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SUMMARY 

 

 Developing countries are characterised by inequality in opportunities, which in turn is linked 

to low levels of human capital in terms of education and health (Mejía & St-Pierre, 2008). 

Hence, understanding the determinants of children’s human capital formation in the developing 

country context is important for policymakers as it is an important driver of future economic 

growth. This dissertation consists of three independent chapters on factors affecting children’s 

human capital in India and relevant mechanisms through which these effects may ensue. Each 

chapter addresses an important issue faced by the rural households in developing countries that 

affects their children’s education and health in terms of community, resource scarcity and 

environmental exposure either directly or indirectly through the outcomes of other members in 

the households especially women. All three chapters use nationally representative Indian 

Human Development Survey (IHDS) data provided by Inter-university Consortium for 

Political and Social Research, Ann Arbor, Michigan and the National Council of Applied 

Economic Research, New Delhi, India. The first chapter uses the first wave of this survey 

conducted in 2004-05, the second chapter uses the second wave of the survey conducted in 

2011-12, and the last chapter uses panel information from both the surveys to identify the causal 

effects of, respectively community membership, time use in resource collection due to resource 

scarcity and indoor air quality due to fuel choices on children’s human capital using cluster- 

specific fixed effects, instrumental variable strategy and time and cluster fixed effects 

respectively. Two of the chapters explore women’s outcomes as relevant channels that may 

help explain some of the effects on child human capital.  

The first chapter, written jointly with Nabanita Datta Gupta and Meghna Katoch, explores 

whether the membership of rural Indian households in community-based organisations (CBOs) 

affects child human capital formation in terms of health and education. The chapter also tries 

to explore the relationship of household membership in community organisations and the 

bargaining power of women in the household as well as their health beliefs which influence 

child health and education (Duflo, 2003; Lèpine and Strobl, 2013; Lavy, Lotti and Yan, 2016) 

as many of these groups are targeted towards women and social welfare in general. In the 

literature, the effect of interventions and creating awareness among communities through 

CBOs have been tested with the help of a randomised experiment which found positive effects 

on children’s performance in school and primary health provision (Banerjee, et al., 2007; 

Björkman and Svensson, 2009; Duflo, Dupas and Kremer, 2012). However, these randomised 
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trials are based on small samples and are restricted to testing the effect of a single institutional 

aspect of CBOs at a time. The presence of CBOs in a particular region may not be completely 

random and may depend on regional socioeconomic differences.  Hence, the present study 

differentiates between the impact of different types of CBOs on the probability of being absent 

in school, reading and writing ability of school-going children and the probability of being 

severely wasted for children below five years of age using village and district fixed effects to 

control for unobserved regional hetergogeneity in the presence of CBOs that does not vary with 

time. Membership in CBOs such as Mahila Mandals and youth/sports/reading clubs improves 

the nourishment status of children and NGOs and credit savings groups improve health beliefs 

of women and also improve children’s health and educational outcomes. However, 

membership in caste associations is detrimental to both child human capital and women’s 

health beliefs.  

The second chapter analyses the impact of intensity of children’s time use in water collection 

work on educational outcomes such as the magnitude of absence in school and time spent in 

private tuition or self-study of  6-14 years old children and cognitive abilities in terms of 

language and mathematical skills for children in the age group of 8-11 years. Net annual 

groundwater availability per capita at the district level is used as an instrument to identify the 

impact. Water being a highly scarce resource globally, is central to poverty, and thus its 

provision is central to poverty alleviation. Rapid depletion of groundwater resources and lack 

of in-house supply induces household members including children to travel great distances in 

search for water spending a substantial amount of time in collecting water in several developing 

countries in South Asia , Africa (Koolwal & Van de Walle, 2013; Levison, De Graff and 

Dungumaro, 2018). The time children under fifteen spend in such activity forms a significant 

part of unpaid or invisible child labour. Consistent with the literature the study finds that 

children undertaking intensive water collection activity increases school absence and the 

probability of poor writing and mathematical skills. The impact increases with increase in the 

intensity of time use in water collection. The relationship is robust to the change in time use 

specification from time spent individually by a child to aggregate time spent by all the children 

within the same household eliminating correlation in time use and educational outcomes within 

siblings.  

The third chapter identifies the intensive margin of exposure to household air pollution on child 

human capital and mother’s health outcomes using panel data from 2004-05 and 2011-12 IHDS 

surveys and using household and time fixed effects. The effect on educational outcomes of 
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children are measured in terms of the extent of absence in school, time spent in private tuition 

or self-study and educational attainment. Child health outcomes are measured in terms of 

incidence of cough, duration of short term morbidity and nutritional status (height to age z 

score) for the children that are enrolled in school during both the surveys and for younger 

children who were under 5 years during the first wave in 2004-05. In the case of mother’s 

health outcomes, instead of height to age score, body mass index is measured. Degradation of 

air quality due to the use of polluting fuels such as firewood, dung cakes, coal and kerosene 

results in household air pollution imposing a great economic cost globally. Although the 

literature has established a strong negative link between health and household air pollution, 

few studies have analysed the impact of household air pollution on educational outcomes, and 

even fewer in a developing country context. The literature has found negative impacts of 

outdoor pollution on educational outcomes (Currie, Hanushek, Kahn, Neidell and Rivkin, 

2009; Sanders, 2012; Lavy, Ebenstein and Roth, 2012; Liu and Salvo, 2017 ); however, it is 

difficult to connect these results directly to household air pollution as it is not simply a by-

product of outdoor air pollution but is a result of accumulated emissions due to mainly 

incomplete combustion of polluting fuels (Stafford, 2015). This chapter also explores the 

relationship between exposure to household air pollution and mothers’ health outcomes as 

mothers spend most of their time in cooking activities and are most vulnerable to health 

adversities, due to their greater exposure to household air pollution (HAP) (Rehfuess, Bruce 

and Smith, 2011; Langpap and Edward, 2012). Mothers’ poor health outcomes may ultimately 

affect the quality and quantity of parental investment in children’s human capital. This chapter 

concludes that children from households burning a mix of polluting and clean fuels remain less 

absent in school compared to those using LPG exclusively as a result of avoidance behaviour 

due to the visible smoke from polluting fuels, however, it increases the incidence of cough 

among younger children and the average duration of short-term morbidity for mothers in the 

household. The absence of a significant result on burning polluting fuels exclusively for a 

longer duration may be due to the more permanent nature of its use, resulting in lower within 

household variation that may underestimate its impact.  

