non-participation was being
“busy with other projects, although happy to participate in this program at a later date” (about 20%). The
rest of the non-participation was due to “impending transfer to a school in another city, with a willingness
to participate if the program is implemented there” (about 5%), and “not being in a position to participate
due to private circumstances” (about 10%). In study sample B, acceptance of the training offer reached 80%.
Given these numbers, we conjecture that the external validity of our results is strong.

12Note that in order to ensure data quality, authors Alan and Ertac coordinated the field logistics, trained
a select group of students and experienced interviewers to assist with data collection, and physically visited
all schools to collect data. All measurements were conducted with the approval of the local IRB and the
permission of the Ministry.

12



teacher (i.e., the teacher changing her effort level because she thinks she is being observed

or evaluated). However, we have a placebo control group that can address such concerns.

The presence of a “patience only” intervention group within the control schools in Sample A

provides reassurance that the results are not driven by treated teachers increasing their effort

in response to being treated, since if this were the case, we would have expected the ‘patience

only’ treatment to significantly affect measured outcomes as well. As we show in the Online

Appendix, the ‘patience only’ treatment has no independent effect on any of our experimental

outcome measures or long-term math test scores (Table C.1). It is also important to point out

that teachers were given no information about the study design, that is, they did not know

that they were randomly allocated to a certain group and that their students’ outcomes would

be evaluated against another group. In particular, it is unlikely that teachers in the control

group became less motivated as a result of not being selected to participate in the treatment

at the time. This is because the teachers who were not part of the treatment group were

not rejected. At the time of recruitment, all interested teachers were promised to receive the

training within two years. Control teachers’ classrooms were visited as well (starting from the

baseline data collection), and these teachers also filled in student surveys, which assured them

that they were still part of the program. We therefore have no reason to expect disappointment

and a decline in teaching effort or motivation in this group of teachers. In addition, neither

the teachers nor the students knew that we would be conducting standardized tests at any

point in time, so we do not expect teachers to have changed their teaching efforts to prepare

their students for these tests. Our longer-term measurements, which were conducted after

children moved on to middle school, provide further reassurance against any demand effects

or Hawthorne effects. In middle school, children are not in the same environment anymore

and are taught by different teachers for each subject. We still document strong treatment

effects on test scores in this environment.

2.3 Experimental Outcomes: A Real Effort Task

We estimate the effect of the intervention on students’ behaviors and outcomes in an incen-

tivized experimental task designed to measure grit. Our design includes two different visits,

a week apart from each other. In the first visit, children go through five rounds of a mathe-
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matical real effort task. In particular, they are presented with a grid which contains different

numbers where the goal is to find pairs of numbers that add up to 100. At the end of the

five rounds, one of the rounds is selected at random and subjects get rewarded based on their

performance in that round. Rewards depend on meeting a performance target. In all the tasks

we present to the children, the target is to find three pairs of numbers which sum up to 100,

within 1.5 minutes.13 Before each round starts, subjects have the chance to choose between

two different types of tasks for that round: (1) the “4-gift game”, which yields four gifts in

the case of success and zero in the case of failure, and (2) the “1-gift game”, which yields one

gift in the case of success and zero in the case of failure. Although in both games the goal is

to find at least three pairs of numbers adding to 100, the 4-gift game is more difficult than

the 1-gift game. In particular, in the 1-gift game the grid is smaller, and the matching pairs

are easier to identify.14 In fact, the mean empirical success rate in the easy task ranges from

97% to 100% over the five rounds.

Before the five periods start, all subjects are given a large grid that contains many matching

numbers and they are given two minutes to find as many pairs of numbers that add to 100

as possible. This is intended to both familiarize the children with the task before they make

decisions, and measure task-specific ability. The rewards are such that children get a small

gift for each pair they can find.15 In the main 5-round part of the experiment, subjects are

distributed two booklets of 5 pages each, the 4-gift game booklet and the 1-gift game booklet.

Each booklet contains 5 pages that correspond to the 5 rounds of the relevant type of game.

In addition, subjects are distributed a "choice sheet". Before a typical round starts, subjects

are instructed to circle their game of choice for the upcoming round in their choice sheet, and

then get ready to open the relevant page of their booklet of choice. They are then given 1.5

minutes to find as many matching number pairs as they can. All students are instructed to

fold their arms once the 1.5 minutes are over.16 During this time, experimenters go around the
13Note that while sample A students are given 1.5 minutes for each round, sample B students are given 1

minute 45 seconds for each round. We chose to give sample B students more time because they were on average
younger than sample A students. See Section 3 for more details on the characteristics of the two samples.

14See Appendix B for examples of the two types of task.
15These small gifts (e.g. a regular pencil, single hairpin etc.) are significantly lower in value than the gifts

used as rewards in the actual task, and the children are aware of this. In addition, information about actual
rewards they receive from this task is not revealed until the end of the 1st visit.

16We learned from pilot sessions (at an out-of-sample school) that folding arms and being dead-silent, which
is called “becoming a flower”, is a well-known state to elementary school children, and indeed children were
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class and circle either “Succeeded” or “Failed” on the students’ sheets for that round, based

on whether at least 3 pairs were correctly found. As mentioned above, students have the

opportunity to switch back and forth between the two types of tasks as the rounds progress.

The above procedures, whereby students work on their task of choice in each round have

one exception. In the first round, the students’ choices are implemented with 50% chance,

and with 50% chance they play the difficult game irrespective of their choice. This procedure

allows us to have a random subset of children where the effects of 1st round feedback on 2nd

round task choices can be analyzed free of selection. From the 2nd round onwards, students

are completely free in their choices, and their choices are implemented with 100% chance.

After the five rounds are completed, we inform the children that we will visit their class-

rooms once more in exactly a week’s time. The children are told that they will play the game

one more time during the second visit, and that they need to decide now whether they would

like to play the 4-gift (difficult) game or the 1-gift (easy) game in a week’s time. They are also

told that they will have access to an "exercise booklet" which contains examples and practice

questions that have a similar difficulty level to the 4-gift game. Just as in the first round, in

order to get a subsample to play the difficult game free of selection, the students’ choices are

implemented with 50% chance, and with 50% chance they play the challenging game in the

next visit. Students are aware of this procedure when they make their choices, and they are

also informed about which game they are going to play in the 2nd visit at the end of the 1st

visit.17

In the second visit, children perform the task they chose at the end of the first visit or

the difficult task, depending on whether the difficult task was imposed for them or not. They

again have 1.5 minutes to find pairs of numbers that add up to 100. The game is played for

one round, and rewards are based on performance during that round. The reward basket in

the second visit contains the same array of items that were used as rewards in the first visit.18

In implementing these procedures, we took several steps to minimize potential Pyg-

malion/experimenter demand effects. First, we made sure that teachers were not present

very obedient when instructed to do this.
17Actual rewards from the first visit are not revealed until after all the choices have been made for the second

visit. In total, the first visit takes one lecture hour.
18Full instructions are given in Appendix B.
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in the classroom during the data collection and no information was given about students’

choices/outcomes to the teacher, so that student behavior would not be affected by teachers’

expectations. Second, all experimenters who collected the data were blind to the treatment

status of the school with the exception of one author, who conducted the randomization into

treatment status.

In addition, the visit to the classroom involved several different and unrelated tasks (e.g.

risk elicitation, time preference elicitation) and any wording/terminology that was frequently

used in the intervention material was deliberately avoided during the data collection phase

(e.g. grit, quitting, challenge), so that students would not immediately connect our set of

measurements to the educational material. For example, in the context of the experimental

task, we took care to refrain from overly referring to task difficulty, so as not to steer the

treated children towards a ‘challenge’, and we worded switching to the easier task after having

chosen the difficult, for example, as ‘choosing the 1-gift game in the next round’ rather than

‘quitting the challenging game’. The experiments were merely labelled as ‘games’ in which

the students could earn rewards, and it was repeatedly emphasized that there was no right or

wrong decision in these games, that everyone was different and each student was free to do

as he/she pleased.

Finally, the use of strong incentives, as advocated in the experimental economics literature,

also helps minimize potential Pygmalion effects (Hertwig and Ortmann 2001). The rewards

children could earn in the experimental tasks were of significant value to them (especially

given the lower socioeconomic status of our sample), which is why we believe that student

choices were more likely to be driven by the desire to earn rewards than the desire to please

the experimenters (for example, a student who keeps failing at the more difficult task would

likely not keep with it just to please the experimenter, when the alternative is to earn a sure

reward from the less difficult task).

Given these measures, we believe it is unlikely that either teachers’ or experimenters’

expectations significantly altered students’ behavior during the data collection phase.
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3 Data and Baseline Information

We estimate the treatment effects separately for each study sample. Sample A contains

information on 64 classrooms in 36 schools (15 treatment, 21 control), and it includes about

1,700 students. Sample B contains information on 42 classrooms in 16 schools (8 treatment,

8 control), and it includes about 1,300 students.

For both samples, the baseline data contain a rich set of key student characteristics.

In addition to collecting information on demographic variables such as gender and age, we

administer a Raven’s progressive matrices test to obtain a measure of cognitive ability (Raven,

Raven and Court, 2004). Moreover, we measure students’ risk tolerance using a version of the

Gneezy and Potters (1997) risk preference elicitation task. Importantly, we also conducted

surveys, before and after the intervention to gather information on students’ (i) baseline

beliefs about the malleability of ability, and (ii) attitudes and behaviors related to grit and

perseverance. The questions measuring grit are based on the Duckworth and Quinn (2009)

grit scale and elicit self-reported gritty behaviors, while questions that elicit beliefs about the

malleability of abilities (mindset) are based on Dweck (2006); see the Online Appendix for the

full set of questions. To obtain the aggregate measures we are interested in, we extract the first

principal component from the students’ responses to these questionnaire items, and normalize

the variables to have mean zero and standard deviation one. Finally, we also have information

on the students’ academic success and their families’ socio-economic status, obtained through

teacher surveys.

Both samples contain measures of prior academic achievement. These are grades (for Sam-

ple A and B) and standardized test scores (for Sample B) in two core subjects, mathematics

and Turkish. For the purpose of the analysis, we normalize them to have a mean of zero and

a standard deviation of one.19 We use these baseline measures to assess the samples’ balance

across treatment status. Table 2 provides the balance tests for Sample A and Sample B. In

Sample A, we do not observe any statistically significant differences in student characteristics,

test scores or beliefs. In Sample B, most characteristics, test scores and beliefs are also bal-
19We do not have baseline standardized test scores for Sample A. In fact, one of the motivations to replicate

the intervention was to obtain an objective measure of achievement. Note however that we did eventually
administer standardized tests for Sample A in the longer-term follow-up.
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anced, although there are some significant differences across treatment and control. We use a

number of baseline variables as covariates in the estimation of the average treatment effects

to increase the precision of our estimates and to account for potential imbalances in baseline

covariates which are predictive of our outcome measures.

