
Entorf, Antonia; Dohmen, Thomas

Working Paper

The Effect of Compulsory Education on Non-Cognitive
Skills: Evidence from Low- and Middle-Income Countries

IZA Discussion Papers, No. 17832

Provided in Cooperation with:
IZA – Institute of Labor Economics

Suggested Citation: Entorf, Antonia; Dohmen, Thomas (2025) : The Effect of Compulsory Education on
Non-Cognitive Skills: Evidence from Low- and Middle-Income Countries, IZA Discussion Papers, No.
17832, Institute of Labor Economics (IZA), Bonn

This Version is available at:
https://hdl.handle.net/10419/319101

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/319101
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


DISCUSSION PAPER SERIES

IZA DP No. 17832

Antonia K. Entorf
Thomas J. Dohmen

The Effect of Compulsory Education on 
Non-Cognitive Skills:  
Evidence from Low- and Middle-Income 
Countries

APRIL 2025



Any opinions expressed in this paper are those of the author(s) and not those of IZA. Research published in this series may 
include views on policy, but IZA takes no institutional policy positions. The IZA research network is committed to the IZA 
Guiding Principles of Research Integrity.
The IZA Institute of Labor Economics is an independent economic research institute that conducts research in labor economics 
and offers evidence-based policy advice on labor market issues. Supported by the Deutsche Post Foundation, IZA runs the 
world’s largest network of economists, whose research aims to provide answers to the global labor market challenges of our 
time. Our key objective is to build bridges between academic research, policymakers and society.
IZA Discussion Papers often represent preliminary work and are circulated to encourage discussion. Citation of such a paper 
should account for its provisional character. A revised version may be available directly from the author.

Schaumburg-Lippe-Straße 5–9
53113 Bonn, Germany

Phone: +49-228-3894-0
Email: publications@iza.org www.iza.org

IZA – Institute of Labor Economics

DISCUSSION PAPER SERIES

ISSN: 2365-9793

IZA DP No. 17832

The Effect of Compulsory Education on 
Non-Cognitive Skills:  
Evidence from Low- and Middle-Income 
Countries

APRIL 2025

Antonia K. Entorf
University of Bonn and ECONtribute

Thomas J. Dohmen
University of Bonn, ECONtribute, Maastricht University and IZA



ABSTRACT

IZA DP No. 17832 APRIL 2025

The Effect of Compulsory Education on 
Non-Cognitive Skills:  
Evidence from Low- and Middle-Income 
Countries*

Personality traits, preferences, and attitudes significantly influence labor market outcomes, 

and these non-cognitive skills are shaped by the social environment. While curriculum 

interventions can impact these skills, the effect of compulsory education on non-cognitive 

skills is less well understood. This study investigates the impact of extending compulsory 

education by examining educational reforms in four low- and middle-income countries. 

Utilizing cross-sectional data from the World Bank’s 2012/2013 initiative, we analyze the 

within-country variation in compulsory education years. Our findings indicate that increased 

compulsory education decreases emotional stability, grit, hostile attribution bias, patience, 

and willingness to take risks, while enhancing openness to experience and alternative 

solution or consequential thinking.
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1 Introduction

While numerous studies establish positive e!ects of education on cognitive skills (e.g. Cappellari,

Checchi, & Ovidi, 2023; Dahmann, 2017; Schneeweis, Skirbekk, & Winter-Ebmer, 2014), much less is

known about the e!ect of education on personality traits, preferences, and attitudes. These personal

attributes are often referred to as non-cognitive skills because they are rewarded in the labor market

(Bowles, Gintis, & Osborne, 2001) similar to cognitive skills. With technological advancements po-

tentially substituting human cognitive abilities and the increasing complexity of organizing work, the

importance of non-cognitive skills is expected to grow, leading to higher returns for these skills (Dem-

ing, 2017; Edin et al., 2022). Non-cognitive skills, along with cognitive skills, significantly influence

socioeconomic outcomes such as employment, wages, and health (Heckman, Pinto, & Savelyev, 2013;

Heckman, Stixrud, & Urzua, 2006), including in low- and middle-income countries (Gertler et al., 2014;

Glewwe, Huang, & Park, 2017; Sharma & Tarp, 2018). Despite being similarly predictive of socioeco-

nomic outcomes as cognitive skills, and increasingly important in the labor market, it remains an open

question whether compulsory education a!ects non-cognitive skills. We cannot simply infer findings

from studies on cognitive skills to non-cognitive skills as these attributes may respond di!erently to

educational inputs. Previous research, such as the studies by Heckman, Pinto, and Savelyev (2013)

and Alan, Boneva, and Ertac (2019), indicates that non-cognitive skills are a!ected by early childhood

programs and curriculum interventions, therefore, one could expect that compulsory education has an

impact as well. We aim to investigate whether this is indeed the case and how various non-cognitive

skills are a!ected. Analyzing this relationship is crucial, as it would provide insights into whether and

how education systems can nurture traits that are increasingly valuable in the economy.

In this paper, we analyze the long-term e!ects of compulsory schooling reforms on non-cognitive skills.1

We examine five educational reforms that mandated compulsory primary or lower secondary education

in four low- and middle-income countries: Bolivia, Colombia, Ghana, and Vietnam. Our analysis relies

on cross-sectional World Bank data from 2012/13, which is representative of individuals aged 15-64,

living in urban regions of these countries. The dataset includes measures of the Big Five personality

traits, risk and time preferences, grit, hostile attribution bias, and decision-making patterns. Moreover,

scores from a literacy test are included. For causal identification of e!ects, the cohort trends in these

skills must be well approximated and no other event should di!erently a!ect treatment and control

groups. We assess the returns to non-cognitive and cognitive skills by estimating augmented Mincer

Wage regressions.
1In Table C.1 in the Appendix section with findings for additional outcomes, section C, we also report on

the e!ect of compulsory schooling reforms on cognitive skills.
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We find that the reforms expanding compulsory education a!ected non-cognitive skills. Specifically,

the reforms decreased emotional stability, grit, hostile attribution bias, willingness to take risks, and

patience, while increasing openness to experience and alternative solution or consequential thinking.

In our sample, increased openness to experience and reduced hostile attribution bias are positively

related to wages, whereas a reduced willingness to take risks is negatively associated with wages. The

other skills a!ected by the reforms do not show a significant relationship with wages. Furthermore,

we find no evidence that individuals a!ected by the reforms di!er in their probability or type of em-

ployment compared to those not a!ected. Considering the e!ects on years of education and cognitive

skills, our correlational results from the augmented Mincer wage regression suggest that educational

expansions, on average, increase wages by 9%, with 40% of this predicted increase stemming from

changes in non-cognitive skills. We discuss potential mechanisms—such as educational quality, per-

ceived importance of education, and ability mixing—to better understand how compulsory schooling

reforms might influence the development of non-cognitive skills.

To the best of our knowledge, this is the first study to examine the causal e!ect of reforms raising years

of compulsory education on personality traits, grit, hostile attribution bias, and decision-making pat-

terns. Our study complements existing research that has documented the causal e!ects of curriculum

interventions on specific character traits. For example, Alan, Boneva, and Ertac (2019) and Santos

et al. (2022) show that school interventions aimed at enhancing children’s grit can be successful. Other

related studies investigate the e!ects of di!erent school types, such as a selective college or vocational

versus general secondary education (Dasgupta et al., 2022; Ollikainen et al., 2024) on personality, or

the e!ects of special educational interventions, such as a German school reform or an equalization

policy in Korea that resulted in ability mixing within classes (Ahn & Goh, 2021; Dahmann & Anger,

2014, 2018). For instance, Dasgupta et al. (2022) find that attending a selective college decreases men’s

extraversion and conscientiousness, while Dahmann and Anger (2018) find that the introduction of G8

in Germany (a reduction in the years of schooling while keeping the same curriculum, which led to an

increased intensity of schooling) decreased individuals’ emotional stability.

Furthermore, this study contributes to the literature on the e!ect of education on economic preferences,

which has yielded mixed findings. S. Jung (2015) finds that a school reform increasing compulsory

education in Great Britain decreased individuals’ willingness to take risk, whereas Tawiah (2022)

reports that a similar reform in West Germany increased the willingness to take risk. Our study

is the first to provide evidence on the e!ect of education on willingness to take risks in low- and

middle-income countries, and our finding of a negative e!ect aligns with S. Jung’s (2015) results for

Great-Britain.
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Regarding time preferences, three studies provide relevant empirical findings. Dohmen, Holler, and

Sunde (2022) show that compulsory schooling reforms positively a!ect patience across 48 countries,

with this overall positive e!ect driven by developed countries, while there is a null e!ect for developing

countries. Similarly, D. Jung, Bharati, and Chin (2021) find a positive e!ect on patience, identifying

this e!ect through increased years of education induced by reduced schooling costs in Indonesia. In

contrast, Tawiah (2022) finds a negative e!ect on patience.

Finally, we contribute to the literature on labor market returns to non-cognitive and cognitive skills.2

For instance, Heckman, Pinto, and Savelyev (2013) study how the Perry Preschool program for disad-

vantaged African Americans boosted individuals’ labor market outcomes, showing short-term e!ects

on IQ and long-term e!ects on externalizing behavior and academic motivation. Heineck and Anger

(2010) investigate the wage-returns of the Big-Five personality traits, locus of control, reciprocity, and

fluid intelligence using data from Germany. Hanushek et al. (2017) study cross-country di!erences in

returns to cognitive (numeracy) skills using data from the PIAAC survey. Piopiunik et al. (2020) use

fictitious resumes to study which skills improve employability. Heckman, Stixrud, and Urzua (2006)

analyze the e!ects of both cognitive and non-cognitive skills, modeling both types of skills as latent

traits, and study the e!ect on wages, work experience, and occupational choice. They find that both

types of skills significantly impact labor market outcomes.

The paper is structured as follows. Section 2 provides a detailed overview about the compulsory

schooling reforms. Section 3 introduces the data used in our analysis. Section 4 outlines the research

design, the empirical approach, and the e!ects we expect to observe based on the literature. Section

5 presents the results, provides robustness checks of the results, and evaluates the findings based

on estimated wage returns to skills. Section 6 examines the potential mechanisms through which

expanding compulsory education could impact non-cognitive skills and discusses the limitations of the

analysis. Section 7 concludes and considers the implications of our findings for the malleability of

non-cognitive skills.

2 Compulsory schooling reforms

We use information on compulsory schooling reforms mainly from scientific publications, UNESCO

reports, legal texts, and o"cial government reports. Since treatment is defined based on birth cohorts

a!ected and not a!ected by the reforms, we focus on compulsory schooling reforms that are relevant to
2We also show results for the e!ect on cognitive skills, in particular, on literacy test scores (Table C.1).

Thereby, we contribute to the literature on the causal e!ect of compulsory schooling reforms on cognitive skills
in non-OECD countries. While numerous studies from the fields of psychology and economics investigate the
e!ect of schooling on cognitive skills, they usually provide evidence from OECD countries (see, for instance,
Cappellari, Checchi, & Ovidi, 2023; Schneeweis, Skirbekk, & Winter-Ebmer, 2014).
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Table 1: Overview of compulsory schooling reforms

Country Year of
reform

Compulsory
stage. . .