  

 

 

 



viii 

 

References 

Banerjee, A., Banerji, R., Duflo, E., Glennerster, R., Kenniston, D., Khemani, S., & Shotland, 

M. (2007). Can Information Campaigns Raise Awareness and Local Participation in 

Primary Education? . Economic and Political Weekly, Vol42(15):1365-1372. 

Björkman, M., & Svensson, J. (2009). Power to People : Evidence from a Randomized Field 

Experiment on Community Monitoring in Uganda. The Quarterly Journal of 

Economics, Vol.124: 735-769. 

Currie, J., Hanushek, E., Kahn, M. E., Neidell, M., & Rivkin, S. G. (2009). Does pollution 

increase school absences. The Review of Economics and Statistics, Vol 91(4): 682-694. 

Duflo, E. (2003). Grandmothers and granddaughters: Old age pension and intra-household 

allocation in South Africa. The World Bank Economic Review,, Vol 17(1), 1–25. 

Duflo, E., Dupas, P., & Kremer, M. (2012). School Governance, Teacher Incentives, and Pupil-

Teacher Ratios: Experimental Evidence from Kenyan Primary Schools. National 

Bureau of Economic Research, Working paper No w17939. 

Koolwal, G., & Van de Walle, D. (2013). Access to water, women's work and child outcomes. 

Economic Development and Cultural Change, Vol 61(2):369-405. 

Langpap, C., & Edward, J. H. (2012). Fuel choice, indoor air pollution and children's health. 

Environment and Development Economics, 17, (4), 379-406. 

Lavy, V., Ebenstein, A., & Roth, S. (2012). The impact of air pollution on cognitive 

performance and human capital formation . Working paper, Royal Holloway, 

University of London . 

Lavy, V., Lotti, G., & Yan, Z. (2016). Empowering Mothers and Enhancing Early Childhood 

Investment: Effect on Adults Outcomes and Children Cognitive and Non-Cognitive 

Skills . NBER Working Paper No. 22963. 

Lèpine, A., & Strobl, E. (2013). The effect of women’s bargaining power on child nutrition in 

rural Senegal . World Development , Vol. 45, pp. 17–30. 

Levison, D., De Graff, D., & Dungumaro, E. (2018). Implications of environmental chores for 

schooling : Children's time fecthing water and firewood in Tanzania. The European 

Journal of Development Research , Vol.30: 217-234. 

Liu, H., & Salvo, A. (2017 ). Severe air pollution and school absences: Longitudinal data on 

expatriates in North China. IZA Institute of Labour Economics, Discussion paper 

11134. 

Mejía, D., & St-Pierre, M. (2008). Unequal opportunities and human capital formation. Journal 

of Development Economics, vol 86(2):395-413. 



ix 

 

Rehfuess, E., Bruce, N., & Smith, K. (2011). Solid fuel use: Health effect . Encyclopedia of 

Environmental Health , Vol.5, 150-161. 

Sanders, N. J. (2012). What doesn’t kill you makes you weaker: Prenatal pollution exposure 

and educational outcomes. Journal of Human Resources, Vol 47(3): 826-850. 

Stafford, T. (2015). Indoor air quality and academic performance. Journal of Environmental 

Economics and Management, Vol 70: 34-50. 

 

 

 

  



x 

 

DANSK RESUMÉ 

 

Udviklingslandene er kendetegnet ved ulighed i muligheder, som igen er forbundet med et lavt 

niveau af menneskelig kapital med hensyn til uddannelse og sundhed (Mejía & St-Pierre, 

2008). Det er derfor vigtigt for de politiske beslutningstagere at forstå de forklarende faktorer 

bag børns opbyning af humankapital i udviklingslandenes kontekst, da det er en vigtig drivkraft 

for fremtidig økonomisk vækst.  

Denne afhandling består af tre uafhængige kapitler om faktorer, der påvirker børns 

humankapital i Indien og de relevante kanaler hvori effekterne opstår. Hvert kapitel omhandler 

et essentielt problem, som husstande i landdistrikterne i udviklingslandene står overfor, og som 

påvirker deres børns uddannelse og sundhed i forhold til lokalsamfundet, ressourceknaphed og 

miljøeksponering, enten direkte eller indirekte gennem udfaldene for de andre medlemmer i 

husstandene, især kvinderne.  

Alle tre kapitler anvender det nationalt repræsentative datasæt Indian Human Development 

Survey (IHDS) stillet til rådighed af Inter-university Consortium for Political and Social 

Research, Ann Arbor, Michigan og the National Council of Applied Economic Research, New 

Delhi, India.  

Det første kapitel anvender første bølge af undersøgelsen, der blev gennemført i 2004-2005, 

det andet kapitel bruger anden bølge af undersøgelsen, gennemført i 2011-2012, og det sidste 

kapitel anvender panel information fra begge bølger til at identificere de kausale virkninger af 

henholdsvis medlemskaber i lokalsamfundet, tidsforbrug i forbindelse med 

ressourceindsamling på grund af ressourceknaphed, samt indendørs luftkvalitet i forbindelse 

med brændstofvalg, på børns humankapital ved hjælp af henholdsvis cluster fixed effekter, en 

instrumentvariabelstrategi og tid og cluster fixed effekter. To af kapitlerne undersøger kvinders 

udfald som relevante kanaler der kan forklare noget af effekterne på børnene.  

Det første kapitel er skrevet sammen med Nabanita Datta Gupta og Meghna Katoch, og 

undersøger, hvorvidt rurale indiske husstandes medlemskab af organisationer i lokalsamfundet 

(CBO) påvirker barnets menneskelige kapitaldannelse med hensyn til sundhed og uddannelse. 