Next, we investigate whether students with different treatment status have different task-

specific ability at the beginning of the incentivized experiment. As explained in Section 2,

at the beginning of the first visit, there is an initial round that aims to familiarize students

with the actual task. This round is designed to facilitate informed decision making for the

following five rounds, and it allows us to measure the students’ task-specific skill level. This

task consists of finding as many matching pairs as possible in a large grid of numbers and

it is incentivized. As can be seen in the last row of Table 2, the number of pairs found

in this task (referred to as “Task Ability”) is not different across treatment status in either

sample. Since this measure is balanced across treatment groups and very highly predictive of

the experimental outcomes, we use it as one of our covariates in estimating average treatment

effects.

Before turning to the estimation of the treatment effects, we first investigate whether

decisions in our experimental task are predictive of real outcomes. Using observations from

the control group only, we show that in both samples behavior in the real effort task predicts

baseline math and verbal scores, over and above what can be predicted by cognitive ability

measured by the Raven test (Table 3). In Sample A, students who choose the difficult task

in all five rounds of the first visit have significantly higher math and verbal scores at baseline

(columns 1 and 3). Whether or not the student chooses the difficult task for the second visit

similarly predicts significantly higher math and verbal scores (columns 2 and 4). In Sample B,

we obtain qualitatively similar results although the significance levels of the estimates differ

somewhat from those obtained in Sample A, possibly due to the smaller sample size. Overall,

these results ensure the validity of our real effort task. They are also consistent with previous

findings which suggest that measures of non-cognitive skills can predict outcomes over and

above what can be predicted by cognitive ability alone (Roberts et al., 2007).
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4 Results

4.1 Estimation of Treatment Effects

In order to test the null hypothesis that the program had no impact on the experimental

outcome yE , we estimate the average treatment effect conditioning on baseline covariates:

yE
ij = α0 + α1Tj +X

′
ijγ + εij

where Tj is a dummy variable which equals 1 if school j is in the treatment group and zero

otherwise, and Xij is a vector of observables for student i in school j that are potentially

predictive of the outcome measures we use. These include performance in the task ability

elicitation round, cognitive ability which we measure using the Raven test (Raven, Raven

and Court, 2004), the student’s baseline math and verbal scores, risk tolerance measured via

an incentivized task (Gneezy and Potters, 1997), gender, and two factors extracted from the

baseline survey which capture (i) students’ beliefs about the malleability of ability and (ii)

students’ attitudes and behaviors regarding grit and perseverance.

The estimated α̂1 is the average treatment effect on the treated. Estimates are obtained

via a logit regression when the outcome considered is binary. This is the case for students’

choices between the difficult and the easy task, and for their success/failure in meeting the

target. The binary outcome variable “success” is defined as finding three correct pairs or

more. In the case of payoffs, the above equation is estimated via ordinary least squares. The

outcome variable “payoff” takes the value 0 if the target of finding three pairs is not met, 1

if the easy game is played and the target is met, and 4 if the difficult game is played and the

target is met. In order to test the null hypothesis that the program had no impact on the

real outcome yR, we estimate the average treatment effect using the same specification.

In all empirical analyses, standard errors are clustered at the school level, which is the unit

of randomization. To account for the small number of clusters we also run permutation tests

and provide exact p-values. We use multiple outcomes (several experimental as well as real

outcomes), which may raise the issue of multiple hypotheses testing. Tables A.1 and A.2 in

Appendix A provide Romano-Wolf p-values along with the original ones. The results confirm
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that the precision of all our estimated treatment effects survive this adjustment, i.e., none of

the estimated effects switch from being statistically significant to insignificant.20

4.2 Treatment Effect on the Real Effort Task

In the following, we examine the effect of treatment on students’ choices and outcomes in the

incentivized real effort task. Section 4.2.1 presents the results for the first visit, and Section

4.2.2 presents the results of the second visit.21

4.2.1 Treatment Effect on Choices and Outcomes in Real Effort Task:

First Visit

First, we estimate the effect of treatment on students’ choice of task difficulty during the first

visit. Table 4 presents average marginal effects from logit regressions in which we regress the

choice of task difficulty on a treatment dummy and a set of covariates. The first finding to

note in this table is that in both samples, the proportion of students in the control group

who attempt the difficult task declines visibly through the rounds. While about 72% of the

control students attempt the difficult task in the first round in Sample A (71% in Sample B),

only 41% attempt the difficult task in round five (27% in Sample B). This switching trend

from the difficult task to the easy one is true for the treated students as well and is indicative

of a rational response to the incentives the task entails. Recall that the easy task, in which

the success rate is very high, brings one gift in the case of success. However, as can be seen in

the table, treated students are significantly more likely to attempt the difficult task in each

of the five rounds. In fact, treated students are about 9 and 12 percentage points more likely

to choose the difficult task in all five rounds in Sample A and Sample B, respectively.

Why does the treatment cause such persistence in attempting the more challenging task?

One explanation may be that the treated students believe that they can improve their per-

formance on the difficult task with repeated attempts. However, this belief tends to fade as
20We note that this test is conservative in our specific context, since it does not account for the fact that we

replicated our study using an independent sample of schools. As we report below, the intervention has yielded
both qualitatively and quantitatively similar results in the replication sample. Figure 3 shows this in visual
clarity. While all significant treatment effects in Sample A appear as significant in Sample B, all insignificant
findings replicate in the same manner.

21For the sake of brevity, all tables in this section present the estimated treatment effects without presenting
the coefficient estimates of the other covariates.
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it becomes apparent that acquiring ability in this task requires more time and effort than

possible in the short period of time provided for each round in the first visit, which makes the

incentive to switch to the easy task stronger.

Next, we investigate whether treatment affects the students’ experimental outcomes,

namely, success and payoffs. Table 5, column 1 presents the estimated treatment effects

on success in round 1 of the first visit for the sample which was forced to play the difficult

game. This particular round is designed in such a way that allows us to estimate the treatment

effect on success in the difficult game free of selection. We find no significant treatment effect

on success rates in either sample (permutation p-values are 0.47 and 0.16 for Sample A and

B respectively). This is also generally true for payoffs in all rounds: the estimated treatment

effects on payoffs in all five rounds are not statistically different from zero, with the exception

of the first round in Sample B, which is positively significant at the 5% level. Despite the fact

that a higher proportion of students in the treatment group choose to do the difficult task,

and despite the fact that the probability of success is much lower for the difficult task, treated

students do not end up with lower payoffs on average.

Treatment Effect on Response to Negative Feedback

An important aspect of our intervention is to teach students not to immediately attribute

failure to a lack of innate ability. Perseverance in the face of a setback is consistently praised

and encouraged during training hours.

In an observational setting, the effect of negative feedback on an individual’s subsequent

actions cannot be assessed in a framework that is free from selection; feedback, by definition,

comes in response to an action. Since engaging in an action in a voluntary manner is likely to

be endogenous to individual characteristics, so is the feedback such an action generates and

so is the subsequent response to such feedback. This is evident in the case of our experimental

setting, as students who self-select into the difficult task are more likely to receive negative

feedback, and they differ markedly from those who do not select into the difficult task. In

order to assess the response to feedback, one must ensure an exogenous variation in feedback,

which is typically not possible in observational settings.

To identify the effect of the training on students’ response to negative feedback, a random
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subset of all students is forced to play the difficult game in the first round irrespective of their

choice. This experimental design renders playing the difficult game free from selection so we

can assess the effect of failure on subsequent choices, i.e. the choice for the second round.

Table 6 column 1 presents the estimated treatment effect on the probability of choosing to

play the difficult game in the second round after failure in the first round. This analysis is done

for the students who were forced to play the difficult game regardless of their choices in the

first round and failed to meet the target of finding three correct pairs. The estimated difference

between the treatment and control groups is striking. Among the students who failed in the

imposed difficult task in Sample A, treated students are 18 percentage points more likely

to re-attempt the difficult task in the subsequent round (permutation p-value=0.032). The

corresponding estimate in Sample B is 15 percentage points (permutation p-value=0.098).

This provides strong evidence that treated students persevere more after negative feedback,

and we note this as one of the most encouraging impacts of the intervention. The fact that

treated students are more likely to persevere after failure is also consistent with the idea that

treated students believe they can get better at the difficult game with repeated attempts.

Treatment Effect on Goal Setting and Commitment to Ability Development

As explained in Section 2.3, at the end of the first visit we let the students know that we will

come back exactly one week later and that they will play the same game for one additional

round. We also inform them that if they like, they can take a study booklet covering numerous

examples of the difficult game and study/practice over the week using this booklet. We

emphasize that this is entirely voluntary. We then collect their decisions on which type of

task they would like to do in the following week. After we collect these choices, students

are informed whether they will have to play the difficult game in the following week, or the

game of their choice. The purpose of this exercise is to test whether the treatment generates

“goal-setting” behavior in the form of commitment to improve task related ability in the

six days before the second visit. We predict that students who believe that ability in this

task is malleable through sustained effort and perseverance are more likely to set the goal of

succeeding in the difficult game and therefore more likely to commit to playing the difficult

game. This is exactly what we see in Table 6, column 2: treated students are estimated to be
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14 percentage points more likely to plan to play the difficult game in the following week in

Sample A (permutation p-value=0.002), and 19 percentage points more likely to plan to play

the difficult game in Sample B (permutation p-value=0.001).

Treated students did in fact set themselves the goal of succeeding on the difficult task in

the second week - but did they actually achieve this goal? This is the question we explore in

the next subsection.

4.2.2 Treatment Effect on Choices and Outcomes in Real Effort Task:

Second Visit

The temporal component of our experimental task, which involves another visit exactly one

week later, serves a very important purpose for our study. While it is unlikely that students

can improve their ability on a task within five rounds of only 1.5 minutes, it may well be that

students can accumulate task-specific ability when given sufficient time. Undoubtedly, ability

accumulation takes time and effort, and the amount of time and effort required to master a

task varies according to the characteristics of the task and the characteristics of the person

who is trying to master it. In this specific real effort task, we chose to give students one week,

with the conjecture that it would be sufficient for motivated students to work through the

exercises provided in the study booklet and that such effort would lead to a higher probability

of success in the second visit.

