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Chapter 1

Introduction

This thesis lies at the intersection of two broad themes in economics: education and

identity. Education is a primary tool for building human capital in economies. It

has been recognised as the driver of economic prosperity via research and innovation

(Barro 2001; Aghion et al. 2009; Hanushek and Woessmann 2010). At the same time,

education is also touted as the driver of social progress and institutional change. A

more educated society fares better on indices of equality (Gylfason and Zoega 2003),

health (Ross and Wu 1995; Cutler and Lleras-Muney 2006) and political awareness

and participation (Mayer 2011).

However, looking at education as an instrument of social change naturally brings

in the equation the concept of social identity or simply identity. A social identity

can be defined as a religious, racial, biological or geographical group with which an

individual identifies herself. The three chapters in this thesis are dedicated to gaining

an understanding about the interplay of education and identity in the context of

India.

One of the primary dimensions of identity in the Indian society is caste (Desh-

1



2 CHAPTER 1. INTRODUCTION

pande 2011; Munshi 2016). Caste is a system of social stratification based on the

ancient Hindu varna system which divided groups based on their occupations (Desh-

pande 2011). These varnas are determined by birth and are mutually exclusive and

non-changeable. The Indian Human Development Survey, a nationally representative

survey, shows that almost every person in the country, irrespective of her religion,

identifies herself as belonging to a caste, even though it was originally a Hinduism

concept. The pervasiveness and the continued relevance of caste as a component of

identity in India makes it a compelling candidate to study.

The first broad aspect I examine about the relationship between education and

identity is if and how education is associated with caste based practices. One of the

central features of the institution of caste is caste endogamy (Bidner and Eswaran

2015). Endogamy serves the purpose of upholding caste boundaries and violations

of this custom often invites punishment and social ostracism (Kaur 2010). The

structure is extremely rigid and adherence is remarkably high even in modern India.

Out-marriages, or inter caste marriages in this context, is a rare occurrence. In

my first chapter, I examine if education can bring about a change in this centuries

old practice of marrying within one’s own caste, keeping in mind the “arranged

marriage” aspect in the Indian society where marriages are mostly fixed by parents

of the spouses.

Another major dimension of identity in India, and in general, is gender. The

fundamental biological nature of this dimension makes it a basic identity trait in any

human society. More importantly, a divergence in socioeconomic resources and out-

comes along gender lines is also a reality in most societies (Giuliano 2020). Gender

divide in educational outcomes is one such area of academic interest. While there

is undoubtedly a gender gap in educational achievements, like literacy rate and en-
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rollment rate (Census, 2011), a more curious aspect is when girls and boys studying

alongside each other make vastly different educational choices. In particular, stu-

dents in India have to choose specialized subjects of study after their matriculation

in school and, interestingly, these choices show stark gendered patterns. This is the

focus of the second chapter. It looks at the gender divide in subject choices of stu-

dents after matriculation and explores the possible factors that can account for this

gap.

The last chapter revisits caste as the dimension of identity but asks how caste

identity might affect educational outcomes instead of the other way round. Access to

education in India has historically been an elite privilege (Cheney et al. 2005). In the

past, only the upper castes of Brahmins, the priests and teachers, and Kshatriyas,

the warriors and protectors, enjoyed any form of education. The majority of the

masses, consisting of castes lower in the hierarchy, remained uneducated (Deshpande

2011; Hnatkovska et al. 2012). This changed after Independence in 1947. Spreading

education to the masses became a priority of the state of India (Cheney et al. 2005).

On paper, this meant that an individual from any caste, religion or gender could

get an education. To ensure that this was also true in practice, the Constitution of

India implemented a system of affirmative action. It reserved 22.5% seats for persons

belonging to the historically marginalised castes (called the Scheduled Castes or SC)

and tribes (called the Scheduled Tribes or ST) of India in political constituencies,

government jobs and higher educational institutions.

However, an inherent prejudice or apprehension against people from disadvan-

taged backgrounds is still a reality in many places (Hindustan Times (New Delhi, 19

September, 2012); News 18 (Saharanpur, 14 April, 2018)). People believe that the

presence of students from lower caste families or poor families in general can have

https://www.hindustantimes.com/india/what-s-so-bad-about-reservations/story-43RVmut8Ua6QO0UCcVChCJ.html
https://www.hindustantimes.com/india/what-s-so-bad-about-reservations/story-43RVmut8Ua6QO0UCcVChCJ.html
https://www.news18.com/news/india/beingadalit-in-ups-saharanpur-caste-discrimination-begins-from-classrooms-1682529.html
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a negative impact on the quality of education of other students via, perhaps, lower

class performance or increased indiscipline. The third chapter of my thesis explores

this question in a peer effects framework. It examines the effects of peers belonging

to scheduled castes and tribes on the academic performance of students.

Below I provide a brief overview of each of the chapters, outlining the research

questions, empirical strategies and the results.

1.1 Whose education matters? An analysis of in-

ter caste marriages in India

Caste endogamy is central to the institution of caste which has been shown to be

discriminatory (Shah 1985; Thorat and Newman 2007) and detrimental to democracy

(Jeffrey 2002; Munshi 2017), social mobility (Munshi and Rosenzweig 2006; Munshi

2017), trade (Anderson 2011) and environment (Gadgil and Rao 1994). Violations

of the endogamy norm are often punished by social ostracism (Kaur 2010). It is

also one of the most resilient caste based practices till date. The rate of inter caste

marriages, even as recent as in 2011, was as low as 5.82% and there has been no

upward time trend over the past four decades. Caste endogamy is the pillar of

caste system and inter caste marriages can directly weaken the foundations of this

system. This chapter studies the relationship of caste endogamy with education,

which, according to Dr. B.R. Ambedkar, could free the marginalized sections of the

society and set them on a path of upward mobility (Velaskar 2012; Moon and Narke

2014a,b). It takes into account the nature of the Indian marriage market where

marriages arranged by parents and close relatives is largely the norm.

We use a nationally representative dataset, the second round of the Indian Human



CHAPTER 1. INTRODUCTION 5

Development Survey (IHDS-II), to quantify this relationship. But, at the outset, we

recognize that we have to pay due attention to the fact that marriage markets in India

work very differently as compared to the Western countries. A majority of marriages

are arranged by the parents, and the spouses barely know each other before marriage.

For example, 73% of marriages in our dataset were reported to have been arranged

by parents and almost 70% of the women said that they met their husbands only on

the day of their wedding.

The wide prevalence of the arranged marriage institution in the Indian marriage

markets strongly suggests that any analysis of marriages in India must consider

parental attributes along with individual ones. To justify this approach, we first

explore whether education levels of the spouses themselves have any predictive power

on the likelihood of inter caste marriages. We find that, contrary to the findings in the

existing literature on out-marriages in the West, especially in the USA, the education

levels of the individuals themselves do not have any association with the probability

of inter caste marriages. The result is very robust to the inclusion of a whole range

of controls and fixed effects, and to variations in the sample. We also attempt to

disentangle our null results to see if they mask opposing effects of education via

different mechanisms or if they mask heterogeneity across caste groups. We find no

evidence for either case.

Having established the irrelevance of the spouses’ own education, we next ex-

plore whether parental education is associated with the likelihood of an inter caste

marriage. We add the education levels of the parents of both the spouses to our set

of explanatory variables. Here we find that the level of education of the husband’s

mother has a positive and statistically significant association with the likelihood of

an inter caste marriage. One standard deviation increase in the years of education of
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the husband’s mother is associated with a 10.16% increase in the probability of inter

caste marriages over the sample mean. The result is very robust to variations in the

sample, to the addition of a number of controls as well as fixed effects, to alternate

model specification and to omitted variable bias. However, this part of the result is

nuanced in the sense that among the parents on both sides, only the education of the

husband’s mother has a predictive power on the likelihood of inter caste marriage.

We posit some potential channels based on theoretical arguments from the existing

literature and provide some suggestive evidence for our proposed mechanism.

1.2 What can(not) explain the gap? Evidence and

Decomposition of Gendered Stream Choice in

India

Gender gap in earnings is well established in the economics literature, both in the

context of developed (Blau and Kahn 2017; Boll and Lagemann 2018) as well as

developing countries (Chi and Li 2014; Guimarães and Silva 2016). While a number

of explanations have been extended to explain this gap, occupational segregation

has emerged as a major explanatory factor (Hegewisch et al. 2010; Hegewisch and

Hartmann 2014; Blau and Kahn 2017). In particular, male dominated occupations

related to Science, Technology, Engineering and Mathematics (STEM) fields have

substantial earnings premium while women are over represented in lower paying jobs

like nursing and teaching (Webber 2016; Belfield et al. 2018; Dahl et al. 2020). Why

are so few women employed in STEM related occupations despite a clear economic

advantage in these fields? It could be either because fewer women graduate in STEM

or because women graduate in STEM but drop out of STEM occupations, or a
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combination of both. In most countries, however, specialization into STEM, or more

broadly, into Science and non-Science streams happens even earlier, at the school

level itself. In this chapter, we look at the very first stream choices made by students

at the school level in the context of India using the results data from the Central

Board of Secondary Education.

We first establish and quantify the gender gap in stream choice. We find a clear

gender divide in our dataset along the same lines as observed in the literature. For

example, on an average, boys are 19.13 percentage points more likely than girls to

take-up Mathematics in class XI and 20.61 percentage points more likely to take-up

the Physics-Chemistry-Mathematics (PCM) combination. Girls, on the other hand,

are 11.18 percentage points more likely than boys to take-up Biology. In general, a

higher proportion of girls takes up Biology, Economics, Political Science and History,

while boys are more likely to take-up PCM and Computer Science.

Next we proceed to dissect this gap. Using regression and linear decomposition

techniques, we decompose this gap to estimate how much of it can be “explained” by

an expansive set of explanatory factors that have been proposed in the economics,

sociology and psychology literature. In particular, we evaluate how much of the

gender gap is accounted for by a difference in student ability, their cohort peers,

their immediate seniors and their socioeconomic status. We conclusively show that

a difference in student ability, the earliest and most common explanation offered,

accounts for less than 10% of the gender gap we observe in various subjects. A

difference in cohort peer attributes also does not explain any statistically significant

portion of the gap. Instead, we propose a novel way to use the immediate seniors

of students to elicit measures of role model and “chilly” climate. We propose that a

student’s seniors may serve as potential role models and that students may also form
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an idea about how friendly or hostile the environment will be in a particular subject

by looking at the gender composition of the subject class of their seniors. We find

that these role model and chilly climate aspects of a student’s immediate seniors in

school are the largest explanators of the existing gender gap in stream choice. If girls

had the share of own gender students in the senior Mathematics and PCM classes

like boys, and had the share of own gender seniors choosing Biology like boys, the

gender gap in these subjects would have closed by 24%, 16% and 18%, respectively.

1.3 Caste peer effects on student performance: Ev-

idence from Indian schools

Existence of peer effects in education is a common wisdom that is becoming an

increasingly rigorously proven fact in the economics of education literature (Hoxby

2000; Hanushek et al. 2003; Angrist and Lang 2004; Billings et al. 2014; Antecol

et al. 2016). Peer attributes can be peer ability and performance, peer background

or peer identity like gender or race. In this chapter, we use three cohorts of student

results data from the largest national education board in India, the Central Board

of Secondary Education (CBSE), to examine peer effects of students belonging to

Scheduled castes (SC) and Scheduled tribes (ST), the most marginalized communities

in the country, on test scores in national level standardized examination for students

in the highest grade (class XII) in school.

While the reservation system mandates 22.5% seats for SC and ST persons in

political representation, government jobs and higher education, the Right to Free

and Compulsory Education Act (2009), commonly known as RTE, went one step

further and mandated a minimum of 25% reserved seats for children of economically
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weaker and socially disadvantaged groups in all primary unaided private schools.

Though this policy is not applicable in our setting where we look at test scores

of students in the highest grade in school, our motivation comes from the general

perception and apprehension that the presence of disadvantaged caste students in a

student’s peer group will negatively affect her own performance (Frontline (15 July,

2011); Hindustan Times (New Delhi, 19 September, 2012); News 18 (Saharanpur,

14 April, 2018); The Print (17 February, 2019)).

Identification of causal peer effects is tricky because students can select into

schools endogenously. To address this, we identify casual effects using the variation

in the peer composition of adjacent cohorts within a school (Hoxby 2000). By in-

cluding school fixed effects in our empirical specification, we are able to eliminate

the endogeneity bias stemming from self selection into schools in a given cohort. In

addition, we include school-specific linear time trends to control for any time-varying

unobservables at the school level. Finally, we also include a student’s past scores as

proxies for ability and past inputs into the education production function (Hanushek

1979).

Our results show that the above stated apprehensions are baseless. After con-

trolling for a string of student socioeconomic characteristics, past scores, school and

cohort fixed effects and school-specific linear time trends, there is no statistically sig-

nificant effect of the cohort-to-cohort variation in the share of SC/STs in a student’s

peer group on her test scores in the national level standardized class XII board ex-

amination. These results are precisely estimated, so that we can reject modest sized

effects between 0.12σ and 0.14σ. We conduct a host of robustness checks and find

that the null effects hold separately and are estimated precisely for all the caste

groups, both genders, all income quartiles, private and public schools and for stu-

https://frontline.thehindu.com/cover-story/article30176081.ece
https://frontline.thehindu.com/cover-story/article30176081.ece
https://www.hindustantimes.com/india/what-s-so-bad-about-reservations/story-43RVmut8Ua6QO0UCcVChCJ.html
https://www.news18.com/news/india/beingadalit-in-ups-saharanpur-caste-discrimination-begins-from-classrooms-1682529.html
https://www.news18.com/news/india/beingadalit-in-ups-saharanpur-caste-discrimination-begins-from-classrooms-1682529.html
https://theprint.in/pageturner/excerpt/the-iits-have-a-long-history-of-systematically-othering-dalit-students/193284/


10 CHAPTER 1. INTRODUCTION

dents with different stream choices in higher secondary school. We also show that the

null effects do not mask heterogeneous effects by ability: the results are statistically

insignificant across the ability distributions of both students and peers.



Chapter 2

Whose education matters? An

analysis of inter caste marriages in

India

2.1 Introduction

Ethnic endogamy as a practice to entrench clan, community or tribal boundaries

has been around for centuries (Davis 1941; Bisin and Verdier 2000). In the Indian

context too, endogamy is central to the institution of caste.1 Indian castes are largely

endogamous groups and violations of caste endogamy are often punished by social

ostracism (Chowdhry 1997; Kaur 2010; Bidner and Eswaran 2015). It is also one of

the most resilient caste based practices till date. The rate of inter caste marriages,

1A huge body of literature has been developed to understand the origin, nature and contemporary
aspects of the caste system in India. While it is too vast to be summarized here, see Srinivas (1962),
Beteille (1971) and Dumont (1980), for some seminal works in this area. For excellent surveys of
the literature, see, for example, Vaid (2014), Munshi (2017), Mosse (2018).

11
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even as recent as in 2011, was as low as 5.82% and there has been no upward time

trend over the past four decades2. In this chapter we study the relationship of caste

endogamy with education, taking into account the nature of the Indian marriage

market where marriages arranged by parents and close relatives is largely the norm.

Two aspects of the institution of caste highlight the importance of inter caste

marriages. First, the caste system has been shown to be discriminatory (Shah 1985;

Thorat and Newman 2007), and detrimental to democracy (Jeffrey 2002; Munshi

2017), social mobility (Munshi and Rosenzweig 2006; Munshi 2017), trade (Ander-

son 2011) and environment (Gadgil and Rao 1994). Second, caste endogamy being

the pillar of caste system (Bidner and Eswaran 2015), inter caste marriages can di-

rectly weaken the foundations of caste system. In addition, though not directly for

caste, there exists evidence of positive impact of intermarriages. For example, in-

termarriages between natives and different immigrant ethnicities are associated with

higher immigrant wages (Meng and Gregory 2005) and higher female labour supply

(Gevrek et al. 2013; Wong 2014) in the context of Australia, Canada and the USA,

respectively. Kalmijn (2010) shows strong evidence that interracial marriages have

integrative effects on the offsprings for the case of the Netherlands. Positive effects

of inter-ethnic marriages have also been shown on the social, cultural and economic

integration of the children in England, Germany, the Netherlands and Sweden by

Kalmijn (2015) and in two American cities by Stephan and Stephan (1991). Finally,

extreme manifestation of endogamy in the form of consanguineous marriages may

even be inefficient from the perspective of democracy and it may promote corruption

and nepotism (Luke and Munshi 2006; Schulz 2019; Carl 2017; Akbari et al. 2019,

2020)3.

2Authors’ calculations from the data set used for the study, the second round of the Indian
Human Development Survey.

3The literature on exogamy also discusses a few negative aspects associated with them. Two



CHAPTER 2. WHOSE EDUCATION MATTERS? AN ANALYSIS OF INTER CASTE MARRIAGES IN INDIA 13

A number of factors may influence the marriage choice of an individual. Since

we are interested in looking at inter caste marriages in the particular context of

weakening the institution of caste, we explore how education is associated with the

probability of an inter caste marriage. Dr. Bhim Rao Ambedkar, the chief archi-

tect of the Constitution of India and one of the tallest leaders of the disadvantaged

castes, was of the view that education could free the marginalized sections of the

society and set them on a path of upward mobility (Velaskar 2012; Moon and Narke

2014a,b; Zene 2018). This spirit is incorporated as the primary focus of all education

policies of India (National Policy on Education 1968, 1986; Right of Children to Free

and Compulsory Education Act 2009; Joshee 2008; Mander and Prasad 2014). In

addition, Dr. Ambedkar proposed that inter caste marriages will directly weaken the

caste system (Ambedkar 1936). The same idea has been propounded by the Indian

judiciary as well as policymakers(https://www.timesnownews.com/mirror-now/in-

focus/article/inter-caste-marriages-should-be-encouraged-for-uprooting-caste-system-

madras-high-court/440195; Ambedkar Scheme for Social Integration through Inter-

Caste Marriages 2016).

In this chapter, we aim to establish a link between education and inter caste

marriages since education can not only mitigate deeply held prejudices, educational

major themes in this literature are the associations between exogamy and marriage dissolution rates,
and the outcomes of the off-spring of exogamy. While the second theme has mostly found no negative
and a few positive effects of exogamy on the children, there is stronger evidence in the literature
that exogamy is correlated with lower family stability. For example, Kalmijn et al. (2005) show that
heterogamous marriages are more likely to end in divorce than homogamous marriages in the case
of inter-religious and inter-national marriages in the Netherlands. Similarly, Milewski and Kulu
(2014) and Dribe and Lundh (2012) find that divorce rates are higher in out-marriages with greater
social and cultural distances between the spouses in case of Germany and Sweden, respectively.
The literature has also looked at labor market outcomes and time use outcomes of couples in out-
marriages. Basu (2015) finds negative and statistically significant effects of intermarriage on the
wages of Asian women in the USA. Grossbard et al. (2014) uses the American Time Use Survey
Data and finds that, in general, blacks do more housework in inter-racial unions than in all black
unions.

https://www.timesnownews.com/mirror-now/in-focus/article/inter-caste-marriages-should-be-encouraged-for-uprooting-caste-system-madras-high-court/440195
https://www.timesnownews.com/mirror-now/in-focus/article/inter-caste-marriages-should-be-encouraged-for-uprooting-caste-system-madras-high-court/440195
https://www.timesnownews.com/mirror-now/in-focus/article/inter-caste-marriages-should-be-encouraged-for-uprooting-caste-system-madras-high-court/440195
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institutes can also serve as platforms for social mingling, especially since inclusive

education has been a primary focus of the Indian education policy (National Policy on

Education 1968, 1986; Right of Children to Free and Compulsory Education Act

2009; Joshee 2008; Mander and Prasad 2014).

A large part of the literature on out-marriages focuses on its relationship with

the education of individuals and the evidence is mixed depending on the context and

the study sample. Qian (1997) and Fryer (2007) find a positive relationship between

educational attainment and the likelihood of an interracial marriage in the US. While

Qian and Lichter (2001) find this relationship to be positive for Latinos, Hwang et al.

(1995) find, in contrast, that Asian women with lower levels of education are more

likely to out-marry racially. Gullickson (2006), on the other hand, does not find any

consistent relationship between education and the likelihood of interracial marriages

for whites.

Studies on exogamy in South Asia have been relatively scarce and primarily

based on localized samples (Dugar et al. 2012; Banerjee et al. 2013; Allendorf and

Thornton 2015; Ahuja and Ostermann 2016). To the best of our knowledge, we

are the first to make a systematic attempt at understanding the relationship of

education with inter caste marriages in India using a nationally representative data

set. But, at the outset, we recognize that we have to pay due attention to the fact that

marriage markets in India work very differently as compared to the Western countries

(Banerjee et al. 2013). A majority of marriages are arranged by the parents, and the

spouses barely know each other before marriage. In our data set (second round of

the Indian Human Development Survey, IHDS-II), 73% of marriages were reported

to have been arranged by parents and almost 70% of the women said that they

met their husbands only on the day of their wedding/gauna4. This pattern, quite

4Gauna is a ceremony conducted after several years of a child marriage when the bride moves
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surprisingly, holds for the inter caste marriages as well: close to 63% of those who

said they were in an inter caste marriage reported their marriages to be arranged

by parents. In fact recent studies using the IHDS have shown that even over time,

the movement has not been towards “Western-style marriage, in which young people

choose their own spouses” (Allendorf and Pandian 2016). The shift is rather towards

increased say of women within the purview of “arranged marriages”5 (Banerji et al.

2013; Allendorf and Pandian 2016).

The wide prevalence of the arranged marriage institution in the Indian marriage

markets strongly suggests that any analysis of marriages in India must consider

parental attributes along with individual ones. To justify this approach, we first

explore whether education levels of the spouses themselves have any predictive power

on the likelihood of inter caste marriages. We find that, contrary to the findings in the

existing literature on out-marriages in the West, especially in the USA, the education

levels of the individuals themselves do not have any association with the probability

of inter caste marriages. The result is very robust to the inclusion of a whole range

of controls and fixed effects, and to variations in the sample.

To examine our null results, we attempt at disentangling two potentially opposing

effects of education identified by Furtado (2012). The first is the ‘cultural adaptabil-

ity effect’ through which education makes members of different groups more aware

of and adaptable to the culture of each other and hence, may increase the incidence

of intermarriage. The second one, the ‘assortative matching effect’6, however, may

work in either direction. In a group with average education level below (above) the

from her natal home to her husband’s family.
5The term “arranged marriage” is used to refer to a marriage where parents or other relatives

play the main role in selecting a spouse for their offspring, often keeping social attributes like caste
and economic status of the family in view (Banerji et al. 2013).

6The term assortative matching refers to a positive correlation between the attributes of the
husband and the wife. In our case, for example, the attribute is education.
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average education level of the relevant population, a more educated individual will

marry out (marry in) and education will have a positive (negative) effect on exogamy

for that group. The net effect can go in either direction and one may observe a pos-

itive, a negative or no relationship between education and exogamy depending on a

particular group’s characteristics. We adapt the methodology suggested by Furtado

(2012) to the Indian context and our original findings are reaffirmed. None of the

channels have any statistically significant association with the probability of inter

caste marriages in India.

Our null results can mask important heterogeneity across caste groups. According

to the Status Exchange theory (Davis 1941; Merton 1941; Kalmijn 1998; Gullickson

2006; Fu and Heaton 2008)7, in an inter caste marriage, the upper caste individual

will typically be able to exchange her/his caste status for a higher level of education

of a spouse from a lower caste as compared to the level of education of the spouse

she/he would be matched to in an intra caste marriage. As a result, the marginal

effect of an increase in education will be higher for a lower caste individual compared

to a higher caste individual in the inter caste marriage market because education can

be exchanged for caste status. We check for such heterogenity but find, very similar

to Banerjee et al. (2013), no evidence of status exchange taking place.

Having established the irrelevance of the spouses’ own education, we next ex-

plore whether parental education is associated with the likelihood of an inter caste

marriage. We add the education levels of the parents of both the spouses to our set

of explanatory variables. Here we find that the level of education of the husband’s

7The status exchange theory broadly postulates that an intermarriage, especially between two
groups which are unequally ranked in the social hierarchy, often involves an exchange of character-
istics between the two parties such that both stand to gain from the union. Typically one party
exchanges its social status for some other trait of the spouse, like beauty or education. Thus, more
educated blacks would marry less educated whites because they would gain from a higher social
status of their spouse (Gullickson 2006).
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mother has a positive and statistically significant association with the likelihood of

an inter caste marriage. One standard deviation increase in the years of education

of the husband’s mother is associated with a 10.16% increase in the probability of

inter caste marriage over the sample mean. The result is very robust to variations

in the sample, to the addition of a number of controls as well as fixed effects, to

alternate model specification and to omitted variable bias (Oster 2019). However,

this part of the result is nuanced in the sense that among the parents on both sides,

only the education of the husband’s mother has a predictive power on the likelihood

of inter caste marriage. Given our dataset, we are unable to empirically establish a

precise channel for this finding. However, we posit some potential channels based

on theoretical arguments from the existing literature and provide some suggestive

evidence for our proposed mechanism.

The rest of the chapter is organized as follows. In section 2.2, we describe the

data. The descriptive analysis in section 2.3 prepares the contextual background

and provides the descriptive statistics. Sections 2.4, 2.5 and 2.6 detail the regres-

sion analysis, specifying the empirical strategy and discussing the main results and

robustness checks, respectively. Section 2.7 gives a brief discussion of the possible

channels behind the results and section 2.8 concludes.

2.2 Data

We use data from the latest round of the Indian Human Development Survey (IHDS

II). The IHDS is a nationally representative household panel survey conducted in

384 districts, composed of 1420 villages and 1042 urban neighborhoods across all

states and union territories of India. The second round of the survey, IHDS-II,
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was conducted in 2011-12.8 The survey has detailed socio-economic and human

development related questions for a household as a whole, for young children in

the household and for one ever married woman in the age group of 15-49 years in

each household called the ‘eligible woman’. We combine data from two schedules

of the survey. The household schedule contains detailed questions about various

socio-economic characteristics of the household. In the eligible woman’s schedule,

one eligible woman was interviewed regarding health, education, fertility, family

planning, marriage and gender relations in the household and the community.9

Even though caste and various caste based practices are common in India, there

has been little systematic attempt so far to collect data on these aspects in a na-

tionally representative survey. IHDS, for the first time, asks questions that help us

explore along this direction. Our outcome variable, whether a marriage is an inter

caste marriage, is defined using the following question in the eligible woman’s sched-

ule: “Is your husband’s family the same caste as your natal family?” The dependent

variable “ICmarriage” takes value 1 if the answer to this question is “No”. This ques-

tion accurately reflects whether a marriage is inter caste or not since the marriage is

recognized by the responding woman as inter caste and hence is “ultimately closer

to the lived reality of an inter-caste marriage”.10 It is important to point out here

8IHDS II re-interviewed 83% of the original as well as split households residing within the village
which were interviewed in IHDS-I, and an additional sample of 2134 households.

9In the households where the eligible woman from the first round of the survey died between
the survey waves or was no more in the eligible age group, a new eligible woman was interviewed,
along with the old one, if present. Thus there can be a maximum of 2 eligible women in each
household. In households with more than one potential eligible woman, one was selected using a
standard random number procedure in IHDS-I (Desai et al. 2009).

10According to The Hindu (New Delhi, 13 November 2014) (Rukmini 2014), the IHDS said that
“... what female respondents interpreted as a “different caste” is likely to have been subjective, but
ultimately closer to the lived reality of an inter-caste marriage”. In her interview to The Hindu,
Sonalde Desai (Senior Fellow at NCAER and Professor of Sociology at the University of Maryland)
who led the IHDS, said: “So the IHDS took a simple approach and asked women whether their
natal family belongs to the same caste as their husband’s family, allowing us to bypass the complex
issue of defining what caste means and get subjective perceptions from our respondents”.
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that although in the English version the word caste is used, the question actually

uses the word “jati” in Hindi (and its equivalents in all the other eleven languages in

which the survey was administered), and not caste. This takes care of the fact that

the finer jati level is relevant for marriages in India and not the caste level, which is

often synonymous with the broad administrative categories in India.