Change in
compulsory
years

Pivotal
cohort

Gradual
implemen-
tation

Ghana 1961 primary 0 to 6 1954 No
Ghana 1987 lower secondary 6 to 9 1975 No
Colombia 1991 lower secondary 5 to 9 1981 No
Vietnam 1991 primary 0 to 5 1977 Yes
Bolivia 1994 lower secondary 5 to 8 1983 No

Notes: Information on compulsory schooling reforms is drawn from scientific publications,
UNESCO reports, legal texts, and o"cial government reports. We analyze these five listed
reforms across four countries.

individuals born after 1947 and before 1989. As a result, we analyze five reforms across four countries:

Ghana (1961 and 1987), Colombia (1991), Vietnam (1991), and Bolivia (1994). Table 1 provides an

overview of these reforms.3 Two out of the five reforms introduced compulsory primary education,

while the other three extended compulsory schooling by mandating lower secondary education. The

pivotal cohort is either taken from published research or calculated based on the reform year and the

typical school entry age. We assume that children who were already eligible to leave school under

the previous regulations were not required to return after the reform. While little is known about

the strictness of enforcement, evidence suggests that despite potentially weak implementation, these

reforms successfully increased school enrollment.

A more detailed description of the reforms and their potential confounding factors is given below. On

the one hand, it might be considered concerning to pool e!ects from di!erent reforms. However, if

similar e!ects are found across all these various reforms—which all share the characteristic of increasing

the number of compulsory school years—this can also be reassuring in that the observed e!ect is truly

due to the additional years of schooling rather than potential confounders. By this means, we provide

estimates from each reform separately in Table B.1. These are more noisy due to the sample sizes but

still informative.

Ghana 1961

In 1961, Ghana’s education reform took e!ect, introducing free, universal, and compulsory basic
3Besides the five reforms described above, there was a sixth reform within the time-frame we consider for

our analysis. This sixth reform was in China in 1986, introduced nine years of mandatory education, and was
implemented gradually within the Chinese provinces. Jiang, Lu, and Xie (2020) and Huang (2015) investigate
the reform with data from whole China. However, the regional development in China was very unbalanced
resulting in a major challenge for China to popularize the nine years compulsory education in all regions (Wang,
Zou, & Mao, 2020). In 1995, Yunnan province was categorized as one of nine economically underdeveloped
provincial-level regions with greatest di"culties in the implementation of compulsory education (Wang, Zou,
& Mao, 2020). Given that we only have data for Yunnan province and not whole China we decided to exclude
this province from our analysis.
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education for six years. Even before this reform, Ghana was recognized as having the most developed

education system in Africa. The government’s primary objective was to eradicate illiteracy. A decade

earlier, in 1951, the “Accelerated Development Plans” (ADP) for education were launched, leading

to a rapid and steady growth in the number of schools. By 1961, the ADP had also significantly

increased the number of teachers, and new teacher training colleges were established in 1961. As a

result, primary school enrollment increased from 153,360 in 1951 to 1,137,495 in 1966 (Akyeampong,

2007).

While school construction and the expansion of the teaching workforce could be seen as confounding

factors, we consider them indicators of continued educational quality, despite the sharp rise in student

enrollment. As Kadingdi (2006, p. 5) notes, “even though school enrollments increased following the

1961 Education Act, the quality of teaching and learning appears to have remained the same.”

Ghana 1987

Between the 1961 and 1981 reforms, Ghana experienced political instability, marked by multiple mil-

itary governments. In December 1981, another military government took power. These instabilities

led to a deteriorating education system and stagnating school enrollment rates by 1983. Consequently,

the new government prioritized a reform of the education system, seeking World Bank credits and

grants to finance it (Kadingdi, 2006).

The 1987 reform extended compulsory schooling from six to nine years, introducing a mandatory

three-year junior secondary education. Access to education was further improved through infrastruc-

ture expansion (Kadingdi, 2006). Additionally, the government aimed to make the curriculum more

relevant to Ghana’s socio-economic conditions (Kadingdi, 2006), shifting the focus from grammar-

based education to vocational and technical training (Akyeampong, 2007).

This shift in curriculum could have influenced non-cognitive skills, making it di"cult to isolate the

impact of additional years of schooling from changes in educational content. However, the reform did

not significantly increase the number of technically and vocationally trained workers. As Akyeam-

pong (2007) explains, formal schooling proved ine!ective in changing attitudes toward vocational and

technical education in particular and employment in general (Foster, 1965; King & Martin, 2002).

Thus, “the 1987 education reform had been far from making an impact on the labour market profile”

(Akyeampong, 2007, p. 6) in Ghana.

Colombia 1991

In 1991, the Colombian government increased mandatory schooling from five to nine years, making

the 1981 birth cohort the pivotal group (Urbina, 2022). The primary goal was to improve primary and
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lower secondary school attainment, particularly among students at risk of dropping out (UNESCO,

2001). To accommodate the expected rise in enrollment, the reform was accompanied by an ambitious

school construction plan.

The reform successfully boosted secondary school enrollment: between 1993 and 2004, enrollment rates

among 12- to 17-year-olds increased from 68% to 78% (UNESCO, 2004; Urbina, 2022). Additionally,

in 1991, Colombia enacted a new constitution aimed at resolving conflicts between the government,

paramilitary groups, and guerrilla forces. Since this political change a!ected all individuals, not just

those born in 1981 or later, we do not consider it a confounding factor in our analysis.

Vietnam 1991

The 1991 school reform in Vietnam introduced mandatory five-year primary education to raise overall

education levels. As a result, net primary school enrollment increased from 86.0% in 1990-91 to 96.7%

in 1997-98 (National Committee for EFA Assessment, 1999). However, “the implementation of the

reform was ‘piecemeal rather than comprehensive’ across the country, requiring years of preparation”

(Cornelissen & Dang, 2022, p. 3). Therefore, Cornelissen and Dang (2022) consider only individuals

born four years after the first-a!ected cohort (1977) as fully exposed to the reform. Our data confirm

that only four years after the pivotal cohort, the reform’s impact on years of education becomes

clearly positive and comparable in magnitude to the other reforms under investigation. Consequently,

we follow Cornelissen and Dang (2022) and distinguish between fully and partially treated individuals

in Vietnam. Fully treated individuals are those born in 1981 or later.

Beyond extending compulsory education, the reform increased investments in education, funding the

construction of new schools, teacher training, and financial aid for disadvantaged students (Cornelissen

& Dang, 2022; Nguyen, 2004). These measures aimed to boost enrollment rates, particularly among

disadvantaged children.

Bolivia 1994

In 1994, compulsory education in Bolivia was extended from five to eight years, first a!ecting the 1983

birth cohort (Urbina, 2022). As in Colombia, the reform aimed to increase primary and lower secondary

school attainment, particularly among vulnerable students at risk of dropping out (UNESCO, 2001).

Enrollment rates were particularly low among indigenous children and those from rural areas. The

reform was successful in increasing enrollment, with sixth-grade promotion rates rising from 52% in

1994 to 85% in 2001 (Contreras & Talavera Simoni, 2003).

Beyond expanding compulsory schooling, the reform introduced a multicultural curriculum, making

school materials available in multiple languages and incorporating folk culture elements. Since the

7



reform, teachers have been trained in bilingual and intercultural education. This curriculum change

may have influenced non-cognitive skills, for example, potentially enhancing openness to experience

through exposure to diverse cultural perspectives. To address potential reform-specific confounding

factors, we will assess the robustness of our results by estimating the reform e!ects in sub-samples

that systematically exclude one reform at a time. This approach ensures that the estimated e!ects of

compulsory schooling reforms are not driven by a single, potentially confounded schooling reform.

3 Data

3.1 STEP Program

The data used in this study are drawn from the World Bank’s Skills Towards Employability and

Productivity (STEP) Measurement Program, the first initiative to systematically measure skills in low-

and middle-income countries. The program aims to provide policy-relevant data to better understand

labor market skill requirements. The STEP program includes both a household-based and an employer-

based survey. For our analysis, we use data from the household survey.

The household-survey introduces a distinct module that makes the data particularly suitable for our

analysis. It contains an extensive array of non-cognitive skills measures. The survey items used to

measure personality and behaviors were carefully designed and selected by a multidisciplinary team of

social scientists, including economists and psychologists. The guiding principles of the selection process

included “the applicability and comprehension of the items in low-literacy cultures where people have

little or no experience answering self-reported questions” (Pierre et al., 2014, p. 29). Moreover, the

items were designed brief, based on prior evidence of scale reliability and validity, and on prior evidence

of predictive validity. Besides measures of non-cognitive skills, the survey contains a direct assessment

of reading proficiency developed by the Educational Testing Service (ETS). The assessment is scored

on the same scale as the OECD’s PIAAC data. Since cognitive skills are not the focus of our analysis,

we only provide an analysis of these in the Appendix section C.

The STEP Program currently includes household data from thirteen countries: Armenia, Bolivia,

Colombia, Georgia, Ghana, Kenya, Laos, Sri Lanka, Macedonia, Philippines, Ukraine, Vietnam, and

Yunnan Province (China).4 Data collection occurred in 2012 and 2013, except for the Philippines,

where a di!erent survey was conducted in 2015. To ensure data comparability, we exclude the Philip-

pines from our analysis. Our study focuses on Bolivia, Colombia, Ghana, and Vietnam, as these
4The World Bank’s plan is to add more countries.
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countries implemented relevant compulsory education reforms during the period of interest.5 In all

surveyed countries, the target population consists of urban residents aged 15 to 64.

3.2 Measures of non-cognitive skills

The STEP data includes measures of personality, behavior, and preferences. The personality measures

are based on the Big Five taxonomy of personality traits, which includes agreeableness, conscientious-

ness, extraversion, openness to experience, and emotional stability. These dimensions have been de-

rived from a factor analysis of a broad personality inventory and have been replicated across cultures

(Allport & Odbert, 1936; Almlund et al., 2011; John & Srivastava, 1999).

The STEP data includes measures of three key behaviors: grit, hostile attribution bias, and decision-

making patterns. Grit captures perseverance and passion for long-term goals (Duckworth et al.,

2007). Although related to conscientiousness, grit has demonstrated predictive validity beyond this

personality trait. Hostile attribution bias refers to the tendency to perceive hostile intent in others’

behavior, even when it is ambiguous or benign, and is associated with aggressive behavior (Dodge, 2003,

2006). Decision-making patterns are measured through alternative solution thinking and consequential

thinking.

The former captures the ability to consider multiple options when making decisions, while the latter

captures the tendency to consider future consequences for oneself or others. These decision-making

patterns are evaluated using four survey questions: Do you think about how the things you do will

a!ect you in the future?, Do you think carefully before you make an important decision?, Do you ask

for help when you don’t understand something?, Do you think about how the things you will do will

a!ect others?

In summary, the household questionnaire includes three items for each personality trait based on the

short Big Five Inventory by John and Srivastava (1999) (see Lang et al., 2011, for a validation), three

items from the Grit Scale (Duckworth et al., 2007), two items assessing hostile attribution bias, and

four items measuring decision-making patterns (Mann et al., 1997). While the items for grit, hostile

attribution bias, and decision-making patterns represent subsets of the original scales, their selection

was guided by expert input: The developers of the Grit Scale (Angela Duckworth) and the hostile

attribution bias scale (Kenneth Dodge) were consulted during the STEP survey design process. A

pilot study informed the adoption of a four-point scale, ranging from almost always to almost never.