As in the first round of the first visit, a random subset of students are forced to do the

difficult task during the second visit, irrespective of their choice. This allows us to investigate

whether the treatment affects the probability of success in the difficult task in the second

visit. Table 7 presents the estimated treatment effects on outcomes of the second visit. The

first column presents the treatment effects on success obtained from the sample on which the

difficult task is imposed, while columns 2-5 present the treatment effects on payoffs. For the

latter, we estimate treatment effects on the entire sample as well as conditional on whether the

difficult task was imposed in the class or not. Looking at the first column for both samples,

we see that treated students are about 8 (10) percentage points more likely to succeed in

the difficult game in Sample A (Sample B). These effects are statistically significant. The

increased success rate is also reflected in payoffs: we estimate a statistically significant 15%
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and 26% treatment effect on payoffs in Sample A and Sample B, respectively (0.29 and 0.45

more gifts for treated students in Sample A and Sample B, respectively). Note also that

the estimated effects are similar for the imposed and unimposed samples. Considering the

combined payoffs of both visits (the last column), we estimate 11% higher payoffs in Sample

A, and 21% higher payoffs in Sample B relative to their respective control groups.

A natural question is whether there is a type of student for whom the treatment was

particularly successful. Presumably, treatment may have a differential impact on students

with different task-related ability levels. For example, it is conceivable that a treatment of

this sort might be effective in pushing a potentially able but reluctant student into planning

to do the difficult task and in encouraging her to study. On the other hand, it may encourage

a student with low ability to study as well. Since the performance technology is conducive

to ability accumulation, we might also observe increased success rates in the second week for

these students. Our analyses do not reveal any systematic heterogeneity in treatment effects

with respect to gender, task ability and cognitive ability.22

4.3 Are Choices Payoff-Maximizing?

An important question as regards an intervention of this sort is whether being gritty is good

for everyone, i.e. whether it is optimal for children to always set challenging goals, persevere in

the case of setbacks and engage in costly skill accumulation activities. Certain endeavors might

not be worth the time and effort if they are unachievable or if the costs of perseverance required

for success are so high that they outweigh the potential gains. In general, perseverance is more

likely to pay off when the performance technology is conducive to skill accumulation and the

costs of effort or investment are not too high.

In order to get some insight into this question, we investigate to what extent individual

choices of task difficulty are payoff-maximizing in expectation. More specifically, we first

obtain an individual measure of each student’s probability of success in each task given the

student’s baseline characteristics, using the empirical distribution of success.23 We then cal-
22Full results on heterogeneity are available upon request.
23To obtain a measure of the student’s probability of success in the first (second) visit we run a logit

regression of a dummy variable which equals 1 if the student was successful in the imposed difficult task in
the first (second) visit on a set of covariates such as baseline task ability, gender, Raven score, pre-treatment
beliefs, math and verbal test scores and risk tolerance, and we obtain the predicted success probability for
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culate the student’s expected payoff from choosing the difficult task and compare that with

the expected payoff from choosing the easy task. Once we have obtained an estimate of which

task choice would be payoff-maximizing for each student, we compare this payoff-maximizing

choice to the student’s actual task choice.

In Sample A, treated students are no more likely to choose the payoff-maximizing task in

the first round of the first visit (Table 8, column 1) but they are 9 percentage points more

likely to choose the payoff-maximizing task for the second visit (Table 8, column 2). In Sample

B, students are more likely to choose the payoff-maximizing task in both visits. In particular,

treated students are 10 percentage points more likely to make the payoff-maximizing choice

in visit 1, and 9 percentage points more likely to make the payoff-maximizing choice in visit

2. Overall, we conclude that treated students were more likely to make decisions that were

payoff-maximizing in expectation.24

4.4 Treatment Effect on Real Outcomes: Test Scores

The implication of a change in beliefs regarding the malleability of skills can be far-reaching.

For one thing, a student who used to think that there is not much one can do to excel in

an area, whether that be related to art or science, may now be convinced that all it takes is

goal-setting and hard work. If this is the case, we may be able to see improvements in other

domains where sustained effort results in better outcomes. The obvious outcome to look

at in this regard is school grades. For this purpose, we collect official grades (given by the

teacher) that reflect the students’ math and verbal performance. Because of the possibility

that teachers’ assessments may have been affected by the treatment in an unkown way, we

decided to administer standardized tests (math and verbal) in both samples. 25

We find no significant impact of treatment on average teacher-given grades in either sample

each student based on their individual characteristics. We apply this procedure separately for treatment and
control group students, and we follow a similar strategy for obtaining the probability of success in the easy
task.

24Note that it is difficult to make statements about utility (rather than payoffs), since effort costs are
unobservable. However, the incidence of treated students choosing the difficult task for the 2nd visit and
succeeding suggests, through revealed preference, that these choices might also be utility-maximizing for that
sample.

25It is plausible that the effect of the intervention would be most immediately seen in measures of study
effort, such as homework completion, but these measures are not available in our sample and we directly use
test scores, a major performance outcome that is targeted by the intervention.
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(Table 9). Anecdotal evidence from conversations with out-of-sample teachers suggests that

the reason why teacher-given grades are unaffected by the intervention is that teachers in

elementary school tend to apply a relative grading scheme with a stable distribution. On the

contrary, we find remarkably large and significant treatment effects on standardized test scores

(Table 10). In the first (short-term) follow-up in Sample B, we detect a significant treatment

effect of 0.31 (permutation p-value=0.007) on standardized math scores and 0.13 (permutation

p-value=0.116) on standardized verbal scores. In the second follow-up in Sample B, which

we administered approximately 1.5 years after the intervention, we still find a positive and

significant treatment effect of 0.19 standard deviations for math (permutation p-value=0.031)

and a positive albeit insignificant effect for verbal scores. Similarly, for Sample A where we

have data from a 2.5 year follow-up, we find that the treatment has a persistent effect on

standardized math performance. In particular, the treatment raises student achievement in

the standardized math test by 0.20 standard deviations (permutation p-value=0.048). Again,

we find a positive albeit insignificant result for performance on the verbal test for this sample,

suggesting that the results for Turkish performance are fading over time.

Compared to other estimates in the literature, these effects are large. In particular, our

short-term effect on math scores is substantial. To put the effect sizes in perspective, we

note that Schanzenbach (2006), in a review of the existing evidence on the project STAR,

concludes that being randomly assigned to a small class raises student test scores by 0.15

standard deviations. Note, however, that while we estimate a large effect immediately after the

program implementation, the estimated effects after 1.5 years following the implementation

are smaller, and more in line with the literature.

5 A Mediation Analysis

We now turn to exploring why the program leads to such sizeable effects on test scores,

even 2.5 years after the implementation. Given the content of the education material, we

hypothesize that the treatment changes children’s beliefs about the productivity of effort,

which leads to more perseverance and more investment into skill accumulation, and thereby

better performance both within and outside of the experimental task. Specifically, a student
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who once believed that ability is a fixed individual trait and improving it is not possible may

now think that ability is malleable through effort. Such a student would be expected to now

invest more time and effort into a given task, accumulate more skill and consequently be more

likely to succeed in meeting the performance target. Such an increase in the students’ beliefs

about the malleability of ability is also likely to lead to an increase in perseverant actions,

since failures will not be interpreted as final, and the student will perceive a high likelihood of

success with repeated attempts and continued effort. This mechanism explains the significant

treatment effects we estimate on both behavior and outcomes in the experimental task, and

on standardized test scores.

Our survey data provide the first piece of evidence supporting this channel. Recall that

we have data on survey measures of grit and malleability beliefs, both before and after the

intervention. Table 11 presents the estimated treatment effects on the post-treatment grit

measure and the estimated treatment effects on malleability beliefs, respectively. In both

samples, treated students report about 0.30-0.35 standard deviations higher grit and about

0.33-0.35 standard deviations higher beliefs in malleability, controlling for pre-treatment mea-

sures. Figures 1 and 2 present the treatment effects on these measures visually. These results

suggest that as expected, the intervention changes students’ beliefs about the skill accumula-

tion technology, and results in higher (self-reported) perseverant behavior. We also note that

grit is also closely linked to conscientiousness (Crede, Tynan and Harms, 2017). However,

Crede, Tynan and Harms (2017) find that while the “consistency of interest” facet of the

grit scale (Duckworth and Quinn, 2009) does not have much explanatory power for academic

performance over and above conscientiousness, the “perseverance of effort” facet does. This

is encouraging for us, in the sense that our intervention is mainly built on a positive response

to challenges and failures and perseverance of effort, rather than on maintaining fixed or

consistent interests over time, and our survey measure of grit also focuses on this aspect.

We next conduct a formal mediation analysis to establish to what extent the effects we

estimate on test scores stem from the effect of the program on beliefs and grit. One way to

do this is to use a standard IV technique where the causal effect of an endogenous mediator

on a final outcome is estimated. In our case, this involves estimating the causal effect of

say, beliefs on test scores by instrumenting the post-treatment malleability beliefs with the
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treatment indicator. However, as discussed above, a causal mechanism where the effect of

beliefs on test scores running through their effect on grit (the model that stipulates treatment

–> malleability beliefs –>grit –> test scores) may be more plausible in our case. Such a

mechanism requires identifying the causal effect of the mediator (beliefs) on the final outcome

(test scores) as mediated by an intermediate mediator (grit), as well as its direct effect, using

a single instrument.

Dippel et al. (2017) propose a framework to estimate such a mechanism. The framework

involves first estimating the effect of the endogenous mediator on the final outcome (total

effect) and decomposing this total effect into a “direct effect” and an “indirect effect” that

runs through the intermediate mediator. The advantage of this method over the standard IV

is that with a single instrument, the causal effect of an intermediate mediator on the final

outcome can also be estimated. Note, however, that as in standard IV mediation, this model

imposes a very strong exclusion restriction by assuming that the treatment does not have a

direct effect on the final outcome. We construct our intermediate mediator (grit) using our

incentivized task. It is a continuous variable that measures the number of times the individual

chose the difficult task in the incentivized task (the first and second visits combined), with a

minimum of 0 and maximum of 6.26

To illustrate the mediation approach, denote the final outcomes which are the standardized

post-treatment test scores as Y , the endogenous mediator (i.e. the post-treatment malleability

score) as M and the intermediate mediator (i.e. grit) as G. The first step is to estimate the

effect of the mediator on the final outcome using an IV estimator where the mediator is

instrumented with the treatment indicator; denote the second-stage coefficient as θY
M , which

gives the “total effect” of the mediator on test scores. The second step is to estimate (again,

using an IV estimator) the effect of the mediator on the intermediate mediator; denote the

second stage coefficient as θG
M . The final step involves another IV estimation where the effect of

the intermediate mediator on test scores is estimated conditional on the mediator. The second

stage coefficient on the intermediate mediator (denoted as θY |M
G ) multiplied with θG

M gives the
26We also performed the mediation analysis using the survey-based measure of grit as the intermediate

mediator and found that using behavior in the experimental task yields much stronger results. This finding
further confirms the advantage of using incentivized behavioral measures rather than self-reports in children
of this age group.
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“indirect effect” of the mediator through its effect on the intermediate mediator. Notice that

the final step relies on the (strong) assumption that conditional on the endogenous mediator,

the treatment is independent of potential outcomes; see full details and proofs in Dippel et al.