Our main independent variables of interest are the years of education of the

spouses and their respective parents. They range from 0 (illiterate) to 16 (above

graduate) years. Our set of control variables include the caste and the urban or rural

location (according to Census 2011) of the husband’s household at the time of the

survey. We include assets (index created by IHDS) and annual per capita income (in

INR) of the household at the time of the survey to proxy for the assets and income

level of the household at the time of the marriage. Finally, we control for the age

at marriage of the bride and the comparative economic status of the two families at

the time of their marriage.

We use three rounds of the Employment and Unemployment Survey of the Na-

tional Sample Survey of India (NSS) conducted in 2004-05, 2009-10 and 2011-12 to

construct average and caste-wise average years of education of females in the mar-

riageable age group (12 to 35 years) for each district at the time of marriage.11,12 We

also calculate the proportion of population belonging to the same caste as that of a

husband in our sample in his district of residence using these NSS data sets. These

variables are used to separate the opposing effects of education, namely, cultural

adaptability and assortative matching effects.

11The marriageable age group is constructed by looking at the distribution of age at marriage of
the eligible women in the IHDS sample where 96.8% of women report their age at marriage to be
from 12 to 35 years.

12The nature of the NSS data and the fact that inter-district migration due to marriage is very
low in India (Desai and Andrist 2010; Stopnitzky 2012) helps us in constructing these variables at
the time of marriage and not just for the NSS survey years.
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2.3 Descriptive Analysis

Our specific aim in this chapter is to look at the relationship between inter caste

marriages and education. We set the stage by looking at a broad range of descriptive

statistics to get a better idea about the existing trends and dynamics of the marriage

market in India in general and inter caste marriages in particular.

Figure 2.1 plots the rate of inter caste marriages by the year of marriage.13 Even in

the face of industrialization and urbanization in India, an upward trend is not visible

over the last four decades: the rate of inter caste marriages has hovered around 5%

since 1970 to 2012.14 The average for 2000-2012 is marginally higher than 1971-80

and 1981-90, but is not statistically different from the decade of 1990-2000.

In Table 2.1 we look at the distribution of inter caste marriages by various char-

acteristics of the husbands’ households. The first panel shows that Brahmins have

the highest rate of out-of-caste marriages, followed by Other Forward castes (OFC),

while Other Backwards Classes (OBC) and Scheduled castes (SC) have the lowest

rate.15 However, the rate of exogamy for Brahmins is not statistically different from

any other caste categories. The only significant differences are between the rates of

OFCs and OBCs, and OFCs and SCs.16

13In IHDS II the year of marriage variable has 30.66% missing values. We, therefore, construct
our own variable for the year of marriage using the year of birth of the eligible woman respondent
and her age at marriage.

14The Modernization theory in Sociology explains the process of transition of a nation from a tra-
ditional political structure to a democratic one via causal chains of industrialization, urbanization,
education and so on (Przeworski and Limongi 1997). One of the predictions of the Modernization
theory is that with the advent of industrialization and urbanization, various non-Western family
behaviours will converge towards the Western nuclear family model. As a result, there will be a
decline in arranged marriages, which “... likely signals declines in the importance of ethnicity/caste,
religion ...” (Allendorf and Pandian 2016).

15Refer to the Appendix to this chapter for a description of the social and administrative cate-
gorizations of the caste system in India.

16A reported inter caste marriage may not necessarily involve two broad administrative caste
categories.
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The second panel of Table 2.1 shows that the rates of inter caste marriages are

not statistically significantly different between urban and rural households. A finer

division tells us that within the urban sector, it is the metropolitan urban areas that

have the lowest rate, while other urban areas have a higher rate (3.84% and 5.41%

respectively). Within the rural sector, developed villages have a higher rate, while

less developed villages have a lower rate of inter caste marriages (5.72% and 4.86%

respectively). Thus more urbanized areas do not necessarily have a higher rate of

out-marriages in India.

The next two panels of Table 2.1 show the rate of inter caste marriages by asset

and annual per capita income quartiles of the households respectively. In both cases

the rate goes down as we move up the distribution (poorest to the richest): the rate

of inter caste marriages is significantly higher in the first quartile than that in the

fourth quartile. The last panel of Table 2.1 shows that no difference is observed in

the rate of inter caste marriages irrespective of whether the husband’s family had

the same, better or worse status than the wife’s family at the time of their marriage.

The observations so far make it clear that caste endogamy is much more pervasive

than expected in the face of economic development and expansion of market forces.

In Table 2.2 we look at the decision making process at the time of marriage.

The second column of Table 2.2 reports the percentages among all marriages while

the third column reports that among inter caste marriages only. Among all mar-

riages, a striking 73% of women say that parents (or other relatives) chose their

husbands, and in fact almost 70% of them met their husbands only on the day of

their wedding/gauna. Only a quarter of the women had met their husbands or had

seen their photos before marriage; even fewer had talked to their husbands before

getting married to them (third panel of Table 2.2).
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Even among the subset of only inter caste marriages, almost 63% of them are

arranged by parents/other relatives only. Interestingly, even here an overwhelming

98.07% of couples lived with their parents immediately after marriage. Thus, when

a marriage takes place, inter caste or not, the parents have the primary say in

a majority of the cases. This observation lends reasonable amount of support to

the idea that the effect of parental attributes should be central in any analysis of

marriages in India.

Finally we turn to our main attribute of interest, namely education. Figures

2.2 and 2.3 plot the rate of inter caste marriages for different educational categories

of the wife and the husband, and wife’s mother, wife’s father, husband’s mother

and husband’s father respectively.17 Figure 2.2 shows that this rate is not statisti-

cally significantly different among the different educational categories of the spouses

themselves.

From Figure 2.3 it can be observed that the rate of inter caste marriages does not

vary by the educational categories of the fathers of the spouses(The mean differences

between any pair of educational categories of the fathers are statistically insignificant

in general.). However, the rate of inter caste marriages appears to be significantly

higher at higher educational categories of the mothers of the spouses(The mean

differences are statistically significant and positive for a number of pairs of educa-

tional categories.). This corroborates well with the earlier observation that parental

attributes should be important in the analysis of marriages in India where the in-

stitution of arranged marriages plays a dominant role. In what follows, we further

explore along these directions in a regression analysis of the relationship between

17These categories are constructed by dividing the years of education into five bins: Illiterate (0
years), Up to Primary (1 to 5 years), Up to Secondary (6 to 10 years), Up to Bachelors (11 to 15
years) and Above Bachelors (more than 15 years).
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inter caste marriages and education.

2.4 Empirical Framework

Our observations in the previous section suggest that marriages in India are ar-

ranged primarily by parents with minimal say of the individuals themselves. Thus

we must pay due attention to parental education along with the education of indi-

vidual spouses.

We, therefore, proceed in two steps. First, we explore whether education levels

of the spouses themselves can predict the occurrence of inter caste marriages. Con-

sidering a married couple as our unit of observation, we run the following regression:

ICmarriageid = α + β1.husband
′s educationid + β2.wife

′s educationid

+ θ.Xid + δd + τt + εid.

(2.1)

Here ICmarriageid is a binary variable which takes value 1 if a couple i in district d

is in an inter caste marriage and 0 if in an intra caste one. Our primary independent

variables of interest are the education variables: husband’s educationid denotes the

years of education attained by the husband and wife’s educationid is that attained

by the wife.

In the next step we add the years of education of the parents of both the spouses

to the set of explanatory variables considered in equation (2.1):
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ICmarriageid = α + β1.husband
′s educationid + β2.wife

′s educationid

+ γ1.husband
′s mother′s educationid + γ2.husband

′s father′s educationid

+ γ3.wife
′s mother educationid + γ4.wife

′s father′s educationid

+ θ.Xid + δd + τt + εid.

(2.2)

Similar to equation (2.1), husband’s mother’s educationid, husband’s father’s educationid,

wife’s mother’s educationid and wife’s father’s educationid are the completed years

of education of the husband’s parents and wife’s parents respectively.

In both equations (2.1) and (2.2), Xid is a vector of couple and household level

control variables, namely, administrative caste category of the husband’s household

(Brahmins, OFC, OBC or SC), age at marriage of the wife and dummies for the

comparative economic status of the two families at the time of the marriage. It also

includes the per capita income and the assets index of the household and its location

(rural or urban).

Marriages in India occur overwhelmingly within the district (Desai and Andrist

2010; Stopnitzky 2012). Therefore, we include district fixed effects, δd, to control for

any time invariant unobserved factors at the level of a district. We also include year

of marriage fixed effects, τt, to control for all unobservables across districts in the

year a couple got married.

In our data set, households belonging to all religions report their castes. However,

the caste system was originally a Hinduism phenomenon. To incorporate both these

observations, the sample for our main analysis consists of only those households

which have stated their religion as Hinduism, Buddhism, Jainism or Sikhism. Our

choice is driven by the fact that all these religions come under the Hindu Marriage
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Act of the Constitution of India. We also exclude scheduled tribes (STs) from our

main sample mainly because even though a significant number of tribals report their

religion as Hinduism, “there is sufficient heterogeneity and distinctiveness within

tribal communities that they cannot be considered a part of the varna system”.

(Deshpande 2011)18 For our analysis we consider the 20 major states of India.19

Our final sample consists of 25,070 couples of which 1079 couples have inter caste

marriages. Standard errors are clustered at the Primary Sampling Unit (PSU) level.

Table 2.3 provides the summary statistics for all the variables used in the regressions.

All calculations use the survey weight of the eligible woman.

2.5 Results

2.5.1 Inter caste marriages and own education

Table 2.4 reports our first set of results. The first two columns report results from

the estimation of equation (2.1). In column 1, the regression coefficients from the

parsimonious specification with only caste controls and the education levels of the

spouses show that the education of neither the husband nor the wife is associated

with the likelihood of an inter caste marriage. In column 2, we add the full set of

our control variables. The addition of these controls has no effect on the coefficients

of the spouses’ own education – they remain statistically insignificant. This result

stands in sharp contrast to the findings in the existing literature on out-marriages

in the Western countries where individual’s own education shows up as a predictor

18Refer to the Appendix to this chapter for a description of the social and administrative cate-
gorizations of the caste system in India.

19This list includes the following states: Himachal Pradesh, Punjab, Uttarakhand, Haryana,
Delhi, Rajasthan, Uttar Pradesh, Bihar, Assam, West Bengal, Jharkhand, Orissa, Chhattisgarh,
Madhya Pradesh, Gujarat, Maharashtra, Andhra Pradesh, Karnataka, Kerala and Tamil Nadu. We
exclude the states of North-East, Goa and Jammu and Kashmir.
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of one’s marriage being within or outside one’s race or ethnicity.

To investigate our null results, in the next three columns, we test whether any of

the mechanisms of the effect of education as described in Furtado (2012) come out

to be statistically significant. We adapt the model suggested by Furtado (2012) to

the Indian context:

ICmarriageicd = κ+ λ.husband′s educationicd + π1.(avg FemEducd − avg FemEdud)

+ π2.husband
′s educationicd.(avg FemEducd − avg FemEdud)

+ µ1.population proportioncd + µ2.population proportion2
cd

+ σ.Xid + Ψs + τt + ξicd.

(2.3)

The dependent variable is a dummy which takes value 1 if husband i of caste c in

district d is in an inter caste marriage.20 The first term on the RHS, husband’s years

of education, captures the cultural adaptability effect of education. If the analysis of

Furtado (2012) holds for our sample, this coefficient should be positive: an increase in

education makes an individual more accepting and adaptable to the culture of other

castes. The next term, avg FemEducd is the average education level of females in

the marriageable age group (12 to 35 years) in the husband’s caste in his district and

avg FemEdud is the average education level of all females in the marriageable age

group in his district.21

The coefficient π2 measures the assortative matching effect of education, which is

captured by the interaction term of husband’s years of education with the deviation

of average education of females within his caste in the district from the average

20Since we do not know the caste of the wife in a couple, our sample consists of only husbands
for this set of regressions.

21Both the variables, avg FemEducd and avg FemEdud, have been calculated at the district
level and correspond to the relevant couple’s year of marriage.
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female education in the entire district.22 The expected sign of π2 is negative if the

assortative matching effect of education is at work. A man with a higher level of

education is more likely to find a higher educated woman from his own caste if the

average education level of the women of his caste is higher than the district average.

We also include the proportion of female population in the marriageable age

group of husband’s caste in his district, population proportioncd, which captures the

enclave effect: likelihood that the individual will encounter a potential spouse of the

same caste in his relevant region of search, which we take to be the district based on

the literature (Desai and Andrist 2010; Stopnitzky 2012).23

Column 3 of Table 2.4 contains results from a regression similar to that of the

second column, but uses only the husband’s education variable (and replaces district

fixed effects with state fixed effects) to make it comparable to the regressions in the

next two columns. This coefficient, capturing the cultural adaptability effect, is still

statistically insignificant. In column 4, we add the assortative matching term. The

estimated coefficient of this variable is statistically insignificant and it also does not

affect the coefficient of husband’s own education.24 Finally in column 5, we add the

enclave effect term. The addition of this control and its square term too have no

effect on insignificance of the coefficient of the husband’s education variable. The

coefficients on the variables themselves are also statistically insignificant.

Thus, even after we explicitly take into account the potential channels, as ana-

lyzed in Furtado (2012), through which own education might have an effect, we find

that neither of these channels predict the likelihood of an inter caste marriage.

22The coefficient π1 captures the main effect of this deviation.
23For this set of regressions, we include state fixed effects, Ψs, instead of district fixed effects

because our regressors are district level variables.
24We also calculate the education difference term by excluding husband’s own caste females from

the district average and use this variable in our regressions. All our results remain the same.
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As noted in the introduction, our null results might mask important heterogenity

across caste groups. According to the status exchange theory, one party exchanges

its social status for some other trait of the spouse, like beauty or education. Hence

we might have a positive association between education and exogamy for some caste

groups and negative for some other groups leading to a net null association between

education and exogamy for all caste groups taken together. We run another set of

regressions to check this but we find no evidence of status exchange25. Our result is

very similar to Banerjee et al. (2013) who also find almost non-existent preference

for “marrying up” or exchanging other attributes for caste status.

2.5.2 Inter caste marriages and parental education

Now we move on to add the education level of the parents of both the spouses to

our set of explanatory variables. For the sake of comparison, column 1 in Table 2.5

reproduces the column 1 of Table 2.4. Column 2 reports results from the estimation

of equation (2.2) where we add the education levels of the parents of the spouses.

We find that the education of the husband’s mother has a positive and statistically

significant association with the probability of an inter caste marriage. A one-year

increase in education of the husband’s mother increases the probability of an inter

caste marriage by 0.18 percentage points. The results in both the columns 1 and 2

are consistent with our descriptive analysis where we observed that parents have the

major say in any marriage in India and individuals themselves have a very little role

to play.

In columns 3 and 4 we successively add controls to the base specification26. The

25Refer to the Appendix to this chapter for a detailed discussion of the status exchange theory,
our empirical specification and the regression results.

26In column 3 we add the age at marriage of the wife and dummies indicating whether the
economic status of the wife’s natal family was better, same or worse than that of the husband’s
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addition of these variables has little effect on the coefficient of the husband’s mother’s

education.

We conclude this section with the key finding that husband’s mother’s education

positively predicts the likelihood of an inter caste marriage and that it is robust to

the inclusion of a number of controls and fixed effects. A one standard deviation

increase in husband’s mother’s years of education leads to a 10.16% increase (over

the sample mean) in the probability of the couple’s marriage being an inter caste

one. To put this in perspective, we compare the effect size of education on exogamy

between the Indian and US data. Based on calculations made from Furtado (2012),

we find that a one standard deviation increase in education of the husbands in her

sample leads to only a 7.08% increase in his likelihood of inter ethnic marriage. A

similar calculation shows that a one standard deviation increase in the husband’s

mother’s years of education (in our data) explains 46.85% of the increase in the rate

of inter caste marriages from 1970 to 2012.

2.6 Robustness checks

We report four robustness checks in Table 2.6. In column 1, we remove the women

who continued their education post marriage as this could potentially contaminate

the results since these women will actually have a lower amount of education at the

time of their marriage as compared to what is measured by the data. All our results

are qualitatively the same even for this sample.

It is plausible that if women had a greater say in their marriages, it may bias the

coefficient on the education of the husband’s mother upwards. A greater decision

family at the time of the marriage. In column 4, we add current income and assets of the household,
and whether the household was located in an urban or rural area.
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making power of the brides in their marriages may be positively correlated with

both higher education of her husband’s mother as well as with the probability of an

inter caste marriage. Therefore, in column 2, we look at the sample of only parents-

arranged marriages, or simply arranged marriages as they are commonly known. We

define arranged marriages as marriages in which the eligible woman’s response to

the question “Who chose your husband” was either “Parents/other relative alone”

or “Others”. It can be seen that even here own education of the spouses has no

association but the education of the husband’s mother has a positive and statistically

significant association with the probability of an inter caste marriage.

In the third column of Table 2.6, we add another set of fixed effects to our

controls – the interaction of district and year of marriage fixed effects, to control

for any unobservables at the level of a particular district-year. The coefficient of

husband’s mother’s education is still positive and statistically significant as can be

seen from column 3. Also, spouses’ own education does not show any association.

Since our dependent variable is binary, we report the estimation results from a

logistic regression in the final column of Table 2.6. As can be seen, all our results

go through with the logistic specification. The marginal effect of the husband’s

mother’s years of education variable is 0.0025, while individual education coefficients

are statistically insignificant as before.

We conduct another set of robustness checks to see if our results are robust to

variations in the sample. We run our regressions for a Hindu-only sample, all-religions

sample, all-castes (including STs) sample and all-states sample. We also use some

other combinations: four main religions, main states, including STs; all religions,

main states, including STs; and four main religions, all states, excluding STs. We

find that our results are robust to all these sample variations. We report the first set
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of these regressions in the Appendix to this chapter. The others are available upon

request.

Although we do not claim any of our results to be causal, we still check if our

results are being driven by unobservables. We examine the robustness of the result

to omitted variable bias using the bound analysis methodology developed by Oster

(2019). Here again we deduce that the coefficient of the husband’s mother’s edu-

cation variable is not contaminated by omitted variables bias. The details of the

methodology and our results can be found in the Appendix to this chapter.

Finally, since we test six simultaneous hypotheses (two education variables of

the spouses and four of those of the parents), we also perform a series of multiple

hypotheses corrections which control for Family-Wise Error Rate (FWER) as well as

for False Discovery Rate (FDR). Our coefficient on the education of the husband’s

mother does not retain its statistical significance under these corrections. This is

because given the structure of any of these tests, the lowest p value of the set is always

corrected in a way similar to the Bonferroni correction (Farcomeni 2008) which is

the most stringent correction (Abdi 2010; Fink et al. 2014; Streiner 2015). Since the

lowest p value in our set is 0.033 (statistically significant at 5%), it is unable to retain

significance under any of the available multiple hypotheses correction procedures.27

While we present our results with this caveat, we nevertheless conclude this section

with a reasonable confidence in the robustness of our results to variations in the

sample, to the addition of a number of controls, to the addition of a number of fixed

effects, to a change in the regression model and to correction for omitted variable

bias.

27However, we would also like to point out that the idea of multiple hypothesis correction has its
criticisms and the available methods might lead to too high rates of Type II error (Perneger 1998;
Ruhm 2003; Nakagawa 2004; Kim et al. 2013).
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2.7 Discussion

Although our results do not have a causal interpretation, they do point out some

interesting features of the Indian marriage market. Our analysis of the relationship

between education and the age-old practice of caste endogamy in India highlights

the importance of recognizing the arranged marriages institution in Indian marriage

markets. We first establish the interesting result that the education levels of the in-

dividual spouses themselves do not have any statistically significant association with

the probability of their marriage being an inter caste one. We complete our analysis

by establishing that the education level of the husband’s mother has a positive, sta-

tistically significant and quite large association with the likelihood of an inter caste

marriage. All of our results survive a battery of robustness checks.

The second part of our findings is nuanced in the following two ways. First, only

the education of the husband’s mother predicts inter caste marriage, but not that

of his father. Second, education of the wife’s parents are not associated with the

likelihood of an inter caste marriage. In what follows we try to offer a plausible

mechanism to explain our empirical findings regarding the heterogenity in the rela-

tionship between the parents’ education and the probability of inter caste marriage

with the caveat that we cannot offer any direct evidence because of a lack of data.

To understand the first result we put together three stylized facts. Firstly, a

large body of literature finds evidence that a more educated woman has an increased

decision making power in a household.28 In our own dataset too, we find some support

for this claim by looking at the responses to various questions under the “Gender

28See, for example, Thomas (1994); Beegle et al. (2001); Banerji (2008); Doss (2013); Banerji et al.
(2013). Banerji (2008) and Banerji et al. (2013) use IHDS I to show that education is associated with
greater autonomy in partner choice decision and it strongly improves the individual’s involvement
in parent arranged marriages.
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Relations” section asked to the eligible women.29 Interestingly, one of the questions

directly asks about who has the most say in the decision to whom the respondent’s

children should marry. We find that education of the respondent woman is positively

and statistically significantly associated with the probability that she has the most

say in this decision.

Secondly, it is also well documented, especially in the context of developing coun-

tries, that a mother is more responsive to the needs of her child, as compared to the

father. Provided with resources, a mother is more likely to utilize them in the best

possible interest of her children. A father, on the other hand, is more likely to spend

it on various adult consumption goods like tobacco and liquor.(See, for example,

Thomas (1990); Haddad and Hoddinott (1995); Lundberg et al. (1997); Phipps and

Burton (1998); Duflo (2000); Duflo and Udry (2004); Friedberg and Webb (2006).)

Finally, from our own analysis and from the literature cited in previous sections,

we know that marriage decisions in India are taken by parents and other senior

relatives and not by the prospective bride and groom.

Combining these three stylized facts we try to understand the first aspect of

our finding as follows. Given that we are looking at marriages ex-post, the realized

matches must be revealed preferred to be the optimal matches from all the potential

matches available. An intra caste match could, then, be a constrained optimum if

the father, driven by the prestige or reputation of the family and being less sensitive

to the best outcome for the son, insists on the intra caste constraint. An inter

caste marriage is more likely to occur when an educated mother can overcome this

constraint and implement the best outcome for the son, empowered by her increased

29We find that the respondent woman’s education is positively and statistically significantly
associated with her likelihood of having the most say in seven out of the eight household decisions
enquired in this section. The complete analysis can be found in the Appendix to this chapter.
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bargaining and decision making authority in the family.

Consider next the second aspect of our finding that only the education of the

husband’s mother has a statistically significant association, but not that of the wife’s

parents. This asymmetry between the two families might arise from the fact that

in any inter caste marriage the bride’s family bears more stigma or costs than the

groom’s family. Some theoretical backing for this is provided by the analytical model

in Bidner and Eswaran (2015) where stability of the endogamy equilibrium requires

that the punishment for deviation from the equilibrium should be greater for a female

and her family as compared to her male counterpart. While we could not find any

empirical work on this asymmetry that arises in equilibrium, much of the anecdotal

evidence involving “honour” killings in India validates our assertion30. Honour killing

is killing someone in the name of family honour with the belief that the act will

redeem the reputation of the family. It is often committed in cases where a couple

marries against the wishes of the family, especially across caste lines. The fact that

the crime is generally perpetrated by the bride’s family, in which either or both of the

spouses are killed, suggests that these families correctly expect to face the greater

burden of the stigma of an inter caste marriage.

Our argument here is that education may not have enough mitigating effect on

the stigma of an inter caste marriage for the bride’s family which bears these costs

disproportionately. Similar to the groom’s father, the bride’s father’s education is

not associated with the likelihood of inter caste marriage. However, unlike the case

of the groom’s mother, the education of bride’s mother also has no association. This

30The Tribune, Chandigarh (03 July 2007): “Honour killing rocks state, again” (Manoj Babli
honour killing Case); Times of India, New Delhi (20 November 2011): “Parents held for ‘honour’
killing of 21-year-old Delhi University girl”; The Indian Express, Ludhiana (09 May 2016): “‘Hon-
our killing’: Man kills daughter over relationship”; Aljazeera (07 December 2016): “India sees huge
spike in ‘honour’ killings”.
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difference may be due to the fact that unlike the groom’s family, the bride’s family

bears a significant cost of an inter caste marriage. In other words, education works

through giving more voice to the mother in the household to implement the best

outcome for her child, if the stigma or social costs of an inter caste marriage is not

too high.

2.8 Conclusion

We look at the relationship between education and the practice of caste endogamy,

which is the defining and one of the most resilient features of the caste system in

India. Using a nationally representative data set, the second round of the Indian

Human Development Survey, we report novel and interesting findings. The rate

of inter caste marriages in India is only 5.82% even in 2011, and there has been

no secular increase in this rate over the previous four decades. In keeping with

the existing literature, descriptive analysis of our data set shows that in the Indian

marriage market families, rather than individuals, are the primary decision makers.

An overwhelming 73% of marriages are arranged by parents, and spouses have very

little contact with each other before marriage. Interestingly, this pattern holds true

for inter caste marriages as well.

Our regression analysis brings out two important results. First, the education level

of an individual does not predict the likelihood of his/her marriage being an inter

caste one. In addition, we analyze if any of the possible channels suggested by

Furtado (2012) is at work, but fail to find such evidence. We also see if there is

any heterogenity in the relationship between education and exogamy across castes

as suggested by status exchange theory, but do not find any such evidence. Second,

complementing the observations from our descriptive analysis, we find that it is the
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education of the husband’s mother that has a positive and statistically significant

association with the likelihood of an inter caste marriage. Both our results are robust

to the inclusion of a host of control variables, a wide range of variations in the sample,

and a varied set of fixed effects. Our results also stand the scrutiny of a logistic

regression model as well as omitted variable bias using the bound analysis (Oster

2019). We posit that education works through giving more voice to the mother in

the household to implement the best outcome for her child, if the stigma or cost of an

inter caste marriage is not too large. Given that the bride’s family disproportionately

bears the stigma of an inter caste marriage, education of only the groom’s mother

has a positive association.