Kapitlet prøver også at undersøge forholdet mellem husstandes medlemskab af organisationer 

i lokalsamfundet og kvinders forhandlingsmagt i hjemmet samt deres sundhedsviden som 

influerer børnenes sundhed og uddannelse (Duflo, 2003; Lèpine og Strobl, 2013; Lavy, Lotti 
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og Yann, 2016) da mange af disse grupper er rettet mod kvinder og social velfærd generelt. I 

litteraturen er virkningen af interventioner og det at skabe bevidsthed i samfundet gennem 

CBO'er, blevet afprøvet via randomiserede forsøg, der fandt positive effekter på børns 

præstationer i skolen og på adgang til lægelig bistand (Banerjee, et al., 2007), (Björkman & 

Svensson, 2009), (Duflo, Dupas, & Kremer, 2012). Disse randomiserede forsøg er imidlertid 

baseret på et lavt antal deltagere og er begrænset til kun at teste effekten af et enkelt 

institutionelt aspekt af CBO'er ad gangen. CBO’ers tidstedværelse i en bestemt region er ikke 

nødvendigvis tilfældig og kan afhænge af socioøkonomiske forskelle på regionalt niveau. 

Derfor skelner denne undersøgelse mellem virkningen af forskellige typer af CBO’er på 

sandsynligheden for at være fraværende i skolen, læse og skriveevne for skolebørn og 

sandsynligheden for alvorlig udmagring af børn under fem år ved brug af landsby og amt fixed 

effekter for at kontrollere for tidsinvariant regionel heterogenitet i placering af CBO’er. 

Medlemskab af CBO'er såsom Mahila Mandals og ungdoms-/sports-/læseklubber forbedrer 

børns ernæringsstatus, og NGO’er og kreditopsparingsgrupper forbedrer kvinders 

sundhedsviden og samtidig gavner også børns sundhed og uddannelsesresultater, hvorimod 

medlemskab af kasteforeninger er til skade for både børns sundheds- og uddannelsesresultater 

og kvindernes sundhedsviden. 

Det andet kapitel analyserer virkningen af den tid som børn bruger på vandindsamling på 

skoleresultater såsom skolefravær og den tid der bruges på privatundervisning eller 

selvstudium af 6-14 årige børn og kognitive evner med hensyn til sprog og matematiske 

færdigheder for børn i aldersgruppen 8-11 år. Nettotilgængelighed af grundvand per indbygger 

på distriktsniveau er brugt som instrument til at identificere virkningen. Vand, der er en meget 

knap ressource på verdensplan, er af central betydning for fattigdom, og dets tilgængelighed er 

derfor af central betydning for fattigdomsbekæmpelse. Hurtig udtømning af 

grundvandsressourcer og mangel på egen vandforsyning får husstandsmedlemmer, herunder 

børn, til at rejse store afstande for at finde vand. Der bruges en betydelig mængde tid på at 

indsamle vand i flere udviklingslande i Sydasien og Afrika (Koolwal & Van de Walle, 2013), 

(Levison, De Graff, & Dungumaro, 2018). Den tid børn under 15 år bruger på 

ressourceindsamlinger, udgør en betydelig del af ulønnet eller usynligt børnearbejde.  

I overensstemmelse med litteraturen viser undersøgelsen, at børn, der udfører intensiv 

vandindsamling, får mere skolefravær og har højere sandsynlighed for dårlige skrive- og 

regnefærdigheder. Virkningen stiger med en stigning i intensiteten af tidsforbruget. Forholdet 

er robust overfor en ændring i tidsanvendelsesdefinitionen fra tid brugt af det enkelte barn til 
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tid brugt af alle børn indenfor samme husholdning, hvilket gør det muligt at eliminere 

korrelationen mellem tidsforbrug og uddannelsesudfald mellem søskende.  

I det tredje kapitel peges der på den intensive margin for eksponeringen af husstandenes 

luftforurening på børns uddannelsesresultater og mødrenes helbredsudfald ved hjælp af panel 

data fra 2004-05 og 2011-12 IHDS spørgeskema data og ved brug af husholdnings og tids fixed 

effekter. Effekterne på uddannelsesudfald måles i form af skolefravær, den tid, der bruges på 

privatundervisning eller selvstudium, og mængden af fuldført uddannelse. Børnenes 

helbredsudfald måles i form af forekomsten af hoste, varigheden af korttids sygdom og 

ernæringsstatus (højde-for-alder z score) for de børn, der var registeret i skolen i begge bølger 

og for de yngre børn, der var under 5 år under den første bølge i 2004-05. Hvad angår mødrenes 

helbred, anvendes der body mass index i stedet for højde-for-alder z score.  Forringelse af 

luftkvaliteten sker som følge af hustandenes brug af forurenende brændstoffer såsom brænde, 

gødningskager, kul og petroleum. Dette resulterer i, at husstandenes luftforurening også 

medfører en stor økonomisk omkostning globalt set. Selvom den eksisterende litteratur har 

etableret en stærk negativ relation mellem helbred og luftforurening i husstandene, har kun få 

undersøgelser analyseret virkningerne på uddannelsesresultater og endnu færre i sammenhæng 

med et udviklingsland. Litteraturen har fundet negative virkninger af udendørs forurening på 

de uddannelsesmæssige resultater (Currie, Hanushek, Kahn, Neidell og Rivkin, 2009; Sanders, 

2012; Lavy, Ebenstein og Roth, 2012; Liu og Salvo, 2017), men det er imidlertid vanskeligt at 

forbinde disse resultater direkte med husstandenes luftforurening, da det ikke blot er et 

biprodukt af udendørs luftforurening, men et resultat af akkumulerede emissioner som følge af 

forbrænding af forurenende brændstoffer (Stafford, 2015). Dette kapitel undersøger også 

forholdet mellem eksponering til luftforurening i husstanden og mødrenes helbredsudfald da 

mødrene bruger det meste af deres tid på madlavning og dermed er mest sårbare over for 

helbredsproblemer, pga. højere eksponering til luftforurening i hustanden (HAP) (Rehfuess, 

Bruce og Smith, 2011; Langpap og Edward, 2012). Mødrenes dårlige helbred kan i sidste ende 

påvirke kvalitet og kvantitet af forældres investering i børnenes human kaptital. Dette kapitel 

konkluderer, at børn fra husstande, der anvender en blanding af forurenende brændstoffer, er 

mindre fraværende i skolen sammenlignet med dem, der bruger rene brændstoffer, 

hovedsageligt som følge af en slags undgåelsesadfærd som resulterer af den synlige røg fra 

forurenende brændstoffer, men det øger fremkomsten af hoste blandt de yngre børn og den 

gennemsnitlige varighed af korttids sygdomme for mødrene i disse husstande. Fraværet af et 

signifikant resultat for forbrænding af udelukkende forurenende brændstoffer skyldes nok dens 



xiii 

 

mere eller mindre varige brug som resulterer i mindre variation indenfor husstande og dermed 

en underestimering af dens effekt. 
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CHAPTER 1 