(2017).

Table 12 present the results. Given that we estimate significant treatment effects (consis-

tently across two samples) only on math scores, we focus only on math as our final outcome

in this analysis. In each panel, the first column presents the second stage results of a TSLS

regression of test scores on malleability beliefs (instrumented with treatment status), the

second column shows the second stage results of a TSLS regression of the grit measure on

malleability beliefs (instrumented with treatment status), while the third column presents the

second stage results of a TSLS regression of test scores on grit (instrumented with treatment

status), additionally controlling for post-treatment malleability beliefs. To quantify the re-

sults, take Sample A for example: a one standard deviation increase in the malleability score

leads to a 0.717 standard deviation increase in math scores, representing the “total effect”. A

one standard deviation increase in the malleability score leads to a 1.719 standard deviation

increase in our grit measure, which in turn leads to a 0.60 (1.719 × 0.350 = 0.60) standard

deviation increase in math test scores. Consistent with a mediation model that stipulates

treatment –> malleability beliefs –>grit –> test scores, we find that the effect of beliefs on

test scores is running mainly through their effect on grit. Specifically, about 84% and 87% of

the total effect of beliefs on long-run math test scores is mediated through their effect on grit

in Sample A and Sample B, respectively. In both cases, we cannot reject the null hypothesis

that the indirect effect through grit is not different from the estimated total effect.

In addition to this IV-based method, we also conducted a standard non-IV based mediation

analysis proposed by Imai, Keele and Yamamoto (2010). This method allows for treatment

having an independent effect on the outcome but contrary to Dippel et al. (2017), it is not

trivial within this framework to consider a mechanism where the effect of the mediator runs

through another intermediate mediator. Therefore, we consider malleability beliefs and grit as

two separate mediators. With this method, we find that about 15% (17%) of the total effect

on math test scores comes from enhanced grit in Sample A (Sample B). Malleability beliefs

are also found to mediate the effect on test scores (4.7% for Sample A, 23.7% for Sample B);
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see the Online Appendix for more details of this method and the results (Table C.3).

A final point to note is that the effects on test scores may potentially have come from on-

the-test effort, rather than from deliberate investment towards skill accumulation.27 However,

the results from the experimental task do not square well with this suggestion. Performance

in the five rounds in the first visit is likely to be more indicative of on-the-task effort, since the

time frame is short, and there is not much potential for skill accumulation. In that setting,

we do not observe differences in performance across treated and untreated children. We do,

however, estimate treatment effects on performance in the second visit, where children had

time and practice material to study. While this does not preclude that treated children put

higher on-the-task effort, it does show that treated children willingly set an ambitious goal for

the future, took practice material and likely used it. Note also that performance in the math

and verbal tests requires acquired knowledge of topics/methods as these tests are based on

the curriculum of the respective grade, and it may be difficult to improve performance solely

by focusing harder during the test. In addition, the longer-term results indicate that while the

treatment effect on math is persistent, the treatment effect on verbal is not. Assuming that

on-the-test effort at a given point in time would likely be the same for both subjects (math

and verbal), the fading of the effect on verbal performance despite a persistent effect in math

may suggest that the effects on test scores also reflect differences in acquired skill outside of

the test. Taken together, these results provide compelling evidence that the treatment effects

we estimate are based not solely on on-the-task effort but on deliberate skill accumulation.

6 Conclusion

Using two independent study samples, we evaluate a large-scale randomized educational in-

tervention that aims to enhance grit in the classroom environment. We estimate the effect of

treatment on (i) students’ behaviors and outcomes in an incentivized experimental task and

(ii) students’ grades and performance in standardized tests after the implementation of the

intervention. We find significant treatment effects of the intervention on students’ behaviors

and outcomes in the real effort task, which are remarkably similar across the two independent
27See Almlund et al. (2011) for evidence that incentives can lead to increases in on-the-task effort.
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samples. In both samples, treated students are significantly more likely to select challenging

tasks, to engage in skill accumulation activities, and to accumulate more skills and obtain

higher payoffs as a result. Moreover, the intervention also has a large positive impact on

students’ objective math performance, and the effect persists even after 2.5 years after the

implementation of the program. The effects we report may persist further into adolescence

and adulthood, especially since realizations of success attributed to high effort might create

a productive cycle of further effort and further success.

From the policy perspective, the paper contributes to the ongoing debate about the mal-

leability of non-cognitive skills and the role of educational programs in enhancing individual

achievement through interventions specifically targeting those skills (Almlund et al., 2011;

Kautz et al., 2014). Our results provide an affirmative answer to the question of malleability

within the context of an important non-cognitive skill, and highlight a particular low-cost

alternative that can be implemented to foster it in the natural environment of the classroom.

Being able to achieve such an impact in the school environment offers hope for reducing

persistent achievement gaps observed in many countries, where many educational policy ac-

tions aiming to improve family inputs face challenges to engage families of low socio-economic

strata.

A potential caveat relates to external validity, since program participation was voluntary.

However, the majority of teachers who did not participate in our program expressed con-

straints rather than a lack of willingness to participate (see Section 2). In both of the studies,

less than 10% of the contacted teachers rejected our program offer by either stating that they

are “not in a position to participate due to private circumstances” or simply by not returning

our call. Given these numbers, we believe that the external validity of our results is strong

and scaling-up a low-cost program like this is likely to be effective.

The study also motivates several avenues for further research, such as exploring the indi-

vidual effectiveness of and potential complementarities between the components of the inter-

vention (e.g. goal-setting and malleability beliefs), testing alternative intensities (durations)

of the intervention, and identifying teacher mindset-effects by measuring the outcomes of new

cohorts of students who do not get the program directly but will be taught by the trained

teachers in our samples.
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Tables

Table 1: Design
A: Sample A B: Sample B

Patience+Grit Patience Control Grit Control
(15 schools) (9 schools) (12 schools) (8 schools) (8 schools)

Baseline Data Collection Mar ’13 Mar ’13 Mar ’13 May ’15 May ’15

Patience Training Spring ’13 Fall ’13 - - -

Grit Training Fall ’13 - - Fall ’15 -

Short-Run Follow-up Data Collection May ’14 May ’14 May ’14 Jan ’16 Jan ’16

Long-Run Follow-up Data Collection Mar ’16 Mar ’16 Mar ’16 Jun ’17 Jun ’17
(2.5 years) (2.5 years) (2.5 years) (1.5 years) (1.5 years)
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Table 2: Mean Comparisons of Pre-Treatment Variables

A: Sample A B: Sample B
Mean [SD] Difference (p-value) Mean [SD] Difference (p-value)

Beliefs (survey) 0.00 -0.05 0.00 0.00
[1.00] (0.66) [1.00] (1.00)

Grit (survey) 0.00 0.05 0.00 -0.12
[1.00] (0.69) [1.00] (0.23)

Gender (Male=1) 0.52 -0.01 0.51 0.03
[0.50] (0.45) [0.50] (0.27)

Age 10.02 0.02 9.44 0.03
[0.47] (0.40) [0.50] (0.47)

Raven 0.00 -0.03 0.00 -0.19*
[1.00] (0.83) [1.00] (0.10)

Risk Tolerance 2.56 -0.06 2.19 0.05
[1.50] (0.63) [1.58] (0.84)

Wealth 2.79 -0.10 2.64 0.08
[0.99] (0.45) [1.02] (0.68)

Success in School 3.34 -0.11 3.37 -0.12
[1.09] (0.17) [1.09] (0.38)

Class Size 39.94 4.10 37.34 4.85
[9.55] (0.28) [7.36] (0.14)

Math Test Score 0.00 0.08 0.00 -0.01
[1.00] (0.57) [1.00] (0.94)

Verbal Test Score 0.00 -0.15 0.00 -0.23**
[1.00] (0.45) [1.00] (0.03)

Task Ability 4.83 -0.10 3.79 0.26
[2.35] (0.64) [2.16] (0.13)

Columns 1 and 3 contain the means of the pre-treatment variables with standard deviations in brackets. Columns
2 and 4 show the estimated difference in means which is obtained from regressing the variable of interest on the
treatment dummy. Standard errors are clustered at the school level (unit of randomization) and p-values are
reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01. The variables beliefs (about the malleability of skills)
and grit are extracted factors from questionnaire items in the pre-treatment student survey. The Raven score
is measured using a progressive Raven’s matrices test (Raven et al., 2004). Task ability refers to the student’s
performance in the ability measuring round of the experiment. Risk tolerance is elicited using the incentivized
Gneezy and Potters (1997) task. The student’s wealth and success in school is based on reports by teachers (scale:
1-5). Students’ math and verbal baseline test scores are normalized (mean 0, standard deviation 1). For sample
A, these test scores refer to the grades given to the students by their teachers, while for sample B they refer to
the students’ performance on the standardized tests we administer.
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Table 3: Associations in Control Group
A: Sample A B: Sample B

Math Math Verbal Verbal Math Math Verbal Verbal
Score Score Score Score Score Score Score Score

Raven Score 0.457∗∗∗ 0.467∗∗∗ 0.443∗∗∗ 0.450∗∗∗ 0.456∗∗∗ 0.454∗∗∗ 0.370∗∗∗ 0.354∗∗∗
(0.05) (0.05) (0.04) (0.04) (0.05) (0.04) (0.03) (0.03)

Choose Difficult (All Rounds 1-5) 0.354∗∗∗ 0.153∗∗ 0.242∗ 0.207
(0.07) (0.07) (0.10) (0.14)

Choose Difficult (Second visit) 0.248∗∗∗ 0.152∗∗ 0.280∗∗∗ 0.179∗∗
(0.06) (0.06) (0.07) (0.06)

R-squared 0.25 0.24 0.22 0.23 0.19 0.21 0.15 0.14
N 712 705 712 704 649 656 649 656
All estimates are obtained via Ordinary Least Squares regressions, controlling for Raven score and using observations from the con-
trol group only. Standard errors are clustered at the school level (unit of randomization) and are reported in parentheses. * p<0.10,
** p<0.05, *** p<0.01. The outcome variable is the student’s math or verbal test score measured at baseline. The dummy variable
"Choose Difficult (All Rounds 1-5)" equals 1 if the student chooses difficult in all 5 rounds of the first visit and zero otherwise. The
dummy variable "Choose Difficult (Second visit)" equals 1 if the student chooses to do the difficult task for the second visit.