Our analysis highlights the importance of recognizing the institution of arranged

marriage in any analysis of Indian marriage markets. Taken together, the two aspects

of our result indicate that once the arranged marriage set up is recognized, one can

easily understand the result that education has no effect on the decision of one’s own

marriage, rather it affects the marriage decision of one’s offspring.
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Figures and Tables for Chapter 2
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Figure 2.1: Trend in the rate of inter caste marriages

Note: The smooth line plots the local polynomial regression of the yearly rate of inter caste
marriages on the year of marriage. Data source is IHDS II.
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Figure 2.2: Rate of inter caste marriages and education of the spouses

Note: 95% confidence intervals indicated. Data source is IHDS II. The y axis stands for the rate
of inter caste marriages. The left panel plots the rate of inter caste marriages by education of the
wife while the right panel plots it by the education of the husband.
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Figure 2.3: Rate of inter caste marriages and education of the parents

Note: 95% confidence intervals indicated. Data source is IHDS II. The y axis stands for the rate
of inter caste marriages. Panel A plots the rate of inter caste marriages by the education of the
wives’ parents. Panel B plots the rate by the education of the husbands’ parents.
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Table 2.1: Rate of inter caste marriages by household characteristics

Caste Rate of
Inter caste marriage

Brahmins 6.30∗∗∗

(0.656)
Other Forward Castes 6.20∗∗∗

(0.341)
Other Backward Castes 4.80∗∗∗

(0.216)
Scheduled Castes 4.76∗∗∗

(0.269)

Type of Residence

Urban 4.99∗∗∗

(0.246)
Rural 5.24∗∗∗

(0.184)

Asset quartiles

First quartile (poorest) 5.89∗∗∗

(0.317)
Second quartile 5.48∗∗∗

(0.318)
Third quartile 5.01∗∗∗

(0.273)
Fourth quartile (richest) 4.01∗∗∗

(0.266)

Income quartiles
First quartile (poorest) 5.08∗∗∗

(0.337)
Second quartile 5.58∗∗∗

(0.312)
Third quartile 4.07∗∗∗

(0.259)
Fourth quartile (richest) 4.89∗∗∗

(0.273)

Comparative Economic Status of
wife’s family (at the time of marriage)

Same 4.98∗∗∗

(0.169)
Better 5.92∗∗∗

(0.387)
Worse 5.20∗∗∗

(0.480)

Note: Standard errors in parenthesis. Data source is IHDS II.
The household here corresponds to the husband’s household. ∗ p <
0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table 2.2: Decision making at the time of marriage

Who chose the husband All marriages Inter caste
marriages

(percent) (percent)

Respondent herself 3.91∗∗∗ 15.01∗∗∗

(0.122) (1.1.5)
Respondent and parents/other relative 22.70∗∗∗ 21.68∗∗∗

(0.286) (1.33)
Parents/other relative alone 73.01∗∗∗ 62.83∗∗∗

(0.300) (1.56)
Others 0.29∗∗∗ 0.49∗∗∗

(0.036) (0.443)

Knew husband for how long
before marriage

On wedding/gauna day only 69.69∗∗∗ 66.5∗∗∗

(0.313) (1.52)
Less than a month 13.33∗∗∗ 12.3∗∗∗

(0.232) (1.06)
More than one month but 7.43∗∗∗ 5.82∗∗∗

less than one year
(0.180) (0.775)

More than one year 3.64∗∗∗ 11.7∗∗∗

(0.128) (1.04)
Since childhood 5.46∗∗∗ 3.44∗∗∗

(0.155) (0.588)

Met husband before marriage 23.43∗∗∗ 32.8∗∗∗

(0.287) (1.52)
Saw photo of husband before marriage 26.72∗∗∗ 30.8∗∗∗

(0.301) (1.49)
Talked to husband before marriage 15.64∗∗∗ 22.1∗∗∗

(0.246) (1.34)
Chatted over email with husband 1.69∗∗∗ 3.45∗∗∗

before marriage (0.0856) (0.591)

Living immediately after marriage

With parents 99.2∗∗∗ 98.07∗∗∗

(0.062) (0.445)
Alone 0.82∗∗∗ 1.93∗∗∗

(0.0615) (0.443)

Note: Standard errors in parenthesis. Data source is IHDS II. ∗ p < 0.10, ∗∗ p <
0.05, ∗∗∗ p < 0.01.
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Table 2.3: Summary statistics

S.No Variable Mean Standard Deviation

1 Inter caste marriage (binary variable) 0.0516 0.22
2 Wife’s education (years) 5.51 4.95
3 Husband’s education (years) 7.43 4.82
4 Husband’s mother’s education (years) 1.26 2.82
5 Husband’s father’s education (years) 3.33 4.42
6 Wife’s mother’s education (years) 1.63 3.18
7 Wife’s father’s education (years) 3.81 4.68
8 Age at marriage (Wife) (years) 17.61 3.55
9 Annual income per capita (INR) 25882.61 46471.64
10 Assets (Index) 15.76 6.46
11 Urban (binary variable) 0.3352 0.47
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Table 2.4: Inter caste marriages and own education

(1) (2) (3) (4) (5)
ICmarriage ICmarriage ICmarriage ICmarriage ICmarriage

husband’s education -0.000351 -0.000102 -0.000429 -0.000454 -0.000413
(0.000543) (0.000520) (0.000767) (0.000782) (0.000780)

wife’s education -0.000776 -0.000546
(0.000839) (0.000814)

(avg FemEducd− -0.00184 -0.00176
avg FemEdud) (0.00272) (0.00276)

husband’s education* -0.000130 -0.000158
(avg FemEducd− (0.000226) (0.000231)
avg FemEdud)

population proportion 0.0969
(0.0765)

population proportion sq -0.159
(0.100)

Controls I
√ √ √ √

Controls II
√ √ √ √

Caste controls
√ √ √ √ √

Year of marriage FE
√ √ √ √ √

District FE
√ √

State FE
√ √ √

N 22476 22469 22470 22027 22027
R2 0.221 0.222 0.033 0.034 0.035

Note: Linear probability results are reported. Data sources are IHDS-II and Schedule 10 of NSS Rounds 61
(2004-05), 66 (2009-10) and 68 (2011-12). Outcome is a dummy variable which takes value 1 if the marriage
is inter caste, 0 otherwise. The term population proportion is the proportion of population that belongs to the
same caste as husband’s caste and captures the potential enclave effect of education, (avg FemEducd − avg
FemEdud) is the difference between the average education of females in the marriageable age in the husband’s
caste in his district and that of all females in the marriageable age in the husband’s district and husband’s
education*(avg FemEducd − avg FemEdud) is the interaction between the education difference term and
husband’s own education which captures the potential assortative matching effect of education. Controls I
consists of age at marriage of the wife and economic status of the wife’s natal family as compared to the
husband’s family at the time of marriage. Controls II consists of per capita annual income of the husband’s
family, its assets and its rural or urban location at the time of the survey. Robust standard errors clustered
at the primary sampling unit level are in paranthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Regressions
weighted by survey weight of the eligible woman.
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Table 2.5: Inter caste marriages and parental education

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

husband’s education -0.000351 -0.000364 -0.000364 -0.0000839
(0.000543) (0.000545) (0.000549) (0.000530)

wife’s education -0.000776 -0.00117 -0.00110 -0.000886
(0.000839) (0.000831) (0.000849) (0.000820)

husband’s mother’s education 0.00181∗∗ 0.00186∗∗ 0.00186∗∗

(0.000889) (0.000889) (0.000874)

husband’s father’s education -0.000953 -0.000932 -0.000842
(0.000626) (0.000635) (0.000632)

wife’s mother’s education 0.00105 0.00109 0.00104
(0.000927) (0.000929) (0.000917)

wife’s father’s education 0.000284 0.000274 0.000327
(0.000524) (0.000526) (0.000514)

Controls I
√ √

Controls II
√

Caste controls
√ √ √ √

Year of marriage FE
√ √ √ √

District FE
√ √ √ √

N 22476 22251 22251 22244
R2 0.221 0.223 0.223 0.224

Note: Linear probability results are reported. Data source is IHDS-II. Outcome is a dummy
variable which takes value 1 if the marriage is inter caste, 0 otherwise. Controls I consists of age at
marriage of the wife and economic status of the wife’s natal family as compared to the husband’s
family at the time of marriage. Controls II consists of per capita annual income of the husband’s
family, its assets and its rural or urban location at the time of the survey. Robust standard errors
clustered at the primary sampling unit level are in parenthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p <
0.01. Regressions weighted by survey weight of the eligible woman.
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Table 2.6: Robustness checks: Variations in the sample of women and inclusion of
interaction fixed effects

(1) (2) (3) (4)
Completed Only arranged District*Year Logit
education marriages of marriage

before marriage FE
husband’s education -0.000197 -0.000167 -0.000675 0.000441

(0.000538) (0.000639) (0.000735) (0.0145)

wife’s education -0.000979 -0.000659 -0.000100 -0.0206
(0.000875) (0.000645) (0.000829) (0.0202)

husband’s mother’s education 0.00226∗∗ 0.00210∗∗ 0.00220∗ 0.0471**
(0.000951) (0.000862) (0.00123) (0.0184)

husband’s father’s education -0.000878 -0.00110 -0.00103 -0.0208
(0.000670) (0.000704) (0.000790) (0.0168)

wife’s mother’s education 0.000978 0.000313 0.000633 0.0204
(0.000968) (0.000736) (0.00109) (0.0200)

wife’s father’s education 0.000264 0.000696 0.000550 0.0127
(0.000539) (0.000499) (0.000684) (0.0128)

Controls I
√ √ √ √

Controls II
√ √ √ √

Caste controls
√ √ √ √

Year of marriage FE
√ √ √ √

District FE
√ √ √ √

District*Year
√

of marriage FE

N 21269 16439 22244 16089
R2 0.229 0.339 0.549 -

Note: Linear probability results are reported in columns 1 to 3. Logit results are reported in column 4.
Outcome is a dummy variable which takes value 1 if the marriage is inter caste, 0 otherwise. Data source is
IHDS II. Column 1 uses the sample of only those women who had completed their education before they got
married. Column 2 uses the sample of only arranged marriages defined as in text. Column 3 adds interaction
of district and year of marriage fixed effects to the set of district fixed effects and year of marriage fixed
effects. Column 4 uses a logistic regression specification. Robust standard errors clustered at the primary
sampling unit level are in parenthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Regressions weighted by
survey weight of the eligible woman.



Appendix

Varna, jati, and caste categories

According to Deshpande (2011), in the ancient Hindu society, the institution of caste

was divided into initially four and later five mutually exclusive varnas which were

hereditary, endogamous and occupation specific. They were called Brahmins (priests

and teachers), Kshatriyas (warriors and the royalty), Vaishyas (traders, merchants

and money lenders) and Shudras (peasants and other menial and lowly job workers).

The fifth category were the Atishudras who did the most polluting and menial jobs.

These were the formal untouchables. The varnas are theoretically ranked according

to the following hierarchy: Brahmins at the top, followed by Kshtriyas, Vaishyas and

then Shudras. The Atishudras were the lowliest of the low and were in fact called

the avarnas or without a varna. In other words, they were excluded from the caste

system.

The building blocks of the contemporary social code are jatis, which are subcate-

gories of the varnas. However, there does not exist a one-to-one mapping of a jati to

a varna. There is a lot of fluidity and ambiguity involved in their categorization due

to the numerous, and in most cases, unverifiable, claims of varna affiliations made

by the more than 3000 jatis in India (Deshpande 2011).

47
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The caste categories used in this chapter are, on the other hand, administrative

categories. When affirmative action policies were being formulated, jatis which were

economically the weakest and were historically subjected to discrimination and de-

privation, the so called “untouchables”, were identified in a government schedule as

the target group for reservation policies (Deshpande, 2011). These jatis are referred

to as the Scheduled Castes (SC). Another government schedule identified similarly

placed tribes and tribal communities for the reservation policy and they are referred

to as the Scheduled Tribes or ST.

The Mandal Commission, appointed in 1979 by the then prime minister of India,

Morarji Desai, recommended that the reservation policy be extended to a third group

of jatis which were not former untouchables but were economically and educationally

backward. These jatis are categorized as the Other Backward Classes or OBC. The

residual category is often called the general category or the “Others” to mean all the

castes that are not included in the Scheduled Castes (SC), Scheduled Tribes (ST)

or Other Backward Classes (OBC). The IHDS is the unique data set which divides

the “Others” category further into Brahmins and Other Forward Castes (OFC) to

separate the group at the very top of the caste hierarchy.

Inter caste marriages and own education: Status

exchange?

Status exchange theory argues that in a hierarchical society, out-marriage often in-

volves an exchange of characteristics by the two parties. Typically one party ex-

changes its social status for some other trait of the spouse, like beauty or education.

Thus, more educated blacks would marry less educated whites because they would
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gain from a higher social status of their spouse (Gullickson 2006). In the Indian

context, since there are more than two castes, there can potentially be many types

of higher caste-lower caste unions. Hence our null results might mask interesting

heterogenity across castes in the relationship between education and exogamy.

To test for the above possibility, we use the following specification:

ICmarriageid = γ0 + β0.husband
′s casteid + β1.husband

′s educationid

+ β2.husband
′s educationid.BRid + β3.husband

′s educationid.OBCid

+ β4.husband
′s educationid.SCid + α0.wife

′s educationid

+ α1.wife
′s educationid.BRid + α2.wife

′s educationid.OBCid

+ α1.wife
′s educationid.SCid + σ.Xid + δd + τt + ξid.

(a1)

Here husband’s caste are caste dummies for Brahmin, OBC and SC.31 The omit-

ted category is OFC. If status exchange takes place, it implies that compared to

OFC, the marginal effect of an increase in education will be higher for OBC and SC

which are ranked lower than the OFC in the caste hierarchy, while it will be lower

for Brahmins who are ranked above OFC. Thus we expect β2 to be negative while

β3 and β4 to be positive.

The opposite will hold true for the wife because we are interacting her educa-

tion with her husband’s caste. Therefore, the marginal effect of an increase in the

education of the wife will be positive when the husband’s caste is higher than OFC

(the omitted category), whereas it will be negative when the husband’s caste is lower

than OFC. Thus we expect α1 to be positive while α2 and α3 to be negative.

The results are reported in Table A1. The first column reports coefficients when

31As mentioned earlier, we use only husband’s caste in our specification since we do not know
the caste of the wife in a couple.
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year of marriage fixed effects and district fixed effects are not included. It can be

seen that none of the coefficients are statistically significant here. It implies that

education does not differentially improve the chances of an inter caste marriage for

any caste as compared to the OFCs, the omitted category. In columns 2 to 4, controls

are successively added to the base specification. The results do not change: none of

the coefficients are statistically significant in any of the columns.

Robustness checks: Variations in religion and caste

composition of samples

In this set of robustness checks, we test whether our results withstand variations in

the sample which consists of only those households which have stated their religion as

Hinduism, Buddhism, Jainism or Sikhism residing in the 20 major states in India, and

excludes scheduled tribes. Table A2 shows the results for four such sample variations.

Since caste system, as mentioned above, is theoretically a Hinduism phenomenon,

in the first column in Table A2, we look at the sample of only Hindus and drop all

those households who report their religions to be Buddhism, Jainism or Sikhism. In

column 2, we expand the sample to include all religions in the major states because, as

mentioned earlier, in our data set households belonging to all religions have reported

their castes. In the next two columns, we expand the sample further to include

all religions in all states and to all religions and all castes (including the STs) in

all states, respectively. The results reported in all the columns are qualitatively

similar to those in the main regression: the education of the spouses themselves do

not matter whereas that of the husband’s mother has a positive and statistically
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significant association with the likelihood of an inter caste marriage32.

Robustness check: Bound Analysis (Oster 2019)

We conduct the bound analysis to check the robustness of our coefficient on the

education of the husband’s mother variable to omitted variable bias. In this section

we first describe the methodology briefly, and then report our results.

It is a common practice to infer about the robustness of a result to omitted vari-

able bias by looking at coefficient movements upon the addition of controls. Oster

(2019) argues that to use observables to estimate bias from unobservables, we must

(a) invoke the assumption of related covariance, that is, we need to assume that

the unobservables positively covary with the observables so that the observables

are informative about the unobservables, and (b) scale the coefficient movements

by movements in R2. Building on Altonji et al. (2005) and using the assumption

of related covariance, she explicitly links coefficient movements, R2 movements and

omitted variable bias. In particular, she assumes a proportional selection relationship

between the observables and unobservables, and denotes this coefficient of propor-

tionality by δ. Thus, δ essentially captures the relative strength of unobservable

selection to observable selection. Using this assumption, one can calculate the bias

adjusted value of the coefficient of interest, assuming a value for δ and a value for the

R2 in the hypothetical regression which controls for both observables and unobserv-

ables (R2
max). If unobservables are as important as observables, then δ = 1. Oster

(2019) suggests that this is a reasonable upper bound for δ, that is, unobservables

32Apart from these samples, we ran the regressions for the following other combinations of reli-
gions, castes and states: four main religions, main states, including STs; all religions, main states,
including STs; and four main religions, all states, excluding STs. Our results are robust to all these
sample specifications. These results, not reported here, are available upon request.
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should not be more important than the observables in explaining the dependent vari-

able. An upper bound for R2
max is equal to 1 for the case when all of the variation in

the dependent variable is explained by the observables and unobservables combined.

However, this may often not be the case and therefore, R2
max = min(π.R2

controlled, 1)

is a suggested function to arrive at an upper bound for R2, where R2
controlled is the

R2 from the regression including all the observable controls and π is a multiplier33.

This exercise will give a bias adjusted value of the coefficient of interest which can

then be compared to the value of the coefficient in the controlled regression.

Assuming an appropriate bounding value for R2, or R2
max, one can also calculate

the value of δ which renders the coefficient of interest zero. A value of δ greater than

1 would suggest a robust coefficient.

We carry out the bound analysis in both the ways as suggested by Oster (2019).

The results are reported in Table A3. Using similar terminology, δ captures the

relative importance of the unobservables with respect to the observables, and β is the

coefficient of our variable of interest, that is, the years of education of the husband’s

mother. We first report the bias adjusted β under the assumption δ=1 and an upper

bound for R2
max

34. We use the function R2
max = min(π.R2

controlled, 1) and set π = 1.3

(Oster 2019). This translates to R2
max = 0.2912 and the corresponding β = 0.00159.

The bias adjusted coefficient has the same direction as that reported in our analysis

up till now. We then calculate the value for δ if β were to equal zero, with the same

assumption on R2
max. As can be seen from the table, the value of δ comes out to

be equal to 2.65. This suggests that for β to actually be statistically insignificantly

33Oster (2019) applies this adjustment to a host of studies, both randomized and non-randomized,
as well as to constructed data to see whether the results survive. Taking randomized experiment
results as the benchmark, she suggests π = 1.3 as the cutoff value at which at least 90% of the
randomized results survive. We use this value of π for our tests.

34The term R2max is the R2 in the hypothetical regression which controls for both observables
and unobservables.
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different from zero, the unobservables must be almost three times as important as

the observables. Since this seems unlikely to be the case, we deduce that our result

is robust.

Finally, we also report the 95% confidence interval for the controlled β and check

if the “identified set” (bounded on one side by the uncontrolled regression coefficient

and on the other side by the bias adjusted coefficient of interest) lies within the

confidence interval. The last two rows of Table A3 show that the identified set indeed

falls within the 95% confidence interval of the controlled β. This lends further proof

that the coefficient of the husband’s mother’s education variable is not contaminated

by omitted variables bias.

Education and Female Autonomy

In this section we discuss the link between the decision making power of women

and their education level using the responses to various questions under the “Gender

Relations” section in the eligible woman’s questionnaire in IHDS II. We run the

following linear probability model:

Autonomyid = β0 + β1.own educationid + θ.Xid + δd + τt + εid. (a2)

Here Autonomyid is a dummy variable which takes value 1 when an eligible woman

i in district d has the most say in a particular household decision. The “Gender

Relations” section asks eight such questions. The variable of interest is own education

which is the years of education of the respondent woman. A host of control variables

are included in X. Apart from the standard control variables used in this research –

caste category of the household, comparative economic status of the woman’s natal
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family and her husband’s family at the time of their marriage, per capita income and

asset index of the household and its rural or urban location, X also includes the age

of the respondent as well as the years of education of her husband and both parents

in law. We include district fixed effects, δd, and year of marriage fixed effects, τt, in

all the regressions. The results are reported in the two panels of Table A4.

In Panel A, we can see that education of the eligible woman is positively correlated

to her having the most say in whether to buy an expensive item (column 2), how

many children to have (column 3) and what to do if she falls sick (column 4). We

see the same positive association in Panel B in decisions on whether to buy land or

property (column 1), how much money to spend on a social function (column 2),

what to do if her child falls sick (column 3) and, most importantly for our analysis,

to whom should her children marry (column 4).

Education as a categorical variable

It is conceivable that in the marriage market, education levels of prospective brides

and grooms are presented in threshold values. For example, the information may

be bunched at “primary educated” or “has a bachelors degree”, and not in terms

of years of education. If this is the case then we may find larger coefficient sizes

around these threshold values. In this section we check the robustness of our results

by including education of the spouses as categorical variables. We divide the years

of education into five mutually exclusive categories for both the husband and the

wife. These are: Illiterate (0 years of education), Up to primary (1 to 5 years of

education), Up to Secondary (6 to 10 years of education), Up to bachelors (11 to 15
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years of education) and Above bachelors (16 or more years of education)35.

The results are presented in Table A5. We see that both parts of our results

hold when we introduce spouses’ education as categorical variables. The education

levels of the spouses themselves do not matter at any threshold. The education level

of the husband’s mother’s education, here too, is the only one with a positive and

statistically significant association with the likelihood of her son’s marriage being an

inter caste one.

35Education levels of the parents can also be included as categorical variables. However, that will
mean 24 hypothesis being tested simultaneously (4 for each individual). As discussed in Section 2.6,
none of the coefficients will retain their statistical significance after multiple hypothesis correction.
Thus we include parents’ education levels as continuous variables only.
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Table A1: Own education: Status exchange?

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

husband’s education (β1) -0.000367 -0.000109 -0.0000707 0.000107
(0.00237) (0.00183) (0.00182) (0.00187)

husband’s education*BR (β2) 0.00457 0.00211 0.00210 0.00213
(0.00388) (0.00236) (0.00236) (0.00235)

husband’s education*OBC (β3) -0.0000651 -0.000123 -0.000159 -0.0000818
(0.00289) (0.00237) (0.00239) (0.00237)

husband’s education*SC (β4) -0.00157 -0.000915 -0.000943 -0.000884
(0.00265) (0.00207) (0.00207) (0.00207)

wife’s education (α0) -0.00117 -0.00202 -0.00192 -0.00180
(0.00304) (0.00246) (0.00250) (0.00242)

wife’s education*BR (α1) 0.00109 0.00104 0.00109 0.000953
(0.00378) (0.00293) (0.00294) (0.00291)

wife’s education*OBC (α2) 0.0000876 0.00152 0.00149 0.00154
(0.00323) (0.00230) (0.00232) (0.00232)

wife’s education*SC (α3) 0.00286 0.00168 0.00162 0.00170
(0.00318) (0.00241) (0.00241) (0.00241)

Controls I
√ √

Controls II
√

Caste controls
√ √ √ √

Year of marriage FE
√ √ √

District FE
√ √ √

N 22476 22476 22476 22476
R2 0.002 0.221 0.221 0.222

Note: Linear probability results are reported. Data source is IHDS-II. Outcome is a dummy variable
which takes value 1 if the marriage is inter caste, 0 otherwise. The Greek letters specified in parenthesis
in the first column against the variable names correspond to the notations used in equation 4. Column
1 does not include year of marriage fixed effects and district fixed effects. Controls I consists of age at
marriage of the wife and economic status of the wife’s natal family as compared to the husband’s family
at the time of marriage. Controls II consists of per capita annual income of the husband’s family, its
assets and its rural or urban location at the time of the survey. Robust standard errors clustered at the
primary sampling unit level are in parenthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Regressions
weighted by survey weight of the eligible woman.
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Table A2: Robustness checks: Variations in religion and caste composition of the
samples

(1) (2) (3) (4)
Only Hindus All religions, All religions, All religions,

main states all states all castes,
all states

husband’s education -0.0000800 -0.000126 0.0000413 0.0000288
(0.000542) (0.000470) (0.000474) (0.000451)

wife’s education -0.000913 -0.00106 -0.000986 -0.000760
(0.000848) (0.000726) (0.000716) (0.000705)

husband’s mother’s education 0.00199∗∗ 0.00191∗∗ 0.00169∗∗ 0.00146∗

(0.000928) (0.000833) (0.000816) (0.000836)

husband’s father’s education -0.000978 -0.000727 -0.000575 -0.000569
(0.000637) (0.000582) (0.000573) (0.000558)

wife’s mother’s education 0.000917 0.000457 0.000674 0.000773
(0.000955) (0.000839) (0.000827) (0.000810)

wife’s father’s education 0.000356 0.000501 0.000388 0.000278
(0.000527) (0.000476) (0.000473) (0.000469)

Controls I
√ √ √ √

Controls II
√ √ √ √

Caste controls
√ √ √ √

Year of marriage FE
√ √ √ √

District FE
√ √ √ √

N 21309 25693 26707 29030
R2 0.226 0.198 0.230 0.220

Note: Linear probability results are reported. Outcome is a dummy variable which takes value 1 if the
marriage is inter caste, 0 otherwise. Data source is IHDS II. Column 1 uses the sample of only Hindus in the
main states. Column 2 uses the sample of all religions, excluding STs, in the main states. Column 3 uses
the sample of all religions, excluding STs in all states. Column 4 includes all religions, all castes including
STs in all states. Robust standard errors clustered at the primary sampling unit level are in parenthesis.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Regressions weighted by survey weight of the eligible woman.
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Table A3: Bound analysis

Uncontrolled β 0.00221
(R2) (0.001)

Controlled β 0.00186
(R2) (0.224)

β for δ = 1, R2
max = 0.2912 0.00159

δ for β = 0, R2
max = 0.2912 2.65

Identified set [0.00159, 0.00186]
95% Confidence interval [.0001462, 0.003575]

Note: Bound analysis results are reported. Here R2
max =

min(π.R2
controlled, 1), π = 1.3. The Uncontrolled regression

controls only for the education of the husband’s mother,
the controlled regression includes the full set of education
variables and control variables. Data source is IHDS II.

Table A4: Education and female autonomy

Panel A
(1) (2) (3) (4)

What to cook To buy an How many children What to do if
on a daily basis expensive item should she have she falls sick

own education -0.00121 0.00207∗∗∗ 0.00489∗∗∗ 0.00172∗

(0.00134) (0.000667) (0.00118) (0.000912)
Panel B

(1) (2) (3) (4)
To buy land How much money to What to do if To whom her child-
or property spend on her child falls sick ren should marry

a social function

own education 0.00181∗∗∗ 0.00342∗∗∗ 0.00505∗∗∗ 0.00168∗∗

(0.000590) (0.000864) (0.00109) (0.000760)

Controls I
√ √ √ √

Controls II
√ √ √ √

Caste controls
√ √ √ √

Year of
√ √ √ √

marriage FE

District FE
√ √ √ √

Note: Linear probability results are reported. Data source is IHDS-II. Outcome is a dummy variable which takes
value 1 if the eligible woman has the most say in that household decision. Controls I consists of age of the respondent
and years of education of her husband, her mother in law and her father in law. Controls II consists of the economic
status of the wife’s natal family as compared to the husband’s family at the time of marriage, per capita annual income
of the husband’s family, its assets and its rural or urban location at the time of the survey. Robust standard errors
clustered at the primary sampling unit level are in parenthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Regressions
weighted by survey weight of the individual.
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Table A5: Education as categorical variables

(1) (2) (3)
ICmarriage ICmarriage ICmarriage

wife up to primary -0.00612 -0.00628 -0.00517
(0.00677) (0.00683) (0.00666)

wife up to secondary -0.0107 -0.0104 -0.00838
(0.00965) (0.00965) (0.00916)

wife up to bachelors -0.0124 -0.0113 -0.00910
(0.0104) (0.0105) (0.0102)

wife above bachelors 0.00565 0.00816 0.00877
(0.0188) (0.0190) (0.0189)

husband up to primary -0.00261 -0.00284 -0.00202
(0.00834) (0.00827) (0.00808)

husband up to secondary -0.00620 -0.00640 -0.00432
(0.00651) (0.00656) (0.00622)

husband up to bachelors -0.0102 -0.0101 -0.00699
(0.00660) (0.00661) (0.00654)

husband above bachelors -0.0190∗ -0.0185∗ -0.0155
(0.0107) (0.0107) (0.0107)

husband’s mother’s education 0.00165∗ 0.00169∗ 0.00172∗

(0.000949) (0.000948) (0.000927)

husband’s father’s education -0.000882 -0.000860 -0.000774
(0.000651) (0.000660) (0.000652)

wife’s mother’s education 0.000866 0.000895 0.000875
(0.000851) (0.000854) (0.000851)

wife’s father’s education 0.000309 0.000307 0.000355
(0.000532) (0.000533) (0.000518)

Controls I
√ √

Controls II
√

Caste controls
√ √ √

Year of marriage FE
√ √ √

District FE
√ √ √

N 22265 22265 22258
R2 0.223 0.224 0.224

Note: Linear probability results are reported. Data source is IHDS-II. Outcome is a
dummy variable which takes value 1 if the marriage is inter caste, 0 otherwise. The
omitted group for both the spouses is illiterate category. Controls I consists of age at
marriage of the wife and economic status of the wife’s natal family as compared to the
husband’s family at the time of marriage. Controls II consists of per capita annual income
of the husband’s family, its assets and its rural or urban location at the time of the survey.
Robust standard errors clustered at the primary sampling unit level are in parenthesis.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Regressions weighted by survey weight of the
individual.
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Chapter 3

What can(not) explain the gap?