The STEP data, further, includes a hypothetical lottery choice between a safe and a risky option (Get

$120 for sure or flip a coin for $0 or $360 ) and a hypothetical choice between a smaller amount of
5World Bank (2012a), World Bank (2012b), World Bank (2013), World Bank (2012c).
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money today versus a larger amount of money next year (Receive $1200 today or $1800 in one year).6

Falk et al. (2023) showed that measures from hypothetical survey questions can predict real choices in

corresponding, incentivized experiments. Based on these hypothetical choices, we construct measures

for risk and time preferences as dummy variables that indicate whether the risky/patient option was

chosen.

The measures used in this analysis are generated by standardizing the average score from the dimension-

specific questions on Big Five personality traits, grit, hostile attribution bias, and decision-making

patterns. Time and risk preferences are captured by a dummy variable indicating whether an indi-

vidual chooses the patient or risky option, respectively. Following Laajaj et al. (2019), we correct

the STEP data for acquiescence response bias, which refers to an individual’s tendency to generally

agree or disagree with survey items. This correction is possible because some questions are reverse-

coded, For example, “Are you relaxed during stressful situations?” and “Do you get nervous easily?”

both assess emotional stability, but the second question is reverse-coded. We apply the correction

method outlined in the Materials and Methods section of Laajaj et al. (2019) to adjust the measures

of personality traits, grit, hostile attribution bias, and decision-making patterns for this bias.7

3.3 Estimation sample

To create the estimation sample, we classify individuals in our sample as treated or control individuals

based on their year of birth, country, and the first a!ected birth cohort of the respective reform, which

we refer to as the pivotal cohort. Individuals born during the pivotal cohort year or later are assigned

to the treatment group, while those born before the pivotal cohort are assigned to the control group:

Di,country = 1{birth-yeari,country → cohort-cuto!country}

In our analysis, we compare all individuals in the treatment group with all individuals in the control

group, irrespective of their educational level. Since all individuals in the control group are older than

those in the treatment group at the time of data collection, they have had more time to complete any

advanced education. To address this, we restrict our sample to individuals older than 23, ensuring

that individuals in the treatment group have likely finished their advanced education. However, due to

the timing of the reforms, this restriction a!ects only a few individuals. A robustness check, excluding
6There was a mistake in the questionnaire for Colombia in the items measuring the time preference

(3.240.000 Pesos have been switched with 3.456.000 Pesos). Therefore, instead of the planned measure based
on three hypothetical choices, we only make use of the first out of the three questions and create binary mea-
sures for economic preferences. The results are qualitatively the same when we use the measures based on all
three questions and exclude Colombia for estimating the e!ect on the time preference.

7As additional information on the final non-cognitive skill measures, we provide pairwise Pearson correlation
coe"cients between these and individual characteristics, e.g. age or gender, together with the correlations’
signs found in the literature in Table A.1.
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this age restriction, is provided in the Appendix (Tables B.2 to B.4). Additionally, we create 3, 5,

and 10-years samples. The x -sample is restricted to individuals born within x years before or after

the cohort cuto!—the cuto!, which separates a!ected and una!ected individuals. This leaves us

with 5,252 observations in the 10-year sample, 2,983 observations in the 5-year sample, and 1,815

observations in the 3-year sample (see Tables A.2 to A.4 for sample sizes per reform).8

Table 2: Descriptive statistics

Control Treatment Di!erence SE
Age 37.03 32.65 -4.38*** (1.57)
Years of education 10.75 11.11 0.36 (0.37)
Female 0.61 0.60 -0.02 (0.02)
Age at school start 6.46 6.41 -0.04 (0.11)
SES at age 15 1.82 1.88 0.06 (0.04)
Parental involvement in educ. 0.79 0.82 0.03** (0.02)
Worked before age 15 0.24 0.25 0.00 (0.04)
Siblings at age 12 4.29 3.99 -0.30 (0.31)
Observations 1276 1487

Notes: The sample contains individuals who are born within five years before or after a
cohort cuto! and are older than 23. Standard errors are clustered on the reform → birth-
year level. Data: STEP

Table 2 shows descriptive statistics for individuals in the 5-year sample, comparing those una!ected

(control group) and a!ected (treatment group) by the reform. Average years of education per reform

are displayed in Table A.5 in the Appendix. Since individuals in the treatment group are, by design,

younger, we will account for this in our empirical approach. On average, there is no significant

di!erence in years of education between the treatment and control groups. As we will discuss in the

results section, this lack of di!erences is due to cohort trends and the fact that the first four cohorts

in Vietnam were only partially treated. After taking this into account, the treated individuals, on

average, have significantly more years of education. Additionally, parental involvement in education

is higher in the treatment group, with no significant di!erences observed in other characteristics.

Notably, one quarter of children worked before the age of 15, and this proportion remains unchanged

by the introduction of compulsory schooling reforms.
8For data preparation and analysis we use the template for reproducible research in economics by von

Gaudecker (2019).
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4 Empirical strategy

4.1 Research design

We hypothesize that reforms expanding mandatory education a!ect non-cognitive skills and, hence,

we expect di!erent levels of skills for treated individuals and untreated individuals.

The e!ect of compulsory schooling reforms on skills could, in principle, be identified from a simple

comparison of the average skill level of the first cohort a!ected by the reform, which we refer to

as the pivotal cohort, with the youngest cohort not a!ected by the reform, assuming both cohorts

were otherwise exposed to the same conditions influencing skill formation (e.g., income, institutions,

nutrition, and education quality). While this assumption may approximately hold for two consecutive

cohorts, it becomes less plausible for cohorts born several years apart due to time trends in factors

that a!ect skill formation. Given that cohort sizes in the dataset are too small to reliably estimate

the average treatment e!ect by comparing only the two adjacent cohorts, we extend the analysis to

include multiple cohorts in both treatment and control groups. This necessitates controlling for cohort

trends to account for evolving conditions that influence skill accumulation. As we explain below, we

address this by specifying flexible cohort trends. Note that by controlling for cohort trends, we also

control for age trends in skills as age and cohort are collinear in the absence of panel data.9

Our primary interest lies in understanding the e!ect of the reforms on skills. As a direct consequence

of the reforms, years of education are expected to increase for individuals who, in the absence of the

reform, would have left school before meeting the new compulsory education requirements. Some

students might even choose to continue their education beyond the mandatory years, inspired or

motivated by their experiences during compulsory schooling. At the same time, spillover e!ects may

arise for children who would have surpassed the new mandatory years of education even in absence

of the reform—for example, if they aim to distinguish themselves from peers who only complete the

increased mandatory education. Thus, the reforms likely influence educational attainment for multiple

types of students.

In section 6, we explore additional pathways through which educational expansions might a!ect non-

cognitive skills, beyond changes in years of education. These potential mechanisms include improve-

ments in educational quality, shifts in the perceived importance of education, and changes in ability

mixing within schools. However, our empirical strategy is designed to capture the overall impact of

increased mandatory education, rather than isolating the e!ects of individual mechanisms.
9Our data is plotted in Figure A.1 in addition to linear cohort trends.
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4.2 Main empirical design

Our identification strategy is to use within-country variation in mandatory years of education. From

an individual’s perspective, the timing of the reform can be considered as-good-as-random, providing

a quasi-experimental design.

Individuals are classified into a control and a treatment group:

Di,country = 1{birth-yeari,country → cohort-cuto!country}

Our empirical design exploits a discontinuous change in the outcome variable when the year of birth

reaches the cohort cuto!. Under certain conditions, changes in the observed outcome at this cuto!

can be attributed to the change in treatment status. The key identifying assumption is that potential

outcomes evolve smoothly around the cuto!. If a jump in potential outcomes occurred independently

of the reform at the threshold, it would be impossible to disentangle the causal e!ect of treatment

from pre-existing changes. This assumption can be interpreted as the impossibility of manipulating

treatment assignment. It is important to note that our design only allows causal inference at or near

the cuto! value, as discussed in section 4.1.

E[Skilld|X = x] continuous in x around cuto! c for d → 0, 1

Can treatment be considered exogenous in our setting? While treatment was not strictly random—for

instance, if some parents deliberately tried to postpone or advance the birth of their children—the

implementation of a reform typically follows a complex political process that unfolds over several years.

This makes the precise timing of a reform e!ectively random for a given birth cohort. Therefore, from

an individual’s perspective, treatment assignment can be considered exogenous.

Ideally, we would compare individuals just at the cuto!—the youngest untreated and the oldest treated

cohort—as they are likely to be most similar in other observed or unobserved characteristics. However,

given the nature of our data, such a narrow sample would be too small for reliable inference. Therefore,

we expand the sample to include a broader range of birth cohorts and estimate cohort trends in skills.

Since skills tend to be relatively stable over a limited age range, we are confident that this approach

provides a valid estimate of the treatment e!ect.

Our empirical design resembles a regression discontinuity design (RDD) (Thistlethwaite & Campbell,

1960) in that it exploits a discontinuous jump in the outcome variable at a cuto! point, with the

year of birth serving as the forcing variable. This approach is widely used in the education literature.

However, our empirical design is not identical to an RDD, as we estimate cohort trends for each reform

separately and aggregate the e!ects to obtain an overall reform e!ect.10

10An alternative to our main empirical approach would be to use an instrumental variable (IV) design, where
an indicator for being a!ected by a reform serves as the instrument for years of education. The aim of this
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We estimate variants of the following baseline regression model, where skillicr represents a non-cognitive

skill of individual i from birth cohort c, who belongs to either the control or treatment group of reform

r.

Skillicr =ω1Treatedcr + ω2Partially-treatedcr +
∑

r

ε1rReformr

+ f(Cohorticr ↑ Reformr)

+ Treatedcr ↑ f(Cohorticr ↑ Reformr)

+ ϑicr

(1)

To account for systematic di!erences in skill levels across countries and calendar time, we include

reform fixed e!ects. Moreover, to account for systematic di!erences in cohort trends across countries,

we include interactions between the cohort and reform fixed e!ects. Additionally, we allow for distinct

trends before and after a reform, as education may a!ect not only skill levels but also the rate of skill

development. As described in section 2, the implementation of the compulsory schooling reform in

Vietnam was gradual rather than immediate. Following Cornelissen and Dang (2022), we classify the

first four treated cohorts in Vietnam as partially treated.

To ensure balance across treatment and control group in observed characteristics, we estimate equation

(1) with these characteristics as the dependent variable. Table 3 shows that the sample is balanced

across most observed characteristics, except for the number of siblings at age twelve. Therefore, we

control for the number of siblings at age twelve in our analysis.