Table 4: Treatment Effect on Choice of Difficult Task (Rounds 1-5)
Difficult Difficult Difficult Difficult Difficult Difficult
(Round 1) (Round 2) (Round 3) (Round 4) (Round 5) (All Rounds)

A: Sample A
Treatment 0.104∗∗∗ 0.093∗∗ 0.134∗∗∗ 0.117∗∗∗ 0.084∗∗∗ 0.085∗∗∗

(0.03) (0.04) (0.03) (0.03) (0.03) (0.03)
Permutation p-value 0.001 0.036 0.000 0.001 0.005 0.007
Control Mean 0.72 0.55 0.43 0.42 0.41 0.25
N 1712 1711 1711 1710 1713 1692
B: Sample B
Treatment 0.096∗∗ 0.155∗∗∗ 0.157∗∗∗ 0.149∗∗∗ 0.136∗∗∗ 0.124∗∗∗

(0.04) (0.04) (0.04) (0.05) (0.04) (0.05)
Permutation p-value 0.046 0.002 0.001 0.008 0.008 0.015
Control Mean 0.71 0.52 0.36 0.32 0.27 0.17
N 1237 1234 1234 1233 1236 1219
Reported estimates are average marginal effects from logit regressions. Standard errors are clustered at the school level
(unit of randomization) and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01. The outcome variable in columns
1-5 is a dummy variable which equals one if the student chooses to do the difficult task in the respective round. The
outcome variable in column 6 is a dummy variable which equals 1 if the student chooses to do the difficult task in all
five rounds of the first visit. Treatment is a dummy variable which equals 1 if the student attends a school which has
been treated with the grit intervention. Controls include task ability, gender, the Raven score, baseline beliefs and test
scores, and risk tolerance.
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Table 5: Treatment Effect on Success and Payoffs (Rounds 1-5)
Success Payoff Payoff Payoff Payoff Payoff

(Round 1) (Round 1) (Round 2) (Round 3) (Round 4) (Round 5)
A: Sample A
Treatment 0.035 0.084 0.021 0.028 0.109 0.059

(0.04) (0.11) (0.06) (0.08) (0.10) (0.10)
Permutation p-value 0.474 0.476 0.730 0.755 0.286 0.562
Control Mean 0.29 1.54 1.06 1.45 1.27 1.33
N 816 1710 1700 1706 1705 1707
B: Sample B
Treatment 0.050∗ 0.229∗∗ 0.018 0.080 0.025 0.077

(0.03) (0.10) (0.09) (0.08) (0.05) (0.08)
Permutation p-value 0.156 0.048 0.859 0.356 0.579 0.357
Control Mean 0.19 0.77 0.67 1.03 0.94 1.02
N 734 1233 1234 1233 1232 1234
Reported estimates in column 1 are average marginal effects from a logit regression. Reported estimates in columns
2-6 are obtained via Ordinary Least Squares regressions. Standard errors are clustered at the school level (unit of
randomization) and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01. The outcome variable in column 1
is a dummy variable which equals 1 if the student was successful in meeting the target. Estimates in column 1 are
obtained for students for whom the difficult task was imposed. The outcome variable in columns 2-6 is the student’s
payoff in the respective round. Estimates are obtained for all students. Treatment is a dummy variable which equals
1 if the student attends a school which has been treated with the grit intervention. Controls include task ability,
gender, the Raven score, baseline beliefs and test scores, and risk tolerance.

Table 6: Treatment Effect on Choice of Difficult Task
Difficult Difficult

(After Failing in Difficult) (Choice for Next Week)
A: Sample A
Treatment 0.176∗∗∗ 0.144∗∗∗

(0.06) (0.04)
Permutation p-value 0.032 0.002
Control Mean 0.36 0.45
N 557 1685
B: Sample B
Treatment 0.153∗ 0.188∗∗∗

(0.08) (0.04)
Permutation p-value 0.098 0.001
Control Mean 0.50 0.41
N 575 1234
Reported estimates are average marginal effects from logit regressions. Standard errors
are clustered at the school level (unit of randomization) and reported in parentheses.
* p<0.10, ** p<0.05, *** p<0.01. The outcome variable in column 1 is a dummy which
equals 1 if the student chooses to do the difficult task in the 2nd round of the first visit.
Estimates are obtained for students who were forced to do the difficult game in round 1
and who failed to meet the target. The outcome variable in column 2 is a dummy which
equals 1 if the student chooses to do the difficult task for the following week. Treatment
is a dummy variable which equals 1 if the student attends a school which has been treated
with the grit intervention. Controls include task ability, gender, the Raven score, baseline
beliefs and test scores, and risk tolerance.
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Table 7: Success and Payoffs in the Second Visit
Success Payoff Total Payoff
Imposed All Imposed Not Imposed All, 1st+2nd visit

A: Sample A
Treatment 0.083∗∗ 0.294∗∗∗ 0.322∗∗ 0.237∗ 0.350∗∗

(0.03) (0.09) (0.13) (0.11) (0.13)
Permutation p-value 0.021 0.001 0.034 0.076 0.015
Control Mean 0.50 1.91 2.00 1.76 3.32
N 999 1731 999 732 1558
B: Sample B
Treatment 0.101∗∗ 0.445∗∗∗ 0.399∗∗ 0.553∗∗∗ 0.558∗∗∗

(0.05) (0.12) (0.18) (0.13) (0.16)
Permutation p-value 0.054 0.006 0.052 0.005 0.015
Control Mean 0.46 1.73 1.85 1.55 2.66
N 828 1237 828 409 1139
Reported estimates in column 1 are average marginal effects from logit regressions. Estimates in columns
2-5 are obtained via Ordinary Least Squares regressions. Standard errors are clustered at the school level
(unit of randomization) and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01. The outcome
variable in column 1 is a dummy which equals 1 if the student was successful in meeting the target. The
outcome in columns 2-4 is the student’s payoff in visit 2. The sample used in the analysis either contains all
observations ("All"), the observations for whom the difficult game was imposed ("Imposed") or for whom
it was not imposed ("Not Imposed"). The outcome variable in column 5 is the sum of the average payoff
in visit 1 and the payoff in visit 2. Treatment is a dummy variable which equals 1 if the student attends a
school which has been treated with the grit intervention. Controls include task ability, gender, the Raven
score, baseline beliefs and test scores, and risk tolerance.

Table 8: Treatment Effect on Payoff-Maximizing Choices
Payoff-Maximizing Choice Payoff-Maximizing Choice

First Visit Second Visit
A: Sample A
Treatment 0.016 0.088∗∗

(0.03) (0.04)
Permutation p-value 0.593 0.034
Control Mean 0.65 0.53
N 1700 1573
B: Sample B
Treatment 0.102∗∗∗ 0.086∗∗∗

(0.02) (0.03)
Permutation p-value 0.001 0.012
Control Mean 0.45 0.51
N 1228 1156
Estimates are average marginal effects after logit regressions. Standard errors are clustered
at the school level (unit of randomization) and reported in parentheses. * p<0.10, ** p<0.05,
*** p<0.01. The outcome variable in both columns is a dummy variable which equals 1 if
the student makes a payoff-maximizing choice. To define the dummy variable which indicates
whether the student makes a payoff-maximizing choice, we compare the actual task choice to
the choice which is payoff-maximizing in expectation. Treatment is a dummy variable which
equals 1 if the student attends a school which has been treated with the grit intervention.
Controls include task ability, gender, the Raven score, baseline beliefs and test scores, and
risk tolerance.
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Table 9: Treatment Effect on Grades Given by Teacher
A: Sample A B: Sample B

Math Grade Verbal Grade Math Grade Verbal Grade
Treatment -0.054 -0.013 0.002 -0.006

(0.10) (0.07) (0.11) (0.13)
Permutation p-value 0.634 0.848 0.990 0.975
Control Mean 0.06 0.05 0.10 0.09
N 2237 2233 1404 1404
Estimates are obtained via Ordinary Least Squares regressions. Standard errors are clustered at the
school level (unit of randomization) and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01.
The dependent variables are the students’ math and verbal grades at follow-up, which were given by
the teacher. Treatment is a dummy variable which equals 1 if the student attends a school which
has been treated with the grit intervention. Controls include gender, the Raven score, class size and
baseline beliefs and test scores. Note that since information on grades is obtained from administra-
tive records, we have observations on all students in the classes, even if they were not present during
the experimental task.

Table 10: Treatment Effect on Standardized Test Scores
A: Sample A B: Sample B

Math Score Verbal Score Math Score Verbal Score Math Score Verbal Score
Long-Run Long-Run Short-Run Short-Run Long-Run Long-Run

Treatment 0.204∗∗ 0.073 0.311∗∗∗ 0.126∗ 0.190∗∗∗ 0.043
(0.08) (0.07) (0.09) (0.06) (0.06) (0.08)

Permutation p-value 0.048 0.398 0.007 0.116 0.031 0.615
Control Mean -0.09 0.00 -0.06 0.01 -0.02 0.06
N 1246 1242 1347 1350 781 778
Estimates are obtained via Ordinary Least Squares regressions. Standard errors are clustered at the school level (unit of
randomization) and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01. The dependent variables are the students’
math and verbal standardized test scores at follow-up. The long-run follow-up data for Sample A was collected 2.5 years
after the intervention. For Sample B, the short-run and the long-run follow-up data were collected immediately after the
implementation of the intervention and 1.5 years after the intervention, respectively. Treatment is a dummy variable which
equals 1 if the student attends a school which has been treated with the grit intervention. Controls include gender, the
Raven score, class size, baseline beliefs and test scores.

42



Table 11: Post-Treatment Survey
Post-Treatment Grit (Survey) Post-Treatment Beliefs (Survey)

A: Sample A
Treatment 0.292∗∗∗ 0.346∗∗∗

(0.05) (0.07)
Permutation p-value 0.000 0.001
Control Mean -0.17 -0.19
N 1747 1840
B: Sample B
Treatment 0.345∗∗∗ 0.331∗∗∗

(0.07) (0.06)
Permutation p-value 0.002 0.006
Control Mean -0.12 -0.12
N 1159 1294
Estimates are obtained via Ordinary Least Squares regressions. Standard errors are clustered at the
school level (unit of randomization) and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01.
The outcome variables are post-treatment grit and post-treatment beliefs about the malleability of skills
elicited in the student survey. Treatment is a dummy variable which equals 1 if the student attends
a school which has been treated with the grit intervention. Controls include gender, the Raven score,
baseline beliefs and test scores, and risk tolerance.