Evidence and decomposition of

gendered stream choice in India

3.1 Introduction

Gender gap in earnings is well established in the economics literature, both in the

context of developed (Rubery 1992; O’Neill 2003; Plantenga et al. 2006; Blau and

Kahn 2017; Boll and Lagemann 2018) as well as developing countries (Ashraf and

Ashraf 1993; Brown et al. 1999; Maurer-Fazio et al. 1999; Rendall 2013; Chi and Li

2014; Guimarães and Silva 2016.), including India (Reilly et al. 2005; Menon and

Van der Meulen Rodgers 2009; Khanna 2012; Das 2012; Duraisamy and Duraisamy

2016; Deshpande et al. 2018.). Even in 2014, annual earnings of full-time female

workers in the USA were only about 79% that of male workers (Blau and Kahn
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2017), while the cross-country unadjusted gender gap in average wages in Europe

was 14.2% (Boll and Lagemann 2018). The gap stood much higher at 49% in India

in the year 2009-10 (Deshpande et al. 2018). While a number of explanations have

been extended to explain this earnings gap, occupational segregation has emerged

as a major explanatory factor (See, for example, Dolado et al. (2002); Hegewisch

et al. (2010); Hegewisch and Hartmann (2014); Blau and Kahn (2017).). In partic-

ular, male dominated occupations related to Science, Technology, Engineering and

Mathematics (STEM) fields have substantial earnings premium while women are over

represented in lower paying jobs like nursing and teaching (See James et al. (1989);

Grogger and Eide (1995); Dolton and Vignoles (2002); McGuinness (2003); Buo-

nanno and Pozzoli (2009); Webber (2016); Belfield et al. (2018); Jain et al. (2018);

Dahl et al. (2020).). Why are so few women employed in STEM related occupa-

tions despite a clear economic advantage in these fields? It could be either because

fewer women graduate in STEM or because women graduate in STEM but drop

out of STEM occupations, or a combination of both. In most countries, however,

specialization into STEM, or more broadly, into Science and non-Science streams

happens even earlier, at the school level itself. In this chapter, we look at the very

first stream choices made by students at the school level in the context of India using

three cohorts of students under the single-largest education board1 with an all-India

presence – the Central Board of Secondary Education (henceforth CBSE).

A rich literature is devoted to exploring the college major choice of students

(Turner and Bowen 1999; Montmarquette et al. 2002; England and Li 2006; Dickson

2010; Riegle-Crumb and King 2010; Riegle-Crumb et al. 2012). Recent work has

shifted focus to look at stream choices made earlier, at the school level (Baram-

1An education board in India is defined by its jurisdiction. There are three national boards and
several state boards in India (Cheney et al. 2005).
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Tsabari and Yarden 2011; Ajayi and Buessing 2015; Friedman-Sokuler and Just-

man 2016; Justman and Méndez 2018; Rapoport and Thibout 2018; Landaud et al.

2020). In the Indian context, however, the literature is patchy and limited in scope.

While Mattoo (2013) and Gautam (2015) have limited geographic scope, Chanana

(2000, 2007) only look at aggregate statistics. Chakrabarti (2009) and more recently,

Prakasam et al. (2019) use nationally representative data sets to look at major choices

at the college level. In a recent paper, Sahoo and Klasen (2020) look at stream choices

at the school level using the nationally representative Indian Human Development

Survey. To the best of our knowledge, this is the first attempt to use multiple cohorts

of a large scale dataset to establish and subsequently decompose the gender gap in

stream choice in India. Using regression and linear decomposition techniques, we

decompose this gap to estimate how much of it can be “explained” by an expansive

set of explanatory factors that have been proposed in the economics, sociology and

psychology literature. In particular, we evaluate how much of the gender gap is

accounted for by a difference in student ability, their cohort peers, their immediate

seniors and their socioeconomic status. We conclusively show that a difference in

student ability, the earliest explanation offered, accounts for less than 10% of the

gender gap we observe in various subjects. A difference in cohort peer attributes

also does not explain any statistically significant portion of the gap. Instead, we

propose a novel way to use the immediate seniors of students to elicit measures of

role model and chilly climate, and find that these are the largest explanators of the

existing gender gap in stream choice.

The National Policy on Education, 1968, recommended a common 10 + 2 + 3

educational structure for the entire country, with 10 years of schooling up to the

secondary level (matriculation), followed by 2 years of higher secondary schooling

http://mhrd.gov.in/sites/ upload_files/mhrd/files/document-reports/NPE-1968.pdf
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and three years of graduation. While the duration of graduation varied, the 10 + 2

system has been followed in all schools since then. Under this structure, students

are required to choose four specialized subjects of study after matriculation (or class

X) for the next two years of higher secondary education (classes XI and XII)2. Since

we are looking at choices made at the school level, the classification of subjects

into STEM and non-STEM can be misleading for two reasons. First, the subjects

offered after matriculation are more basic like Physics and Chemistry rather than

Engineering. Second, “Science” in STEM incorporates both Technical sciences (like

Engineering) and Life sciences (like Medicine and Anthropology), but the distinction

is not sharp at the school level, again because the subjects offered are at the basic

level. For example, almost 99% of students in our dataset who opt for Biology opt

for Physics and Chemistry as well. Therefore, we find it more prudent to look at

individual subjects and subject combinations most commonly offered by the schools.

In particular, we look at three subjects/subject combinations in this chapter: Math-

ematics, Biology and Physics-Chemistry-Mathematics (PCM) combination. We find

that gender differences are the starkest in these subjects. In addition, these subject

choices lead to the most economically rewarding major choices in college, as noted

in the beginning3.

We begin by quantifying the gender gap in various subjects offered in schools

after matriculation and find a clear gender divide in our dataset along the same lines

as observed in the literature. For example, on an average, boys are 19.13 percentage

points more likely than girls to take-up Mathematics in class XI and 20.61 percentage

2The most frequently offered subjects by CBSE schools in class XI in our dataset are: Math-
ematics, Physics, Chemistry, Biology, Computer Science, History, Political Science, Geography,
Economics, Hindi, English, Business Studies and Accounts. CBSE also offers other regional lan-
guages, Music and Fine Arts and a range of vocational subjects.

3It must be noted that Mathematics can be a subject choice even without PCM; for example, it
can be chosen with the Commerce stream (combination of Business Studies and Accounts) as well.
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points more likely to take-up PCM. Girls, on the other hand, are 11.18 percentage

points more likely than boys to take-up Biology. In general, a higher proportion of

girls takes up Biology, Economics, Political Science and History, while boys are more

likely to take-up PCM and Computer Science.

Next we proceed to dissect this gap. We go beyond student ability and explore the

literature for other plausible reasons extended for the gender gap in stream choice.

Our dataset allows us to study a large number of these explanatory factors. We group

them into four broad heads: Ability, Cohort peers, Immediate seniors and Socioeco-

nomic characteristics. For each of these heads, we first show descriptive statistics on

how it is distributed between boys and girls, and how they relate to stream choice.

Then we examine them under a regression framework using Linear Probability Mod-

els and a decomposition framework using Oaxaca Blinder decomposition technique.

Based on some early life studies which find gender gap in Mathematics scores

favoring boys (Penner and Paret 2008; Fryer Jr and Levitt 2009; Wai et al. 2010), this

difference is often cited as the explanation for the observed gender divide in stream

choice. This claim has been falsified in multiple studies in the context of developed

countries (Dickson 2010; Riegle-Crumb and King 2010; Riegle-Crumb et al. 2012;

Rapoport and Thibout 2018; Friedman-Sokuler and Justman 2016; Justman and

Méndez 2018). We test this in the context of a developing country using a student’s

class X score as a proxy for her ability. A more nuanced explanation explored in

the literature is comparative advantage in the relevant subject. It is argued, for

example, that boys have a comparative advantage in Mathematics over languages

while girls have a comparative advantage in life sciences over other technical sciences,

and thus we observe the existing gender divide in stream choices (Park et al. 2007;

Valla and Ceci 2014). For this, we use class X scores in the relevant subjects to
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construct comparative advantage variables. These two variables are considered under

the ability head of our explanatory variables.

Under the cohort peers head, we look at the properties of peers of a student at

her class X school-cohort level. We explore the argument that males and females

may have very different responses to a given set of peers (Gneezy et al. 2003; Gneezy

and Rustichini 2004; Niederle and Vesterlund 2007; Gneezy et al. 2009; Fletschner

et al. 2010). The reasons for this are said to be rooted in differential confidence4 and

risk taking behaviour 5 across genders. To see this, we include two measures of the

properties of cohort peers. First we look at the gender composition of the cohort

peers of student to gauge whether girls and boys behave differently under a given

share of own gender students in the cohort. Second we look at peer performance

variables or the average class X performance of cohort peers of a student to check

whether girls and boys perform differently among peers of a given quality.

Next, we employ a novel way to utilize the immediate seniors that students had in

class X to elicit some other explanatory factors propounded in the literature. Role

models (or lack thereof) have been widely argued to shape how students perceive

the viability of a prospective field. Generally, only teachers and instructors are

considered potential role models for pupils (Bettinger and Long 2005; Hoffmann and

Oreopoulos 2009; Paredes 2014; Fairlie et al. 2014; Bottia et al. 2015). However, a

student interacts with many others in an institutional environment. Just as cohort

peers may influence the behaviour of a student, her seniors may also be potential

role models. We here examine this potential channel by examining how the subject

choices of the immediate seniors of students correlate with their own subject choices.

Another possible explanation proposed in the sociological and psychological literature

4See Jakobsson (2012); Pirinsky (2013); Sarsons and Xu (2015).
5See Charness and Gneezy (2012); Hardies et al. (2013).
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is the phenomenon of “Chilly Climate”(Clark Blickenstaff 2005). It says that females

are shy of choosing male dominated fields because they face a hostile environment

there. If too few fellow females are present in a Mathematics class, then there are

higher chances of covert and overt discrimination, or a general feeling of being at a

loss (See, for example, Sadker and Sadker (1986); Fouad et al. (2011); Lordan and

Pischke (2016); Tellhed et al. (2017); Wu (2017).). The same could be applicable to

males in a Biology class dominated by females. We propose that students may form

an idea of a prospective Mathematics class, for example, by looking at the gender

composition of the Mathematics class of their seniors. We are able to study these

two explanatory factors by examining the behaviour of students’ seniors under this

head. To the best of our knowledge, we are the first to use information on a student’s

seniors to study the role model and chilly climate aspect in stream choice.

Finally, we probe how much of the gender gap can be attributed to socioeconomic

characteristics of students. For this, we use their caste status6, their annual family

income and their single child status as variables signaling their socioeconomic status.

It becomes clear early on in our analysis that the distribution of ability and peer

related attributes does not differ dramatically across girls and boys. This is first

evident from our descriptive statistics. For instance, we find that girls score better

than boys in each subject in class X, except for Mathematics, where they score lower

by 0.04 standard deviations. They have a higher female share in their cohort on

average than boys, but lower performing cohort peers. However, there are large

differences between the genders in the attributes related to seniors. Girls have far

fewer own gender seniors who opted for Mathematics and PCM than boys, while

boys have much lower values of own gender seniors who opted for Biology. Similarly,

6Refer to the Appendix to Chapter 2 for details on the caste system in India.
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the senior Mathematics and PCM classes of girls have half the share of own gender

students as compared to the senior Mathematics and PCM classes for boys. The

opposite is observed for girls and boys in Biology. The returns to these attributes

are estimated using regression analysis. For each subject, we run a linear probability

model with a binary dependent variable which takes value one if a student opted for

that subject in class XI. The right hand side variables include a dummy variable for

being a female student. Measures of comparative advantage in ability have larger

and more statistically significant coefficients than the absolute ability terms. The

attributes related to the cohort peers of students have coefficients that are small in

size and they do not affect the size of the female dummy coefficient. The senior

related variables, however, reduce the size of this coefficient by the largest amount.

This gives a prelude to what we find in the formal decomposition exercise.

We report three broad findings. One, role model and chilly climate aspects of a

student’s immediate seniors in school are the largest explanators of the gender gap

in Mathematics, PCM and Biology. If girls had the share of own gender students

in the senior Mathematics and PCM classes like boys, and the share of own gender

seniors choosing Biology like boys, the gender gap in these subjects would have

closed by 24%, 16% and 18%, respectively. Two, for Mathematics and PCM, a

comparative advantage in Mathematics vs English is the second largest contributor

to explain the gender gap. For Biology, a comparative advantage in Science vs.

Mathematics emerges as the second largest contributor. Three, peer composition

and peer performance variables do not explain any statistically significant portion of

the gender gap in any of the three subjects.

Our contribution to the literature is fourfold. First, we use a newly available

administrative results dataset of the census of students under the largest national
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level education board in India. The rich student level data allows us to study fine

differences within a broad stream. For example, we are able to look at mathemat-

ical and non-mathematical subjects within the Science stream. This is particularly

important in the Indian context where most secondary large datasets have infor-

mation only at the broad stream level like Science, Arts and Commerce. Similarly,

where most datasets only have information on the overall grades (first or second di-

vision) and results (pass/fail) of students, we know the exact subject-wise scores of

each student. This gives an upper edge in exploring individual level outcomes using

individual level controls.

Second, while a substantial work has been done on stream choice in developed

countries, most papers focus on only a particular explanatory factor, like ability or

classroom peers. This chapter is the first one to present multiple factors covering

a broad spectrum of explanations in a unified framework empirically. We utilize an

expansive set of observable factors around a student to account for the gender gap

present in stream choice.

Third, we implement a novel way to elicit role model and chilly climate aspects of

stream choice using school seniors of students. Previous work has only used teachers

and instructors to construct measures of role models for students, and the composi-

tion of classroom peers to measure “chilliness” of the chosen course of study. To the

best of our knowledge, this is the first attempt to use a student’s seniors, whom the

students observe before they make their own decisions regarding stream choices, to

construct these measures. Most importantly, we also find these explanatory factors to

be the largest contributors to explain the gender gap in the take-up of Mathematics,

PCM and Biology.

Fourth, this is also the first work to rigorously establish and subsequently decom-
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pose the gender gap in stream choice at the school level using multiple cohorts of

student level data in the context of India. The existing work in the Indian context

is patchy and limited in geographic scope. We are able to fill this gap using rich

detailed data of over 2 million students.

The rest of the chapter is organized as follows. In Section 3.2 we describe the

institutional background followed by a description of the dataset in Section 3.3. In

Section 3.4 we provide a descriptive analysis with respect to each explanatory factor

and each of the three subjects. Section 3.5 briefly discusses the methodologies used

in the chapter. Section 3.6 shows the results of the regression and the decomposition

exercises. Section 3.7 offers a brief discussion of the results and its implications, and

Section 3.8 concludes.

3.2 Institutional Background

The education system in India follows a 10+2+3 structure recommended by the

National Policy on Education, 1968. It comprises of 10 years of schooling up to the

secondary level culminating into matriculation in class X. This is followed by 2 years

of higher secondary schooling in class XI and XII, and then 3 years of graduation.

In general, the duration of graduation varies depending on the type of course and

degree. The duration of schooling, however, uniformly follows the 10+2 pattern

across the country (Cheney et al. 2005).

A school in India is affiliated to a board of education. A board is defined by its

jurisdiction and follows a common curriculum across all affiliated schools7. There are

three national and several state boards in India (Cheney et al. 2005). The Central

7Though a school’s syllabus is the responsibility of the board it is affiliated to, in theory, it must
be aligned with the National Curriculum Framework, 2005 (Anderson and Lightfoot 2019).

http://mhrd.gov.in/sites/ upload_files/mhrd/files/document-reports/NPE-1968.pdf
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Board of Secondary Education (CBSE) is the single-largest education board in the

country with an all-India presence. As of 2019, there were 21271 schools affiliated to

CBSE in India and 228 schools in 25 foreign countries (cbse.nic.in).

All schools under the CBSE follow the same curriculum till class X, except for the

choice of languages (http://cbseacademic.nic.in/curriculum 2021.html)). All educa-

tion boards conduct board level standardized examinations at the end of secondary

school in class X, and then at the end of higher secondary school in class XII. These

examinations, commonly called board examinations, have common question papers

and evaluation guidelines across the board. Both the board examinations, especially

the class XII board examinations, are high stake examinations because their results

are used for admission to various colleges and institutions for higher education.

Under the CBSE, after studying a common syllabus till class X (two languages,

Mathematics, Science8 and Social Science (http://cbseacademic.nic.in/curriculum 2021.html)),

students have to choose one language and four specialized subjects for the next two

years of study (classes XI and XII). CBSE offers a wide range of scholastic and co-

scholastic subjects to choose from9. The choices offered by a school, however, may

be limited due to resource constraints on part of the school. The most common sub-

jects opted by students in our dataset are Mathematics, Physics, Chemistry, Biology,

Computer Science, History, Political Science, Geography, Economics, Hindi, English,

Business Studies and Accounts. Though a student can choose any set of subjects from

the available options, there are some combinations chosen most frequently. These

include Physics-Chemistry-Mathematics (PCM), Physics-Chemistry-Biology (PCB),

8It may be noted that till class X, students are taught the subject “Science”. This is then split
up into Physics, Chemistry and Biology in class XI. Throughout the chapter we use Science to
mean the subject taught in class X.

9For the complete list of subjects offered by CBSE, please refer to http://cbseacademic.nic.

in/curriculum_2021.html.

cbse.nic.in
http://cbseacademic.nic.in/curriculum_2021.html
http://cbseacademic.nic.in/curriculum_2021.html
http://cbseacademic.nic.in/curriculum_2021.html
http://cbseacademic.nic.in/curriculum_2021.html
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History-Political science (Arts) and Business Studies-Accounts (Commerce). With

this institutional setting in the background, the next section describes our dataset is

detail.

3.3 Data

We use three cohorts of newly available results data from the Central Board of

Secondary Education in India10. As mentioned above, CBSE is the largest national

school board in the country with an all-India presence with 21271 schools in India and

another 228 schools in 25 countries affiliated to it. The board conducts two national

level standardized examinations every year, one for class X and the other for class XII

students. Over 1.2 million students appear for class X board examinations annually,

while over 1 million students appear for class XII board examinations on an average.

The stream of study chosen after matriculation is a major determinant of the field

of study a student can choose in college or university taking admission via various

national and state level competitive examinations. We study the stream choices of

three cohorts of students who took the standardized board examinations under the

CBSE at both class X and XII level.

For each student, we have board examination results data for each subject in

class X (2 languages, Mathematics, Science and Social Science) and for each subject

in class XII which they opted for after class X. We have their exact scores out of

100 in each of these subjects as well as their grades ranging from A to E, along

with the overall score, grade and final result (pass/fail). Thus, for each class XII

student, we know the subjects they opted for their higher secondary schooling and

10This data was obtained as part of a collaboration with the CBSE officials and is not publicly
available.
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their scores in those subjects. We match these class XII students to their class X

results using a unique roll number assigned to each class X student in each academic

year. From a total of 3,134,622 class XII students in three cohorts from years 2014,

2015 and 2016, 2,403,955 are matched with their class X results from years 2012,

2013 and 2014, respectively. The unmatched 730,665 or 23.31% students, that is,

the students who did not have a CBSE class X roll number, are the students who have

migrated to CBSE in class XI from other school boards. We restrict our analysis to

these 2,403,955 students who appeared for both class X and XII board examinations

under the CBSE.

In addition to subject scores and grades, we also have information on the gender,

date of birth, caste status, annual family income, single child status of students and

the type of board exam chosen in class X11. The data also tells us the type of their

school administration (public, private, and so on). We also have a school identifier

for each student at both class X and XII. Note that the schools attended by students

in class X and XII may not necessarily be the same. This is mostly because many

schools only have classes till class X. In fact 30.02% of students changed schools after

matriculation (class X) in our dataset.

Table 3.1 reports the summary statistics for the variables available in the CBSE

data. Out of a total of 2,403,955 students, around 44% are girls. The mean age

of students in class X is 16.68 years. Almost 73% of the students belong to the

unreserved General caste category, while 7.31% belong to Scheduled castes (SC),

3.33% to Scheduled tribes (ST) and the remaining 16% belong to Other Backward

Classes (OBC).

In class XII, the largest majority of students (68%) are enrolled in private schools12.

11The CBSE gives an option to choose between an externally conducted examination or a school
based one for class X students.

12Schools in India can be government owned (Government), privately owned but financially aided
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The Government schools come second enrolling close to 20% of students in our sam-

ple. More than 62% of class X students opt for school based board examination. The

mean annual family income of students is 292,328.8 INR with a very large variance.

Around 6% students are single children in their families and 0.20% have a form of

disability. The mean score of students in class X is 348.72 out of 500 and in class

XII is 329.91 out of 500.

3.4 Descriptive Analysis

In this section, we discuss in detail each of the explanatory factors we consider for the

decomposition exercise. We describe the variables used to measure the factors, their

differential distribution across girls and boys and their correlation with the subject

choices of students.

3.4.1 Overall stream choice

Though we take an in-depth look into the choice of only three subjects in this chapter

– Mathematics, Biology and the Physics-Chemistry-Mathematics (PCM) combina-

tion, this subsection gives a general view of the gender divide with respect to all

subjects in class XI.

Table 3.2 reports the pattern of take-up of the most common subjects offered to

CBSE students after matriculation. Column 1 specifies the subject/subject combi-

nation, column 2 shows the percentage of all students who opted for that subject

in class XI. column 3 shows what proportion of those who opted for a subject were

by the government (Private Aided), or privately owned by individuals, trustees or societies (Indepen-
dent)(Anderson and Lightfoot 2019). The Jawahar Navodaya Vidyalayas and Kendriya Vidyalayas
are also government owned schools.
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girls. Finally, columns 4 and 5 show the shares of girls and boys, respectively, who

opted for the given subject.

The gendered pattern in the choice of subjects comes out clearly from Table 3.2.

While more than 53% of boys take-up Mathematics after class X, only around 35%

of girls do so. The gap is slightly muted but still close to 13 percentage points in

case of Physics and Chemistry, and around 5.5% in Computer Science. In contrast,

the gender gap favours the girls in case of Biology, History, Political Science and

Hindi. It is the largest, at around 12 percentage points, for Biology and around 7

to 8 percentage points for History, Political Science and Hindi. For the rest of the

subjects, namely Geography, Economics, English, Business Studies and Accounts,

the difference in the take-up rate between girls and boys is 5 percentage points or

below.

The last three rows of Table 3.2 show subject combinations13. It can be seen that

there is an over 20 percentage points gap in the take-up of PCM in favour of boys.

The difference is much smaller, and in favour of girls, in case of Arts and Commerce:

5 percentage points and 2 percentage points, respectively.

Figure 3.1 presents another way of quantifying the gender divide in stream choice.

Following Turner and Bowen (1999), it plots values of the Dissimilarity Index (DI)

for subject choice in each of the three cohorts in our data. The Dissimilarity Index

captures the proportion of students who would need to change subjects in order for

the distribution in each subject to look like the gender distribution in the entire

set of students under study. For example, there are 44% girls in our sample. A

DI value of 1 indicates complete segregation. A value of 0 indicates that there are

13It must be reiterated that these subject combinations have been created by the authors to match
the most commonly taken subject combinations in CBSE. The board does not require students to
opt for subjects from a combination package and they can choose any five subjects from the available
subjects.
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44% girls and 46% boys in each of the subjects, just like the proportions in the

overall sample. Figure 3.1 shows that the DI hovers around a high value of 0.5 for all

subjects and there is little movement across three years. The implication is that as

much as half of the students will need to change subjects for there to be gender parity

across all subjects. The DI is much lower if we look at only subject combinations,

around 0.15, implying that around 15% of students will need to rearrange into the

three combinations of PCM, Arts and Commerce to achieve gender parity in these

combinations. This is because the subject combinations include individual subjects

in which the gender gap is much smaller.

It is clear from Table 3.2 that the largest differences in take-up between girls and

boys exists in Mathematics and PCM in favour of boys, and in Biology in favour

of girls. From here onward in this chapter, we focus on these three streams only.

Figure 3.2 plots the rate of take-up for the three cohorts for Mathematics, PCM and

Biology. It can be seen that there is little movement in these plots over three years.

There is an almost constant gap in all three subjects across the three years which is

very much in line with what was observed in Table 3.2. We now move on to discuss

each of the four categories of explanatory factors in detail.

3.4.2 Ability

It was briefly discussed in the introduction that multiple studies have established

that a difference in ability across girls and boys now accounts for a negligible portion

of the gender gap in stream choices (Turner and Bowen 1999; Dickson 2010; Riegle-

Crumb and King 2010; Riegle-Crumb et al. 2012; Friedman-Sokuler and Justman

2016; Rapoport and Thibout 2018; Justman and Méndez 2018). As a matter of fact,

as we progress towards more recent studies, lesser and lesser portion of the gender gap
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is explained by a difference in ability. For example, Turner and Bowen (1999) find,

using a Blinder Oaxaca decomposition, that Scholastic Aptitude Test (SAT) scores

explain as much as 45% of the gender gap in the take-up of Mathematics-Physical

Sciences as college major in the USA. In contrast, using the same decomposition

technique, Justman and Méndez (2018) show that Australia’s National Assessment

Program-Literacy and Numeracy (NAPLAN), along with other control variables does

not explain the gap in Physics, Information Technology and Specialist Mathematics

at all.

Table 3.3 shows score comparison between girls and boys in our dataset. We use

each student’s class X score in the CBSE board examination as a proxy for their

ability. Since students make subject choices immediately after class X, these scores

make justifiable candidates. In addition, they are standard across all schools under

CBSE. Thus they can be used even if students changed schools post matriculation.

There are five subjects in class X: Mathematics, Science, Social Science, and two

languages. While 99.83% of students have English as one language in class X, 83.76%

of students have Hindi. Table 3.3 reports the scores in these five subjects for girls

and boys. Column 2 gives the overall means, column 3 gives the means for girls and

column 4 for boys. The last column gives the difference between the means for girls

and boys in terms of the standard deviation of the overall sample (value in column

2).

It is evident from Table 3.3 that the differences between the average scores of

girls and boys are very small: only a small fraction of the corresponding standard

deviations. In fact, girls outperform boys in every subject, except in Mathematics,

where they lag behind by 0.04 of a standard deviation. Figure 3.3 goes beyond the

mean and compares boys and girls across the entire score distribution. It plots the
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ratio of boys to girls in each decile of their class X score distribution. Each point

in the graph is the ratio of the proportion of boys in a decile to the proportion of

girls in that decile. A value above 1 implies that boys are over represented in that

decile. It can be seen from the figure that for class X total score deciles, boys are

over represented in the deciles below the 7th, while girls are more in the upper 3

deciles. However, for Mathematics scores, boys are over represented in the upper 2

deciles. The pattern for Science is less clear, but girls are over represented in the last

decile.

Having formed an idea of the trends and differences in scores across genders, the

next set of figures explores how they relate to students’ stream choices. For each

graph in Figure 3.4, we calculate score deciles for boys and girls separately. Then we

calculate the proportion of boys (girls) in each deciles who opted for the given subject

in class XI. Finally, we plot these proportions against the class X score deciles.

Beginning with the top panel, Figures 3.4a, 3.4b and 3.4c show the rate of take-

up of Mathematics, PCM and Biology over class X total score deciles. Firstly, the

take-up increases with score for both girls and boys for all three streams, implying

that ability is a positive predictor of these subjects in general. Secondly, the gap in

stream choice exists at virtually all deciles of the total score distribution, strongly

implying that total scores will be poor explanators of the gender gap in stream

choice. For Mathematics and PCM, the gap starts low at the lower deciles, then

stabilizes around the 4th decile. For Biology, the gap is flipped in favour of girls

and is practically zero till the 2nd decile. Beyond that, however, the gap increases

with increasing score, mainly because the curve for boys flattens after around the 6th

decile.

In the next two panels, we replace the class X total score deciles with score deciles
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of the relevant subject in class X to see if these do a better job of explaining the

gender gap. Figures 3.4d and 3.4e in the second panel plot the gender wise take-

up rates of Mathematics and PCM over class X Mathematics score deciles. We see

a very similar pattern as seen in the previous panel: the gap starts low, stabilizes

around the 4th decile, and exists throughout the Mathematics score distribution. The

last panel shows the take-up rates for PCM and Biology over class X Science score

deciles. Here too, the graphs resemble the ones in the top panel. Figure 3.4g for

Biology, for example, shows that the gap is negligible in the beginning and widens

with increase in score.

The discussion so far in this section suggests that while ability variables are pos-

itively correlated with take-up of Mathematics, PCM and Biology, they are unlikely

to account for a major portion of the gender gap. This is because the score distri-

butions do not differ substantially between genders and moreover, the gender gap

exists at every point in the score distribution. A more nuanced variant of the ability

related explanations is the concept of Comparative Advantage in ability which we

take up next.