To sum up, as the validity of our estimate for the average treatment e!ect depends on the adequate

representation of E[Skill|X] around the cuto!, our baseline specification identifies the causal e!ect

of expanding compulsory education if (i) cohort trends are well approximated and (ii) no other event

a!ects the jump at the cuto!.

approach would be to estimate the e!ect of one additional year of education, rather than the overall reform
e!ect. However, we prefer the previously outlined empirical strategy over an IV approach, due to concerns
raised in the recent literature regarding IV assumptions and the questionable exclusion restriction. In our
context, with cross-sectional data from multiple countries and reforms, the IV assumptions could only be valid
conditional on cohort and reform fixed e!ects. However, Blandhol et al. (2022) showed that the IV approach is
problematic in the presence of covariates and heterogeneous treatment e!ects. They found that a 2SLS estimate
may not even be a positively weighted average of causal e!ects in this case unless based on a fully saturated
model. A fully saturated model in our case would risk sever severe overfitting. Moreover, the exclusion
restriction assumes that reforms increasing mandatory education a!ect skills skills solely through years of
education, but as discussed in subsection 4.1 and section 6, there are reasons to question this assumption.
Therefore, we opt for our previously described approach, as it reliably provides an overall average treatment
e!ect of increasing years of compulsory education.
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Table 3: Balanced sample

Mean Treated SE
Female 0.61 -0.03 (0.03)
Age at school start 6.43 -0.04 (0.10)
SES at age 15 1.85 0.08 (0.05)
Parental involvement in educ. 0.80 -0.05 (0.03)
Worked before age 15 0.24 -0.01 (0.06)
Siblings at age 12 4.13 -0.45** (0.18)
Observations 2763

Notes: Individuals born within five years before or after a cohort
cuto! and older than 23. Standard errors are clustered on the reform
→ birth-year level. Data: STEP

4.3 Expected e!ects of compulsory schooling on non-cognitive skills

Before presenting the results of our main analysis, we briefly outline the expected findings based

on existing literature and the definitions of the skills in question. Despite the limited number of

causal studies discussed in the introduction, expectations can be formed from correlations between

educational attainment and non-cognitive skills identified in previous research. These correlations

may reflect causal e!ects, consequences of educational attainment, or spurious relationships.

Based on the summary in Almlund et al. (2011), we might expect education to increase openness to ex-

perience, conscientiousness, and emotional stability, while its impact on extraversion and agreeableness

may be negligible. We anticipate that decision-making patterns would improve with more compul-

sory education, as education enhances cognitive skills that facilitate the consideration of alternative

solutions and the evaluation of future consequences.

A positive e!ect on grit is also plausible, as suggested by Alan, Boneva, and Ertac (2019). Hostile

attribution bias, which may be inversely related to trust, could decline with increased education, given

the positive correlation between trust and education found in previous research (Charron & Rothstein,

2016; Oreopoulos & Salvanes, 2011). Moreover, Yang (2019) and Kan and Lai (2021) report a (weak)

causal link between education and trust, supporting the expectation of a negative e!ect of compulsory

schooling reforms on hostile attribution bias.

For economic preferences, previous causal evidence is mixed (Dohmen, Holler, & Sunde, 2022; D.

Jung, Bharati, & Chin, 2021; S. Jung, 2015; Tawiah, 2022). However, Alan and Ertac (2018) show

that a school-based curriculum intervention increases patience, and Sutter et al. (2013) find that

patient children exhibit better school conduct, even though they do not directly study the link with

educational attainment. These findings suggest a potential positive e!ect of the reforms on patience.

In contrast, we do not have a clear expectation regarding the impact on willingness to take risks.
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5 Results

5.1 Main results

The results from our empirical approach, as described in Section 4.2, are presented in Tables 4 to

6. The dependent variables are grouped into three categories: education, standardized non-cognitive

skills, and binary non-cognitive skills. We use three alternative time windows around the pivotal

cohorts to test the robustness of our findings.

To guide the choice of an optimal window size, we rely on the Python package rdrobust by Calonico

et al. (2023), which provides the Mean Squared Error (MSE)-optimal bandwidth. For most outcomes,

the optimal bandwidth is approximately 3 years (see Table A.6 in the Appendix). This bandwidth

selection accounts for uniform weights, clustered standard errors, and the inclusion of covariates.

However, the package does not provide the option to estimate separate trends for each reform. As the

reforms occurred at di!erent points in time, individuals in our sample were surveyed at varying ages.

As a result, estimating separate cohort trends for each reform is essential. Because estimating multiple

cohort trends requires a larger sample size, we prioritize a larger window size. To minimize potential

confounding factors, we base our main interpretation on the smallest possible bandwidth that remains

larger than the MSE-optimal bandwidth. Thus, we choose the 5-year window as our preferred window

size, balancing sample size and distance to the reform year best. Nevertheless, we present results for

the 3-, 5-, and 10-year samples to assess the robustness of our findings.

In addition to varying the bandwidth, we present results from di!erent model specifications to, further,

assess the robustness of our findings. Columns (1), (3), and (5) report estimates from a linear model

with a linear cohort trend. Columns (2), (4), and (6) show estimates from a quadratic model, while

column (7) presents estimates from a cubic model. Given the discrete nature of the cohort variable

and the relatively short time periods around the reforms, we prioritize model simplicity to mitigate the

risk of overfitting cohort trends. For this reason, we consider the linear model the most appropriate

specification, particularly for the preferred 5-year sample. Therefore, the linear model with the 5-years

sample is our preferred specification.

As expected, we find a positive e!ect of compulsory schooling reforms on years of education (Table

4). The estimate from our preferred model indicates that the reforms increased years of education by

0.95 years on average. Given that the average increase in mandatory education across the reforms

under study is 4 years, this result suggests a meaningful impact. The estimates remain consistent

across most specifications, with the exception of the quadratic model in the 10-year sample, where the

e!ect size is slightly smaller. Notably, the coe"cients in the second row correspond to the first four

treated cohorts in Vietnam. In line with expectations, we observe no significant increase in years of
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Table 4: Years of education

5 years 3 years 10 years

lin quad lin quad lin quad cub
(1) (2) (3) (4) (5) (6) (7)

Treated 0.95*** 0.72* 1.11*** 0.78 1.07*** 0.47* 1.06**
(0.27) (0.40) (0.28) (0.81) (0.24) (0.26) (0.43)

Treated → Partially treated -0.96** -1.69** -2.88*** -2.42*** -1.22*** -0.73* -1.49*
(0.41) (0.77) (0.32) (0.82) (0.37) (0.41) (0.77)

Observations 2965 2965 1803 1803 5227 5227 5227

Notes: Estimated average treatment e!ects of compulsory schooling reforms. The sample is restricted
to individuals who are older than 23 and to the following reforms: Bolivia 1994, Colombia 1991, Ghana
1961, Ghana 1987, Vietnam 1991. The linear/quadratic/cubic model consists of reform specific lin-

ear/quadratic/cubic cohort trends. Standard errors are cluster robust on reform → birth-year level.
Data: STEP

→→→p < 0.01,→→ p < 0.05,→ p < 0.1

education for these cohorts, as the reform e!ect at the cuto! is e!ectively zero (-0.01) in our preferred

specification, reflecting the gradual implementation of the reform.

The primary focus of our analysis is the e!ect of compulsory schooling reforms non-cognitive skills.

Our estimates show that while increased years of compulsory education do not a!ect all non-cognitive

skills, they do influence most of them. The results from our preferred specification using the 5-year

sample are summarized in Figure 1.11 More detailed results can be found in Tables 5 and 6.

Although point estimates and significance levels vary depending on the sample size and specification,

except for the positive estimate for patience in column (4), significant estimates consistently show the

same sign across di!erent models. For the reasons outlined above, we base our main interpretation on

the results from the linear model and the 5-years sample.

We find that individuals a!ected by the reform experience a reduction in emotional stability by 0.23

standard deviations, while openness to experience increases by 0.14 standard deviations. The quadratic

model suggests an increase in conscientiousness by 0.28 standard deviations and in agreeableness by

0.37 standard deviations, although these estimates are not statistically significant in our preferred linear

model. The reforms also improve decision-making patterns by 0.10 standard deviations, reduce grit by

0.14 standard deviations, and lower hostile attribution bias by 0.21 standard deviations. Regarding

economic preferences, we find a negative e!ect of the reforms on both patience and willingness to take

risks. Being a!ected by a reform reduces the probability to be patient by 6% and the probability to

be willing to take risk by 5%.

The magnitude of the e!ects we find is in line with those reported in other studies. For example,

Alan, Boneva, and Ertac (2019) show that a curriculum intervention increased students’ self-reported
11Estimates for each reform separately are provided in Table B.1.
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Figure 1: E!ect of increasing mandatory education on non-cognitive skills

Notes: Estimated average treatment e!ects of compulsory schooling reforms. Point estimates and 95%-
confidence intervals are displayed. The sample is restricted to individuals who are older than 23 and to
the following reforms: Bolivia 1994, Colombia 1991, Ghana 1961, Ghana 1987, Vietnam 1991. The estimates
stem from the 5 years sample and the linear model which has linear cohort trends. Standard errors are cluster
robust on reform → birth-year level. Data: STEP
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Table 5: Personality traits and behaviors

5 years 3 years 10 years

lin quad lin quad lin quad cub
(1) (2) (3) (4) (5) (6) (7)

Dependent variable
Agreeableness 0.06 0.37*** 0.21** 0.65*** 0.07 0.08 0.22**

(0.09) (0.08) (0.08) (0.20) (0.07) (0.09) (0.09)
Conscientiousness 0.03 0.28*** 0.19** 0.71*** 0.04 0.10 0.11

(0.07) (0.11) (0.08) (0.16) (0.06) (0.08) (0.11)
Emotional stability -0.23*** -0.13 -0.21* -0.38* -0.05 -0.24*** -0.09

(0.08) (0.10) (0.11) (0.20) (0.07) (0.08) (0.09)
Extraversion -0.03 0.10 0.03 -0.04 -0.06 0.07 0.09

(0.12) (0.10) (0.10) (0.17) (0.10) (0.11) (0.10)
Openness to experience 0.14** 0.34*** 0.35*** 0.43*** 0.07 0.15** 0.30***

(0.06) (0.09) (0.07) (0.06) (0.06) (0.08) (0.11)
Decision-making patterns 0.10* 0.28*** 0.13** 0.43*** 0.08* 0.12** 0.23***

(0.05) (0.07) (0.06) (0.12) (0.05) (0.06) (0.05)
Grit -0.14** 0.03 0.05 -0.02 -0.03 -0.12* -0.20*

(0.06) (0.09) (0.06) (0.15) (0.06) (0.07) (0.11)
Hostile attribution bias -0.21*** -0.21* -0.15* -0.16 -0.11** -0.17*** -0.31***

(0.06) (0.11) (0.09) (0.20) (0.04) (0.06) (0.10)
Observations 2447 2447 1479 1479 4296 4296 4296

Notes: Estimated average treatment e!ects of compulsory schooling reforms. Measures are standardized.
The sample is restricted to individuals who are older than 23 and to the following reforms: Bolivia 1994,
Colombia 1991, Ghana 1961, Ghana 1987, Vietnam 1991. The linear/quadratic/cubic model consists
of reform specific linear/quadratic/cubic cohort trends. Standard errors are cluster robust on reform →
birth-year level. Data: STEP

→→→p < 0.01,→→ p < 0.05,→ p < 0.1

Table 6: Preferences

5 years 3 years 10 years

lin quad lin quad lin quad cub
(1) (2) (3) (4) (5) (6) (7)

Dependent variable
Patience -0.06*** -0.02 -0.07** 0.21** -0.02 -0.01 -0.07**

(0.02) (0.04) (0.03) (0.08) (0.02) (0.03) (0.03)
Willingness to take risk -0.05* -0.06 -0.09*** 0.04 -0.04 -0.06* -0.08**

(0.03) (0.04) (0.03) (0.10) (0.02) (0.03) (0.04)
Observations 2964 2964 1802 1802 5226 5226 5226

Notes: Estimated average treatment e!ects of compulsory schooling reforms. Measures are
binary. The sample is restricted to individuals who are older than 23 and to the follow-
ing reforms: Bolivia 1994, Colombia 1991, Ghana 1961, Ghana 1987, Vietnam 1991. The
linear/quadratic/cubic model consists of reform specific linear/quadratic/cubic cohort trends.
Standard errors are cluster robust on reform → birth-year level. Data: STEP

→→→p < 0.01,→→ p <
0.05,→ p < 0.1
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grit by 0.29 to 0.35 standard deviations, depending on the sample. Similarly, Dasgupta et al. (2022)

find that extraversion and conscientiousness among men marginally admitted to a selective college

decrease by 0.48 and 0.56 standard deviations, respectively. Another relevant example is the study by

Dahmann and Anger (2018), which finds that Germany’s G8 school reform reduces emotional stability

by approximately one-third of a standard deviation. In comparison, our estimates—ranging from 0.1

to 0.23 standard deviations in absolute terms under our preferred specification—are of a similar order

of magnitude, leaning towards the more modest end of the spectrum.