Table 12: Mediation Analysis
Sample A (long-run) Sample B (short-run) Sample B (long-run)

Math Grit Math Math Grit Math Math Grit Math
Beliefs (post) 0.717∗∗∗ 1.719∗∗∗ 0.080∗ 0.995∗∗∗ 2.927∗∗∗ 0.085∗∗∗ 0.576∗∗ 2.328∗∗ 0.083∗

(0.27) (0.63) (0.04) (0.33) (0.98) (0.02) (0.23) (1.06) (0.04)

Grit (post) 0.350∗∗ 0.320∗∗∗ 0.214∗∗
(0.17) (0.10) (0.11)

N 834 728 728 1290 1197 1197 694 638 638
Indirect Effect 0.60 0.94 0.50
95% CI [0.30, 0.97] [0.71, 1.61] [0.03, 0.95]

This table shows the mediation analysis results (Dippel et al., 2017) for Math test scores in the long-run follow-up of Sample
A (columns 1-3), as well as the short-run (columns 4-6) and long-run follow-up (columns 7-9) in Sample B. In each panel,
the first column presents the second stage results of a TSLS regression of test scores on malleability beliefs (instrumented
with treatment status), the second column shows the second stage results of a TSLS regression of grit on malleability beliefs
(instrumented with treatment status), while the third column presents the second stage results of a TSLS regression of test
scores on grit (instrumented with treatment status) additionally controlling for malleability beliefs. The indirect effect, which
is displayed at the bottom of the table together with 95% bootstrapped confidence intervals, is calculated as the product of
the coefficient on Beliefs (post) in the second regression and the coefficient on Grit (post) in the third regression. Grit (post)
is the number of times an individual chose the difficult task in the experimental task. In all regressions, we additionally con-
trol for gender, the Raven score, class size, baseline beliefs and test scores. All mediation analyses are performed for those
students for whom the follow-up test data was available. * p<0.10, ** p<0.05, *** p<0.01.
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Figures

Figure 1: Effect of Treatment on Self-Reported Grit
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Figure 2: Effect of Treatment on Self-Reported Malleability Beliefs
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Figure 3: Estimated Treatment Effect Coefficients
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Appendix A: Supplementary Analyses

Table A.1: Original and Romano-Wolf p-values (Sample A)
(1) (2)

Original p-value Romano Wolf p-value

I. Real Outcomes
Math test score (long-run) 0.0222 0.0797
Verbal test score (long-run) 0.3918 0.7610
Math grade 0.5731 0.8486
Verbal grade 0.8580 0.8486

II. Survey and Experimental Outcomes
Beliefs (survey) 0.0000 0.0000
Grit (survey) 0.0000 0.0000
Confidence 0.8955 0.9044
Difficult Round 1 0.0002 0.0040
Difficult Round 2 0.0156 0.0398
Difficult Round 3 0.0000 0.0000
Difficult Round 4 0.0003 0.0040
Difficult Round 5 0.0035 0.0120
Payoff Visit 1 0.5339 0.7649
Difficult Plan 0.0004 0.0080
Payoff Visit 2 0.0154 0.0398
Math and verbal test score refer to the standardized math and verbal scores measured 2.5
years after the intervention. Math and verbal grade refer to the grades given by teachers.
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Table A.2: Original and Romano-Wolf p-values (Sample B)
(1) (2)

Original p-value Romano Wolf p-value

I. Real Outcomes
Math test score (short-run) 0.0005 0.0159
Verbal test (short-run) 0.0339 0.1116
Math test score (long-run) 0.0040 0.0279
Verbal test score (long-run) 0.6972 0.9761
Math grade 0.9863 0.9761
Verbal grade 0.9669 0.9761

II. Survey and Experimental Outcomes
Beliefs (survey) 0.0000 0.0000
Grit (survey) 0.0000 0.0000
Confidence 0.2184 0.2032
Difficult Round 1 0.0206 0.0558
Difficult Round 2 0.0001 0.0040
Difficult Round 3 0.0002 0.0040
Difficult Round 4 0.0048 0.0199
Difficult Round 5 0.0017 0.0120
Payoff Visit 1 0.1066 0.1952
Difficult Plan 0.0000 0.0040
Payoff Visit 2 0.0002 0.0040
Math and verbal test score (short-run) refer to the standardized math and verbal scores
measured immediately after the implementation of the intervention, while math and verbal
test score (long-run) refer to the standardized math and verbal scores measured 1.5 years
after the intervention. Math and verbal grade refer to the grades given by teachers.
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Appendix B: Educational Material and Tasks

Instructions of the Real Effort Task

1st Visit

Hello all! Today we’ll play a game. In this game, you’ll do a task and make some decisions.

Based on your performance and your decisions, you will earn gifts. [show gift basket] There

are no right or wrong decisions. Everyone can choose what they want! But, there’s an

important rule: Not to comment at all on how the game is going, what you chose, whether

you were successful. . . Keeping your choices a secret is important. And you should not ask

others what they are choosing, because everyone is different and everyone can make their own

choices. OK? We will now introduce our game. [Draw the following grid on the board]

15 34 80

37 42 66

20 85 58

The game has 5 rounds. [Write R1, R2, R3, R4, R5 on the board] You will earn gifts

according to whether you are successful in these rounds or not.

At the end of this class, we’ll select one round randomly, by picking a number from a bag

without looking. If you were successful in that round, you get gifts. For example, suppose

I was unsuccessful in Round 1 and Round 2 but successful in 3, 4, and 5 [show by putting

X and √ underneath R1. . . R5 on the board]. Suppose Round 2 was selected. Do I get gifts?

No, because I was not successful. Do I get gifts if Round 4 is selected? Yes, because I was

successful in that round. This means, gifts don’t accumulate. You only get the gift you earned

in the selected round. So, you should not think like “I got enough gifts from the previous

rounds, so I don’t need to take these rounds seriously”. Any round can be selected, so take

all rounds seriously. OK?

Now, the game we will play is a number search game. [Show grid on the board] In this

game, we try to find number pairs that add up to 100 within a number grid. Look at the

grid on the board. Here, there are number pairs which sum to 100. For example: 15 and 85.

Their total is 100. [Mark 15 and 85 with √, and write 15+85=100 beneath the table on the
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board]

Are there any other pairs you can see? [Ask children, write on the board, mark the

pairing numbers]. OK, so is there a number that matches with 37? No. This shows that not

all numbers have a matching number to sum up to 100. Also, numbers do not repeat, there

is only one of each number. So, when you find a pair, you can mark those two numbers off.

OK?

Now, before we start our main 5 rounds, we will distribute a pre-game puzzle. Here, the

goal is to find as many pairs summing up to 100 as you can, within 2 minutes. For each pair

you find, you will get a small gift [Distribute the pre-game puzzle sheets].

First, you’ll write your name, last name and classroom on the front, and wait. Do not

turn the page yet. Everyone will start at the same time. You will write the pairing numbers

in the blanks underneath the table, and mark them off on the grid. OK? Everyone ready?

Start!

[Keep the time. Instruct children to turn the page immediately when time is up. Collect

the sheets]

OK, now we’ll start our main 5-round game. We have two different types of games here.

One is the 4-gift game. If you are successful in this one, you get 4 large gifts. If you fail, you

get 0 gifts. [Write on the board: 4 gift game: √ =4, X=0]

We also have a one-gift game. Here, if you are successful, you get 1 large gift. If you fail,

you get 0 gifts. [Write on the board: One gift game: √=1, X=0]

The target for success is the same in both games: Finding at least 3 pairs that sum up

to 100 [Write on the board: AT LEAST 3]. If you cannot find 3 pairs, you are unsuccessful.

OK?

But what is the difference between the 4-gift and the 1-gift game? The target is the same

in both: Finding at least 3 pairs adding up to 100, within 1.5 minutes. But, the 4-gift game

is more difficult than the other, because the grid is larger. You are looking for the numbers

within a bigger space. [Open one sample puzzle from the 4-gift booklet, one sample puzzle

from the 1-gift booklet, and show] See, the 1-gift grid is smaller. That is why the 1-gift game

is easier than the 4-gift game. Both grids have the same number of pairs, but in one they are

harder to find because the grid is larger. OK? So, every round, you are going to play either
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the 4-gift or the 1-gift game.

First, I will explain the rules for Round 1. You will first make the decision only for Round

1. For the other rounds, you will decide later. Now please think carefully: Would you like to

play the 4-gift, more difficult game in Round 1, or the 1-gift, easier game? The choice you

make will count with half-half chance. Either your own choice counts, or everyone will need

to play the game written here [show a folded piece of paper]. OK? So think now: If the choice

is up to you, what game would you like to play in Round 1? The 4-gift game or the 1-gift

game? Think carefully because your choice may count! [Distribute 1st period choice sheets,

collect]

Now, we will give you both the 4-game booklet and the 1-game booklet. Look, in this

booklet we have 5 rounds of the 4-gift game. In this one we have 5 rounds of the 1-gift game.

[Show the booklets] If you will play the 4-gift game in a round, you use that booklet in that

round. If in another round you want to play the 1-gift game, you use the 1-gift booklet in

that round. OK? [Distribute the booklets] Now, please write your name on BOTH booklets,

and wait. Do not open the booklets.

Now, let’s have our draw. We have two folded pieces of paper here. One has “free choice”

and one has “no free choice, 4-gift game” written on it. Now, let’s see whether your choice will

count or not. [Put pieces of paper in a bag and make a child draw one, record the outcome

of the draw]

**********************************************************

[If “No Choice” is drawn]:

For the first round, everyone will need to start with the 4-gift game. In the other rounds,

you will be free to make your own choices, OK?

Now, everyone take the “4-gift” booklet in their hands and wait. Check and make sure

that “4-gift booklet” is written on top. OK? Now, when we say so, you will open the 1st page

of this booklet. “1st Round” will be written on the page. After 1.5 minutes when time is up,

everyone will fold their arms and become a flower. If you finish earlier, you also wait quietly,

OK? And remember, it is a very important rule of the game not to talk to your friends, not

tell others how many pairs you found, and not comment on the game etc. OK?
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Also, there is a difference in the way you’ll mark the matching numbers. You won’t have

to write them underneath the table but mark them with matching marks. Not to confuse two

different pairs, you use different marks. For example, [show on the grid on the board] when

15 and 85 match, let’s say we circle both. For 20 and 80, we can no longer use the circle

because the pairs would get mixed up. We need to use something else. Let’s say the check

mark. You will see the signs you can use on your sheets [also write on the board]:

Now, is everyone ready to open the 1st round page of the 4-gift booklet?

**********************************************************

[If “Free Choice” is drawn]: For the first round, you will play the game of your choice. In

the other rounds, you will also be free to make your own choices.