Comparative advantage in ability borrows from the concept of comparative ad-

vantage in international trade. It means that boys do better in Mathematics and

mathematically oriented subjects compared to subjects involving language and ver-

bal skills. Girls, on the other hand, have an advantage in language and life sciences.

It is this comparative advantage in ability that drives the gendered pattern of stream

choices observed across countries (Park et al. 2007; Valla and Ceci 2014). Many recent

studies have looked at the role such differential ability advantage plays in students’

stream choices and found that the differences are more cultural than biological. For

example, Friedman-Sokuler and Justman (2016) find no evidence that boys’ com-
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parative advantage in Mathematics drives their higher take-up of the subject in a

sample of Israeli schools. Justman and Méndez (2018) show that comparative ad-

vantage exists but not at the gender level, rather between students with and without

an English background in Victoria, Australia. In fact, Pope and Sydnor (2010) show

that comparative advantage varies significantly across the US, suggesting again that

culture and environment greatly affect the observed differences in abilities.

The source of the difference notwithstanding, existence of comparative advan-

tage in a subject over others may still drive stream choice across genders. We first

quantify the comparative advantage in ability in our data. Then we describe how

it correlates with the take-up of our subjects. Table 3.4 accomplishes the first part.

Since we are comparing across subjects, we convert absolute scores into standardized

scores14. The first set of rows in Table 3.4 gives the mean standardized scores of class

X scores for girls and boys. As also seen in Table 3.3, girls score above the mean in

all subjects except in Mathematics. For the mean gap in scores in the next set of

rows, we simply subtract the standardized score in English, for example, from that

in Mathematics and average it over girls and boys separately. We see that boys in-

deed have a statistically significantly higher comparative advantage in Mathematics

and Science over language compared to girls: boys score better in Mathematics and

Science compared to English on an average (difference is positive). The opposite is

true for girls. It is interesting to note that boys also have a comparative advantage in

Mathematics compared to Science. Girls do better in languages compared to Math-

ematics and Science, but they also do better in Science compared to Mathematics.

This could potentially account for some of the gap in the take-up of Biology, the

14Scores are standardized by subtracting the cohort mean from a student’s own score and dividing
the difference by the cohort standard deviation. The resultant standardized scores will have a mean
of 0 and standard deviation of 1 within a cohort.
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non-mathematical Science course. Finally, the last set of rows show that the above

pattern exists in the overall sample as well: a higher proportion of boys secured

higher scores in Mathematics and Science than in English, while a higher proportion

of girls secured higher scores in Science than in Mathematics.

Figure 3.5 shows how this comparative advantage in particular subjects is asso-

ciated with the subsequent choice of those subjects. Figure 3.5a has Mathematics

as the subject choice and 3.5b has PCM with deciles of comparative advantage in

Mathematics vs. English on the x -axes. Figure 3.5c has the take-up of Biology

on the y-axis and deciles of comparative advantage in Science vs. Mathematics on

the x-axis. For all three subjects, the take-up, on average, has a positive relation-

ship with a comparative advantage in the relevant subject. However, the gender gap

in stream choice remains intact for all deciles. It is quite stable for across deciles

for Mathematics, while it slightly widens after the 8th deciles in case of PCM. For

Biology, the gap maximum at the 6th decile, and reduces slightly beyond that.

To summarise, while ability correlates positively with a higher take-up of Mathe-

matics, Biology and PCM, the gender gap in the take-up is undiminished across the

entire distribution of scores. The same is true for comparative advantage in ability.

A comparative advantage in the relevant subject is associated with a higher take-up

of the subject post matriculation but the gender gap persists even among students

with the comparative advantage.

3.4.3 Cohort Peers

A number of studies have shown that behavioural differences exist between males

and females. Females have been shown to exhibit less confidence, lower competi-

tiveness and higher risk aversion (Gneezy et al. 2003; Gneezy and Rustichini 2004;
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Niederle and Vesterlund 2007; Gneezy et al. 2009; Fletschner et al. 2010; Charness

and Gneezy 2012; Jakobsson 2012; Hardies et al. 2013; Pirinsky 2013; Sarsons and

Xu 2015). An implication of these differences is that men and women may behave

differently among the same peers. Undoubtedly, the education literature has built

upon this observation and explored whether peer composition affects female perfor-

mance differentially (Marsh et al. 2008; Hunt 2016; Anelli and Peri 2019; Fischer

2017; Kugler et al. 2017; Bostwick and Weinberg 2018; Astorne-Figari and Speer

2019; Landaud et al. 2020). Hunt (2016) and Bostwick and Weinberg (2018) show,

for example, that a lower proportion of females among peers can negatively impact

a woman’s outcomes. Fischer (2017) and Landaud et al. (2020), on the other hand,

show that higher performing peers can be detrimental to female performance and

choices. We explore these two aspects of peers in our context. Peers in our analysis

are defined at the class X school-cohort level.

First, Table 3.5 describes the gender composition in our data. We look at gender

composition at class X level since stream choice decisions are potentially based on

factors present at that time. Panel A reports that out of a total of 12,685 schools in

our data, 1,046 are all-girls schools, 1,345 are all-boys schools and a majority 10,474

are co-educational schools. The average female share in cohort is 44% in the overall

sample and close to 42% in the sample of co-educational schools. Panel B shows the

gender composition of peers in the cohort of an average girl and boy in the data.

Overall, girls have a higher proportion of girls in their peer group at school, and

boys have higher proportion of boys. This is to be expected given the existence of

single-sex schools in the data. Thus we look at only co-educational schools in the

last two rows. Here, while the average female share is below 50% for both girls and

boys, the average girl has 46% female share in her cohort, while the average boy has
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only 39% females in his cohort.

In Figures 3.6a, 3.6b and 3.6c, we plot the gender wise take-up rate of Mathe-

matics, PCM and Biology, respectively, for each decile of female share in cohort in

co-educational schools. For Mathematics and PCM, we see that the take-up rate of

boys is almost invariant to the share of girls in the cohort till the 5th decile and turns

slightly negative beyond that. The relationship is mildly positive for girls. After the

8th decile, however, the take-up rate of Mathematics and PCM decidedly falls for

both genders. More than 80% share of girls in the cohort in class X is, in general,

negatively associated with choosing Mathematics and PCM in class XI.

For Biology, the curves are U-shaped. In the last decile of female share in cohort,

the take-up rate of girls falls sharply, but that of boys shows increment even in

the last decile. Thus, a very high concentration of girls in the cohort is positively

associated with boys choosing Biology, but not girls. Finally, the graphs also plot

the average take-up of these subjects in single-sex schools. In all cases, the take-up

rate of these subjects is lower in both all-girls and all-boys schools, compared to

co-educational schools. Thus presence of both genders is positively associated with

the take-up of our three chosen subjects.

We now consider the second aspect of cohort peers: peer performance15. Here

too we look at class X cohort peers of students and their performance in class X

board examination. Panel A of Table 3.6 reports mean peer performance figures for

all schools in the data. The peer set of girls are lower performing than that of boys.

An average peer of a girl scores 345 out of 500 in class X, while that of a boy scores

15Peer performance is calculated by subtracting a student’s own score from the sum total of
cohort score of the school and then dividing the difference by the number of peers (total number of
students in the school minus 1). Gender wise peer performance indicators are calculated similarly,
except that the student’s own score is subtracted only when own gender matches the gender of the
peer group being considered.
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352 on average. The next two rows depict performance figures for female and male

peers separately. Again, boys have higher performing female peers than girls but

slightly lower performing male peers than girls.

However, looking at only male and female cohort peers at a time eliminates single-

sex schools for at least one gender16. Thus, we report the numbers for co-educational

schools only in Panel B. Here we see that girls have an overall lower performing peer

set a lower performing female peer set as well as a lower performing male peer set

compared to boys.

In Figures 3.7a to 3.7i, we plot the take-up rate of Mathematics, PCM and Biology

in each decile of cohort peer performance. The first row has overall peer performance

deciles on the x-axis, the second row has female peer performance deciles and the

last row has male peer performance deciles. For the last two rows, we only consider

the sample of co-educational schools for comparability across genders. In Figure 3.7a

and 3.7b, we see that the take-up of Mathematics and PCM increases with increase

in peer performance for both boys and girls. Also, the gender gap exists almost

unchanged at all deciles. In case of Biology, Figure 3.7c shows that whereas the

take-up increases for both boys and girls with increasing peer score, the curve is

much flatter for boys, and thus the gender gap also widens with increasing peer

performance.

Next, in Figures 3.7d and 3.7e we see, upon closer inspection, that the gender

gap for Mathematics and PCM starts wider among the lowest deciles and narrows

down as we move up the female peer achievement deciles. The last decile sees a

sharper decline in the gap mainly because the curve of girls bends up. Thus very

high achieving female peers, and peers in general (Figures 3.7a and 3.7b), push up

16For example, looking at only female cohort peers eliminates only-boys schools and vice versa
when looking at only male cohort peers.
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the take-up rate of girls even above the mean rate for boys. For Biology, Figure 3.7f

shows that the gender gap is actually reversed in the first decile of female peer

performance: boys choose Biology more than girls. Then the relationship flips and,

while the take-up rate increases monotonically for girls, the curve for boys is almost

flat, with little movement away from the mean.

The third row of figures reveals that the pattern of take-up of the three subjects

over the male peer performance distribution is different from what was observed in

the previous row. For Mathematics and PCM where take-up is higher for boys, the

gap is very close to zero in the first two deciles of male peer performance. Upon closer

inspection, one can see that the take-up rate for girls is very similar to that observed

in the second row in the lowest two deciles. It is the take-up rate of boys that has

fallen. Lower performing male peers in the cohort pushes down the take-up rate of

boys for Mathematics and PCM. After the bottom two deciles, the gap increases and

stabilizes. For Biology, the gap is never zero, but is lower in the first two deciles.

Thereafter, it widens are stabilizes.

Summing up, while the relationship between female share in cohort peers and

stream choice is weak, a very high concentration of girls in cohort is negatively

correlated with choosing Mathematics and PCM for both boys and girls. It is also

negatively correlated with choosing Biology for girls, but positively correlated for

boys choosing Biology. We also observe that while, in general, a positive relationship

exists between the take-up rate of all the three subjects and the performance of cohort

peers, the relationship between the gender gap in take-up and peer performance is

much more varied. Girls appear to be closing some of the gap in the presence of

very high achieving female peers in the case of Mathematics and PCM. Boys, on the

other hand, are much less responsive to achievement of peers and thus, the gap in
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Biology widens with increasing performance of cohort peers.

3.4.4 Immediate Seniors

In this section, we build on the premise that a student interacts with a number of

people in a school environment. This includes her teachers, cohort peers as well as

school seniors. Under this subsection, we use a student’s immediate seniors when

in class X to elicit two explanatory factors proposed in the literature. First is role

models. It has been argued that students become less inclined to pursue fields in

which there are no role models to emulate. Multiple studies have shown that in-

structors of the same gender, race or ethnicity can serve as role models for students

and encourage them to enroll in streams they are underrepresented in (Bettinger and

Long 2005; Hoffmann and Oreopoulos 2009; Paredes 2014; Fairlie et al. 2014; Bottia

et al. 2015). However, students can also look up to their seniors as role models.

Girls, for example, can feel more encouraged to opt for Mathematics or PCM after

matriculation if more of their female seniors also opted for these subjects. Therefore,

we consider how stream choices of seniors correlate with those of the juniors.

We have three consecutive cohorts in our dataset: class XII batches of 2014, 2015

and 2016 (who were in class X in 2012, 2013 and 2014, respectively). The class X of

2012 (2014 batch of class XII) is the immediate senior of the class of 2013, and the

class X of 2013 is the immediate senior of the class of 2014. As we do not have data

on class X batch of 2011, we only consider the later two cohorts for this part of the

analysis, and use the two older cohorts for constructing our independent variables

involving immediate seniors. Since we are looking at decisions made after class X,

we consider seniors in the schools students were enrolled in class X.

To construct variables that measure the role model aspect of seniors, we calculate
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the proportion of seniors of a student’s own gender who opted for a given subject

in their class XI. If g out of G girls in a girl’s immediate senior cohort and b out

of B boys in a boy’s immediate senior cohort had chosen Mathematics, then g/G

gives the role model measure for the girl student and b/B gives the corresponding

measure for the boy student. We consider the sample of co-educational schools for

comparability across genders. First, Table 3.7 reports the summary statistics of these

variables. The first column reports that an average student has around 52% of own

gender seniors who chose Mathematics, 43% who chose PCM and 19% who chose

Biology. The next two columns shows these values for an average girl and an average

boy student. As is obvious from the gender gap observed in stream choice, girls see

only 41% of senior girls choosing Mathematics, while boys see 60% of senior boys

choosing Mathematics. Similarly, girls see 20 percentage points lesser own gender

seniors choosing PCM than boys. On the other hand, they see almost 28% seniors

of their own gender take up Biology while boys see only 12% senior boys choose

Biology.

The differences across genders in these role model measures are quite large and

are also in line with the overall gender gap in the take-up of these subjects. If they

also correlate positively with students’ own stream choices then they can potentially

explain some of the gender gap. We visualize how the stream choice of seniors

correlate with students’ own stream choices in Figure 3.8. Each graph in the figure

has deciles of the share of own gender seniors choosing a subject on the x-axis. On

the y-axis are the share of students in each of these deciles who themselves choose

those subjects.

Our first observation is that there is a positive relationship between the share

of seniors choosing a subject and the that of students who themselves choose that
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subject in all three cases. Secondly, the gender gaps in all three subjects keeps

reducing with increasing values of the role model measure. In fact, the gaps become

zero by the last decile. From these graphs, it appears that seniors do serve as role

models for students when making their own stream choice decisions and therefore,

more own gender seniors in a subject can be associated with a higher take-up of that

subject.

The second factor we examine using seniors is that of “Chilly Climate” (Clark Blick-

enstaff 2005). A number of studies have documented that when women enter male

dominated fields of study or occupation, they encounter a hostile or an unwelcome

environment. A male dominated field translates into overt or covert discrimination, a

feeling of misfit or being at a loss (Sadker and Sadker 1986; Fouad et al. 2011; Lordan

and Pischke 2016; Tellhed et al. 2017; Wu 2017). As mentioned earlier, this is even a

possibility for males entering female dominated fields. We propose that students can

gather an idea about what it would be like to enter into streams dominated by the

other gender by looking at their seniors. In particular, students in class X can look

at the gender composition of the senior Mathematics, PCM and Biology class and

form a perception about how “chilly” the climate would be if they do choose these

subjects post matriculation. If they see a higher share of their own gender among

seniors who opted for the respective subjects, they may be more encouraged to opt

for them. Out of Y seniors of a student who opted for a subject, if g are girls and b

(= Y −g) are boys, then g/Y gives the chilly climate measure for girls and b/Y gives

the value for boys. The lower the value of this measure, the “chillier” the expected

climate will be for a student.

Table 3.8 shows how the distribution of our measure of chilly climate varies across

genders. Again, we only look at co-educational schools where students have both



CHAPTER 3. WHAT CAN(NOT) EXPLAIN THE GAP? EVIDENCE AND DECOMPOSITION OF GENDERED STREAM
CHOICE IN INDIA 89

male and female seniors. Column 2 reports the overall mean share of own gender

students in senior Mathematics, PCM and Biology classes. On an average, a student

sees that 55% of the seniors who opted for Mathematics or PCM are of her own

gender, while 50% of Biology opting seniors are of her own gender. The next two

columns report these values for girls and boys separately. Here, we see that while an

average boy sees that almost 70% of the students in the senior Mathematics class are

boys, an average girl sees that only 35% of those students are girls. The difference is

even larger for PCM. The pattern expectedly flips for Biology with girls having 63%

of own gender students in senior Biology class and boys having only 40%.

Finally, Figure 3.9 depicts the relationship between the gender composition of

senior class and own subject choice. On the x-axes in each of the graphs are deciles

of the share of own gender students in the senior subject class. The y-axes have the

share of girls and boys who themselves opt for that subject after their class X. First

thing to note is that all curves are inverted U-shaped, more so for the non-dominant

gender in the subject. From Figure 3.9a we see that the take-up of Mathematics first

increases with an increase in the share of own gender seniors in Mathematics class

for both girls and boys, and goes over their respective means at some point. After

that, the probability falls for both but the fall is very sharp for girls, going much

below their mean levels. Figure 3.9b shows the same pattern for PCM.

In case of Biology, Figure 3.9c shows that the curve for girls follows a pattern

similar to boys in the previous graphs, with a much wider range where the take-up

is above the mean. It falls after the own gender share in senior Biology class crosses

the 9th. The curve for boys increases monotonically for the most part of the curve,

goes above the mean at around the 4th. It starts falling after around 8th, but never

goes below the mean.
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In summary, this section indicates that immediate school seniors can act as gender

role models for students and can potentially explain a good portion of the observed

gender gap. The implications for the “Chilly” climate aspect of seniors, however, is

different between boys and girls. While the relationship is overall positive for boys

in all three subjects, it is positive for girls only at lower values of own gender share

in senior subject classes.

3.4.5 Socioeconomic characteristics

Finally, in this subsection, we describe the background socioeconomic characteristics

of students and also briefly discuss how they correlate with their stream choices. We

already saw the statistics related to these variables in Table 3.1. Table 3.9 shows

their distribution across girls and boys. The caste rows show that more girls than

boys belong to General caste category, while more boys belong to the OBC category.

Next we see that while fewer girls than boys are enrolled in Independent schools,

more girls are enrolled in government schools. Finally, fewer girls than boys took the

external board exam in their class X and lesser of them are single children in their

families. The difference in the annual family income is not statistically significant

due to the large standard deviations.

Table 3.10 shows how these attributes relate to the stream choices of students.

From the first two panels, we see that Other Backward Classes or OBCs have the

highest take-up of Mathematics and PCM overall, as well as for girls and boys sep-

arately, followed by the General caste. OBCs also have the highest take-up rate of

Biology among girls, while Scheduled tribes (ST) have the highest take-up among

boys. We also see that students who took the external board exam in class X have a

higher than average rate (shown in Table 3.2) of choosing these subjects. The same
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is the case with students who are the only children in their families. The most impor-

tant thing to note, however, is that the gender gap exists in each of these categories,

though the magnitude differs.

To summarize, in this section we have provided a detailed idea of what our ex-

planatory factors mean, what variables are used to measure them, how they are

distributed between girls and boys and how they are correlated with their stream

choices and the gender gap in those choices. We are now equipped for the next sec-

tion where we use regression and decomposition tools to econometrically dissect this

gender gap and quantify how much of it can be accounted for by these explanatory

factors.

3.5 Decomposition Analysis

Our aim in this section is to formally decompose the gender gap in the rate of take-

up of Mathematics, PCM and Biology in our dataset. For this, we use a regression

framework and a decomposition framework. Below, we a give general description of

both the methodologies before we put them to use for each of our explanatory factor

categories.

3.5.1 Regression framework

We run the following linear probability model:

Sisc = β0 + β1.Fisc + β2.EFisc + Cc + schs + εisc. (3.1)

Here Sisc is the subject choice of student i in school s in cohort c. It is a

binary variable which takes value 1 if the student chose subject S after class X,
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and 0 otherwise. Fisc is a dummy variable for a female student. EFisc stands for

Explanatory Factor measured at the level of a student i in school s in cohort c. It

can be socioeconomic characteristics of students, a measure of their ability, variables

related to cohort peers or those measuring role model and chilly climate aspect of

immediate seniors. Cc are cohort fixed effects to control for unobservables within

a cohort and schs are school fixed effects to control for unobservables at the school

level.

In this framework, we will monitor the movement of the female dummy variable,

Fisc. Without any controls, the female dummy captures the raw difference between

the take-up of a subject between boys and girls. We then add explanatory factors

to see if the gendered pattern in stream choice is sensitive to the addition of these

controls.

3.5.2 Decomposition framework

Pioneered by Blinder (1973) and Oaxaca (1973) to study wage gaps, decomposition

techniques “decompose” a gap in a distributional statistic between two groups into

an “explained” and a residual, “unexplained” component (Fortin et al. 2011). The

explained component is the one due to a difference is endowments between the two

groups. The unexplained part is due to a difference in the returns to those endow-

ments. In this chapter, we use the Blinder-Oaxaca decomposition technique17 (Jann

2008). Below is a brief discussion of the Blinder-Oaxaca decomposition methodology.

The Blinder-Oaxaca (BO) technique is a parametric decomposition method that

assumes a linear relationship between the dependent and independent variables. It

17Since our dependent variable is binary, we also compute decomposition results using the Fairlie
decomposition technique (not reported here) which uses a non-linear logit regression model (Fairlie
1999, 2005; Jann 2006). Our results are broadly similar using both the methodologies.
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decomposes the gap in the means of the dependent variable between two groups

using a linear regression model. Assume that B and G are the two groups and S is

the outcome variable. Then the mean outcome difference, DO = E(SB)− E(SG), is

decomposed into explained and unexplained components. Consider the linear model

Sz = X ′z.βz + εz, E(εz) = 0, zε{B,G}, (3.2)

where X is a vector of covariates and a constant, β is a vector of slope coefficients

and the intercept term, and ε is the error term. The mean difference, DO, can be

written as

DO = E(SB)− E(SG) = E(XB)′βB − E(XG)′βG, (3.3)

using the assumption in (3.2) (Jann 2008). Now adding and subtracting E(XG)′βB

to (3.3) and rearranging, we get

DO = E(SB)− E(SG) = {[E(XB)− E(XG)]′βB}+ {E(XG)′[βB − βG]}. (3.4)

The first term in curly brackets is the explained component of the gap or dif-

ference, DO, explained by differences in observable covariates between the groups.

The second term is the unexplained component of DO: unexplained by observable

differences in endowments, explained rather by a difference in the returns to those

endowments. An intuitive way to understand a decomposition is to think of a coun-

terfactual situation. In our context, for instance, if ability “explains” χ% of the

gender gap DO, it implies that if girls had the mean ability level of boys, and the

return to ability like boys (βB), then the gap DO would be reduced by χ%. In other

words, χ% of the gap is due to a difference in the mean ability levels of girls and

boys.
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It is commonplace in the decomposition literature to use the coefficients of the

dominant group to calculate the explained part of the decomposition in the wage gap.

The dominant group, in general, has higher returns to the given set of attributes like

education and experience. This is not always the case in our context, as we will see

in the next section. We instead use coefficients from a pooled model to determine

the explained component as proposed by Neumark (1988) and Oaxaca and Ransom

(1994). To avoid overestimation of the explained part due to inappropriate spillage

of some of the unexplained component into the explained component, we also include

a dummy for a female student as an additional covariate in the pooled model (Jann

2008). Thus, the explained component becomes {[E(XB) − E(XG)]′βP}, where βP

is the coefficient from the pooled regression and is assumed to be the same for girls

and boys.

We now delve into each of the categories of explanatory factors one by one and

report the results in the next section.

3.6 Results

3.6.1 Socioeconomic characteristics

We begin this section with reporting the results with socioeconomic characteristics as

explanatory factors because we will use them as basic controls in all the subsequent

analyses. Table 3.11 reports the regression results. All regressions include only cohort

fixed effects to begin with and add class X school fixed effects in the last column for

each subject. We cluster the standard errors at the class X school level.

Columns 1 to 3 show results for Mathematics. In column 1 of Table 3.11 we see

that with only cohort fixed effects, the coefficient of the female dummy is −0.191
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which is almost equal to the raw gender gap in the take-up of Mathematics we saw

in Table 3.2. Column 2 adds socioeconomic status (SES) variables, which includes

dummies for caste, (General caste is the omitted category), annual family income,

single child status and a dummy for taking external board exam in class X as opposed

to school based board exam. The inclusion of these variables reduces the size of the

female dummy coefficient by 0.8 percentage points. We also see that while OBCs

have a statistically significantly higher probability of choosing Mathematics after

class X, both SCs and STs have a statistically significantly lower probability than

the General caste students. This is in line with our observations from Table 3.10.

The coefficient on family income, while statistically significant at the 10% level, is

negligibly small in magnitude. The coefficient is statistically insignificant for the

single child dummy, while it is positive and statistically significant for the external

board exam dummy. In column 3 school fixed effects are added. The size of the

female dummy coefficient falls further by 0.7 percentage points to −0.176. The signs

and statistical significance of most of the other coefficients remain unchanged (except

the single child dummy which now becomes statistically insignificant).

The results for PCM in columns 4 to 6 mirror those of Mathematics. The raw

gender gap of 20.61 percentage points in Table 3.2 remains intact after the inclusion

of cohort fixed effects in column 4. When SES variables are added in column 5, the

coefficient of the female dummy falls by 0.9 percentage points. Here too, SC and

ST have statistically significantly negative coefficients, while OBC has a statistically

significant positive coefficient. Family income, single child status and external board

exam dummy have positive and statistically significant coefficients. Finally school

fixed effects are added in column 6. Similar to Mathematics, the size of the female

dummy coefficient falls further by 0.6 percentage points while the other coefficients
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have the same sign and significance (except annual family income which becomes

statistically insignificant).

The last 3 columns look at Biology as the subject choice. The raw difference of

11.61 percentage points observed in Table 3.2 increases slightly to 11.7 percentage

points when cohort fixed effects are added. The addition of SES variables in column

8 leads to an increase in the gender gap to 12.1 percentage points. All the caste

dummies added in column 8 have positive and significant coefficients: all of them

have a higher probability of choosing Biology than the General caste. Family income

has positive and statistically significant coefficient, but of a very small magnitude.

Lastly, single child status and external board exam in class X both have positive and

statistically significant coefficients. Adding school fixed effects in the last column

further increases the coefficient of the female dummy by 3.7 percentage points so

that the final gap stands at 15.8 percentage points after controlling for cohort fixed

effects, school fixed effects and SES variables.

To summarize, the socioeconomic status variables reduce the size of the female

dummy coefficient for Mathematics and PCM, but not for Biology. School fixed

effects reduce the size of this coefficient further for Mathematics and PCM and

increases it further for Biology. We include the variables in Table 3.11 as base level

controls (along with cohort and school fixed effects) in the analysis of all the other

explanatory factors.

3.6.2 Ability

We now add student ability to our decomposition analysis using the variables de-

scribed in Section 3.4.2. Table 3.12 reports results from the linear probability models.

Columns 1 and 2 has Mathematics as the subject choice, columns 3 and 4 have PCM
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and columns 5 and 6 have Biology as the subject choice. The first columns for each

subject reproduce the respective last columns from Table 3.11 which we use as our

starting point for each subject and add ability variables to them. These include the

class X total score, class X Mathematics and Science scores and comparative advan-

tage terms18. To recall, a student’s comparative advantage in subject A vs. B is

measured as the difference in her standardized scores in these two subjects.

For Mathematics, we see from column 2 of Table 3.12 that class X total score

has a negative and statistically significant coefficient. While this may seem counter-

intuitive, we must note that the specification includes all the other ability terms and

the net return to class X total score is negative. The size of the coefficient, however,

is very small. Next, we see that the coefficients on both Mathematics score and

Science score are positive and statistically significant. Finally, a comparative advan-

tage in Mathematics vs. English has a large, positive and statistically significant

association with choosing Mathematics after class X, while a comparative advantage

in Science vs. Mathematics has a negative and statistically significant correlation.

Importantly, addition of various measures of absolute and comparative advantage

in ability actually increases the magnitude of the female dummy to almost the raw

gender gap of 19.13 percentage points.

Columns 3 and 4 show very similar results for PCM. All terms, except the class X

Mathematics score, have coefficients that are similar in magnitude, sign and statisti-

cal significance to those of Mathematics. The coefficient of the class X Mathematics

score has a statistically insignificant coefficient. Addition of all ability terms together

18Since adding all three comparative advantage terms together leads to collinearity and one of the
terms gets dropped, we include only two of them for each subject choice. A comparative advantage
in Mathematics vs. English and in Science vs. English are added for Mathematics and PCM while
a comparative advantage in Science vs. English and in Science vs. Mathematics are added for
Biology.
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increases the magnitude of the female dummy close to the raw gender gap for PCM

too.