The Impact of Household Membership in Community 

Based Organisations in Rural India on Child Human 

Capital, Women’s Health Beliefs and Bargaining Power in 

the Household 
Mugdha Vaidya, Meghna Katoch† and Nabanita Datta Gupta‡ 

(A working version of this paper with fewer outcomes has been accepted for publication in the book entitled 

"India's Social and Economic Transformation in the 21st Century" (Editors: Pallavi Choudhuri, Sonalde Desai 

and Amaresh Dubey) to be published by Routledge) 

Abstract  

This paper explores whether membership of rural Indian households in community-based 

organisations (CBOs) affects child human capital formation in terms of health and education 

as well as women’s bargaining power in the household and accuracy of their beliefs regarding 

reproductive health, natal care, and awareness of HIV/AIDS. Using the first wave of the Indian 

Human Development Survey (IHDS), 2004–05, the authors apply OLS, village, and district 

fixed effects approach to show that Mahila Mandals and Youth/reading/sports club are likely 

to be beneficial for improving educational and health outcomes. NGOs and credit savings 

group seem not only beneficial for improving women’s health beliefs but also for child 

education and health respectively. Caste associations appear to be detrimental to both 

children’s participation in school and women’s health beliefs.  
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1.1 Introduction 
 

Community-based organisations (CBOs), or village-level community groups, are important 

forms of social capital (Grootaert et al, 2004). CBOs are voluntary membership organisations 

consisting of a group of individuals organised into a self-defined community.  The main aim 

of such organisations is to serve the common interests of their members pertaining to 

production, consumption, and pooling or delivery of services. In the Indian context, 

organisations such as women’s groups, credit/saving groups, youth/sports or reading clubs, 

cooperative groups, religious groups, caste associations1 and local NGOs are all categorised as 

community-based or grassroots organisations (Arrossi et al, 1994). In developing economies, 

they may be influential channels of participatory development at the bottom of the pyramid. 

Access to community resources through social capital may generate important spillover effects 

that aid human capital development2, a crucial ingredient of inclusive growth. On the other 

hand, collective action resulting from membership in these organisations has been found to 

drive household decisions at micro and macro levels in both beneficial and less beneficial ways 

(Woolcock, 1998). Thus, it is important to understand the influence of such organisations on 

the intergenerational aspects of household decision-making, such as deciding to invest in child 

human capital, since decisions impacting future generations have lasting consequences. 

Intrahousehold bargaining power of adult women and accuracy of their beliefs or perceptions 

about healthy behaviour may be the potential mechanisms that affect these investment 

decisions in the long run (Biroli, Boneva and Raja et al, 2020; Cunningham, Ruel, Ferguson 

and Uauy, 2014; Duflo, 2003). Hence it is also interesting to look at whether membership in 

the above organisations have any influence on these potential mechanisms. The purpose of this 

chapter is to investigate the relationship between membership in CBOs and child human capital 

in rural India — measured here in terms of child health and education. In addition, women’s 

outcomes in terms of the level of intrahousehold bargaining power of women3 in the household 

 
1 Refer to appendix 3 for a detailed explanation of all the community-based organisations. 
2 Investments in human capital by the household consists of investment in education and health (Becker, 2009). 

Health investments enhance the quality of human resources, and hence expenditure on health facilities, that would 

affect the life expectancy, strength, and stamina, vigour and vitality of individuals, would also form a part of 

human capital (Schultz, 1961).  
3 The bargaining power of women involves multiple dimensions. Various studies have included freedom of 

mobility,  accessibility to resources, and ownership of assets to define the women’s bargaining power in the 

households (World Bank 2017; De Hoop; Linssen and Eerdewijk, 2014; Duflo, 2011; Lèpine and Strobl 2013; 

Doss, 2013). 
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and accuracy of their beliefs regarding healthy behaviour in case of natal care, reproductive 

health, and awareness of life-threatening disease. The reason for focusing on the rural regions 

is that community organisations are generally a way for policymakers to channelise community 

development interventions, especially in rural areas (Arcand and Fafchamps, 2012).  Also, the 

outcomes studied in this chapter seem more relevant in a rural context. For instance, a recently 

released National Family and Health Survey 20154, revealed a large rural-urban divide in the 

proportion of children under 5 who are underweight: the proportion is 29% in urban areas 

compared to 38% in rural areas. In case of children who are wasted, 21.5% children under the 

age of 5 years in rural areas are wasted as compared to 20% in urban areas. These health 

adversities are accompanied by a lower level of female bargaining power, with only 48.5% 

women in rural areas having their own bank accounts compared to 61% in urban areas. In terms 

of health awareness, only 16% of women in rural areas have any knowledge about HIV/AIDS 

compared to 28% in urban areas. The story in the case of learning outcomes is very similar. 

According to an annual education status report in 20185, only 25% children in third grade in 

rural areas could read simple sentences and 26% in class three could do simple subtractions. 

This striking statistical evidence of substantial rural deprivation motivates limiting the scope 

of this study to rural India.  

 

The questions we wish to analyse here are: What is the relationship between CBOs, and child 

health on the one hand, and education, on the other? and what is the effect of membership in 

CBOs on the level of bargaining power of women in the household and the accuracy of their 

perceptions regarding healthy practices related to pregnancy, natal care, and awareness of 

HIV/AIDS. To establish the relevance of these questions we take the help of our data and 

examine the simple correlations between participation in CBOs and child health as well as 

education as shown in table 1.1. and the bargaining power of adult women in the household 

and their beliefs regarding healthy behaviour in table 1.3.  