In summary, the reforms expanding compulsory education do not have a significant impact on agree-

ableness, conscientiousness, or extraversion according to our preferred specification and sample. How-

ever, the reforms lead to a decrease in emotional stability, grit, hostile attribution bias, patience,

and willingness to take risks while increasing openness to experience and decision-making patterns,

i.e., alternative solution and consequential thinking. The most consistent findings across samples

and specifications are the increases in openness to experience and decision-making patterns, as well

as the decrease in hostile attribution bias—e!ects that align with expectations from the literature.

Additionally, we can confirm that the reforms lead to an increase in years of education.

5.2 Robustness of results

To assess the robustness of our results, we conduct several additional analyses, which are described

in this section. Before presenting the results of our robustness checks, we first run a placebo test.

Using our preferred specification and sample, we shift all pivotal cohorts seven years forward (Table

B.5). This seven-year shift ensures that we maintain a su"cient number of observations and avoid

overlap with any other compulsory schooling reforms during the period considered. As expected, the

significant e!ects identified in our main analysis disappear in the placebo specifications.

As a first robustness check, we classify individuals born one year before the pivotal cohort as partially

treated. This adjustment addresses the concern that using calendar-year cuto!s to define treatment

and control groups might result in partially treated cohorts within the control group. This could occur

if some children enter primary school late or repeat a grade.12 It is important to note that excluding

cohorts hinders the comparability of treated and untreated individuals. Column (1) in Tables B.6 and

B.7 show the results when we classify the last “una!ected” cohort as partially treated (and treated),
12The data set would allow us to use birth month instead of birth year to determine treatment based on

school entry cuto!. However, we decided against this for several reasons: (1) Cuto! dates at the time when
reforms were implemented are not known, and it is unclear whether they are the same as today. (2) Even if
historical cuto! dates matched current ones, they may not have been strictly enforced. (3) Some individuals
did not report their birth month, likely because they did not know their exact birth date. We explored how our
results change when applying the best available guesses for cuto! dates. With these dates, our main findings
remain largely robust.
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similar to our approach for the first four cohorts in Vietnam. With this approach, we observe similar

e!ects on emotional stability, grit, hostile attribution bias, and patience. The estimated e!ects on

openness to experience, decision-making patterns, and willingness to take risks are not significantly

di!erent from zero, though all estimates have the same sign.

Second, we use an inflexible model to, further, test the robustness to alternatively modeling cohort

trends. The inflexible model imposes the same slope before and after the cuto!. Intuitively, this

restriction implies that the additional compulsory education only a!ects skills’ levels but not the rate

of skill development. Estimates from this model are provided in column (2) of Tables B.6 and B.7.

The significance levels di!er for some non-cognitive skills, but the point estimates are similar to our

main results.

Third, we test whether the main results in Figure 1 are robust to excluding observations from one

reform at a time, to check if any e!ect is primarily driven by a specific reform. Some findings—

such as those related to emotional stability and hostile attribution bias—are more robust than other

findings—such as the results for willingness to take risks—when a single reform is excluded. However,

all findings remain qualitatively robust (see Figure B.1).

Finally, we account for multiple hypothesis testing by applying a sharpened False Discovery Rate

(FDR) control, using the Stata implementation by Anderson (2008), which is based on the algorithm

of Benjamini, Krieger, and Yekutieli (2006). The original p-values, along with the q-values obtained

from the sharpened FDR control, are presented in Table B.8. Overall, the robustness checks support

the conclusion that compulsory education has an e!ect on non-cognitive skills.

5.3 Returns to skills and labor market outcomes

In this section we explore whether the compulsory schooling reforms improved skills that are valued in

the labor market. A priori, it is not clear whether an increase or decrease in a particular non-cognitive

skill will be rewarded in the labor market. To assess this, we estimate wage returns to skills to gauge

whether these were a!ected in a way that could increase productivity in the labor market. For this

purpose, we estimate augmented Mincer wage regressions with the full sample of working individuals

in Bolivia, Colombia, Ghana, and Vietnam. Furthermore, we investigate if labor market outcomes

di!er across control and treatment groups.

The Mincer wage regression estimates are shown in Table C.2. In line with previous studies, we find

a gender wage gap of about 20%, a concave e!ect of age and a positive e!ect of education on wages.

Importantly, the findings from the augmented Mincer wage regression in column (6) show that an

increase in openness to experience and a decrease in hostile attribution bias are positively related to
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wages, while a reduction in willingness to take risks is negatively related to wages. For the other

non-cognitive skills that are a!ected by the expansion of mandatory education—emotional stability,

decision-making patterns, grit, and patience—we find neither a positive nor a negative relationship

with wages. Extraversion is positively related to wages but not a!ected by the reforms. Notably, all

self-reported cognitive skills (reading, writing, and numeracy) are positively related to wages.

Furthermore, these descriptive results suggest that compulsory schooling reforms a!ect wages by in-

creasing years of education (column 1). This is partly driven by changes in cognitive skills, as evidenced

by the lower correlation between years of education and wages when cognitive skills are controlled for

(see columns (2) and (6)). However, changes in non-cognitive skills do not appear to mediate the

relationship between years of education and wages, since controlling for non-cognitive skills does not

alter the coe"cient of years of education (see columns (3) to (5)).

To estimate the log wage change for an average individual a!ected by a reform, we use model (6).

Specifically, we multiply the wage returns from model (6) that are significantly di!erent from zero

by the significant changes in skills and years of education, which are estimated using our preferred

specification with the 5-year sample (column (1) in Tables 5 and 6). The resulting predicted log wage

change is 0.091. The log wage change due to a!ected non-cognitive skills is 0.036, with the main driver

being reduced hostile attribution bias. This suggests that approximately 40% of the overall predicted

log wage change can be attributed to the changes in non-cognitive skills.

In addition to predicting wage changes based on changes in skills and years of education, we estimate

the reform e!ects on labor market outcomes by running the same regression as in equation 1, but with

wages, an indicator for currently working, and an indicator for being a wage worker versus self- or

family-employed as dependent variables. It is important to recall that the individuals in the treatment

group are younger than those in the control group. Thus, even though we control for age, the labor

market outcomes for treated individuals might di!er due to unobserved factors that are related to age

but not perfectly explained by it. Since personality traits and preferences tend to remain stable within

the limited age range considered, cohort trends e!ectively capture age-related e!ects in labor market

outcomes.

The results from this exercise are presented in Table C.3. In column (1) of Table C.3—corresponding

to our preferred specification, we find no significant di!erences in hourly earnings, the probability to

be currently working, or the likelihood of being a wage worker versus self- or family-employed between

the control and treatment groups. However, using the quadratic model or the 3-years sample (Columns

(2) to (4)), we find a significant increase in wages for treated individuals. Additionally, we find no

systematic di!erences in the occupations of individuals in the treatment group compared to those in
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the control group (see Figure C.1). Any small di!erences in occupation groups 1 to 4 can likely be

attributed to the younger age of treated individuals.

6 Discussion

Our results show that reforms increasing compulsory education significantly a!ect personality traits,

economic preferences, decision-making patterns, grit, and hostile attribution bias of treated individuals.

The positive e!ect on openness to experience and the negative e!ect on hostile attribution bias align

with our expectations based on correlations reported in the literature (see Section 4.3).

In contrast, the negative e!ect on emotional stability contrasts with our expectations. One possible

explanation is that education, by broadening individuals’ knowledge of the world and their own limita-

tions, may increase their tendency to worry, thereby reducing emotional stability. The negative impact

on patience is also rather surprising given prior research, though evidence on this relationship remains

limited for low- and middle-income countries. For instance, while Dohmen, Holler, and Sunde (2022)

overall find a positive e!ect of compulsory schooling reforms on education, they report no significant

impact on patience in low- and middle-income countries. The relatively low life expectancy in low-

and middle-income countries might help explain this result. Research indicates that life expectancy

increases both patience (Becker & Mulligan, 1997; Falk, Hermle, & Sunde, 2019) and educational

attainment (Ben-Porath, 1970; Cervellati & Sunde, 2013). In settings with shorter life expectancy and

potentially lower educational quality, being compelled to stay in school longer—rather than choos-

ing one’s optimal level of education—may lead some individuals to perceive additional years as lost

time, ultimately reducing their patience. This interpretation suggests that the e!ect of compulsory

education on patience may be context-dependent. The negative e!ect on grit is also unexpected. How-

ever, given the reduction in patience, a decline in grit—defined as passion and perseverance for long

term goals—seems not surprising. Finally, our analyses show that expanding compulsory education

decreases willingness to take risk, consistent with the findings by S. Jung (2015) for Great-Britain.

We acknowledge that compulsory schooling reforms likely have heterogeneous e!ects on students.

In particular, we expect these reforms to primarily, though not exclusively, a!ect individuals with

lower levels of education and potentially disadvantaged socio-economic backgrounds. Therefore, our

estimates may not be fully generalizable to the entire population but rather to individuals whose

characteristics are similar to those increasing their years of education due to the reform. From a policy

perspective, however, this subgroup is highly relevant. Beyond the increase in years of education, other

potential mechanisms may contribute to our findings. We discuss these mechanisms below, followed

by a consideration of data limitations.
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Potential mechanisms

Non-cognitive skills could be a!ected by reforms extending mandatory education through mechanisms

beyond the direct increase in years of education. As mentioned in section 4.1, we explore these other

potential mechanisms here.

First, the reform-induced increase in student numbers might strain educational resources, leading to

overcrowded classrooms or teacher shortages, and thereby causing a decline in educational quality.