Columns 5 and 6 have Biology as the subject choice. Here class X total score has

a positive and statistically significant coefficient, as does the coefficient of class X

Mathematics score. Class X Science score has a negative and statistically significant

association with the take-up of Biology. Lastly, a comparative advantage in Science

vs. Mathematics has a large and positive coefficient which is statistically significant.

The coefficient of the Science vs. English comparative advantage term has a negative

coefficient. Most importantly, the ability terms purge the size of the female dummy

coefficient by 2.3 percentage points. Thus we can expect the ability related attributes

to explain some significant portion of the gender gap in Biology.

Table 3.13 reports results from the Blinder-Oaxaca decomposition. We measure

the gap as take-up of boys minus that of girls. As explained in Section 3.5.2, the

coefficients from Table 3.12 will be used to calculate the explained components.

Columns 1 and 2 report results for Mathematics, followed by PCM in columns 3

and 4 and Biology in columns 5 and 6. The first row gives the total gap in the

take-up in percentage points. The following rows give the contribution of SES and

ability variables in percentage points. The numbers in the brackets below give the

contribution as a percentage of the total gap ((percentage points explained/total

gap)*100). The odd numbered columns only have the socioeconomic status variables.

First consider Mathematics and PCM. The SES variables explain 1.52% of the total

gap of 19.08 percentage points in Mathematics and 1.65% of the 20.57 percentage

points gap in PCM. The ability variables are added in the next columns. Class X

total score explains 1.15% of the gap in Mathematics and 1.65% of that in PCM.

The contribution of the class X Mathematics score is statistically insignificant for
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both the subjects. The contribution of the class X Science score, on the other hand,

is negative. To understand this mathematically, recall that the “explained” part of

the gender gap is given by the first term of equation (3.4): {[E(XB)− E(XG)]′βP},

where βP is the coefficient from the pooled regression of Table 3.12. Since girls have

a higher mean Science score than boys, the expression inside the brackets is negative

in sign, while βP is positive, resulting in a negative product. Intuitively, this can be

understood by using the counterfactual exercise. If girls had the mean Science scores

of boys, which is lower than their actual scores, then the gender gap would, in fact,

be higher than what is observed, since Science scores are positively correlated with

the probability of choosing Mathematics.

The largest contribution to the explained part comes from the gender differences

in comparative advantage in Mathematics vs English. It explains around 15% of

the gap for both Mathematics and PCM. The Science vs. English comparative

advantage term, however, has a negative contribution to the explained part. This is

to be expected given the negative coefficient of this term in Table 3.12 and that girls

have a higher mean value of this attribute. The last row shows that all the ability

terms together explain 7.44% of the gender gap in Mathematics take-up and 5.54%

of that in PCM take-up.

For Biology, the total gap is -11.65 percentage points because boys are the refer-

ence group and their take-up rate of Biology is lower than girls. Column 5 shows that

when only SES variables are added, the explained percentage is negative. This means

the predicted gap is higher: if girls had the SES levels of boys, they would have even

higher probability of choosing Biology. Thus the gender gap will be larger. Class X

total score explains 4.89% of the gap. Boys have lower class X total score on average,

and if girls had scores like boys, they would be lesser likely to choose Biology and



100
CHAPTER 3. WHAT CAN(NOT) EXPLAIN THE GAP? EVIDENCE AND DECOMPOSITION OF GENDERED STREAM

CHOICE IN INDIA

thus the gender gap will be smaller. The contributions of class X Mathematics and

Science scores are statistically insignificant. For Biology too, the largest contribution

comes from the comparative advantage term. A comparative advantage in Science

vs. Mathematics explains almost 10% of the gender gap in Biology. If girls were

counterfactually given lower mean values of Science vs. Mathematics comparative

advantage, they would be 9.53% less likely to choose Biology. All the ability factors

together explain 9.10% of the 11.65 percentage points gender gap in Biology.

Summing up, comparative advantage in the relevant subjects turns out to be

the largest explanators under the ability head. It explains around 15% of the gap

in Mathematics and PCM and around 10% of the gap in Biology. Taken together,

ability differences can explain under 10% of the gap in the three subjects.

3.6.3 Cohort Peers

We now consider our next set of explanatory factor: cohort peers. Table 3.14 reports

the results from the linear probability models. As before, columns 1 and 2 have

Mathematics as the dependent variable, followed by PCM in columns 3 and 4 and

Biology in the last two columns. All specifications have cohort and school fixed effects

as controls. As our base regressions, we reproduce equivalents of columns 2, 4 and

6 of Table 3.11 in the odd numbered columns for the sample co-educational schools.

To them we now add peer composition and peer performance variables discussed in

Section 3.4.3. The even numbered columns add measures of female share in cohort,

average peer score and gender-wise average peer scores19.

For all three subjects, we see that female share in class has a positive and sta-

19The peer score variable is calculated after subtracting own score from the sum of scores of all
students in a school-cohort and then dividing the difference by the total number of students in the
school-cohort minus one.
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tistically significant coefficient. Average peer score in class X has negative and

statistically insignificant coefficients for Mathematics and PCM, but negative and

statistically significant coefficient for Biology. The magnitude, however, is small for

all three cases. Finally, we see that the average scores of both male and female

peers have small, positive and statistically significant coefficients for all the subjects.

Most important thing to note, however, is that the addition of all the peer related

terms does not change the coefficient of the female dummy in any way for any of the

subjects.

Table 3.15 shows the decomposition results. Column 1 has Mathematics as the

subject choice, column 2 has PCM and column 3 has Biology. The first row shows

the total gender gap in this sample of students from co-educational schools.

The first and the most important observation from Table 3.15 is that the con-

tributions of none of the peer related variables are statistically significant in any of

the columns for any of the subjects. Additionally, those contributions also have very

small magnitudes. Female share in cohort has negative contributions for the gender

gap in Mathematics and PCM and positive contribution for Biology. Same is true for

the average peer score term. The gender wise peer terms have positive contributions

for Mathematics and PCM and negative contributions for Biology. However, none

of these contributions are statistically significant. This is because the distribution

of the attributes are not very different across boys and girls so that assigning the

attributes of boys to girls does not lead to statistically significant changes in the

take-up rate of girls. We can conclude this subsection with the takeaway that differ-

ences in peer related variables do not contribute to explaining any of the gender gap

in the take-up of Mathematics, PCM and Biology.
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3.6.4 Immediate Seniors

We now move on to consider our last set of explanatory factors where we use a

student’s immediate seniors to elicit the role model and chilly environment aspects

of making a stream choice. As explained in Section 3.4.4, only the two younger

cohorts can be used for this part of the analysis. The two older cohorts – class X

batches of 2012 and 2013, are the immediate seniors of the two younger cohorts –

class X batches of 2013 and 2014, respectively.

Table 3.16 reports results from the linear probability models. We again start with

the specification with SES controls, cohort fixed effects and school fixed effects and

run it on the sample of co-educational schools in the later two cohorts to get our base

regressions. To this we add senior related variables in the even numbered columns:

the share of own gender seniors who opted for the subject (role model measure) and

the share of students of own gender in the senior Mathematics, PCM or Biology class

(measure of chilly climate).

In Table 3.16 we see the biggest reductions so far in the size of the coefficient

of the female dummy. Addition of our measures of senior role models and expected

chilliness in climate lowers the value of the female dummy coefficient by 5.9 percent-

age points for Mathematics, by 5.4 percentage points for PCM and by 2.9 percentage

points for Biology. In addition, the coefficients on these terms are themselves always

positive and statistically significant, except for that of the measure of chilly climate

for Biology. These observations, along with the large differences in the distribution of

these attributes across genders, suggest that they will be able to explain a significant

part of the gender gap.

Table 3.17 shows that this is indeed the case. Again, column 1 presents the de-

composition results for Mathematics, column 2 for PCM and column 3 for Biology.
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We see that for Mathematics, our measure of chilly climate emerges as the largest

explanator so far, explaining as much as 23.53% of the 18.74 percentage points gen-

der gap. If girls had the much higher share of own gender students in the senior

Mathematics class like boys, they would be almost 24% more likely to themselves

opt for Mathematics after class X. For PCM too, it can explain almost 16% of the

gap in take-up, slightly higher than what is explained by a comparative advantage in

Mathematics vs. English (column 4, Table 3.13). Our measure of role model explains

around 11% of the gap in PCM, while its contribution is statistically insignificant

only for Mathematics.

For Biology, on the other hand, it is our measure of role model which explains

the largest portion of the gender gap so far. If girls had the lower levels of the share

of own gender seniors choosing Biology, the gender gap would be closed by almost

18%. The contribution of the chilly climate measure is statistically insignificant for

Biology.

Overall, our senior related variables are able to explain 31% of the gender gap

in Mathematics take-up, 26.78% of that in PCM take-up and 18.21% of the gap in

Biology take-up. It is interesting to note that the expected chilliness in the climate

of a course dominated by the opposite gender is the most important factor for girls

for avoiding that course (compared to the other explanatory factors studied in this

chapter). It is also interesting that this is not a factor for boys. Thus, while a

skewed sex ratio discourages girls to enter in Mathematics and PCM, this is not an

important factor for boys when making a choice to take up female dominated courses

like Biology.

To sum up, the association between the subject choices of students and those of

their immediate own gender seniors are strongly positive. In addition, boys and girls
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have large differences in these senior related attributes. As a result, if girls coun-

terfactually had own gender seniors like boys have, the gender gap in Mathematics,

PCM and Biology would be lower by 20% to 30%. It is important to note that all

the underlying regression models in the decomposition exercises control for cohort

and school fixed effects. Thus, these differences do not reflect unobservables at the

school level. They capture the correlation between the decision of a student and

his/her seniors within a school.

3.7 Discussion

In this section, we briefly discuss our findings in the previous sections and their

implications in the Indian context.

Our aim in this chapter is to establish both the direction and the magnitude of the

gender gap in stream choices in India, and then to decompose this gap to understand

the factors that can possibly account for this. In the first part of the analysis, we

show that the stream choice in India follows the same gendered pattern as those in

the developed countries. Using a rich student level dataset, we are also able to tease

out the fine differences between mathematical and non-mathematical aspects within

the Science stream. We find that boys are not more likely to opt for Science subjects

in general. Rather, the gender divide exists at the level of mathematical rigour of a

subject. While more boys choose Mathematics and PCM, more girls choose Biology.

The gender gap in the other subjects most commonly chosen by students is, on the

other hand, always below 10%. The largest gaps exist in subjects which are also the

most economically rewarding.

In the next part, we begin to dissect this gap using the Blinder-Oaxaca decom-

position technique. Our first step is to critically examine the explanatory power of
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student ability towards the gender gap in Mathematics, PCM and Biology. The first

set of our decomposition results clearly indicates that absolute ability, as measured

by class X scores of students, explains only a negligible part of the gender gap in

these subjects. However, a comparative advantage in the relevant subject can ex-

plain up to 15% of the gender gap. This result indicates that ability and aptitude

differences are much more nuanced than the crude measures commonly used.

In the next set of results, we show that gender differences in peer attributes are

small enough so that they can not explain any statistically significant part of the

gender gap in stream choice. While the evidence in the literature suggests that girls

and boys are differentially sensitive to peer composition and peer performance, we

find that the peer set is not dramatically different between the genders in our dataset.

Thus, counterfactually assigning the peer attributes of boys to girls will not change

their stream choice decisions.

Lastly, we utilize a student’s immediate seniors and their stream choices to form

measures of her expectations regarding a subject choice. We postulate that own

gender seniors can serve as a source of role models for students and that the gen-

der composition of the senior subject class can help students form an expectation

about how “chilly” the climate is going to be if they themselves choose a subject

that is dominated by the other gender. We find that this source of gender differences

can explain up to 30% of the observed gender gap in student stream choices. More

importantly, we find that the results are asymmetric by whether a subject is domi-

nated by girls or boys. In case of Mathematics and PCM, which are dominated by

boys, we find that the expectation of a more chilly climate explains a large part of

why girls are less likely to opt for these subjects. On the other hand, for a female

dominated subject like Biology, this factor is not important. There, it is the lack of
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own gender role model seniors which is the most important explanatory factor. Our

results suggest that the fear of being surrounded by “too many” of the other gender

is a concern for girls, but not for boys. It is important at this point to recognize that

both chilly climate and role model effects could be driven by some deeper cultural

or social norms, which result in girls and boys making similar choices cohort after

cohort. However, the gender asymmetry in these results bolsters our claim that we

are not picking up something entirely mechanical. Even though they have the same

seniors, girls and boys take into account different aspects of their seniors’ stream

choices when making their own stream choices.

A caveat in our findings is that at least 69% of the gap remains unexplained even

after accounting for all of our explanatory factors20. Below we discuss the possible

sources for this residual gap and the scope of future research.

One of the major explanatory factors studied in the literature, which we were

unable to examine given our dataset, is a difference is preferences across genders.

A number of studies have shown that girls and boys have very different preferences

regarding the non-pecuniary aspect of a career (Montmarquette et al. 2002; Baram-

Tsabari and Yarden 2011; Kahn and Ginther 2017; Wang and Degol 2017; Patnaik

et al. 2020). For example, girls place a higher value on enjoyability of the course ma-

terial (Zafar 2013; Wiswall and Zafar 2015), people oriented careers (Diekman et al.

2010; Eccles and Wang 2016) and family-work life balance (Bronson 2014; Wasser-

man 2015) than boys. These differences could be a result of social conditioning where

men and women are required to fill in preordained gender roles. Differential risk and

confidence across genders could also shape their preferences. Finally, especially in

the context of India, decision making agency is also crucial. Girls (and often boys)

20The highest percentage of the gender gap is explained for Mathematics in Table 3.17, which is
31%.
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may not be choosing streams based on their preferences, but based on what their

parents deem fit for them. The choice of parents could, in turn, be driven by mar-

riage market demands, cost of education, willingness to spend on education as well as

on availability of higher education institutes in their locality. For example, girls may

not be allowed to take Mathematics or PCM because pursuing STEM programmes

after high school either involves a higher cost of education, or a relevant college is

not available in the vicinity and parents are reluctant to send their daughters to far

away colleges. It could also be because a girl child is not expected to continue edu-

cation after school. A boy, similarly, may be discouraged to opt for Biology because

of social desirability bias, or even because a career in medicine has a long gestation

period and boys are expected to start earning early on in their life.

The foremost implication of these is that the girl-boy difference in stream choice

is not superficial. Rather, it is deep rooted in cultural upbringing and societal expec-

tations (Giuliano 2020). The policies designed to bridge this gap have to incorporate

these nuances and target deeper issues of gender stereotyping, marriage market func-

tionalities, and post marriage balance of power and division of labour in the family.

A most pressing future area of research would be to link career choices with marriage

market variables. We conclude this section with the following caveat: To the extent

that preferences are primitive, policies designed to bridge the gender gap in subject

choices may not necessarily be welfare enhancing.

3.8 Conclusion

In this chapter we examine in detail the first stream choices of students in India after

class X. Using three cohorts of results data from the Central Board of Secondary

Education (CBSE), we first quantify the extent of the gender gap in subjects chosen
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in higher secondary school. We find that there is a 19.13 percentage points difference

in the take-up Mathematics between boys and girls. The gap is 20.61 percentage

points in PCM choice. Boys are also 6 percentage points more likely to opt for

computer Science. Girls, on the other hand, are 12.61 percentage points more likely

to choose Biology and 5 percentage points more likely to choose Arts and Economics.

Next we describe each category of our explanatory factors one by one and il-

lustrate graphically how they are related with stream choices of students. We also

document how they are distributed differently across girls and boys. The largest

differences between the genders are seen in the attributes related to their immediate

seniors. Then we examine each explanatory factor under a regression framework and

a decomposition framework. For the regression analysis, we use a linear probability

model. We introduce the various categories of explanatory variables and see how

they change the coefficient of the female dummy which gives the magnitude of the

gender gap. Here too we find that role model and chilly climate aspects of immediate

seniors bring about the largest reductions in the magnitude of the female dummy.

A comparative advantage in the relevant subject turns out to be the second most

important factor.

With this information, we finally put the explanatory factors in a decomposition

framework one by one using the Blinder-Oaxaca linear decomposition technique.

We report three broad findings. One, role model and chilly climate aspects of a

student’s immediate seniors in school are the largest explanators of the gender gap

in Mathematics, PCM and Biology. If girls had the share of own gender students

in the senior Mathematics and PCM classes like boys, and the share of own gender

seniors choosing Biology like boys, the gender gap in these subjects would have

closed by 24%, 16% and 18%, respectively. Two, for Mathematics and PCM, a
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comparative advantage in Mathematics vs. English is the second largest contributor

to explaining the gap, while it is a comparative advantage in Science vs. Mathematics

for Biology. Three, peer composition and peer performance variables do not explain

any statistically significant portion of the gender gap in any of the three subjects.

We also note that even after accounting for gender differences in a wide range of

attributes, at least 69% of the gender gap in our data remains unexplained. The

differences observed in the form of stream choices actually masks huge differences in

upbringing, expectations and balance of power between men and women from a very

young age.
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Figure 3.1: Dissimilarity Index

Note: The figure plots Dissimilarity Index (DI) for subject
choice in the three cohorts in the data. DI captures the pro-
portion of students who would need to change subjects in order
for the distribution in each subject to look like the gender dis-
tribution in the entire sample. Data source: Central Board of
Secondary Education.



112
CHAPTER 3. WHAT CAN(NOT) EXPLAIN THE GAP? EVIDENCE AND DECOMPOSITION OF GENDERED STREAM

CHOICE IN INDIA

Figure 3.2: Cohort-wise subject choice

(a)

(b)

(c)

Note: The graphs plot the gender wise proportion of students who opt for of Mathematics, PCM
and Biology after matriculation for each cohort in the data. Data source: Central Board of

Secondary Education.
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Figure 3.3: Boy-girl ratio across score deciles

Note: The graph plots the gender wise proportion of students over deciles
of class X total and subject scores. Data source: Central Board of Sec-
ondary Education.
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Figure 3.4: Stream choice by class X scores

(a) (b)

(c)

(d) (e)

(f) (g)

Note: Each graph plots the gender wise proportion of students who opt for a given subject after
matriculation over class X score deciles. The first row plots the take-up of Mathematics, PCM
and Biology over class X total score deciles. The second row plots the take-up of Mathematics
and PCM over class X Mathematics score deciles. The third row plots the take-up of PCM and
Biology over class X Science score deciles. Data source: Central Board of Secondary Education.
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Figure 3.5: Comparative advantage and stream choice

(a) Mathematics

(b) PCM

(c) Biology

Note: The graphs plot the gender wise proportion of students who opt for Mathematics, PCM
and Biology post matriculation over deciles of comparative advantage in relevant subjects.
Comparative advantage in one subject over another is measured as the difference in their

standardized scores in class X board examination. The first two graphs plot the rates of take-up
of Mathematics and PCM, respectively, over deciles of comparative advantage in Mathematics vs
English. The last graph plots the rate of take-up of Biology over deciles of comparative advantage

in Science vs Mathematics. Data source: Central Board of Secondary Education.
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Figure 3.6: Female share and stream choice

(a)

(b)

(c)

Note: The graphs plot the rates of take-up of Mathematics, PCM and Biology, respectively, post
matriculation over deciles of female share in school in a cohort. Data source: Central Board of

Secondary Education.
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Figure 3.7: Peer performance and stream choice

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Note: Each graph here plots the gender wise proportion of students who opt for a given subject
over deciles of mean class X scores of cohort peers in the school. Mean peer score is calculated by
subtracting own score from the subtotal of scores of all students in the school in the cohort, and

dividing the difference by the number of students in the school-cohort minus 1. The first row plots
the take up Mathematics, PCM and Biology over deciles of scores of all peers. The second row
plots the take-up rate of these subjects over score deciles of female peers and the last row plots

them over score deciles of male peers. Sample is restricted to co-education schools in the last two
rows for comparability across genders. Data source: Central Board of Secondary Education.



118
CHAPTER 3. WHAT CAN(NOT) EXPLAIN THE GAP? EVIDENCE AND DECOMPOSITION OF GENDERED STREAM

CHOICE IN INDIA

Figure 3.8: Seniors as role models and stream choice

(a)

(b)

(c)

Note: The graphs plot gender wise proportion of students who opt for a given subject over
deciles of the measure of role model. The role model variable is measured as the proportion of
own gender seniors who opted for the subject. The first graph has Mathematics as the subject
choice, followed by PCM in the second and Biology in the third graph. Data source: Central

Board of Secondary Education.
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Figure 3.9: Chilly climate and stream choice

(a)

(b)

(c)

Note: The graphs plot gender wise proportion of students who opt for a given subject over
deciles of the measure of chilly climate. The chilly climate variable is measured as the proportion
of own gender students in the senior subject class. The top graph has Mathematics as the subject

choice, followed by PCM in the second and Biology in the third graph. Data source: Central
Board of Secondary Education.
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Table 3.1: Summary Statistics

Total students 24,03,957
Girls 43.99%
Mean age in class X 16.68 years

Caste

General 73.06%
Scheduled Castes 7.31%
Scheduled Tribes 3.33%
Other Backward Castes 16.31%

Type of school administration

Private Aided 1.68%
Government 19.56%
Independent 68.03%
Jawahar Navodaya Vidyalaya 3.04%
Kendriya Vidyalaya 7.40%

Type of board exam in class X

External board exam 37.55%
School based exam 62.45%

Mean score (out of 500)
(std. dev)

Class X 348.72
(73.96)

Class XII 329.91
(83.68)

Other attributes

Mean Annual family income (INR) 292328.8
(std. dev) (17, 44, 665)
Single child 5.78%
Disability 0.20%

Note: Castes are the administrative caste categories in India. Data source:
Central Board of Secondary Education.
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Table 3.2: Subject choice

Subject Share of students Of which girls Share of girls Share of boys Difference (Boy – girl)
(percent) (percent) (percent) (percent) (in percentage points)

Mathematics 45.42 33.62 34.71 53.84 19.13***
Physics 48.71 37.59 41.61 54.28 12.67***
Chemistry 48.91 37.61 41.81 54.49 12.68***
Biology 17.07 60.75 23.57 11.96 -11.61***
Computer Science 9.65 30.17 6.62 12.03 5.42***
History 15.58 54.89 19.43 12.55 -6.88***
Political Science 17.13 55.54 21.63 13.60 -8.03***
Geography 8.26 42.72 8.02 8.45 0.43***
Economics 35.18 47.57 38.04 32.93 -5.11***
Hindi 16.36 56.04 20.83 12.84 -7.99***
English 96.50 43.19 94.74 97.88 3.14***
Business Studies 29.57 46.03 30.94 28.50 -2.44***
Accounts 29.60 45.90 30.88 28.60 -2.28***

Subject combinations

PCM
(Phy+Chem+Math) 36.80 30.20 25.26 45.87 20.61***
Arts
(History+Pol. Sc.) 13.00 54.09 15.98 10.66 -5.32***
Commerce
(Bus. Studies+Acc) 29.17 46.03 30.52 28.11 -2.41***

Note: The table reports the pattern of stream choice of the most frequently offered subjects by CBSE schools post matriculation. The first column
shows the subject/subject combination. The second column shows the percentage of all students who opt for that subject. The third column shows
what percentage of students who opt for the subject are girls. The next two columns show the percentage of girls and boys, respectively, who opt for
that subject. The last column reports differences between columns 5 and 4. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Data source: Central Board of
Secondary Education.

Table 3.3: Gender wise class X scores

Subject Overall mean Girls’ mean Boys’ mean Difference (Boy – girl)
(std. dev) (std. dev) (std. dev) (in std. dev terms)

English 70.51 71.40 69.82 -0.11***
(14.83) (15.08) (14.59)

Hindi 73.33 74.63 72.32 -0.17***
(13.80) (13.80) (13.72)

Mathematics 66.42 66.02 66.73 0.04∗∗∗

(17.45) (17.35) (17.52)
Science 67.43 67.71 67.22 -0.03***

(16.39) (16.36) (16.42)
Social science 69.55 70.17 69.06 -0.07***

(16.12) (16.20) (16.04)
Total 348.72 351.45 346.58 -0.07***

(73.96) (74.25) (73.66)

Note: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Significance levels in the last column indicate the statistical
significance of the differences between columns 4 and 3. Standard deviations in parenthesis. Data source:
Central Board of Secondary Education.
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Table 3.4: Gender wise comparative advantage

Girls Boys Difference
(Boy – girl)

Mean standardized scores

Mathematics -0.023 0.018 0.04***
English 0.060 -0.047 -0.11***
Science 0.017 -0.013 -0.03***

Mean gap in scores

Mathematics-English -0.081 0.066 0.15***
Science-English -0.041 0.035 0.08***
Mathematics-Science -0.040 0.031 0.07***

Percent who score better in (%)

Mathematics vs English 46.67 56.43 9.7***
Science vs English 49.42 55.19 5.77***
Mathematics vs Science 49.71 55.82 6.11***

Note: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Significance levels in the last
column indicate the statistical significance of the differences between columns
3 and 2. Scores are standardized by subtracting the cohort average from a
student’s own score and dividing the difference by the standard deviation of
scores in the cohort. Data source: Central Board of Secondary Education.

Table 3.5: Gender composition and school type

Panel A

Type of school Number of schools Number of students Average female share in cohort (%)
(std.dev)

Total 12,685 24,03,957 43.99
(23.75)

All girls 1046 2,17,994 1
(0)

All boys 1345 1,64,083 0
(0)

Co-education 10,474 20,21,880 41.53
(13.01)

Panel B

Group Average female share in cohort (%)
(std.dev)

Girls 56.81
(25.61)

Boys 33.92
(16.16)

Girls in co-ed schools 45.60
(14.71)

Boys in co-ed schools 38.63
(10.75)

Note: Panel A gives summary statistics of different types of schools based on gender composition. Panel B re-
ports gender wise peer composition of the cohort of an average student. Data source: Central Board of Secondary
Education.
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Table 3.6: Gender wise peer performance

Mean peer performance Overall For girls For boys Difference
(out of 500) (std. dev) (std. dev) (std. dev) (Boy – girl)

Panel A: All schools

All peers 348.71 344.94 351.67 6.74***
(48.84) (49.97) (47.72)

Female peers 359.79 351.41 367.28 15.87***
(40.03) (52.29) (44.60)

Male peers 347.03 347.80 346.55 -1.24***
(48.40) (48.76) (48.16)

Panel B: Co-educational schools

All peers 356.69 354.16 358.48 4.33***
(45.59) (47.61) (44.02)

Female peers 365.22 362.32 367.28 4.96***
(46.54) (49.00) (44.60)

Male peers 350.64 347.80 352.66 4.86***
(46.89) (48.74) (45.40)

Note: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Significance levels in the last column indicate
the statistical significance of the differences between columns 4 and 3. Mean peer performance is
calculated by subtracting a student’s own score from the sum total of scores of the students in her
cohort in her school, and dividing the difference by the number of students in her school cohort
minus one. Data source: Central Board of Secondary Education.

Table 3.7: Stream choices of seniors

Role model measure Overall mean (%) Mean for girls (%) Mean for boys (%) Difference
(std. dev) (std. dev) (std. dev) (Boy – girl)

Share of own gender in Math 51.96 41.09 59.58 18.48***
(23.02) (22.31) (20.29)

Share of own gender in PCM 43.26 31.43 51.54 20.12***
(23.08) (20.37) (21.18)

Share of own gender in Bio 18.81 27.93 12.43 -15.50***
(17.66) (19.53) (12.81)

Note: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Significance levels in the last column indicate the statistical significance of the differences
between columns 4 and 3. The role model variable is measured as the proportion of a student’s own gender seniors who opted for the
subject. Data source: Central Board of Secondary Education.
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Table 3.8: Gender composition of senior class

Chilly climate measure Overall mean (%) Mean for girls (%) Mean for boys (%) Difference
(std. dev) (std. dev) (std. dev) (Boy – girl)

Own gender in senior Math class 55.05 34.45 69.45 35.00***
(23.20) (16.81) (14.58)

Own gender in senior PCM class 55.43 31.59 72.06 40.47***
(25.51) (17.41) (14.85)

Own gender in senior Bio class 49.41 63.30 39.74 -23.56***
(23.84) (20.66) (20.94)

Note: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Significance levels in the last column indicate the statistical significance of the differences
between columns 4 and 3. The table shows the gender composition of students’ seniors’ classes. Data source: Central Board of Secondary
Education.