In the case of health outcomes, the nutritional status of children below the age of 5 is 

considered. Here the study looks at the most adverse outcome, that is the probability of children 

being severely wasted (weight-for-height) and underweight (weight-for-age) as severely 

malnourished children have an elevated risk of mortality as compared to over-nourished or 

mildly malnourished children as per the WHO. Similarly, in the case of educational outcomes, 

 
4 National Family Health Survey, India 2015. 
5 ASER Report 2018. 
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the study analyses the probability of having no language abilities (not being able to read or 

write at all) for children in the age group of 8-11 years since children in this state of skill 

development need the maximum help and attention. School absence (that is, whether the child 

remains absent for one or more days) is determined using a binary response model for children 

in the age group of 6-14 years (Desai, 2010),6 since these age groups are considered as critical 

for measuring outcomes related to malnourishment and schooling, respectively. 

However, in case of additional outcomes, the most preferred state of outcomes is measured 

based on responses by a married woman in a household aged between 15-49 years, as to 

whether the level of her bargaining power in the household is categorized as ‘high’ or ‘low’ 

and her beliefs regarding pregnancy, natal care and awareness of HIV/AIDS termed as 

‘accurate’ or ‘inaccurate’7.  

The result from table 1.1 and 1.3 clearly show strong positive correlations8 between household 

membership in at least one of nine different CBOs9 and language abilities of the children, level 

of bargaining power of adult women in the household and accuracy of their health beliefs 

regarding reproductive health, natal care, awareness of HIV/AIDS, reducing the likelihood of 

not being able to read or write at all and increasing the likelihood of having high bargaining 

power and correct health beliefs.  However, the correlations between membership in CBOs and 

school absence and health outcomes in terms of being severely wasted or underweight are 

statistically insignificant. 

 Hence, it is interesting to explore the sustenance of the above relationship further by trying to 

identify the effect of membership in CBOs on these outcomes. We make an important 

methodological contribution to the literature by allowing for the endogeneity of CBO 

 
6 Educational outcomes: Absence=1 if a child remains absent in school for at least a day during one month and 

Absence=0 if the child is not absent in school during the past 30 days. Reading score =1 stands for not being 

able to read at all, and 0 for being able to read at least a letter; and in the case of writing, 1 stands for not being 

able to write at all and 0 for being able to write with two or less mistakes; Health outcomes: WHZ, 1 stands for 

being severely wasted (WHZ==-2) and 0 being not severely wasted, and WAZ=0 to1, where 1 stands for being 

severely underweight (WAZ==-2) and 0 being not severely underweight. All the outcomes define the least 

preferred state. 
7 Bargaining power of women= 1 being high if women do not practice purdah, do not need permission to go out 

of the house, have cash in hand at their disposal and have their name on ownership or rental agreement of the 

house and low otherwise. Health belief=1 if women have accurate beliefs regarding drinking milk during 

pregnancy, the usefulness of the first thin milk for the baby after the delivery, intake of water for children during 

diarrhea, awareness of HIV/AIDS and 0 being inaccurate beliefs regarding the same. 
8 Standard errors are clustered at village level in order to eliminate the correlation of error terms within villages 

(Abadie et al, 2017).  
9 CBOs include Mahila Mandals, youth/sports/reading clubs, trade unions, self-help groups, credit/savings groups, 

religious/social groups, caste associations, NGOs/development groups, and cooperative societies. 
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membership in the determination of child human capital and household health beliefs and 

gender relations.  The membership in CBOs may be affected by the presence of these CBOs in 

a village or a district. Unobserved village or district level heterogeneity may threaten the 

randomness of availability of CBOs in a particular region. Hence we use cluster specific fixed 

effects models to eliminate such heterogeneity. We compare results of both village and district 

fixed-effects models with standard OLS estimates to establish the association between CBO 

membership and child human capital as well as women’s outcomes (Blunch, 2013; Blunch and 

Pörtner, 2011).10 

The chapter unfolds as follows: In Section 1.2, a literature review reports the findings from 

several current studies in the area. Details of the empirical methodology and data are explained 

in Section 1.3, after which the data being studied are described, and their basic statistics are 

reported in Section 1.4. While Section 1.5 presents an analysis of the results from the 

econometric models, Section 1.6 contains a conclusion.  

 

1.2. Literature Survey 
 

The effect of interventions and creating awareness among communities through CBOs have 

been tested with the help of a randomised experiment in northern Indian villages (Banerjee et 

al, 2007). The results show improvements occurring in the village just by creating awareness 

through meetings on the Village Education Committee’s roles and responsibilities and 

interventions to improve children’s performance in school. Such exercise reduced information 

gaps and some villages increased their engagement by hiring more contract teachers. In 

 
10 Clearly, there could be potential selection bias as households that are more likely to take up CBO membership 

may be precisely the ones that invest more in their children’s health and education. Furthermore, women in these 

households may have high bargaining power and a greater understanding of healthy practices. To account for the 

possible presence of such unobserved characteristics, we use an instrumental variable approach, where the 

instrument is the availability of a CBO in a village. However, non-randomness in the availability of CBOs due to 

unobserved village or district level heterogeniety may threaten the validity of such instrument as it may result in 

non randomeness in presence of CBOs in a village or a district. The IV estimates are reported in appendix 5. 

Blunch (2013), Blunch and Pörtner (2011) use individual or household level characteristics such as maternal 

education, age, marital status and interact it with the village level instrument in the village fixed effects model as 

potential instruments in order to deal with the selection bias. However, in our case we were unable to find any 

such household level characteristic which when interacted with our instrument, would have a strong association 

with membership in CBOs. Hence owing to a weak instrument problem, the model remains unidentified. 

Therefore we do not report those results in the paper. We also estimated a district fixed effects model using 

interacted IV to further correct for selection bias. However, once again the first stage in case of district interacted 

IV models is not strong enough to identify the model and hence we do not report them.   
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addition, there was an improvement in the educational outcomes achieved by empowering 

teachers to improve the quality of teaching in their own communities.   

In another paper evaluating efforts to improve education in Kenya, Duflo, Dupas and Kremer 

(2012) found that the empowerment levied on the local school committee helped them to better 

oversee the teacher recruitment process, more effectively monitor teachers and hold more 

structured classes, thereby improving the performance of children. 

A randomised field experiment on community-based monitoring was undertaken in Uganda to 

investigate the citizen-clients’ ability to hold providers accountable (Björkman and Svensson, 

2009). The study revealed that the community-based monitoring project increased both the 

quality and quantity of primary health provision, as the communities became more engaged 

and began to monitor the health unit more extensively through the process of imparting 

training, generating awareness about their rights among the local health communities, and 

providing incentives to the health workers. The effect of this intervention was estimated using 

a difference-in-difference analysis between the treatment and the control group and showed a 

marked improvement in health. This experiment reveals the effectiveness of community 

involvement in improving health facilities in rural areas.  