Now, please take the booklet corresponding to the game that you chose for the 1st round.

If you want to play the 4-gift game, you take the 4-gift booklet in your hand. If you want to

play the 1-gift game, you take the 1-gift booklet in your hand and wait. OK? When we say

so, everyone will open the first page of the booklet they chose for the first round. You will see

“1st round” written on the page. After 1.5 minutes when time is up, everyone will fold their

arms and become a flower. If you finish earlier, you also wait quietly, OK? And remember,

it is a very important rule of the game not to talk to your friends, not tell others how many

pairs you found, and not comment on the game etc. OK?

Also, there is a difference in the way you’ll mark the matching numbers. You won’t have

to write them underneath the table but mark them with matching marks. Not to confuse two

different pairs, you use different marks. For example, [show on the grid on the board] when

15 and 85 match, let’s say we circle both. For 20 and 80, we can no longer use the circle

because the pairs would get mixed up. We need to use something else. Let’s say the check

mark. You will see the signs you can use on your sheets [also write on the board]:

Now, is everyone ready to open the 1st round page of the booklet they chose?
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**********************************************************

OK, we start now! [Hold 90 seconds] [When time is up]: Fold your arms please! Become

a flower! Now we’ll come and check everyone’s sheets. [Experimenters go around and circle

Succeeded/Failed depending on whether child was able to find 3 pairs or not]

Now, for the 2nd round, we have new grids, for both the 4-gift game and the 1-gift game.

Everyone is free to choose which type of game they want. Either the 4-gift game or the 1-gift

game. Now, think carefully again, would you like to do the 4-gift, more difficult game in the

2nd round, or the 1-gift, easier game? Take the booklet of your choice. And open the page

that says 2nd round. Ready? Start!

[Do this till 5 rounds are over]

Now, we’ll be playing this game again in a week. That day, you will play one of the games

again (either the 4-gift or the 1-gift game), but only for 1 round.

And there is an important point. If you want, you can get practice games to work on

them. [Show practice booklet] This booklet has examples and practice games for the 4-gift,

more difficult game. Whoever wants, can take this practice booklet and work on it at home,

before the game next week. OK? Now, we ask you: next week, would you like to play the

4-gift, more difficult game or the 1-gift, easier game?

An important point: You won’t be able to change your choice next week! With 50-50

chance, either the choice you make now will count. Or, you will play the game written on this

piece of paper [show a folded paper]. Now please think and make a choice carefully, because

this choice you make can count and you may need to play the game you choose now, next

week. OK? [Distribute choice sheets]. Don’t forget, you can take practice booklets to take

home. Did everyone make their decisions? [Collect choice sheets]

Now, let’s see whether your choice will count, or this game written on this paper. [Put the

“free choice”, and “no choice, 4-gift game” papers in a bag, have a student draw one, record

the outcome of the draw]

**********************************************************

[If “Free Choice” is drawn]: “Free choice” was drawn, so next week, you will play the game

you have chosen just now. If you chose the 4-gift game, you will play that. If you chose the

1-gift game, you will play that. OK? We will bring your booklets accordingly. There will be
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no changing the game next week. Does everyone know what they will play next week? Good!

**********************************************************

[If “No Choice” is drawn]: “No choice” was drawn, so next week, everyone will play the

game written on this paper [unfold], which is the 4-gift game. OK? Does everyone know which

game they will play next week? There will be no changing the game next week. Everyone

will need to play the 4-gift, more difficult game.

**********************************************************

[Distribute the practice booklets, to those that want to take it. Anyone who wants can

take one.]

Now, it is time to get your gifts from today. Let’s make the draw for which round of the

5 rounds today will count [Make draw using pieces of paper labeled R1, R2, R3, R4, R5]

Please, everyone open the Xth round [whichever round was selected] on the booklet you

chose for that round. Write your name on that page and keep that page open. [Collect the

booklets] Giving the gifts: Depending on whether the child was successful in the selected round

and depending on the game that he/she played, he/she gets 4 or 1 gift or 0 gifts: Children who

played the 4-gift game and were successful in that round, get 4 gifts. Children who played the

1-gift game and were successful in that round, get 1 gift. Children who were unsuccessful in

the game they played get 0 gifts. In addition, give the gifts from the ability-measuring task:

a small gift for every correct pair found.

2nd Visit

Hello! Remember that we played a number game with you last week. And we said we would

play it again this week. Now let’s remember what the rules of the number game were: [Write

sample grid on board again, remind]

15 34 80

37 42 66

20 85 58

Today we’ll play a single round of the game. Remember that we had two types of games.

One gave 4 gifts if you are successful, but was more difficult. The other gave 1 gift if you are
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successful, but was easier. In both, you needed to find at least 3 pairs to be successful. [Write

on board: “AT LEAST 3”].

********************************************************

[If this is a classroom in which “Free Choice” was drawn the previous week] Remember

that we asked you last time: “which game would you like to play next week?” And you made

a choice. According to that choice you made last week, we will either give you the 4-gift or

the 1-gift game now. We need to wait until everyone gets their sheets, so do not turn the

page, OK? [Distribute the 4-gift game to those who chose it and the 1-gift game to those who

chose it. If there are children who were absent the previous week but there now, quietly ask

which game he/she wants and give that]

*********************************************************

[If this is a classroom in which “No Choice” was drawn the previous week] Remember that

last week, in your class the draw was such that everyone would play the 4-gift game. That’s

why we are now going to give everyone the 4-gift game, OK? We need to wait until everyone

gets their sheets, so do not turn the page, OK? [Distribute the 4-gift game to all]

**********************************************************

Ready? Start! [Keep the time, mark success/failed. Collect sheets. Give children gifts

depending on whether they were successful or not in the task.].
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Figure B.1: Example of Easy Task

Figure B.2: Example of Difficult Task
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Appendix (For Online Publication Only)

Mediation

Analysis based on Imai, Keele and Yamamoto (2010): We also conducted a standard non-IV

based mediation analysis proposed by Imai, Keele and Yamamoto (2010). This method allows

for treatment having an independent effect on the outcome. Imai, Keele and Yamamoto (2010)

show that under the “sequential ignorability” assumption, which constitutes two sequential

assumptions, one can identify the average causal mediated effect (ACME) and the average

direct effect (ADE) nonparametrically. Contrary to Dippel et al. (2017), it is not trivial within

this framework to consider a mechanism where the effect of the mediator runs through another

intermediate mediator. Therefore, we consider malleability beliefs and grit as two separate

mediators. To estimate ACME and ADE, we proceed in several steps. First, we posit and fit

regression models for the mediator and the outcome of interest. The mediator model includes

as predictors the treatment variable as well as any relevant pre-treatment covariates, including

the pre-treatment mediator variable if available. The outcome is modeled as a function of

the mediator, the treatment variable, as well as pre-treatment covariates. Based on the fitted

mediator model, we then generate two sets of predicted mediator values for each student,

one under the treatment and the other under the control. In our example, this amounts to

generating predicted malleability score levels for each student under each treatment status.

We then use the outcome model to impute potential outcomes. For each student, we first

obtain the predicted value of the outcome corresponding to the treatment and the predicted

mediator value for the treatment condition (obtained in the previous step). We then generate

the predicted counterfactual outcome, i.e. the outcome where the treatment status is still set

to 1 but the mediator is set to its predicted value under the control condition (also obtained

in the previous step). Finally, we compute the average causal mediated effect by averaging

the differences between the predicted outcome under the two values of the mediator across

observations in the data. Table C.3 presents the results. We see here that about 15% (17%)

of the total effect on math test scores comes from enhanced grit in Sample A (Sample B).

Malleability beliefs are also found to mediate the effect on test scores (4.7% for Sample A,

23.7% for Sample B).
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Survey Questions

Items Used for Constructing the Survey-based Grit Measure

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

1. I like schoolwork best which makes me think hard, even if I make a lot of mistakes.

2. Setbacks discourage me.

3. If I think I will lose in a game, I do not want to continue playing.

4. If I set a goal and see that it’s harder than I thought I easily lose interest.

5. When I receive a bad result on a test I spend less time on this subject and focus on

other subjects that I’m actually good at.

6. I work hard in tasks.

7. I prefer easy homework where I can easily answer all questions correctly.

8. If I’m having difficulty in a task, it is a waste of time to keep trying. I move on to things

which I am better at doing.

Items Used for Constructing the Malleability Beliefs Measure

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

1. Your intelligence is something very basic about you that you can’t change very much.

2. Music or drawing talent can be learned by anyone.

3. No matter how intelligent you are, you can always change it quite a bit.

4. Truly smart people do not need to try hard.

5. If you’re not good at a subject, working hard won’t make you good at it.

6. If I study hard enough, I could be the most successful student in the class.
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Summary Curriculum

The grit curriculum consists of a range of topics to be covered in class during weekly project

hours. Each week is dedicated to a specific topic, which is introduced by the teacher with the

help of a pre-specified set of materials. The material is designed to initiate class discussions

and activities, questions and homework. We recommend a minimum of 10 weeks to complete

the curriculum. Based on the feedback we received from participating teachers, on average

12 weeks were necessary to complete the curriculum. Most teachers reported that they spent

at least 2 hours/week on the project. In the following, we provide a summary of the material

to be covered during each week together with the recommended follow-up activities.

Week 1: The Plasticity of the Brain

Growth Mindset Video: The material used for this lesson is a 4-minute video on the concept

of the growth mindset. The focus of this week’s lesson is the plasticity of the brain.

Follow-up Activities: Teachers initiate a class discussion based on questions we provide. Chil-

dren are then asked to draw themselves while they struggle with an activity that they find

very difficult and frustrating. They are asked to imagine their brain activities while they work

on the task.

Activity for the Whole Semester: Every week the teacher selects a number of students to be

the “students who exerted most effort during this week”. The purpose of these announcements

is to demonstrate how students make progress by putting in more effort. The announcements

are followed by a class discussion on how valuable certain behaviors are. A round of applause

is given to the selected students, after which the students’ pictures are put on the board into

a designated frame, and the students are provided with certificates.

Week 2: Growth Mindset Messages

Growth Mindset Video: Children watch the 4-minute video on the growth mindset one more

time. The focus of the lesson is how children differ in their mindsets. The video shows two

children who engage in a dialog, one with a growth mindset and one with a fixed mindset.

Follow-up Activities: Teachers initiate a class discussion based on questions we provide. In
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addition, students are given homework in which they are asked to reflect on their current

mindset.

Week 3-4: Failure and Praising

Reading a Letter: Students read a letter, which is written by a student to her parents. The

student describes how she has been fascinated by the fact that famous scientists also experience

failures on their way to success, and she asks her parents to understand that only because

she sometimes fails on a test it doesn’t mean that she is lacking the innate ability to perform

better. She asks her parents to believe in her and support her when she is trying new things

she is not good at from the start.