Such a decline could adversely a!ect the non-cognitive skills of students who would have attended

school even in the absence of the reforms.13 Therefore, it is crucial to determine whether the gov-

ernment anticipated the challenges posed by the reform and responded by increasing the number of

school buildings and teachers accordingly. Our data does not include direct measures of school qual-

ity, so we rely on information from relevant research papers and reports on the reforms. For four out

of the five reforms studied in this article, we found pertinent information. In Ghana, the “Acceler-

ated Development Plans” (ADP) for education, launched in 1951, ten years before the compulsory

schooling reform (Kadingdi, 2006), lead to a rapid and sustained growth in schools and the number

of teachers. Additionally, new teacher training colleges opened in 1961. However, Kadingdi (2006)

notes that “even though school enrollments increased following the 1961 Education Act, the quality of

teaching and learning appears to have remained the same.” In 1987, Ghanaian government received

World Bank credits to finance the expansion of mandatory education, including new infrastructure

(Kadingdi, 2006). In Colombia, an ambitious school construction initiative accompanied the 1991

education reform (Urbina, 2022), while the 1991 reform in Vietnam saw increased investments aimed

at building new schools, training additional teachers, and providing financial support to disadvan-

taged students (Cornelissen & Dang, 2022; Nguyen, 2004). These examples suggest that maintaining

educational quality was a key priority for the governments overseeing these reforms.

Second, increasing the years of mandatory education might signal the importance of education to

parents or students. A student aware of the government’s emphasis on education might feel more

motivated to study, potentially enhancing educational outcomes. On the other hand, if the student

distrusts the government, they might resist this directive, making the impact of this channel on student

learning ambiguous. Parents who perceive education as more important after the reform might invest

more in their children’s education and possibly encourage them to pursue higher education. Our
13To assess whether our findings are driven by a decline in educational quality for more educated individuals,

we split the sample based on years of education. The sample of less educated individuals is smaller. For
both groups, we find no significant e!ect on agreeableness, extraversion, conscientiousness, or grit. However,
emotional stability declines significantly in both groups, with a stronger negative e!ect for less educated
individuals. Openness to experience increases significantly in both groups. Patience decreases similarly across
groups, but the e!ect is only significant for more educated individuals. Hostile attribution bias decreases
significantly for more educated individuals, while willingness to take risks declines significantly for less educated
individuals. Finally, decision-making patterns improve significantly for more educated individuals.
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data set includes a variable measuring parental investment in education, specifically whether parents

actively monitored their children’s exam results or grades. As shown in Table 2, parental investment

is significantly higher among treated individuals. However, after controlling for birth year and reform

fixed-e!ects, this di!erence is no longer statistically significant (see Table 3).

Third, mandatory education leads to a more diverse mix of students in school. For instance, children

from a low-socioeconomic background, who might not attend school in absence of mandatory edu-

cation, now do so. As a result, students a!ected by the reform are exposed to peers with di!erent

backgrounds and abilities. Ahn and Goh (2021) find that ability mixing in education reduces individ-

uals’ agreeableness and conscientiousness. However, we observe no e!ect on these traits in our data.

This could indicate that ability mixing was not particularly prevalent as a result of the reforms, or

that any potential positive impact of education on conscientiousness and agreeableness was o!set by

the e!ects of ability mixing.

Limitations

Our study has several limitations, primarily stemming from data-related challenges.

First, measuring non-cognitive skills is inherently challenging and prone to measurement error, espe-

cially when using a short version of a personality inventory with only three items per trait. While

such short inventories are valuable in time-limited surveys, having fewer items increases measurement

error (Dohmen & Jagelka, 2024). Similarly, in the STEP data, skills are measured with just two to

four items, which likely increases our standard errors due to measurement error in the dependent vari-

able. Additionally, measuring skills in low- and middle-income countries poses extra challenges (Bauer,

Chytilová, & Miguel, 2020; Laajaj et al., 2019). Laajaj et al. (2019) found that a clear Big Five factor

structure is often lacking in data from non-WEIRD populations, suggesting that survey questions may

capture multiple traits instead of specific ones. Despite these challenges, our findings remain robust

when replacing specific survey items as shown in column (3) of Table B.6.14 Laajaj et al. (2019) also

note that the lack of a clear Big Five factor structure in survey data from non-WEIRD populations is

not due to education levels, but rather the influence of social desirability in face-to-face interviews.

Another limitation is that we observe individuals’ skills only once, typically when they are in their

30s. While our empirical design enables us to attribute the estimated di!erences between treatment
14Laajaj et al. (2019) propose alternative measures for the Big Five personality traits based on the same data

as we are using. Using a psychometric approach, the authors show that—except for emotional stability—the
survey questions do not always measure the intended trait. Instead, they may capture attributes of a di!erent
trait. To address this, we leverage Laajaj et al.’s (2019) findings in Table 1 to replace survey items that capture
attributes of other traits with items intended to measure other traits but that also capture attributes of the
given trait. The results of this adjustment are presented in column (3) of Table B.6. Our main findings remain
robust to replacing these survey items. Additionally, we find a positive e!ect on agreeableness of increasing
years of compulsory education.
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and control groups to the increase in compulsory education years, it does not allow us to disentangle

the channels a!ecting skills during education from those influencing skills during labor market par-

ticipation. For instance, an individual who obtained more education due to the reform might also

work in a di!erent occupation. Likewise, the larger number of educated young individuals could alter

labor market competition. As a result, rather than pinpointing the specific channels through which

mandatory education a!ects non-cognitive skills, we estimate the equilibrium e!ect of the reform.

Furthermore, our analysis is limited to four countries surveyed in the STEP program that implemented

a compulsory schooling reform a!ecting individuals born between 1947 and 1989.15 While we do

observe some individuals born after 1989, many of them likely had not completed their education at

the time of data collection, making them incomparable to older individuals who had already finished

their education.

When interpreting the results, it is important to keep in mind that we estimate an overall e!ect across a

diverse set of countries and reforms. Although all countries are low- and middle-income countries, they

are spread across three di!erent continents. Moreover, the reforms vary in scope, a!ecting primary

and lower-secondary education, with the number of mandatory years ranging from three to six years.

However, it is reassuring that our results are not driven by any single reform (Figure B.1) and that the

estimates from single reforms are, even though noisy, predominantly pointing in the same direction

(Table B.1). Due to the limited number of observations per country, we are unable to study individual

reforms in isolation.

The limited number of observations presents two additional drawbacks. First, it prevents us from

restricting the sample to individuals born just before or just after the first a!ected cohort, forcing us

to rely on estimating cohort trends. Second, it limits our ability to conduct heterogeneity analyses,

which could have provided insights into how treatment e!ects vary across gender or socio-economic

background. Despite these limitations, our study is novel in estimating the causal e!ect of compulsory

education reforms on multiple non-cognitive skills.

7 Conclusion

The primary aim of education is often to enhance cognitive skills that contribute to better life outcomes.

However, non-cognitive skills also play a crucial role in shaping labor market success. This paper inves-

tigates whether compulsory education reforms can strengthen non-cognitive skills and thereby improve

individuals’ labor market prospects. Leveraging within-country variation in years of compulsory ed-
15There are some more countries contained in the STEP program that also experienced compulsory schooling

reforms, but these reforms took place in the late 1990s or early 2000s.
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ucation across four low- and middle-income countries, we estimate the causal e!ects of these reforms

on non-cognitive skills.

Our findings reveal that extending mandatory education significantly a!ects a range of non-cognitive

skills, including personality traits, economic preferences, decision-making patterns, grit, and hostile

attribution bias. Importantly, we find no e!ect on employment probabilities or transitions from self-

or family-employment to wage work, indicating that changes in these labor market outcomes do not

drive our results.

To evaluate the impact of changes in non-cognitive skills on earning potential, we estimate augmented

Mincer wage regressions. Our results suggest that reform induced changes in non-cognitive skills

positively contribute to wages. Accounting for the e!ects on years of education and cognitive skills,

we predict an overall wage increase of 9% based on the treatment e!ects of the reforms and Mincer

wage regressions.

These findings have several important implications, highlighting that non-cognitive skills—like cog-

nitive skills—can be shaped through mandatory education. Given that these skills are rewarded in

the labor market, our results highlight the importance of designing education systems that e!ectively

enhance these skills. Our results suggest that education policies should incorporate strategies to de-

velop personality traits, preferences, foster traits like grit, decision-making patterns, and preferences,

while mitigating hostile attribution bias. The relative importance of specific non-cognitive skills may

vary across contexts, suggesting that education policies aimed at enhancing productivity and earnings

should be tailored to the skill demands of each labor market, especially when comparing high-income

and low- to middle-income countries.

We also explore potential mechanisms beyond years of education through which compulsory education

reforms might influence non-cognitive skills, such as improvement in education quality, shifts in the

perceived value of education, and changes in peer ability composition. While we cannot rule out the

influence of other factors, our analysis suggests that these alternative mechanisms are unlikely to be

the primary drivers of the observed e!ects.

However, the returns to non-cognitive skills in the countries we studied di!er from those in high-income

countries. Additionally, the e!ect of education on patience in our sample contrasts with findings from

developed countries, suggesting that our results may not generalize to high-income settings. Future

research should investigate whether education enhances non-cognitive skills in developed countries,

especially as the growing impact of artificial intelligence may reduce the demand for certain cognitive

skills while amplifying the value of certain non-cognitive skills.
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Table A.1: Correlations in the literature and in our data

Non-cognitive skill Characteristics Correlation
in our data

Sign of corre-
lation in the
literature

Agreeableness Female -0.07*** +(a)

Age 0.04*** +(b)

Conscientiousness Female -0.10*** none(a)

Age -0.03* +(b)

Emotional stability Female -0.24*** ↓(a)

Age 0.11*** +(b)

Life satisfaction 0.04** +(c)

Abuse before age 15 -0.10*** ↓(d)

Extraversion Female 0.00 inconclusive(a)

Age -0.11*** inconclusive(b)

Life satisfaction 0.16*** +(e)

Openness to experience Female -0.11*** inconclusive(a)

Age -0.07*** ↓(b)

Decision-making patterns Female -0.05*** ↓(f)

Age 0.00 weakly +(g)

Life satisfaction 0.02 +(h)

Grit Conscientiousness 0.40*** +(i)

Hostile attribution bias Abuse before age 15 0.18*** +(j)

Patience Life satisfaction 0.04*** +(k)

Willingness to take risk Female -0.04*** ↓(l)

Age -0.08*** ↓(l)

Notes: In this table we compare correlations in the STEP data with correlations found in the
literature. The correlations in our data are based on the 10 years sample. The articles that we
refer to serve as examples, they are not an exhaustive list. The measure for decision-making
patterns is compared to the decision-making style vigilance, which is the most similar style
based on the survey items in Mann et al. (1997). We do not have the characteristics that are
typically correlated with grit (as described in Alan, Boneva, & Ertac, 2019) available in our
data. Therefore, we provide the correlation with conscientiousness, which is typically strongly
positively correlated with grit. Data: STEP

→→→p < 0.01,→→ p < 0.05,→ p < 0.1
(a) Costa Jr., Terracciano, and McCrae (2001)
(b) Roberts, Walton, and Viechtbauer (2006)
(c) Hufer-Thamm and Riemann (2021)
(d) Boillat et al. (2017)
(e) Kim et al. (2018)
(f) Urieta et al. (2021)
(g) Brown, Abdallah, and Ng (2011)
(h) Deniz (2006)
(i) Duckworth et al. (2007)
(j) Zhu, Chen, and Xia (2020)
(k) Schnitker (2012)
(l) Falk et al. (2018)
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Table A.2: Number of observations - 5 years