A cluster-randomised controlled trial undertaken in India on women community groups in the 

states of Jharkhand and Orissa to implement an intervention on maternal health and childbirth 

outcomes showed reduction in neonatal mortality rate and maternal depression (Tripathy et al, 

2010). Another randomised field experiment conducted on self-help groups in Bihar showed 

that participation in self-help group resulted in an increase in women’s freedom in mobility 

and participation in household decision making (Datta, 2015).  

While randomised trials are undoubtedly considered the gold standard when making causal 

inference, they are generally based on small samples and are restricted to testing the effect of 

a single institutional aspect of CBOs at a time. However, villages typically contain a 

multiplicity of CBOs and it becomes prohibitively expensive to test which type of CBO most 

facilitates development by employing RCT methodology. 

Very few micro-level studies connect CBOs to human capital development (health and 

education), and even fewer studies consider  the effect of this objective component on 

children’s health and education. However, there is literature suggesting the role of social capital 

as a whole in the accumulation of human capital. Coleman (1988) hypothesised that the 
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generation of human capital depends upon the social capital available both at the household as 

well as community levels. It provides the resource base from which a child can draw, thereby 

promoting educational achievement in the child. The study estimates the impact of family and 

community level social capital on the likelihood of children dropping out of high school. The 

analysis shows that the amount of social capital that the child has access to decreases the 

likelihood of child dropout – the dropout rates of children with the highest level of social capital 

are 22.5 percentage points lower than those with the lowest level of social capital).  Iyengar 

(2011) has studied the impact of social capital on school participation in India within a mixed- 

methods approach. According to her, adult literacy, socio-economic factors, caste, and 

religious affiliations explain the level of social capital. Furthermore, in a case study, she finds 

women’s self-help groups (SHGs) to be effective in terms of increasing school enrolment. She 

also concludes that different components of social capital must be studied separately to assess 

their impact rather than combining them into a composite measure.   

As regards the link between health and social capital, studies have shown that social capital is 

a crucial factor affecting child health. One such study concludes that social capital plays a 

substantial role in child welfare in terms of child health and development. This study finds that 

families living in the areas without such social networks and formal organisations have low 

levels of child welfare (Gordon and Jordan, 1999). De Silva and Harpham (2007) study the 

importance of mothers’ social capital in terms of membership in CBOs and social networks, 

that is, structural social capital as well as trust and other types of cognitive social capital. Using 

simple linear and logistical regression models for anthropometric outcomes and mothers’ 

reports of acute and chronic physical health problems and child mental health, the study 

concludes that social capital, in general, has strong associations with child health in an early 

age as compared to the later ages.  

As far as women’s bargaining power and their beliefs regarding natal care, reproductive health, 

HIV/AIDS are concerned, their importance in the formation of human capital has been well 

established in the literature. An increase in women’s bargaining power in the household 

through accessibility to monetary resources improves child health outcomes (Duflo, 2003). A 

similar conclusion is drawn by  Lèpine and Strobl (2013) in their study in the African context, 

where they found using an instrumental variable strategy that higher bargaining power of 

women in the households results in better nutritional status of children. Higher bargaining 

power of women in the household also leads to an improvement in educational outcomes of 

children in their early years by increasing their cognitive and non cognitive skills (Lavy, Lotti 
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and Yan, 2016).  Maternal beliefs regarding correct health behaviour has influence on 

intergenerational health outcomes (Miller, 2011). In a more recent study, parental perceptions 

regarding return on investment in children’s health outcomes is found to be a strong predictor 

of the actual level of investment and outcomes (Biroli, Boneva, Raja and Rauh, 2020). The 

relationship between community based organisations improving bargaining power of women 

in the household has been explored in the literature through impact evaluation targeting specific 

community groups. For instance, (Brody et al, 2017) in a systematic review of women’s self- 

help groups find that they improve women’s mobility, access to resources and control over 

family planning decisions.  

The above literature substantiates the significance of investigating the relationship between 

household membership in CBOs and child health, education as well as women’s bargaining 

power and health beliefs as mechanisms that influence child health and education. In the case 

of child health and education, the existing studies are largely descriptive and observational in 

nature. Even among the few empirical studies available, none of them differentiates between 

the effects of different types of CBOs on education and health outcomes of children. Although 

empirical evidence exists regarding the influence of CBOs on the level of bargaining power of 

women, the focus has been only on certain type of CBOs that mainly provide access to credit 

or finance to its members. The influence of other types of CBOs, for instance, religious or caste 

based groups, has been largely ignored. Further, their impact on accuracy of health beliefs has 

not been studied so far. The current study not only explores the effect of different CBOs and 

but also introduces the relevant measure of various outcomes. For instance, educational 

outcomes defined in terms of test scores in reading and writing help in understanding their 

impacts on the cognitive abilities of children, and absence in school indicates the level of 

engagement in school, thus emphasising an important factor for attaining educational success 

in an area that remains largely under-explored. Children who frequently remain absent may fall 

behind in school, which, in turn, may affect the cognitive development of the child  (Sparkes, 

1999; Roby, 2004; Nasim, 2010). Further, the study also looks at women’s barganing power in 

the household that may affect the resource allocation in terms of investment in child human 

capital and perceptions regarding pregnancy, natal care, and awarenss of HIV/AIDS that helps 

understand their likely health behaviour, which may be an important mechanism for children’s 

health outcomes.   
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As mentioned earlier, an important methodological innovation in the present study compared 

to the existing studies is to recognise the endogeneity of CBO membership in both child health 

and education and women’s outcomes. Even after controlling for caste, religion, economic 

status, and the maternal educational background and village infrastructure there may be 

important unobservable factors, such as parental expectations and ambitions that drive both a 

household’s decision to participate in such organisations as well as their children’s health and 

education and women’s ability and proactiveness, which may lead to an upward bias in the 

estimated effect of CBOs on child and women outcomes. In order to address this potential 

problem and make  causal inference, we use cluster specific fixed-effects to correct for non 

randomness in availability of the CBOs in a particular village or district due to unobserved 

heterogeneity (see also footnote 10). 