Table 3.9: Gender wise socioeconomic characteristics

Attribute Mean for girls (%) Mean for boys (%) Difference
(Boy – girl)

Caste

General 74.45 71.96 −2.49∗∗∗

Scheduled Castes 7.70 7.00 −0.70∗∗∗

Scheduled Tribes 3.60 3.10 −0.50∗∗∗

Other Backward Classes 14.25 17.93 3.68∗∗∗

Type of school administration

Private aided 1.85 1.54 −0.31∗∗∗

Government 24.83 15.40 −9.43∗∗∗

Independent 62.37 72.49 10.12∗∗∗

Jawahar Navodaya Vidyalaya 2.69 3.32 0.63∗∗∗

Kendriya Vidyalaya 8.04 6.90 −1.14∗∗∗

Type of board examination in class X

External board exam 35.89 38.83 2.94∗∗∗

School board exam 64.11 61.17 −2.94∗∗∗

Other attributes

Mean Annual family income (INR) 293,028.7 291,779 -1,249
(std. dev) (6,96,698.5) (22,48,034)
Single child 5.23 6.21 0.98∗∗∗

Note: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Significance levels in the last column indicate the statistical
significance of the differences between columns 3 and 2. Castes are the administrative caste categories of India.
Data source: Central Board of Secondary Education.
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Table 3.10: Socioeconomic attributes and stream choice

Attribute Overall share (%) Share of girls (%) Share of boys (%)

Subject choice: Mathematics

General 45.64 35.62 53.78
Scheduled castes 33.19 21.78 43.05
Scheduled Tribes 27.48 19.75 34.53
Other Backward Classes 53.60 40.71 61.65
External board exam 51.28 40.70 58.95
Single child 56.13 47.11 62.10

Subject choice: PCM

General 35.54 24.64 44.40
Scheduled castes 27.82 16.46 37.62
Scheduled Tribes 25.42 17.87 32.30
Other Backward Classes 48.79 35.14 57.32
External board exam 44.40 32.92 52.74
Single child 47.66 37.26 54.55

Subject choice: Biology

General 15.43 21.61 10.41
Scheduled castes 16.17 19.41 13.37
Scheduled Tribes 25.04 28.46 21.97
Other Backward Classes 23.17 34.78 15.92
External board exam 21.39 31.07 14.36
Single child 22.06 32.12 15.41

Note: Castes are the administrative caste categories of India. Data source: Central Board of Secondary Education.
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Table 3.11: Stream choice and socioeconomic status

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Math Math Math Pcm Pcm Pcm Bio Bio Bio

F -0.191∗∗∗ -0.183∗∗∗ -0.176∗∗∗ -0.206∗∗∗ -0.197∗∗∗ -0.191∗∗∗ 0.117∗∗∗ 0.121∗∗∗ 0.158∗∗∗

(0.00403) (0.00356) (0.00160) (0.00384) (0.00327) (0.00152) (0.00268) (0.00229) (0.00128)

SC -0.110∗∗∗ -0.0404∗∗∗ -0.0603∗∗∗ -0.0171∗∗∗ 0.0139∗∗∗ 0.0303∗∗∗

(0.00336) (0.00157) (0.00312) (0.00147) (0.00253) (0.00120)

ST -0.198∗∗∗ -0.0792∗∗∗ -0.125∗∗∗ -0.0507∗∗∗ 0.0743∗∗∗ 0.0189∗∗∗

(0.00928) (0.00371) (0.00901) (0.00382) (0.00869) (0.00309)

OBC 0.0628∗∗∗ 0.00960∗∗∗ 0.112∗∗∗ 0.0291∗∗∗ 0.0786∗∗∗ 0.0273∗∗∗

(0.00312) (0.00123) (0.00290) (0.00121) (0.00220) (0.000958)

Annual family income 1.05e-08∗ 1.64e-09∗ 8.11e-09∗ 1.59e-09 2.63e-09∗ 8.25e-10∗

(5.55e-09) (9.07e-10) (4.46e-09) (1.02e-09) (1.47e-09) (4.64e-10)

Single child 0.0951∗∗∗ 0.00156 0.0998∗∗∗ 0.0201∗∗∗ 0.0581∗∗∗ 0.0178∗∗∗

(0.00347) (0.00151) (0.00339) (0.00154) (0.00230) (0.00122)

External board in X 0.0888∗∗∗ 0.0655∗∗∗ 0.112∗∗∗ 0.0617∗∗∗ 0.0652∗∗∗ 0.0209∗∗∗

(0.00415) (0.00212) (0.00391) (0.00197) (0.00251) (0.00124)
Cohort FE

√ √ √ √ √ √ √ √ √

School FE
√ √ √

N 2384369 2384369 2384219 2384369 2384369 2384219 2384369 2384369 2384219
R2 0.037 0.059 0.217 0.045 0.074 0.232 0.025 0.041 0.168

Note: Linear probability results are reported. Outcome is a dummy variable which takes value 1 if the subject is chosen. Robust standard errors clustered at
the school level are in parenthesis. General category is the omitted caste category. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Data source: Central Board of
Secondary Education.
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Table 3.12: Stream choice and ability

(1) (2) (3) (4) (5) (6)
Math Math PCM PCM Bio Bio

Female -0.176∗∗∗ -0.191∗∗∗ -0.191∗∗∗ -0.205∗∗∗ 0.158∗∗∗ 0.135∗∗∗

(0.00160) (0.00136) (0.00152) (0.00134) (0.00128) (0.00126)

Class X total score -0.000435∗∗∗ -0.000687∗∗∗ 0.00114∗∗∗

(0.0000386) (0.0000373) (0.0000295)

Class X math score 0.00424∗∗ -0.00121 0.00375∗∗

(0.00206) (0.00191) (0.00158)

Class X science score 0.0142∗∗∗ 0.0189∗∗∗ -0.00438∗∗∗

(0.00220) (0.00203) (0.00168)

CA in Math vs Eng 0.190∗∗∗ 0.212∗∗∗

(0.0359) (0.0333)

CA in science vs Eng -0.185∗∗∗ -0.208∗∗∗ -0.00178∗

(0.0359) (0.0333) (0.00108)

CA in science vs math 0.157∗∗∗

(0.0276)
SES

√ √ √ √ √ √

Cohort FE
√ √ √ √ √ √

School FE
√ √ √ √ √ √

N 2384219 2384219 2384219 2384219 2384219 2384219
R2 0.217 0.417 0.232 0.389 0.168 0.202

Note: Linear probability results are reported. Outcome is a dummy variable which takes value 1 if the subject is chosen.
Robust standard errors clustered at the school level are in parenthesis. CA stands for Comparative Advantage, measured
as the difference in class X standardized scores of the two subjects. SES stands for socioeconomic status variables which
include caste dummies, annual family income, single child status of the student and a dummy for taking external board
exam in class X. General category is the omitted caste category. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Data source:
Central Board of Secondary Education.
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Table 3.13: Gender gap decomposition: Ability

Blinder-Oaxaca decomposition

Explanatory factor added Explained (percentage points)
Percent explained (%)

(1) (2) (3) (4) (5) (6)
Mathematics Mathematics PCM PCM Biology Biology

Total gap (percentage points) 19.08 19.08 20.57 20.57 -11.65 -11.65

SES 0.29*** 0.27*** 0.34*** 0.33*** 0.15*** 0.14***
(1.52%) (1.42%) (1.65%) (1.60%) (-1.29%) (-1.20%)

Class X total score 0.22*** 0.34*** -0.57***
(1.15%) (1.65%) (4.89%)

Class X Math score 0.29 -0.08 0.26
(1.52%) (-0.39%) (-2.23%)

Class X Science score -0.73** -0.97** 0.22
(-3.83%) (-4.72%) (-1.89%)

CA in Math vs Eng 2.78*** 3.10***
(14.57%) (15.07%)

CA in Science vs Eng -1.40** -1.57*** -0.01
(-7.34%) (-7.63%) (0.09%)

CA in Science vs Math -1.11***
(9.53%)

Total 0.27*** 1.42*** 0.33*** 1.14*** 0.15*** -1.06***
(1.42%) (7.44%) (1.60%) (5.54%) (-1.29%) (9.10%)

Note: Decomposition results are reported. The first row shows the gender gap in take-up in percentage points for the column.
The following rows report the detailed decomposition contribution of ability related variables in percentage points. The terms in
the brackets report the contribution as a percent of the total gap shown in the top row. Robust standard errors clustered at the
school level are in parenthesis. CA stands for Comparative Advantage, measured as the difference in class X standardized scores
of the two subjects. SES stands for socioeconomic status variables which include caste dummies, annual family income, single
child status of the student and a dummy for taking external board exam in class X. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
Data source: Central Board of Secondary Education.
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Table 3.14: Stream choice and cohort peers

(1) (2) (3) (4) (5) (6)
Math Math PCM PCM Bio Bio

Female -0.176∗∗∗ -0.176∗∗∗ -0.191∗∗∗ -0.191∗∗∗ 0.159∗∗∗ 0.158∗∗∗

(0.00160) (0.00161) (0.00152) (0.00153) (0.00128) (0.00129)

Female share in class 0.0189∗∗ 0.0185∗∗ 0.0165∗∗

(0.00901) (0.00870) (0.00701)

Average peer score -0.00000649 -0.0000116 -0.000253∗

(0.000210) (0.000200) (0.000149)

Average female peer score 0.000272∗∗∗ 0.000251∗∗∗ 0.000142∗∗

(0.0000914) (0.0000845) (0.0000653)

Average male peer score 0.000294∗∗ 0.000231∗ 0.000380∗∗∗

(0.000126) (0.000122) (0.0000903)
SES

√ √ √ √ √ √

Cohort FE
√ √ √ √ √ √

School FE
√ √ √ √ √ √

N 2007577 2006062 2007577 2006062 2007577 2006062
R2 0.177 0.177 0.183 0.183 0.157 0.157

Note: Linear probability results are reported. Outcome is a dummy variable which takes value 1 if the subject is chosen.
Robust standard errors clustered at the school level are in parenthesis. Sample is restricted to co-educational schools.
SES stands for socioeconomic status variables which include caste dummies, annual family income, single child status
of the student and a dummy for taking external board exam in class X. General category is the omitted caste category.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Data source: Central Board of Secondary Education.
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Table 3.15: Gender gap decomposition: Cohort peers

Blinder-Oaxaca decomposition

Explanatory factor added Explained (percentage points)
Percent explained (%)

(1) (2) (3)
Mathematics PCM Biology

Total gap (percentage points) 19.17 20.66 -14.90

Female share in cohort -0.13 -0.13 -0.12
(-0.68%) (-0.63%) (0.80%)

Average peer score -0.003 -0.006 -0.11
(-0.02%) (-0.03%) (0.74%)

Average female peer score 0.14 0.12 0.07
(0.73%) (0.58%) (-0.47%)

Average male peer score 0.14 0.11 0.19
(0.73%) (0.53%) (-1.28%)

SES 0.05 0.11** 0.06**
(0.26%) (0.53%) (-0.40%)

Total 0.14 0.17 0.11
(0.73%) (0.82%) (-0.74%)

Note: Decomposition results are reported. The first row shows the gender gap in take-up
in percentage points for the column. The following rows report the detailed decomposition
contribution of cohort-peer related variables in percentage points. The terms in the
brackets report the contribution as a percent of the total gap shown in the top row. Robust
standard errors clustered at the school level are in parenthesis. Sample is restricted to
co-educational schools. SES stands for socioeconomic status variables which include caste
dummies, annual family income, single child status of the student and a dummy for taking
external board exam in class X. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Data source:
Central Board of Secondary Education.
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Table 3.16: Stream choice and immediate seniors

(1) (2) (3) (4) (5) (6)
Math Math PCM PCM (Bio) (Bio)

Female -0.181∗∗∗ -0.122∗∗∗ -0.196∗∗∗ -0.142∗∗∗ 0.162∗∗∗ 0.133∗∗∗

(0.00173) (0.00206) (0.00165) (0.00212) (0.00138) (0.00170)

Share of own gender seniors in subject 0.0823∗∗∗ 0.111∗∗∗ 0.177∗∗∗

(0.00817) (0.00864) (0.00910)

Share of own gender in senior subject class 0.126∗∗∗ 0.0800∗∗∗ 0.00339
(0.00520) (0.00496) (0.00311)

N 1309254 1309254 1301145 1301145 1289053 1289053
R2 0.166 0.168 0.170 0.171 0.154 0.155
SES

√ √ √ √ √ √

Cohort FE
√ √ √ √ √ √

School FE
√ √ √ √ √ √

Note: Linear probability results are reported. Outcome is a dummy variable which takes value 1 if the subject is chosen. Robust
standard errors clustered at the school level are in parenthesis. Sample is restricted to co-educational schools in the later two cohorts
of 2015 and 2016. SES stands for socioeconomic status variables which include caste dummies, annual family income, single child
status of the student and a dummy for taking external board exam in class X. General category is the omitted caste category.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Data source: Central Board of Secondary Education.

Table 3.17: Gender gap decomposition: Immediate seniors

Blinder-Oaxaca decomposition

Explanatory factor added Explained (percentage points)
Percent explained (%)

(1) (2) (3)
Mathematics PCM Biology

Total gap (percentage points) 18.74 20.20 -15.87

Share of own gender seniors in subject 1.52 2.23*** -2.82*
(8.11%) (11.04%) (17.77%)

Percent of own gender in senior subject class 4.41** 3.23*** -0.08
(23.53%) (15.99%) (0.50%)

SES -0.11* -0.05 0.01
(-0.59%) (-0.25%) (-0.06%)

Total 5.81*** 5.41*** -2.89***
(31.00%) (26.78%) (18.21%)

Note: Decomposition results are reported. The first row shows the gender gap in take-up in percentage
points for the column. The following rows report the detailed decomposition contribution of variables related
to immediate seniors in percentage points. The terms in the brackets report the contribution as a percent of
the total gap shown in the top row. Robust standard errors clustered at the school level are in parenthesis.
Sample is restricted to co-educational schools in the later two cohorts of 2015 and 2016. SES stands for
socioeconomic status variables which include caste dummies, annual family income, single child status of the
student and a dummy for taking external board exam in class X. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
Data source: Central Board of Secondary Education.
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Chapter 4

Caste peer effects on student

performance: Evidence from

Indian schools

4.1 Introduction

Existence of peer effects in education is a common wisdom that is becoming an

increasingly rigorously proven fact in the economics of education literature. A rich

set of papers identifies the relationship between various peer attributes and student

outcomes. These attributes can be peer ability and performance (Hanushek et al.

2003; Winston and Zimmerman 2004; Arcidiacono and Nicholson 2005; Griffith and

Rask 2014; Antecol et al. 2016; Patacchini et al. 2017), peer background (McEwan

2003; Carrell and Hoekstra 2010; Rao 2019) or peer identity, like gender or race

(Hoxby 2000; Angrist and Lang 2004; Hoxby and Weingarth 2005; Lavy and Schlosser
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2011; Imberman et al. 2012; Billings et al. 2014; Oosterbeek and Van Ewijk 2014;

Dewan et al. 2018)1. In this chapter, we look at the effect of the caste composition

of a student’s school peers on her academic performance in the context of India.

Caste is the most important dimension of social division in India (Deshpande 2011;

Munshi 2016, 2017), which makes our research question of particular interest and

importance.

The institution of caste is a system of social stratification in the Indian society

based on the ancient Varna system2. In this chapter castes are administrative cate-

gories based on the relative socioeconomic standings of various caste groups. Using

three cohorts of student results data from the largest national education board in In-

dia, the Central Board of Secondary Education, we examine peer effects of students

belonging to Scheduled castes (SC) and Scheduled tribes (ST), the most marginalized

communities in the country, on test scores in national level standardized examina-

tion for students in the highest grade (class XII) in school. Using school fixed effects,

cohort fixed effects and school-specific linear time trends, we rigorously show that

the proportion of SC/STs in the peer group has an overall null effect on the test

scores of students. Our results are precisely estimated, so that we can reject modest

sized effects between 0.12σ and 0.14σ.

The issue of mixing individuals from different social and class backgrounds in

an educational setting has always been a contentious one (Angrist and Lang 2004;

Billings et al. 2014). In the Indian context, the Scheduled castes or the former “un-

touchables”, situated at the lowest in the caste hierarchy, were historically deprived

of any form of education (Deshpande 2011; Hnatkovska et al. 2012). After the af-

1See Sacerdote (2011) and Sacerdote (2014) for a excellent review of the literature on peer effects
in education.

2See Deshpande (2011) for a comprehensive idea about the origin, evolution and contemporary
relevance of the caste system in India.
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firmative action policies were implemented post independence, the “untouchables”

and the indigenous tribes of India were guaranteed quotas in political representa-

tion, government jobs and higher education3. More recently, the Right to Free and

Compulsory Education Act (2009), commonly known as RTE, went one step further

and mandated a minimum of 25% reserved seats for children of economically weaker

and socially disadvantaged groups in all primary unaided private schools (Tucker

and Sahgal 2012). This reopened the debate around reservations and its inefficien-

cies. Powerful private school lobbies filed a case in the Supreme Court of India,

questioning the constitutional validity of the RTE act4. While the schools cited a

potential loss in efficiency and autonomy due to government interference in the ad-

mission procedure (mint (New Delhi, 12 April, 2012)), surveys clearly brought out

the apprehensions of parents and educators about the act (Hindustan Times (New

Delhi, 19 September, 2012)). The survey showed that parents thought “the quality

of education will go down as a result of the reservation” and that they were “unable

to accept that my child and that my domestic help’s child will be sitting next to

each other in the same classroom”. Though the RTE is not applicable in our setting

because we look at test scores of students in the highest grade in school (and not

the primary level where RTE is applicable), our motivation comes from the general

perception and apprehension that the presence of disadvantaged caste students in a

student’s peer group will negatively affect her own performance (For recent evidence,

see, for example, News 18 (Saharanpur, 14 April, 2018); The Print (17 February,

2019)). In our sample of three cohorts of CBSE class XII students, we establish

3Affirmative action policies in India, commonly called the “reservation system” reserve 22.5 per-
cent seats for the Scheduled Castes and the Scheduled Tribes in electoral constituencies, government
jobs and institutes of higher education (Articles 15(4) and 16(4) of the Constitution of India). This
percentage is roughly based on the share of SC/STs in the population of India.

4The act was finally upheld by the Supreme Court (Society for Unaided Private Schools of
Rajasthan v Union of India & Another (2012) 6 SCC; Writ Petition (C) No.95 of 2010).

https://www.livemint.com/Politics/v8XGnE7Bw4zVJofReOjvlI/SC-upholds-25-reservation-for-poor-in-schools-through-RTE.html
https://www.hindustantimes.com/india/what-s-so-bad-about-reservations/story-43RVmut8Ua6QO0UCcVChCJ.html
https://www.hindustantimes.com/india/what-s-so-bad-about-reservations/story-43RVmut8Ua6QO0UCcVChCJ.html
https://www.news18.com/news/india/beingadalit-in-ups-saharanpur-caste-discrimination-begins-from-classrooms-1682529.html
https://theprint.in/pageturner/excerpt/the-iits-have-a-long-history-of-systematically-othering-dalit-students/193284/
https://theprint.in/pageturner/excerpt/the-iits-have-a-long-history-of-systematically-othering-dalit-students/193284/
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that a higher proportion of SC/ST students in the peer group has no negative (or

positive) effect on the academic performance of individual students.

Identification of causal peer effects is tricky because students can select into

schools endogenously. To address this, we use the methodology employed by Hoxby

(2000) and identify the causal effects off the variation in the peer composition of

adjacent cohorts within a school. By including school fixed effects in our empirical

specification, we are able to eliminate the endogeneity bias stemming from self selec-

tion into schools in a given cohort. In addition, we include school-specific linear time

trends to control for any time-varying unobservables at the school level. Finally, we

also include a student’s past scores as proxies for ability and past inputs into the

education production function (Hanushek 1979).

Our results show that after controlling for a string of student socioeconomic char-

acteristics, past scores, school and cohort fixed effects and school-specific linear time

trends, there is no statistically significant effect of the cohort-to-cohort variation in

the share of SC/STs in a student’s peer group on her test scores in the national level

standardized examination. This is in line with other studies which look at the peer

effects of minority students (Angrist and Lang 2004; Hoxby and Weingarth 2005;

Billings et al. 2014). We conduct a host of robustness checks and find that the null

effects hold separately and are estimated precisely for all the caste groups, both

genders, all income quartiles, both private and public schools and for students with

different stream choices in higher secondary school. We also divide our sample into

ability quartiles and check whether SC/ST peers of a certain ability have differential

effects on students of a certain ability. We again find that the results are statistically

insignificant. Most importantly, we show that lower ability SC/ST peers do not have

any negative (or positive) impact on the test scores of students in any ability quar-
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tile. These findings negate the most frequent apprehensions about SC/ST students

lowering performance of the class by lowering the overall peer quality.

The literature on peer effects in education is vast and multidimensional. One

dimension is the effects of attributes of peers like peer ability and peer performance.

While Hanushek et al. (2003) and Winston and Zimmerman (2004) find that the

relationship between peer performance and own performance is positive, Antecol

et al. (2016) find adverse effects. Patacchini et al. (2017) also find positive effects

of peer achievement, but show that the longevity of the effects is determined by

the duration of friendship. Another dimension in the literature is the socioeconomic

identity of peers. A multitude of studies look into the effects of female peers. Hoxby

(2000), Lavy and Schlosser (2011) and Dewan et al. (2018) find positive gender peer

effects on student performance, mediated mainly through an improvement in class

discipline. Oosterbeek and Van Ewijk (2014), on the other hand, does not find

substantial effects of female peers on student performance.

Our chapter is most closely related to studies which look at the race or ethnic

dimensions of peer identity. Angrist and Lang (2004) look at the peer effects of black

students in the context of the Metropolitan Council for Equal Opportunity (Metco,

a race based desegregation program in the United States). They show that an in-

crease in the proportion of Metco students, which are mostly blacks from Boston

schools, has no impact on the scores of non-Metco students. Hoxby and Weingarth

(2005) use natural experiments resulting from the reassignment of students in the

Wake County school district, North Carolina. These reassignments were done with

the goal of balancing schools’ racial composition before the year 2000, and after that

for balancing the schools’ income composition. They show that after accounting for

peer achievement, the race and income of peers have negligible effects on student
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performance. Billings et al. (2014) utilize the end of race-based busing in Charlotte-

Mecklenburg schools to study minority peer effects. Using the redrawing of school

boundaries leading to new school assignments of students, they find that resegrega-

tion of schools due to end of race-based busing increased racial inequalities. Both

white and minority students saw a worsening of outcomes when they were assigned

to schools with higher proportion of minority students.

In the Indian context, the counterpart to race based peer effects in education is

caste based peer effects in education. It is an emerging but still nascent field in India.

Studies like Sekhri (2011, 2012) examine peer effects in the context of reservations

in higher education; others like Sen et al. (2012) and Frijters et al. (2017, 2019) use

exogenous variation in peer assignment to study the effect of the caste identity of

peers in tertiary education. In a recent paper, Garćıa-Brazales et al. (2020) look

at the effect of the caste composition of classroom on middle-school students in the

Indian state of Andhra Pradesh. All these studies, however, are limited in geographic

scope. To the best of our knowledge, this study is the first to look at caste peer effects

at the school level using three cohorts of rich administrative data from the largest

education board in the country with an all-India presence.

The rest of the chapter is organised as follows: Section 4.2 gives the institutional

background about the schooling system and the caste system in India, followed by a

description on the data in Section 4.3. Section 4.4 elaborates on our Empirical Strat-

egy. Section 4.5 presents our results and robustness checks, Section 4.6 concludes.

4.2 Institutional Background

The school system of India follows a 10+2+3 structure, as described in section 3.2.

This includes 10 years of schooling up to the secondary level (class X), followed by 2
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years of higher secondary schooling (class XI and XII) and three years of graduation.

The class XII board examination is a high stake test as the scores are crucial for

admission into courses for higher education into various colleges and universities.

They are arguably the most important examinations a student appears for in her

school life.

In this chapter, we look at effect of the proportion of Scheduled castes (SC) and

Scheduled tribes (ST) in the peer group on a students’s performance5. The SC and

ST are the most socioeconomically marginalized communities in the country. For

example, in the 68th round of the the National Sample Survey (NSS) conducted in

2011-12, the overall literacy rate in the country was 74.1%. The rate among the

General category was 83.2% and among the OBCs was 72.8%. In contrast, only

67.4% SCs and 64.8% STs were literate in 2011-12 (NSS Report, 2015).

4.3 Data

We use the three cohorts of board examination results data from the CBSE, the

largest national education board in India6. In this chapter, we use a student’s co-

variates at the class XII level. We use the class X roll number of class XII students to

map them to their class X scores, which we use as proxies for a student’s ability and

past inputs. The data also provides information on the socioeconomic characteristics

of the students. The caste status is used to construct our variable of interest.

Table 4.1 provides summary statistics for our sample of students which includes

only school-cohorts which have a strictly positive but below 100% share of SC/ST

students7. Out of a total of 2,152,475 students in our sample, 8.82% are SC and

5Refer to the Appendix to Chapter 2 for a brief overview of the caste system in India.
6Refer to section 3.3 for details on the CBSE data.
7This restriction drops 208,690 or 8.84% of the total observations.
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3.56% are ST. OBCs form 18.50% of the sample. The rest 69.12% are formed by

the residual category, often termed as the “General” category. The mean score out

of a total of 500 is 328.68 in class XII board examination and 347.53 in class X

board examination. Our main variable of interest, the proportion of SC/ST in the

school-cohort, has a mean value of 0.1262 or 12.62%.

4.4 Empirical Strategy

Our aim in this chapter is to explore caste peer effects on student performance

in class XII board examinations. We use three cohorts of students who appeared in

class XII board examinations under the CBSE in 2014, 2015 and 2016. Since the peer

composition across schools in a cohort is potentially endogenous, we exploit cohort

to cohort variation in peer composition of a student in a given grade within a school

to elicit the effect. While a student or her family may choose a school depending

upon its locality and the expected proportion of students from various castes, the

exact realisations of these variables in the particular year the student takes admission

can not be predicted. As pointed out by Hoxby (2000), idiosyncratic variations in

the peer compositions of adjacent cohorts in a given school could be the result of

demographic variations in a school’s catchment area and are arguably exogenous.

We use the following regression specification:

Sisc = β0 + β1.Pscstisc + β2.Xisc + Cc + schs + Ls.c+ εisc. (4.1)

Here our dependent variable, Sisc, is the standardized value of the total score

in class XII board examination of student i in school s in cohort c. Scores are

standardized by subtracting the cohort mean of scores from a student’s own score
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and dividing the difference by the cohort standard deviation. Our variable of interest,

Pscstisc, is the proportion of students belonging to Scheduled castes or Scheduled

tribes in the peers of student i in school s in cohort c8. The third term, Xisc is

a vector of student level characteristics including her gender, caste status, single

child status, annual family income, and her choice of board examination in class X

(board based or school based). Next we include cohort fixed effects, Cc, to control

for any unobservables within a cohort. School fixed effects, schs, are included to

remove any bias stemming from endogenous selection of schools in a cohort. There

may still be time-varying unobservables at the school level which are correlated

with the proportion of SC/ST students in the peer group and the student’s test

scores. For this, we include school specific linear time trends, Ls.t, as another set

of controls. Thus, our identification comes from the deviation in the proportion of

SC/ST students in a school-cohort from the school specific linear time trend. Our

estimates will be causal as long as the time-varying unobservables at the school level

follow a linear trend.

To further strengthen our claim to causality, we also include a student’s past

score in class X board examination as a proxy for her ability as well as a measure

of past inputs into the student’s education production function9. Students can sort

into schools according to ability. Failure to include a measure of ability could lead

to omitted variable bias since ability is likely to be correlated with both peer com-

position (via selection of schools) and performance of a student. In addition, the

observed performance of a student at any point in time is an outcome of inputs

8It is important to note that this proportion is calculated based on the entire cohort of a student
in her school, irrespective of whether the peers took their class X board examination under the
CBSE or under some other board.