5 years Control Treated All

Bolivia 1994 301 340 641
Colombia 1991 280 339 619
Ghana 1961 110 134 244
Ghana 1987 272 392 664
Vietnam 1991 437 378 815
All 1400 1583 2983

Notes: The sample contains individuals who are
born within five years before or after a cohort
cuto! and are older than 23. Data: STEP

Table A.3: Number of observations - 3 years

3 years Control Treated All

Bolivia 1994 180 198 378
Colombia 1991 173 215 388
Ghana 1961 66 69 135
Ghana 1987 187 239 426
Vietnam 1991 273 215 488
All 879 936 1815

Notes: The sample contains individuals who are
born within three years before or after a cohort
cuto! and are older than 23. Data: STEP

Table A.4: Number of observations - 10 years

10 years Control Treated All

Bolivia 1994 573 374 947
Colombia 1991 523 510 1033
Ghana 1961 128 269 397
Ghana 1987 447 916 1363
Vietnam 1991 808 704 1512
All 2479 2773 5252

Notes: The sample contains individuals who are
born within ten years before or after a cohort
cuto! and are older than 23. Data: STEP
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Table A.5: Average years of education per reform

Control Treatment

Bolivia 1994 12.16 12.37
Colombia 1991 10.73 11.22
Ghana 1961 9.49 9.93
Ghana 1987 8.46 9.63
Vietnam 1991 11.26 11.62

Notes: Descriptive statistics based on in-
dividuals who were born within five years
before or after a cohort cuto! and who are
older than 23. Data: STEP

Table A.6: MSE-optimal bandwidths by Calonico et al. (2023)

Optimal bandwidth N
Dependent variable
Years of education 3 1803
Agreeableness 3 1480
Conscientiousness 3 1480
Emotional stability 3 1480
Extraversion 3 1480
Openness to experience 3 1480
Decision-making patterns 2 986
Grit 4 1967
Hostile attribution bias 2 987
Patience 2 1198
Willingness to take risk 3 1802

Notes: The sample is restricted to individuals who are older than
23 and to the following reforms: Bolivia 1994, Colombia 1991,
Ghana 1961, Ghana 1987, Vietnam 1991. The estimates stem
from the flexible model which has linear cohort trends and allows
for di!erent slopes around the cuto!. Standard errors are clus-
ter robust on country-reform → birth-year level. Data: STEP.
→→→p < 0.01,→→ p < 0.05,→ p < 0.1

37



Figure A.1: The e!ect of increasing mandatory education

(a) Years of education

(b) Agreeableness (c) Conscientiousness

(d) Extraversion (e) Openness to experience

(f) Emotional stability (g) Decision-making patterns

(h) Grit (i) Hostile attribution bias

(j) Patience (binary) (k) Risk willingness (binary)

Notes: Averages of considered outcomes across year of birth. Data: STEP
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B Robustness of main findings

Table B.1: Analysis with single reforms

Ghana1961 Ghana1987 Colombia1991 Vietnam1991 Bolivia1994
(1) (2) (3) (4) (5)

Dependent variable
Agreeableness 0.39 -0.15 -0.11 0.10 0.28***

(0.40) (0.35) (0.16) (0.15) (0.07)
Conscientiousness 0.95*** 0.18 0.08*** -0.20 -0.09

(0.19) (0.13) (0.03) (0.17) (0.21)
Emotional stability -0.64* -0.24* -0.21*** -0.17 -0.19

(0.38) (0.13) (0.06) (0.14) (0.23)
Extraversion 0.21 0.09 -0.09 0.20** -0.14

(0.24) (0.21) (0.22) (0.08) (0.30)
Openness to experience 0.24* 0.04 0.19 0.08 0.18**

(0.13) (0.16) (0.12) (0.15) (0.09)
Decision-making patterns 0.14 0.37** 0.12** 0.22** -0.08

(0.37) (0.15) (0.06) (0.10) (0.06)
Grit 0.16 -0.10 -0.10 -0.56*** -0.04

(0.16) (0.07) (0.10) (0.21) (0.10)
Hostile attribution bias -0.35** -0.44*** -0.15 -0.19** -0.14

(0.16) (0.09) (0.13) (0.09) (0.11)
Patience -0.08 -0.10 -0.03 -0.02 -0.06

(0.12) (0.06) (0.06) (0.03) (0.05)
Willingness to take risk 0.09 -0.17*** 0.05 -0.08* -0.11*

(0.11) (0.04) (0.06) (0.05) (0.06)
Observations 118 288 615 814 611

Notes: The estimates stem from the 5 years sample and the linear model which has a linear cohort trend.
Standard errors are cluster robust on reform → birth-year level. Data: STEP
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Table B.2: No age restriction - Years of education

5 years 3 years 10 years

lin quad lin quad lin quad cub
(1) (2) (3) (4) (5) (6) (7)

Treated 0.95*** 0.72* 1.11*** 0.78 1.01*** 0.43 0.97**
(0.27) (0.40) (0.28) (0.81) (0.23) (0.26) (0.43)

Treated → Partially treated -0.96** -1.69** -2.88*** -2.42*** -1.19*** -0.71* -1.46*
(0.41) (0.77) (0.32) (0.82) (0.36) (0.41) (0.75)

Observations 2965 2965 1803 1803 5735 5735 5735

Notes: Estimated average treatment e!ects of compulsory schooling reforms. The sample is restricted
to individuals who are older than 23 and to the following reforms: Bolivia 1994, Colombia 1991, Ghana
1961, Ghana 1987, Vietnam 1991. The linear/quadratic/cubic model consists of reform specific lin-

ear/quadratic/cubic cohort trends. Standard errors are cluster robust on reform → birth-year level.
Data: STEP

→→→p < 0.01,→→ p < 0.05,→ p < 0.1

Table B.3: No age restriction - Personality traits and behaviors

5 years 3 years 10 years

lin quad lin quad lin quad cub
(1) (2) (3) (4) (5) (6) (7)

Dependent variable
Agreeableness 0.06 0.37*** 0.21** 0.65*** 0.07 0.08 0.17*

(0.09) (0.08) (0.08) (0.20) (0.07) (0.09) (0.10)
Conscientiousness 0.03 0.28*** 0.19** 0.71*** 0.04 0.07 0.11

(0.07) (0.11) (0.08) (0.16) (0.06) (0.08) (0.11)
Emotional stability -0.23*** -0.13 -0.21* -0.38* -0.05 -0.24*** -0.11

(0.08) (0.10) (0.11) (0.20) (0.07) (0.09) (0.11)
Extraversion -0.03 0.10 0.03 -0.04 -0.05 0.02 0.02

(0.12) (0.10) (0.10) (0.17) (0.08) (0.13) (0.12)
Openness to experience 0.14** 0.34*** 0.35*** 0.43*** 0.06 0.12 0.28***

(0.06) (0.09) (0.07) (0.06) (0.06) (0.08) (0.11)
Decision-making patterns 0.10* 0.28*** 0.13** 0.43*** 0.08* 0.13** 0.21***

(0.05) (0.07) (0.06) (0.12) (0.04) (0.06) (0.05)
Grit -0.14** 0.03 0.05 -0.02 0.01 -0.14** -0.20*

(0.06) (0.09) (0.06) (0.15) (0.06) (0.07) (0.11)
Hostile attribution bias -0.21*** -0.21* -0.15* -0.16 -0.08* -0.18*** -0.30***

(0.06) (0.11) (0.09) (0.20) (0.05) (0.06) (0.10)
Observations 2447 2447 1479 1479 4797 4797 4797

Notes: Estimated average treatment e!ects of compulsory schooling reforms. Measures are standard-
ized. The sample is restricted to individuals who are older than 23 and to the following reforms: Bolivia
1994, Colombia 1991, Ghana 1961, Ghana 1987, Vietnam 1991. The linear/quadratic/cubic model con-
sists of reform specific linear/quadratic/cubic cohort trends. Standard errors are cluster robust on
reform → birth-year level. Data: STEP

→→→p < 0.01,→→ p < 0.05,→ p < 0.1
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Table B.4: No age restriction - Preferences

5 years 3 years 10 years

lin quad lin quad lin quad cub
(1) (2) (3) (4) (5) (6) (7)

Dependent variable
Patience -0.06*** -0.02 -0.07** 0.21** -0.02 0.00 -0.08**

(0.02) (0.04) (0.03) (0.08) (0.02) (0.03) (0.03)
Willingness to take risk -0.05* -0.06 -0.09*** 0.04 -0.03 -0.06* -0.09**

(0.03) (0.04) (0.03) (0.10) (0.02) (0.03) (0.04)
Observations 2964 2964 1802 1802 5734 5734 5734

Notes: Estimated average treatment e!ects of compulsory schooling reforms. Measures are
binary. The sample is restricted to individuals who are older than 23 and to the follow-
ing reforms: Bolivia 1994, Colombia 1991, Ghana 1961, Ghana 1987, Vietnam 1991. The
linear/quadratic/cubic model consists of reform specific linear/quadratic/cubic cohort trends.
Standard errors are cluster robust on reform → birth-year level. Data: STEP

→→→p < 0.01,→→ p <
0.05,→ p < 0.1

Table B.5: Placebo test

Placebo SE N
Dependent variable
Agreeableness -0.01 (0.08) 1949
Conscientiousness -0.03 (0.06) 1949
Emotional stability -0.05 (0.07) 1949
Extraversion -0.15* (0.08) 1949
Openness to experience 0.01 (0.06) 1949
Decision-making patterns 0.01 (0.08) 1949
Grit 0.12 (0.08) 1949
Hostile attribution bias 0.01 (0.05) 1949
Patience -0.02 (0.03) 1949
Willingness to take risk -0.01 (0.05) 1949

Notes: The sample is restricted to individuals born within 5
years before or after the placebo reform cuto!. Placebo reforms
are the true reforms plus 7 years. The estimates stem from the
linear model which has linear cohort trends. Standard errors
are cluster robust on country-placebo-reform → birth-year level.
Data: STEP.