Follow-up Activity (Week 3): Teachers initiate a class discussion based on questions we pro-

vide. The children are then asked to write letters to their parents and teachers in which they

explain how they would like to be praised/criticized.

Follow-up Activity (Week 4): Students are asked to form groups and to do research on a

famous scientist, artist or athlete of their choice. They are asked to find out about this

person’s failures and frustrations. The students collect pictures and testimonies which they

use to prepare a poster.

Week 5: Goals and Difficult Tasks

A Short Story on Mustafa - How to Deal with Difficult Tasks? In the fifth week, children read

a short story about a boy who has been given a homework assignment that is challenging for

him. The story describes which strategies the boy uses to tackle the challenging homework

task.

Follow-up Activity: Students are asked to write down a goal they themselves want to achieve

in one month’s time. They are asked to write down the goal on a post-it, and put it on the

classroom board together with their name. During the following weeks, students can put a

star on the post-it whenever they accomplish something which brings them closer to achieving

their main goal.
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Weeks 6-7 : Fear of Failure

A short story on Tugba - Who Likes Failing? Students read and discuss another short story.

The story is about a girl who contemplates the meaning of the phrase ’Success consists of

going from failure to failure without loss of enthusiasm’. In the story, the girl asks the ’Wise

Bird’ for advice. The girl and the Wise Bird engage in a conversation which centers around

the idea that on the way to success people encounter numerous challenges and inevitably they

fail many times before they succeed. The importance of not giving up is emphasized.

Follow-up Activities: In class, the teacher discusses these concepts on the basis of questions

we provide and encourages students to think about their goals, what likely challenges they

will encounter and how they are going to achieve them. In addition, the students are asked

to write a letter to the Wise Bird in which they convey which goals they have.

Follow-up Games: In this game, the teacher draws a person on the board and asks students

to imagine that this person has a goal (e.g. become a good football player). The teacher then

draws a chronological chart, and complements it to include activities the child engages in to

achieve this goal and challenges the student needs to overcome.

Homework: Students find out about the dream of their close friend and they create a similar

chronological chart for him/her.

Week 8-9: Fear of Mathematics

A Mini-Cartoon Story - Dancing with Numbers: Students are presented with a story about

a boy who is afraid of math. In his dreams, there are numbers that want to engage and

play with him but he is afraid. The next morning the boy is in school and observes how

other children attempt to find solutions to math problems that the teacher poses in class,

even if they do not know the right answer from the start. The boy observes how the students

get encouraged to participate even if they do not know the right answer, which eventually

encourages him to participate as well.

Follow-up Activity: Students are asked to complete the same math problems and raise their

hands to give their solutions to the math problems. The teachers initiate a class discussion

based on questions we provide.

60



Week 10: Developing a Classroom Culture and Announcing Learned Outcomes

In the tenth week, students engage in a consolidating activity. In particular, students form

groups and they prepare a poster which is then displayed on the classroom board. Each group

covers a different topic: 1) We dream big. We have plans. 2) We are not afraid of failure. 3)

We do not give up. 4) We champion effort. 5) We love difficult tasks. Within each group,

every student is expected to make a different contribution to the poster. Contributions ranged

from making a painting, writing a short essay or choosing a slogan for the poster to writing

poems or songs. We awarded a large trophy to the top 3 materials produced in class. The

selection was made by a committee of volunteer teachers.

Follow-up activity: In all schools in which the project was carried out, the work was exhibited

in the schools’ corridors. This activity was carried out at the end of the semester, and it

served the purpose to also inform the rest of the school about the project.
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Examples of Classroom Activities

Figure C.1: Screenshot of animated video

Figure C.2: Example of students’ 1-month targets
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Figure C.3: Certificates students received for top posters
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Robustness Checks

Table C.1: Original and Romano-Wolf p-values for Patience Coefficient (Sample A)
(1) (2)

Original p-value Romano Wolf p-value

I. Real Outcomes
Math test score (long-run) 0.1489 0.4741
Verbal test score (long-run) 0.4119 0.8048
Math grade 0.6911 0.8207
Verbal grade 0.6109 0.8207

II. Survey and Experimental Outcomes
Beliefs (survey) 0.2225 0.9084
Grit (survey) 0.3577 0.9761
Confidence 0.7011 0.9801
Difficult Round 1 0.3961 0.9761
Difficult Round 2 0.4635 0.9761
Difficult Round 3 0.6316 0.9801
Difficult Round 4 0.4485 0.9761
Difficult Round 5 0.6174 0.9801
Payoff Visit 1 0.3480 0.9761
Difficult Plan 0.6252 0.9801
Payoff Visit 2 0.1997 0.9084
Math and verbal test score refer to the standardized math and verbal scores measured 2.5
years after the intervention. Math and verbal grade refer to the grades given by teachers.
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Table C.2: Mean Comparisons of Pre-Treatment Variables for Follow-Up Samples

A: Sample A B: Sample B
Mean [SD] Difference (p-value) Mean [SD] Difference (p-value)

Beliefs (survey) 0.00 -0.09 -0.06 0.10
[0.95] (0.45) [0.97] (0.28)

Grit (survey) 0.00 0.03 -0.03 -0.07
[0.96] (0.87) [1.00] (0.52)

Gender (Male=1) 0.51 -0.01 0.49 0.01
[0.50] (0.79) [0.50] (0.85)

Age 10.03 0.02 9.47 0.02
[0.47] (0.49) [0.52] (0.71)

Raven -0.06 0.0 -0.08 -0.17
[1.02] (0.99) [1.00] (0.24)

Risk Tolerance 2.59 -0.19 2.19 0.14
[1.50] (0.24) [1.56] (0.57)

Wealth 2.76 0.00 2.54 0.16
[0.95] (0.97) [1.00] (0.33)

Success in School 3.36 0.02 3.29 -0.10
[1.06] (0.79) [1.13] (0.48)

Class Size 41.08 4.83 37.76 5.29*
[9.59] (0.21) [7.27] (0.09)

Math Test Score 0.00 -0.05 -0.03 -0.01
[1.00] (0.75) [1.00] (0.92)

Verbal Test Score 0.03 -0.12 -0.05 -0.24**
[0.97] (0.58) [1.00] (0.04)

Task Ability 4.72 -0.03 3.72 0.38
[2.41] (0.91) [2.16] (0.12)

Columns 1 and 3 contain the means of the pre-treatment variables with standard deviations in brackets. Columns
2 and 4 show the estimated difference in means which is obtained from regressing the variable of interest on the
treatment dummy. Standard errors are clustered at the school level (unit of randomization) and p-values are
reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01. The variables beliefs (about the malleability of skills)
and grit are extracted factors from questionnaire items in the pre-treatment student survey. The Raven score
is measured using a progressive Raven’s matrices test (Raven et al., 2004). Task ability refers to the student’s
performance in the ability measuring round of the experiment. Risk tolerance is elicited using the incentivized
Gneezy and Potters (1997) task. The student’s wealth and success in school is based on reports by teachers
(scale: 1-5). Students’ math and verbal baseline test scores are normalized (mean 0, standard deviation 1). For
sample A, these test scores refer to the grades given to the students by their teachers, while for sample B they
refer to the students’ performance on the standardized tests we administer. This table restricts the sample to
those individuals for whom the long-term follow-up test score data is available.
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Table C.3: Mediation Analysis for Long-Run Math Test Scores (Sample A and B)
A: Sample A B: Sample B

Beliefs Grit Beliefs Grit

ACMEs δ̄ 0.0131 0.0346 0.0415 0.0302
[-0.0163, 0.0411] [0.0130, 0.0612] [0.0161, 0.0736] [0.0089, 0.0582]

ADEs γ̄ 0.2630 0.2039 0.1331 0.1490
[ 0.1430, 0.3955] [0.0877, 0.3321] [0.0078, 0.2713] [0.0288, 0.2816]

Average Total Effect τ̄ 0.2761 0.2385 0.1746 0.1792
[0.1564, 0.4032] [0.1198, 0.3678] [0.0451, 0.3141] [0.0543, 0.3147]

% of Tot Eff mediated δ̄
τ̄ 0.0473 0.1453 0.2367 0.1684

[ 0.0324, 0.0835] [0.0941, 0.2894] [0.1296, 0.8541] [0.0941, 0.5261]

This table shows the mediation analysis results (Imai et al., 2010) for the follow-up math standardized test scores.
Panel A shows the results for Sample A, while Panel B shows the results for Sample B. In Columns 1 and 3, the me-
diating variable is students’ belief about the malleability of ability while in Columns 2 and 4 the mediating variable is
grit, as measured by the number of times the student chose the difficult task in the experimental task. In square brack-
ets are 95 percent bootstrap confidence intervals. Both the outcome as well as the mediator are modelled as Ordinary
Least Squares regressions. Controls include gender, the Raven score, class size, baseline beliefs and test scores.

Table C.4: Treatment Effect on Test Scores (Samples A and B)
A: Sample A B: Sample B

Math Score Verbal Score Math Score Verbal Score Math Score Verbal Score
Long-Run Long-Run Short-Run Short-Run Long-Run Long-Run

Treatment 0.204∗∗ 0.073 0.311∗∗∗ 0.127∗∗ 0.185∗∗∗ 0.041
(0.08) (0.07) (0.09) (0.06) (0.06) (0.08)

Treatment x Beliefs (pre) -0.042 -0.163∗∗∗ -0.019 -0.088 -0.096 -0.039
(0.08) (0.05) (0.05) (0.06) (0.08) (0.05)

Beliefs (pre) 0.151∗∗ 0.192∗∗∗ -0.006 0.041 0.078 0.053
(0.06) (0.04) (0.04) (0.04) (0.07) (0.05)

Permutation p-value 0.052 0.407 0.008 0.111 0.037 0.659
Control Mean -0.09 0.00 -0.06 0.01 -0.02 0.06
N 1246 1242 1347 1350 781 778
Estimates are obtained via Ordinary Least Squares regressions. Standard errors are clustered at the school level (unit of ran-
domization) and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01. The dependent variables are the students’ math
and verbal standardized test scores at follow-up. The long-run follow-up data for Sample A was collected 2.5 years after the in-
tervention. For Sample B, the short-run and the long-run follow-up data were collected immediately after the implementation of
the intervention and 1.5 years after the intervention, respectively. Treatment is a dummy variable which equals 1 if the student
attends a school which has been treated with the grit intervention. Controls include gender, the Raven score, class size, baseline
beliefs and test scores, as well as the interaction term between baseline beliefs about the malleability of skills and treatment status.
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