9It is here that our sample gets restricted to students who appeared for both class X and XII
board examination under the CBSE.
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put in by the student herself, her family, peers, instructors and school, among other

things (Hanushek 1979). This will again lead to biased estimates since these inputs

will be correlated with peer composition as well as the outcome variable. The score

of students in class X can serve as a plausible proxy for both these factors.

4.5 Results

4.5.1 Effect of SC/ST proportion on student scores

Table 4.2 presents our main results. The dependent variable in each column is the

standardized total score of class XII board examination. The main variable of interest

is the proportion of students belonging to Scheduled castes or Scheduled tribes in a

student’s cohort in her school. The first column in Table 4.2 runs the OLS model

with only cohort fixed effects. We see that the coefficient on the proportion of SC/ST

students in the cohort is negative and statistically significant. However, as discussed

in the previous section, selection into schools within a cohort is possibly endogenous.

To eliminate this bias, school fixed effects are included in the next column. The

coefficient on our variable of interest increases in magnitude to 0.117, but is now

statistically significant at only 5%.

Finally, in column 3, we include school-wise linear time trends in our specification.

This guards against time-varying unobservables at the school level to the extent that

they follow a linear trend. The addition of the linear trends not only makes the

coefficient on the proportion of SC/ST statistically insignificant, but it also reduces

the size of the coefficient by a factor of 100. The point estimate has high precision

and we can reject effects ranging between 0.12σ and 0.14σ.

To put our caste peer effect coefficient into perspective, we compare them to the
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gradients of other covariates. The coefficients on the other controls shown in the table

are larger in size and always statistically significant. For example, the coefficient on

class X score of a student hovers around 0.6 and the peer effects coefficient is only

1.3% of this coefficient. Thus, we can confidently rule out meaningful effects of

SC/ST peers on test scores.

The coefficient on the female student dummy is always positive as girls have a

higher score compared to boys on an average. The caste dummies show that the

scores of students of all other caste categories are lower than the omitted General

category. Other controls not shown in the table include a student’s annual family

income, her only child status and a dummy for whether she appeared for a school

based or a board based examination in class X.

Thus, after controlling for a string of observables at the student level (gender,

caste status, annual family income, single child status and choice of board examina-

tion), school and cohort fixed effects, as well as school-specific linear time trends, we

find that the proportion of SC/STs in the peer group has no statistically significant

effect on student performance in class XII board examination in our sample.

Next we explore whether the proportion of SC/STs in the peer group has any

heterogeneous effects in different sub-samples. Table 4.3 presents the results by caste

groups and Table 4.4 presents them by gender groups. The columns in Table 4.3 look

at the effect of proportion of SC/STs in peer group for students belonging to SC/ST

caste group, to OBC caste group and to the residual General category caste group.

As can be seen, the coefficients are statistically insignificant for each of these groups.

The columns in Table 4.4 run our preferred specification on the sample of girls and

boys separately. Here again we see that the proportion of SC/STs in the peer group

has no statistically significant effect on either of the genders.
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In Table 4.5 we report results by income quartiles. We create annual family in-

come quartiles at the district level within a cohort and run our preferred specification

on each quartile separately. Again, we see that although the magnitude of the co-

efficient on the proportion of SC/STs in the peer group varies, it is not statistically

significant for any income quartile. Thus, the null effect of proportion of SC/ST

students in the peer group is consistent across all the above sub-samples.

In the next table, results are reported separately for private and public schools.

Our private school definition includes aided and unaided independent schools. The

public schools include government schools as well as Kendriya Vidyalays and Jawahar

Navodaya Vidyalayas, both of which are also run by a government administration.

Table 4.6 shows that our null results hold for both private and public schools. The

coefficient on the proportion of SC/ST students in the peer group is statistically

insignificant in each column. Thus, the proportion of SC/ST students in the peer

group does not have any statistically significant effect on student performance in the

overall sample, for any of the caste groups, for any of the genders, for any of the

income quartiles and for any type of the schools.

4.5.2 Non linear effects by ability

In this subsection, we examine whether our null results mask heterogeneity by ability.

It could be possible, for example, that while the proportion of SC/ST students does

not have any effect on student performance on an average, the effect may differ by

the ability of those students. If the direction of this effect is opposite for lower ability

students as compared to higher ability students, we might see a null effect on average.

We divide the students into quartiles by cohort according to their class X scores and

run our preferred specification for each quartile. Table 4.7 reports the results. The
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first column has the sample of students in the lowest ability quartile, the last column

has those in the highest ability quartile. We see that the coefficient is statistically

insignificant for all quartiles: the effect of the proportion of SC/ST students in the

peer group does not differ by student ability and is null for all ability quartiles.

We then take a step further and attempt to elicit non-linear effects of the pro-

portion of SC/ST students in peer group. This directly addresses the apprehensions

discussed in the introduction about SC/ST peers having negative externalities due

to their lower academic performance on average. In particular, we want to answer

questions like “Does the proportion of low ability SC/ST students in the peer group

have a negative effect on the performance of students who themselves are of lower

ability?” or “Do high achieving SC/ST peers have a differential effect on the per-

formance of high ability students?”. Following Imberman et al. (2012), we assign

an ability quartile to each student as in Table 4.7. Then, for each ability quartile,

we calculate the proportion of SC/ST peers. Thus, for each student, we assign her

ability quartile, the proportion of SC/ST peers in her own ability quartile, as well

as the proportion of SC/ST peers in the other three ability quartiles. We then run

our preferred specification for each of these quartiles.

The results are presented in Table 4.8. Column 1 has the full sample of students,

column 2 has the students in the lowest ability quartile, followed by the next quartiles

in columns 3 and 4 and the highest quartile in column 5. Our independent variable is

also divided into four independent variables as described above. In column 1, we see

that the coefficients on the proportion of SC/STs in the peer group are statistically

insignificant irrespective of the ability quartile. More importantly, rows 1 and 2

reveal that the lowest ability SC/ST peers have no effect on the performance of

students in any of the ability quartiles. In fact, the coefficients on our variables of
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interest are statistically insignificant in 17 out of the 20 cells. The three instances of

a negative effect are both small in size and low in statistical significance.

Summing up, we see that the proportion of SC/ST students in the peer group

has a consistently null effect on student performance in our sample. This subsection

shows that the null effects seen in the previous subsection do not mask heterogeneous

effects by either student ability or peer ability- even low-ability SC/ST peers do not

impose a negative peer effect.

4.5.3 Robustness checks

In this subsection, we present a battery of robustness checks to further strengthen

our results. Table 4.9 presents the first set of these results. In column 1, we add a

quadratic term of the proportion of SC/ST students in the peer group to detect any

non-linear effects of the variable. We see that the coefficient of the quadratic term

is statistically insignificant. In addition, it has little effect on the magnitude or the

statistical significance of our main variable of interest.

In the second column, we add, as additional controls, the mean past scores (class

X board examination scores) of all the SC/ST peers of a student as well as the mean

past scores of all peers of a student. The coefficient on the proportion of SC/ST now

turns negative but it is still statistically insignificant10.

In Table 4.10, we check if our results hold for students who self select into various

subject streams. After matriculation in class X, students in India are required to

choose specialized subjects for the next two years of study (classes XI and XII).

We group students into the most common subject combinations opted by them in

10In our dataset, the past scores are available only for students who appeared for their class X
board examinations also under the CBSE, and not for the entire cohort of a student which includes
students who migrated from other education boards.
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our data. The Science stream comprises of students who opt for both Physics and

Chemistry, Commerce stream comprises of students who opt for Business Studies and

Accounts, and Arts stream has students who choose History and Political Science,

among other subjects. In general, a student does not choose subjects from any two

of the above streams simultaneously; thus they provide meaningful slices of the data.

We see from Table 4.10 that the proportion of SC/ST students in the peer group has

a null effect for each of the three stream choices.

Finally, Table 4.11 presents results for student groups depending upon whether

they changed schools after class X. About 30% of students in our data change schools

between class X and XII, most likely because many schools have grades only till class

X. While a change in schools after class X could be a necessity, it can confound our

estimates if the school changes are made in response to the peer composition of a

school. Thus we divide students into those who did change schools between class X

and XII and those who did not, and see if our results differ across the two groups.

We again see that the coefficient on the proportion of SC/STs in the peer group is

statistically insignificant for both categories of students.

The robustness checks presented in this subsection rigorously demonstrate that

the proportion of SC/STs in the cohort peers has consistent and precisely estimated

null effect on the performance of students in class XII.

4.6 Conclusion

We estimate caste peer effects of students from the most disadvantaged castes on test

scores of class XII students in national level standardized examination using three

cohorts of results data from the largest education board in the country, the Central

Board of Secondary Education. We use cohort-to-cohort variation in the share of
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SC/ST students in the peer group of students within a school to causally identify its

effects on student performance. By controlling for socioeconomic characteristics of

students, their past scores, cohort and school fixed effects, and school-specific linear

time trends, we find robust evidence of an overall null effect of the proportion of

SC/ST students in a student’s school peers on her own academic score. Our point

estimates are precise and we can reject modest sized estimates between 0.12σ and

0.14σ. Our results hold separately for all caste categories, both genders, all four

income quartiles and for all students in various streams in class XII. It also holds

for students who changed schools after class X and for those who did not. Lastly,

we find evidence of small negative effects of the highest ability SC/ST peers on

high ability students. It is possible that a student’s narrow peer group is defined

within her school with select students of her class. We present our results with this

caveat in mind that what we call peers may be too broad a definition. However,

our definition of peers at the school-cohort level is in line with the motivation with

which we started. The common apprehensions about SC/ST students start with

them sitting in the same classrooms as higher caste students, regardless of whether

they actually mingle with those students. Our results establish that the most cited

reason for this apprehension- negative effect on student performance- is not true in

our sample.

We believe there are interesting policy and social implications of our findings.

Although we do not study the effects of policies which aim at redistribution of stu-

dents across schools per se, our results suggest that an increase in students from

marginalized castes in a cohort have no detrimental effect on student performance.

Our results send a strong social message because they show evidence against the

popular myth that the disadvantaged castes necessarily have negative externalities
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due to their lower academic performance on average.
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Tables for Chapter 4
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Table 4.1: Summary Statistics

Total students 2,152,475
Girls 44.13%

Caste

Scheduled Castes 8.82%
Scheduled Tribes 3.56%
Other Backward Castes 18.50%
General 69.12%

Other attributes

External board exam 36.56%
Mean Annual family income (INR) 270, 372.6
(std. dev) (898, 262.9)
Single child 5.31%

Mean score (out of 500)
(std. dev)

Class XII 328.68
(82.62)

Class X 347.53
(73.84)

Mean proportion of SC/ST in peer group 0.1262
(std.dev) (0.1507)

Note: Castes are the administrative caste categories in India. Data source:
Central Board of Secondary Education.
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Table 4.2: Caste peer effects and class XII score

(1) (2) (3)
Proportion of SC/ST students -0.0994∗∗∗ -0.117∗∗ 0.00796

(0.0362) (0.0558) (0.0669)

Class X total score 0.643∗∗∗ 0.607∗∗∗ 0.614∗∗∗

(0.00422) (0.00257) (0.00259)

Female 0.220∗∗∗ 0.138∗∗∗ 0.135∗∗∗

(0.00608) (0.00229) (0.00229)

SC -0.0742∗∗∗ -0.0597∗∗∗ -0.0584∗∗∗

(0.00444) (0.00198) (0.00197)

OBC -0.156∗∗∗ -0.0444∗∗∗ -0.0447∗∗∗

(0.00777) (0.00198) (0.00192)

ST -0.113∗∗∗ -0.0767∗∗∗ -0.0750∗∗∗

(0.0145) (0.00451) (0.00445)
Cohort FE

√ √ √

School FE
√ √

School-wise time trend
√

N 2077833 2077810 2077810
R2 0.452 0.614 0.628

Note: Linear regression results are reported. Outcome is standardized value of
student’s class XII total score. Other controls in all columns include annual fam-
ily income, only child status and a dummy for whether the student appeared for
a board-based or a school-based class X exam. Robust standard errors clustered
at the school level are in parenthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
Data source: Central Board of Secondary Education.
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Table 4.3: Heterogeneity by caste

(1) (2) (3)
SC/ST OBC General

Proportion of SC/ST students -0.0633 -0.0473 0.0288
(0.0943) (0.109) (0.0766)

Class X total score 0.545∗∗∗ 0.629∗∗∗ 0.621∗∗∗

(0.00467) (0.00359) (0.00277)

Female 0.129∗∗∗ 0.161∗∗∗ 0.128∗∗∗

(0.00451) (0.00372) (0.00243)

Cohort FE
√ √ √

School FE
√ √ √

School-wise linear trend
√ √ √

N 256564 382780 1437301
R2 0.674 0.622 0.632

Note: Linear regression results are reported. Outcome is standardized value
of student’s class XII total score. The sample for each column is specified
at the top. Other controls in all columns include annual family income, only
child status and a dummy for whether the student appeared for a board-
based or a school-based class X exam. Robust standard errors clustered at
the school level are in parenthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
Data source: Central Board of Secondary Education.
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Table 4.4: Heterogeneity by gender

(1) (2)
Girls Boys

Proportion of SC/ST students 0.00300 0.0149
(0.0824) (0.0809)

Class X total score 0.585∗∗∗ 0.633∗∗∗

(0.00300) (0.00295)

SC -0.0613∗∗∗ -0.0575∗∗∗

(0.00254) (0.00278)

OBC -0.0326∗∗∗ -0.0505∗∗∗

(0.00236) (0.00235)

ST -0.0626∗∗∗ -0.0858∗∗∗

(0.00552) (0.00559)
Cohort FE

√ √

School FE
√ √

School-wise linear trend
√ √

N 921765 1155931
R2 0.637 0.633

Note: Linear regression results are reported. Outcome is stan-
dardized value of student’s class XII total score. The sample
for each column is specified at the top. Other controls in all
columns include annual family income, only child status and
a dummy for whether the student appeared for a board-based
or a school-based class X exam. Robust standard errors clus-
tered at the school level are in parenthesis. ∗ p < 0.10, ∗∗ p <
0.05, ∗∗∗ p < 0.01. Data source: Central Board of Secondary
Education.
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Table 4.5: Heterogeneity by income quartiles

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

Proportion of SC/ST students 0.112 0.0190 0.0222 -0.143
(0.0978) (0.0975) (0.0993) (0.103)

Class X total score 0.630∗∗∗ 0.618∗∗∗ 0.610∗∗∗ 0.603∗∗∗

(0.00356) (0.00340) (0.00316) (0.00360)

Female 0.162∗∗∗ 0.154∗∗∗ 0.129∗∗∗ 0.0980∗∗∗

(0.00354) (0.00331) (0.00313) (0.00301)

SC -0.0431∗∗∗ -0.0549∗∗∗ -0.0685∗∗∗ -0.0824∗∗∗

(0.00302) (0.00358) (0.00381) (0.00430)

OBC -0.0337∗∗∗ -0.0404∗∗∗ -0.0456∗∗∗ -0.0460∗∗∗

(0.00298) (0.00327) (0.00302) (0.00326)

ST -0.0560∗∗∗ -0.0775∗∗∗ -0.0710∗∗∗ -0.0955∗∗∗

(0.00714) (0.00820) (0.00727) (0.00681)
Cohort FE

√ √ √ √

School FE
√ √ √ √

School-wise linear trend
√ √ √ √

N 593438 518597 494177 470203
R2 0.624 0.614 0.628 0.693

Note: Linear regression results are reported. Outcome is standardized value of student’s class
XII total score. Quartile 1 corresponds to the poorest income quartile, quartile 4 corresponds
to the richest. Other controls in all columns include annual family income, only child status
and a dummy for whether the student appeared for a board-based or a school-based class
X exam. Robust standard errors clustered at the school level are in parenthesis. ∗ p <
0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Data source: Central Board of Secondary Education.
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Table 4.6: Heterogeneity by school administration

(1) (2)
Private Public

Proportion of SC/ST students 0.00271 -0.000445
(0.108) (0.0829)

Class X total score 0.644∗∗∗ 0.530∗∗∗

(0.00300) (0.00443)

Female 0.145∗∗∗ 0.0861∗∗∗

(0.00274) (0.00352)

SC -0.0851∗∗∗ -0.0465∗∗∗

(0.00305) (0.00250)

OBC -0.0564∗∗∗ 0.000506
(0.00233) (0.00270)

ST -0.119∗∗∗ -0.0392∗∗∗

(0.00651) (0.00554)
Cohort FE

√ √

School FE
√ √

School-wise linear trend
√ √

N 1381105 695550
R2 0.630 0.628

Note: Linear regression results are reported. Outcome is stan-
dardized value of student’s class XII total score. The sample
for each column is specified at the top. Other controls in all
columns include annual family income, only child status and
a dummy for whether the student appeared for a board-based
or a school-based class X exam. Robust standard errors clus-
tered at the school level are in parenthesis. ∗ p < 0.10, ∗∗ p <
0.05, ∗∗∗ p < 0.01. Data source: Central Board of Secondary
Education.



CHAPTER 4. CASTE PEER EFFECTS ON STUDENT PERFORMANCE: EVIDENCE FROM INDIAN SCHOOLS 157

Table 4.7: Heterogeneity by quartiles of student ability

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

Proportion of SC/ST students -0.130 -0.0412 0.0923 -0.0301
(0.114) (0.0966) (0.0895) (0.0875)

Class X total score 0.654∗∗∗ 0.562∗∗∗ 0.600∗∗∗ 0.939∗∗∗

(0.00735) (0.00586) (0.00504) (0.00640)

Female 0.150∗∗∗ 0.194∗∗∗ 0.147∗∗∗ 0.0301∗∗∗

(0.00400) (0.00328) (0.00305) (0.00275)
Cohort FE

√ √ √ √

School FE
√ √ √ √

School-wise linear trend
√ √ √ √

N 535134 523533 513771 504159
R2 0.727 0.485 0.461 0.791

Note: Linear regression results are reported. Outcome is standardized value of student’s class
XII total score. Quartile 1 corresponds to students with the lowest class X scores, quartile 4
corresponds to those with the highest class X scores. Other controls in all columns include
caste dummies, annual family income, only child status and a dummy for whether the student
appeared for a board-based or a school-based class X exam. Robust standard errors clustered
at the school level are in parenthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Data source:
Central Board of Secondary Education.
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Table 4.8: Non linear effects by ability quartiles

(1) (2) (3) (4) (5)
Full sample Quartile 1 Quartile 2 Quartile 3 Quartile 4

Proportion of SC/ST students in Q1 0.0145 0.0544 0.0210 0.0263 -0.0193
(0.0234) (0.0523) (0.0340) (0.0294) (0.0312)

Proportion of SC/ST students in Q2 -0.00144 -0.0579 -0.0781 0.0726 0.0156
(0.0397) (0.0776) (0.0586) (0.0516) (0.0530)

Proportion of SC/ST students in Q3 -0.0240 0.0294 -0.103∗ -0.0676 -0.00479
(0.0421) (0.0729) (0.0559) (0.0543) (0.0577)

Proportion of SC/ST students in Q4 -0.0147 0.0128 0.0155 -0.0822∗ -0.105∗

(0.0345) (0.0446) (0.0587) (0.0421) (0.0567)

Class X total score 0.612∗∗∗ 0.652∗∗∗ 0.553∗∗∗ 0.602∗∗∗ 0.931∗∗∗

(0.00272) (0.00800) (0.00598) (0.00534) (0.00695)
Cohort FE

√ √ √ √ √

School FE
√ √ √ √ √

School-wise time trend
√ √ √ √ √

N 1742711 396620 455035 461668 428430
R2 0.609 0.715 0.477 0.454 0.780

Note: Linear regression results are reported. Outcome is standardized value of student’s class XII total score. Quartile
1 corresponds to students with the lowest class X scores, quartile 4 corresponds to those with the highest class X
scores. The independent variables are the proportion of SC/ST students in each quartile of student performance.
Other controls in all columns include a female student dummy, caste dummies, annual family income, only child status
and a dummy for whether the student appeared for a board-based or a school-based class X exam. Robust standard
errors clustered at the school level are in parenthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Data source: Central
Board of Secondary Education.
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Table 4.9: Robustness I: Inclusion of quadratic term and mean ability controls

(1) (2)
Proportion of SC/ST students 0.00741 -0.0811

(0.117) (0.0628)

(Proportion of SC/ST students) sq 0.00111
(0.197)

Class X total score 0.614∗∗∗ 0.614∗∗∗

(0.00259) (0.00261)

Female 0.135∗∗∗ 0.135∗∗∗

(0.00229) (0.00231)

SC -0.0584∗∗∗ -0.0568∗∗∗

(0.00197) (0.00198)

OBC -0.0447∗∗∗ -0.0441∗∗∗

(0.00192) (0.00189)

ST -0.0750∗∗∗ -0.0734∗∗∗

(0.00444) (0.00445)
Mean controls

√

Cohort FE
√ √

School FE
√ √

School-wise time trend
√ √

N 2077810 2047950
R2 0.628 0.628

Note: Linear regression results are reported. Outcome is standard-
ized value of student’s class XII total score. Mean controls include
mean past scores of SC/ST peers and mean past scores of all peers
in the cohort. Other controls in all columns include annual fam-
ily income, only child status and a dummy for whether the student
appeared for a board-based or a school-based class X exam. Ro-
bust standard errors clustered at the school level are in parenthesis.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Data source: Central Board
of Secondary Education.
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Table 4.10: Robustness II: Different stream choices of students

(1) (2) (3)
Science Commerce Arts

Proportion of SC/ST students 0.0375 -0.103 -0.0811
(0.0811) (0.110) (0.166)

Class X total score 0.746∗∗∗ 0.728∗∗∗ 0.754∗∗∗

(0.00306) (0.00320) (0.00884)

Female 0.0672∗∗∗ 0.102∗∗∗ 0.103∗∗∗

(0.00282) (0.00336) (0.00672)

SC -0.0465∗∗∗ -0.0853∗∗∗ -0.0359∗∗∗

(0.00272) (0.00393) (0.00352)

OBC -0.0276∗∗∗ -0.0512∗∗∗ 0.0242∗∗∗

(0.00236) (0.00308) (0.00534)

ST -0.0799∗∗∗ -0.144∗∗∗ 0.0142
(0.00473) (0.00769) (0.0107)

Cohort FE
√ √ √

School FE
√ √ √

School-wise linear trend
√ √ √

N 994354 591334 287246
R2 0.668 0.643 0.710

Note: Linear regression results are reported. Outcome is standardized value of
student’s class XII total score. The three columns report results for students in
different streams in class XII. Other controls in all columns include annual fam-
ily income, only child status and a dummy for whether the student appeared for
a board-based or a school-based class X exam. Robust standard errors clustered
at the school level are in parenthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
Data source: Central Board of Secondary Education.
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Table 4.11: Robustness III: School changing status of students

(1) (2)
Changed schools Did not change

after class X schools after class X
Proportion of SC/ST students -0.0694 0.0268

(0.113) (0.0721)

Class X total score 0.579∗∗∗ 0.666∗∗∗

(0.00423) (0.00288)

Female 0.165∗∗∗ 0.112∗∗∗

(0.00410) (0.00213)

SC -0.0815∗∗∗ -0.0445∗∗∗

(0.00402) (0.00202)

OBC -0.0496∗∗∗ -0.0315∗∗∗

(0.00337) (0.00191)

ST -0.0982∗∗∗ -0.0487∗∗∗

(0.00766) (0.00464)
Cohort FE

√ √

School FE
√ √

School-wise linear trend
√ √

N 624080 1453469
R2 0.600 0.668

Note: Linear regression results are reported. Outcome is standardized value of student’s
class XII total score. The sample in column 1 consists of students who changed their
schools after class X, and the sample in the second column has students who remained
in the same school as they were in class X. Other controls in all columns include annual
family income, only child status and a dummy for whether the student appeared for a
board-based or a school-based class X exam. Robust standard errors clustered at the
school level are in parenthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Data source:
Central Board of Secondary Education.
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Social norms, separate accounts and consumption choices. NBER Working Paper

No. 10498.

Dugar, S., Bhattacharya, H., and Reiley, D. (2012). Can’t Buy Me Love? A field

experiment exploring the trade-off between income and caste-status in an Indian

matrimonial market. Economic Inquiry, 50(2):534–550.



BIBLIOGRAPHY 19

Dumont, L. (1980). Homo hierarchicus: The caste system and its implications. Uni-

versity of Chicago Press, Chicago and London.

Duraisamy, M. and Duraisamy, P. (2016). Gender wage gap across the wage distribu-

tion in different segments of the Indian labour market, 1983–2012: Exploring the

glass ceiling or sticky floor phenomenon. Applied Economics, 48(43):4098–4111.

Eccles, J. S. and Wang, M.-T. (2016). What motivates females and males to pur-

sue careers in Mathematics and Science? International Journal of Behavioral

Development, 40(2):100–106.

England, P. and Li, S. (2006). Desegregation stalled: The changing gender compo-

sition of college majors, 1971-2002. Gender & Society, 20(5):657–677.

Fairlie, R. W. (1999). The absence of the African-American owned business: An anal-

ysis of the dynamics of self-employment. Journal of Labor Economics, 17(1):80–

108.

Fairlie, R. W. (2005). An extension of the Blinder-Oaxaca decomposition technique to

logit and probit models. Journal of Economic and Social Measurement, 30(4):305–

316.

Fairlie, R. W., Hoffmann, F., and Oreopoulos, P. (2014). A community college

instructor like me: Race and ethnicity interactions in the classroom. American

Economic Review, 104(8):2567–91.

Farcomeni, A. (2008). A review of modern multiple hypothesis testing, with par-

ticular attention to the false discovery proportion. Statistical Methods in Medical

Research, 17(4):347–388.



20 BIBLIOGRAPHY

Fink, G., McConnell, M., and Vollmer, S. (2014). Testing for heterogeneous treat-

ment effects in experimental data: False discovery risks and correction procedures.

Journal of Development Effectiveness, 6(1):44–57.

Fischer, S. (2017). The downside of good peers: How classroom composition differ-

entially affects men’s and women’s STEM persistence. Labour Economics, 46:211–

226.

Fletschner, D., Anderson, C. L., and Cullen, A. (2010). Are women as likely to take

risks and compete? Behavioural findings from Central Vietnam. The Journal of

Development Studies, 46(8):1459–1479.

Fortin, N., Lemieux, T., and Firpo, S. (2011). Decomposition methods in economics.

In Handbook of labor economics, volume 4, pages 1–102. Elsevier.

Fouad, N. A., Singh, R., Fitzpatrick, M. E., and Liu, J. P. (2011). Stemming the

tide: Why women leave engineering. University of Wisconsin-Milwaukee, Final

report from NSF Award, 827553.

Friedberg, L. and Webb, A. (2006). Determinants and consequences of bargaining

power in households. NBER Working Paper No. w12367.

Friedman-Sokuler, N. and Justman, M. (2016). Gender streaming and prior achieve-

ment in high school science and mathematics. Economics of Education Review,

53:230–253.

Frijters, P., Islam, A., and Pakrashi, D. (2019). Heterogeneity in peer effects in ran-

dom dormitory assignment in a developing country. Journal of Economic Behavior

& Organization, 163:117–134.



BIBLIOGRAPHY 21

Frijters, P., Islam, A., Pakrashi, D., et al. (2017). Can we select the right peers in In-

dian education? Evidence from Kolkata. Discussion paper no. 39/16, Department

of Economics, Monash University.

Fryer, R. G. (2007). Guess who’s been coming to dinner? Trends in interracial

marriage over the 20th century. The Journal of Economic Perspectives, 21(2):71–

90.

Fryer Jr, R. G. and Levitt, S. D. (2009). An empirical analysis of the gender gap in

Mathematics. NBER Working Paper No. w15430.

Fu, X. and Heaton, T. B. (2008). Racial and educational homogamy: 1980 to 2000.

Sociological Perspectives, 51(4):735–758.

Furtado, D. (2012). Human capital and interethnic marriage decisions. Economic

Inquiry, 50(1):82–93.

Gadgil, M. and Rao, P. S. (1994). A system of positive incentives to conserve biodi-

versity. Economic and Political Weekly, 29(32):2103–2107.
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