 

1.3. Empirical Methodology 

 

Empirical studies investigating the relationship between social capital and other forms of 

capital typically focus on the impact of social capital on the accumulation of human capital. 

Investment in human capital by the household consists of investment in both education as well 

as health (Becker, 2009), while objective social capital consists of CBO membership 

(Vanneman et al, 2006). The generation of human capital depends on the household’s financial 

capital, the human capital of parents, and social capital (Coleman, 1988). Thus, the 

accumulation of social capital is also important for raising the human and financial capital of 

the household.   

The model can be written up as follows: 

𝐶𝐻𝐾𝑖𝑗𝑐 = 𝛾0 + 𝛾1𝐻𝐻𝑆𝐶𝑖𝑗𝑐 + 𝛾2𝐻𝐻𝐹𝐶𝑖𝑗𝑐 + 𝛾3𝐻𝐻𝐻𝐾𝑖𝑗𝑐 + 𝛾4′𝑋𝑖𝑗𝑐 + 𝜈𝑐 + 휀𝑖𝑗𝑐    (1) 

where, for child i in family j in cluster c (either village or district) CHK is the child human 

capital (health and education), which incorporates the short-term and long-term 

malnourishment status based on Z scores according to the WHO standards concerning the 

weight, height and age of the child (for details, refer to appendix 4) and the probability of 

school absence and language skills including probabilities of not being able to read and write 

at all, which correspond to the two most important educational outcomes that are; attendance 

in school and the level of cognitive development. Since these CBOs act as channels of 
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spreading information, their impact on children’s language abilities is tested (Iyengar, 2011, 

Iyer et al 2012). The acronyms HHSC,  HHFC, and HHHK stand for the household’s social 

capital consisting of membership in CBOs, financial capital, and the household’s human 

capital, respectively, ν is the cluster fixed effect, and X’s represent some background 

characteristics. Thus, we allow for different kinds of household investments in children. A 

more stringent formulation may envision social capital as the means through which human and 

financial capital can be accessed (Teachman et al, 1997). Hence, even if the household has a 

large amount of human and financial capital, but if social capital in the form of links to the 

community is low, the child will not be able to access other forms of capital.  This would imply 

a threshold model, where (1) holds only when HHSC > τ, a certain critical level. In comparison, 

the level of social capital in this study is determined on the basis of membership in at least one 

of the nine community organisations,  which may not be sufficient to explain the level of human 

capital that the child can accumulate by accessing the HHSC. Here, it may also be essential to 

determine the quality of HHSC. This paper estimates the quality effect in CBO membership by 

controlling for membership in each of the nine different CBOs separately in order to evaluate 

which type of CBOs can be considered as high-quality organisations that enhance child health 

and education.  

 

In addition to the above, women’s outcomes in terms of their bargaining power in the 

household and health beliefs regarding reproductive health, natal care, and HIV/AIDS 

awareness are studied as mechanisms in the formation of child human capital. Empirically the 

model can be estimated as  

𝑊𝑖𝑗𝑐 = 𝛿0 + 𝛿1𝐻𝐻𝑆𝐶𝑖𝑗𝑐 + 𝛿2𝐻𝐻𝐹𝐶𝑖𝑗𝑐 + +𝛿3𝐻𝐻𝐻𝐾𝑖𝑗𝑐 + 𝛿4′𝑍𝑖𝑗𝑐 + 𝛼𝑐 + 𝜇𝑖𝑗𝑐    (2) 

Here, the outcome variable 𝑊𝑖𝑗𝑐 is the women outcomes (level of bargaining power in the 

household or accuracy of their health beliefs) for the woman i in family j of cluster c (village 

or district)11.  The bargaining power of women is ‘high’ if they have freedom of mobility, do 

not practice ‘purdah’; get cash in hand for disposal or have their name in the ownership or 

rental agreement of the house and ‘low’ otherwise. The health beliefs of these women are 

‘accurate’ if they know correctly that drinking milk during pregnancy is healthy, first thin milk 

post-delivery is good for the newborn’s health, there is a need for higher liquid intake during 

 
11 The question regarding health beliefs and women’s bargaining power in the household were asked to 

an ever-married woman in the household aged between 15-49 years. Hence these are individual 

responses.  
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diarrhea, or are aware of HIV/AIDS as a sexually transmitted disease and ‘inaccurate’ 

otherwise. Once again HHSC is household social capital consisting of membership in CBOs, 

HHFC is the financial capital of the household, HHHK is individual human capital factors such 

as education α is the cluster fixed effect and Z’s are other characteristics such as age at 

marriage, number of children etc. that may determine the status of women in the household and 

shape their beliefs regarding important health actions.  

As stated in the model, the level of HHSC is the main control variable in the study. It includes 

membership in CBOs, which may not be exogenous as it may be affected by three major 

factors: certain unobserved factors that may influence participation in community-level 

organisations and children’s human capital (CHK), thereby creating omitted variable bias. For 

instance, unobserved village or district heterogeneity, that is, there may be village or district-

specific unobserved factors that may determine the presence of CBO in a particular village. For 

instance, villages that are less affluent may have the presence of certain type of CBOs based 

on the services they offer. Certain villages or regions that have patriarchial attitudes towards 

women may for instance, be more male dominant and may not allow women to participate in 

group activities unless accompanied by other male household members or only with the 

permission of the male members in the family. Such villages may have a low presence of CBOs 

that, for instance, provide financial assistance to women to encourage entrepreneurial activities. 

Thus, differences between the villages or districts depending upon the presence of  particular 

types of CBOs, may potentially be correlated with the level of child human capital or women’s 

bargaining power and health beliefs. Many of these confounding factors may be time-invariant. 

Therefore, an obvious way to deal with such time-invariant unobserved characteristics 

affecting availability of CBOs in a village or a district and child human capital as well as 

women’s status is to use village or district fixed effects as shown above. 