→→→p < 0.01,→→ p < 0.05,→ p < 0.1
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Table B.6: Robustness checks - Personality traits and behaviors

Pre-piv. as partial Inflexible trend Replaced items
(1) (2) (3)

Dependent variable
Agreeableness 0.00 0.07 0.09*

(0.11) (0.10) (0.05)
Conscientiousness -0.05 0.06 0.03

(0.08) (0.08) (0.08)
Emotional stability -0.22** -0.19* -0.22***

(0.11) (0.10) (0.08)
Extraversion 0.03 -0.04 0.02

(0.13) (0.13) (0.11)
Openness to experience 0.08 0.12 0.11*

(0.08) (0.09) (0.06)
Decision-making patterns 0.09 0.09

(0.07) (0.07)
Grit -0.19** -0.13*

(0.08) (0.08)
Hostile attribution bias -0.22*** -0.17***

(0.07) (0.06)
Observations 2447 2447 2449

Notes: Estimated average treatment e!ects of compulsory schooling reforms. Measures
are standardized. The sample is restricted to individuals who are older than 23 and to
the following reforms: Bolivia 1994, Colombia 1991, Ghana 1961, Ghana 1987, Vietnam
1991. Column (1) contains estimates from classifying individuals born one year before
the pivotal cohort as partially treated and using the linear model. Column(2) contains
estimates from an inflexible model, which consists of reform specific linear cohort trends
that are not flexible at the cuto!, i.e. the model imposes the same slope before and
after the cuto!. Column(3) contains estimates from replacing survey items based on
Laajaj et al. (2019). Standard errors are cluster robust on reform → birth-year level.
Data: STEP

→→→p < 0.01,→→ p < 0.05,→ p < 0.1

Table B.7: Robustness checks - Preferences

Pre-piv. as partial Inflexible trend
(1) (2)

Dependent variable
Patience -0.10*** -0.05**

(0.04) (0.02)
Willingness to take risk -0.04 -0.04

(0.05) (0.03)
Observations 2964 2964

Notes: Estimated average treatment e!ects of compulsory school-
ing reforms. Measures are binary. The sample is restricted to
individuals who are older than 23 and to the following reforms:
Bolivia 1994, Colombia 1991, Ghana 1961, Ghana 1987, Vietnam
1991. Column (1) contains estimates from classifying individu-
als born one year before the pivotal cohort as partially treated
and using the linear model. Column(2) contains estimates from
an inflexible model, which consists of reform specific linear co-
hort trends that are not flexible at the cuto!, i.e. the model
imposes the same slope before and after the cuto!. Standard er-
rors are cluster robust on reform → birth-year level. Data: STEP
→→→p < 0.01,→→ p < 0.05,→ p < 0.1
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Figure B.1: Main results leaving one reform out

(a) Leaving Ghana 1961 out (b) Leaving Ghana 1987 out

(c) Leaving Colombia 1991 out (d) Leaving Vietnam 1991 out

(e) Leaving Bolivia 1994 out

Notes: Point estimates and 95% confidence intervals. The sample is restricted to individuals who are older
than 23 and to the following reforms: Bolivia 1994, Colombia 1991, Ghana 1961, Ghana 1987, Vietnam 1991.
Observations from one reform each are left out. The estimates stem from the 5 years sample and the linear

model which has linear cohort trends. Standard errors are cluster robust on reform → birth-year level. Data:

STEP
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Table B.8: Robustness to False Discovery Rate control

5 years 3 years 10 years

lin quad lin quad lin quad cub
(1) (2) (3) (4) (5) (6) (7)

Dependent variable
Agreeableness 0.06 0.37 0.21 0.65 0.07 0.08 0.22

(0.49) (0.00) (0.01) (0.00) (0.30) (0.36) (0.01)
[0.31] [0.00] [0.03] [0.01] [0.22] [0.24] [0.04]

Conscientiousness 0.03 0.28 0.19 0.71 0.04 0.1 0.11
(0.64) (0.01) (0.02) (0.00) (0.48) (0.20) (0.32)
[0.38] [0.03] [0.04] [0.00] [0.30] [0.16] [0.24]

Emotional stability -0.23 -0.13 -0.21 -0.38 -0.05 -0.24 -0.09
(0.01) (0.22) (0.05) (0.06) (0.53) (0.00) (0.35)
[0.02] [0.17] [0.08] [0.08] [0.31] [0.02] [0.24]

Extraversion -0.03 0.1 0.03 -0.04 -0.06 0.07 0.09
(0.77) (0.34) (0.73) (0.82) (0.53) (0.53) (0.35)
[0.45] [0.24] [0.44] [0.47] [0.31] [0.31] [0.24]

Openness to experience 0.14 0.34 0.35 0.43 0.07 0.15 0.3
(0.03) (0.00) (0.00) (0.00) (0.24) (0.05) (0.01)
[0.05] [0.00] [0.00] [0.00] [0.18] [0.08] [0.02]

Decision-making patterns 0.1 0.28 0.13 0.43 0.08 0.12 0.23
(0.05) (0.00) (0.05) (0.00) (0.09) (0.03) (0.00)
[0.08] [0.00] [0.08] [0.00] [0.10] [0.05] [0.00]

Grit -0.14 0.03 0.05 -0.02 -0.03 -0.12 -0.2
(0.03) (0.77) (0.42) (0.89) (0.57) (0.07) (0.06)
[0.05] [0.45] [0.27] [0.50] [0.33] [0.09] [0.08]

Hostile attribution bias -0.21 -0.21 -0.15 -0.16 -0.11 -0.17 -0.31
(0.00) (0.06) (0.08) (0.44) (0.02) (0.01) (0.00)
[0.00] [0.08] [0.09] [0.27] [0.04] [0.02] [0.01]

Patience -0.06 -0.02 -0.07 0.21 -0.02 -0.01 -0.07
(0.01) (0.51) (0.02) (0.01) (0.29) (0.84) (0.03)
[0.03] [0.31] [0.05] [0.04] [0.22] [0.47] [0.05]

Willingness to take risk -0.05 -0.06 -0.09 0.04 -0.04 -0.06 -0.08
(0.06) (0.12) (0.01) (0.68) (0.13) (0.05) (0.03)
[0.08] [0.12] [0.02] [0.40] [0.12] [0.08] [0.05]

Notes: Main results from Tables 5 and 6 with sharpened q-values by Anderson (2008) as False Discovery
Rate control for multiple hypothesis testing. The q-values are in square brackets, the cluster robust
p-values are in parentheses.
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C Findings for additional outcomes

Table C.1: Literacy skills

5 years 3 years 10 years

lin quad lin quad lin quad cub
(1) (2) (3) (4) (5) (6) (7)

Treated 0.18*** 0.17 0.14 0.38* 0.10* 0.08 0.29**
(0.06) (0.11) (0.09) (0.23) (0.05) (0.07) (0.12)

Treated → Partially treated -0.20*** -0.28** -0.33*** -0.75*** -0.17*** -0.14** -0.28***
(0.06) (0.13) (0.10) (0.27) (0.05) (0.06) (0.09)

Observations 2965 2965 1803 1803 5227 5227 5227

Notes: Estimated average treatment e!ects of compulsory schooling reforms. Test scores are standardized.
The sample is restricted to individuals who are older than 23 and to the following reforms: Bolivia 1994,
Colombia 1991, Ghana 1961, Ghana 1987, Vietnam 1991. The linear/quadratic/cubic model consists of
reform specific linear/quadratic/cubic cohort trends. Standard errors are cluster robust on reform → birth-
year level. Estimates were obtained by plausible value method: point estimate ω = 1

M

∑M
i=1 ωi, where ωi is

the estimate from a regression of one plausible value i, and final error variance V = U +(1+ 1
M )BM , where

imputation/measurement variance BM = 1
M↑1

∑M
i=1(ω ↑ ωi)

2 and U is the sampling variance (average of
each plausible value’s sampling variance). Data: STEP

→→→p < 0.01,→→ p < 0.05,→ p < 0.1

In addition to study the e!ects of compulsory education on non-cognitive skills, the STEP data set

allows us to study the e!ect on cognitive skills. The data provides one objective measure for cognitive

skills: a literacy proficiency assessment. This literacy test is assessing individuals’ competence at

accessing, interpreting, and evaluating information from written text. It has been designed and graded

in close cooperation with the Educational Testing Service (ETS). We standardize the test scores as

well for our analysis. In our analysis, we find a positive e!ect of the reforms on the literacy test score

as can be seen in Table C.1. In our preferred model (column (7)), individuals a!ected by the reform

score 0.18 of a standard deviation better. Again, the first four treated cohorts in Vietnam do not

experience this improvement.
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Table C.2: Wage returns to skills

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Years of education 0.08*** 0.05*** 0.08*** 0.08*** 0.08*** 0.05***

(0.00) (0.01) (0.00) (0.00) (0.00) (0.01)
1 if female -0.23*** -0.21*** -0.23*** -0.24*** -0.23*** -0.22***

(0.03) (0.03) (0.03) (0.03) (0.03) (0.03)
Age 0.07*** 0.08*** 0.07*** 0.07*** 0.07*** 0.07***

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Age squared -0.00*** -0.00*** -0.00*** -0.00*** -0.00*** -0.00***

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Reading 0.11*** 0.08***

(0.02) (0.02)
Writing 0.08*** 0.08***

(0.02) (0.02)
Numeracy 0.06*** 0.08***

(0.02) (0.02)
Extraversion 0.09*** 0.06***

(0.02) (0.02)
Conscientiousness -0.05** -0.03

(0.02) (0.02)
Openness to experience 0.02 0.03*

(0.02) (0.02)
Emotional stability 0.04** 0.02

(0.02) (0.02)
Agreeableness -0.02 -0.01

(0.02) (0.02)
Grit 0.00 -0.02

(0.02) (0.02)
Decision-making patterns 0.01 -0.00

(0.02) (0.02)
Hostile attribution bias -0.16*** -0.15***

(0.02) (0.02)
Risk willingness 0.11*** 0.09**

(0.03) (0.03)
Patience -0.02 -0.02

(0.04) (0.04)
Intercept -1.36*** -1.21*** -1.32*** -1.22*** -1.41*** -1.09***

(0.26) (0.26) (0.26) (0.26) (0.27) (0.26)
R-squared 0.12 0.13 0.13 0.13 0.12 0.15
R-squared Adj. 0.12 0.13 0.12 0.13 0.12 0.15
N 4164 4164 4164 4164 4164 4164

Standard errors in parentheses. * p<.1, ** p<.05, ***p<.01

Notes: Dependent variable: ln(wage) in USD. The sample contains individuals in Bolivia, Colombia, Ghana,
and Vietnam and who are older than 23. Standard errors are heteroskedasticity robust. Data: STEP
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Table C.3: Labor market outcomes

5 years 3 years 10 years

lin quad lin quad lin quad cub
(1) (2) (3) (4) (5) (6) (7)

Dependent variable
ln(wage) in USD 0.06 0.23*** 0.22*** 0.28** 0.11 0.04 0.07

(0.07) (0.08) (0.08) (0.14) (0.07) (0.08) (0.10)

Observations 2343 2343 1451 1451 4152 4152 4152
Currently working -0.04 0.01 -0.01 0.04 -0.01 -0.02 -0.03

(0.02) (0.04) (0.03) (0.08) (0.02) (0.03) (0.04)

Observations 2965 2965 1803 1803 5227 5227 5227
Wage worker vs self/family-employed -0.00 -0.02 -0.01 -0.15** 0.01 0.00 -0.05

(0.03) (0.05) (0.04) (0.07) (0.03) (0.04) (0.05)

Observations 2511 2511 1544 1544 4448 4448 4448

Notes: The sample is restricted to individuals who are older than 23 and to the following reforms: Bolivia
1994, Colombia 1991, Ghana 1961, Ghana 1987, Vietnam 1991. The linear/quadratic/cubic model consists
of reform specific linear/quadratic/cubic cohort trends. Standard errors are cluster robust on reform →
birth-year level. Data: STEP

→→→p < 0.01,→→ p < 0.05,→ p < 0.1

Figure C.1: Histogram of occupations

Notes: Occupations of individuals who worked within the past 12 months based on the International Standard
Classification of Occupations 2008 (ISCO-08). Data: STEP
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