Another potential unobserved factor may be the location factor. This concern may arise if 

certain households choose to live in areas where there are more community-level groups or 

there is greater availability of medical facilities and schools that keep children healthy and 

allow them to obtain an education, or where women are treated more equally or where general 

health awareness is higher owing to greater accessibility to medical professionals which may 

create a selection bias. However, that seems highly unlikely in the rural Indian context, as 

people live in their ancestral homes near their agricultural lands or other ancestral properties 
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(Kingdon and Dréze, 2001). Therefore, intra-village or inter-village migration is a very rare 

phenomenon.12 

Another reason for endogeneity concern is the simulteneity of the decision to invest in 

children’s human capital and membership in community-based organisations leading to reverse 

causality among CHK and HHSC. For instance, as regards the issue of health, if children are 

malnourished, that is, either wasted or underweight, households may try to become members 

of organisations or form certain networks that aid in improving health outcomes. Regarding 

education, if children remain absent from schools or have lower language abilities, then 

households may try to acquire membership in organisations in order to overcome these 

problems. Similar concerns exist in case of women’s outcomes; for instance, women with 

higher health knowledge and awareness or those who already have higher autonomy in the 

household may try to either acquire membership in organisations themselves or may influence 

others in the households to become members. Generally, the state of health or education in a 

household is reflected by the state of health or education in its neighborhood. Assuming that 

educational and health status in a village or a district is quite slow to change, by controlling for 

village and district level confounding factors, the above bias may be dealt with to a great extent 

as the village fixed effects control for the unobserved time-invariant village level 

heterogeneity; district effects are even more general since they control for unobserved time-

invariant factors responsible for the non-random placement of CBOs for a cluster of 

neighbouring villages. Of course, one can not eliminate the possiblity of factors that may 

change with time to cause simultaneity bias that may continue to raise endogeneity problems.  

Lastly, measurement error may be introduced due to the binary nature of CBO membership 

which fails to take into account the quantity of household social capital aquired, however as 

mentioned above we try to address the quality of household social capital acquired by looking 

at different types of CBOs.  

The study uses the India Human Development Survey’s (IHDS) cross-sectional data of 2005, 

which has been collected during the period of one year. Since both individual and household 

characteristics are of interest in the study, rural household data has been merged with rural 

 
12 In the sample, almost 98% of the households have been living in the same village for more than 15 years. 
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individual data, based on a unique identifier. In order to incorporate village infrastructure, this 

data has been further merged with village-level data.13 

 

1.4. Data Description 
 

The IHDS, conducted by the National Council of Applied Economic Research (NCAER) and 

the University of Maryland in two waves, in 2004–05 and 2011–12, covered 41,554 households 

from 1503 villages and 971 urban neighborhoods. For this study, only rural level data from the 

2004–05 for children within the age group of 0-14 years has been considered.14  

The figures below show how child health and education are distributed according to 

membership in one or more CBOs. There seems to be hardly any association with health in 

case of both being severely wasted and being severely underweight. However, membership in 

CBOs is strongly associated with education since a lower proportion of children from member 

households are not able to read or write or remain absent and hence have better language skills 

and school engagement. 

Figure 1.4.1: Membership in any of the nine CBOs and child health outcomes 

Figure 1.4.1a Percentage distribution of severely wasted children under weight–for- 

height measurement in households with membership in any of the nine CBOs 

 
       Data source: IHDS survey 2004-05.  

 
13 Refer to appendix 1 for a detailed explanation. 
14 The second wave of IHDS data 2011-12 was not available when this study was written, hence we consider the 

first wave of the data conducted in 2004-05. For a general summary of the sample characteristics and for a 

detailed description of the data, refer to appendix 2.  
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Figure 1.4.1b Percentage distribution of severely underweight children under weight –

for- age measurement in households with membership in any of the nine CBOs 

 
        Data source: IHDS survey 2004-05.  

Figure 1.4.2: Membership in any of the nine CBOs and child educational outcomes 

Figure 1.4.2a Percentage distribution of children that remain absent for at least a day in 

past 30 days from households with membership in any of the nine CBOs 

 
       Data source: IHDS survey 2004-05. 
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Figure 1.4.2b Percentage distribution of children who are not able to read or write at all 

from households with membership in any of the nine CBOs 

 
          Data source: IHDS survey 2004-05. 

 

When it comes to women’s bargaining power in the household and health beliefs, a very low 

proportion of women in rural areas have high bargaining power, and there is very little 

association between CBO membership and bargaining power. However, women from 

households that are members of CBOs seem to have better accuracy in health beliefs regarding 

reproductive health, natal care and HIV/AIDS.  

Figure 1.4.3: Percentage distribution of women’s level of bargaining power in the 

household, accuracy of health beliefs with membership in any of the nine CBOs 

 
          Data source:IHDS survey 2004-05 
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1.5. Analysis  
 

In this sub-section, we evaluate the effects of such participation on the health and education of 

their children as well as on the level of women’s bargaining power in the households and 

accuracy of their health beliefs (refer to tables 1.1 to 1.8). A strong possibility of the unobserved 

village or district heterogeneity in availability of different types of CBOs warrants for fixed- 

effects models.  Hence, we report standard OLS and village as well as district fixed-effects 

models for each type of CBO.   

As stated above, the standard OLS model (table 1.1) shows that CBO membership in any of 

the nine organisations is positively correlated with the language ability of children as it reduces 

the likelihood of not being able to read or write. However, there is no correlation between 

membership in any of the nine CBOs and the likelihood of absence in school as well as child 

health outcomes in terms of the likelihood of being severely wasted or being severely 

underweight. However, membership in CBOs may be endogenous as differences between the 

villages and districts may make availability of CBOs in a village or a district non-random. 

Therefore, the model is re-estimated using village and district fixed effects to allow for such 

time in-varying differences. Controlling for the village-fixed effects helps to eliminate the 

effect of time-invariant heterogeneity at the village level. However, district-fixed effects are 

even more general than village fixed effects, as it further eliminates the selection bias 

introduced by the time-invariant regional confounders that may be correlated with the 

availability of CBOs in a cluster of neighbouring villages. Thus, by using the village, and the 

district fixed effects there may be a risk of over-controlling, since the number of clusters are 

much lower, which may attenuate the effect of CBO membership on the outcomes of interest. 

Hence, the existence of a relationship after controlling for the district fixed effects may reduce 

the possibility of spurious correlation to a great extent, and therefore may be more reliable. 

Hence our analysis and conclusions regarding the association between CBO membership and 

the outcomes of interest are based on the comparison of the OLS, village-fixed effects, and 

district-fixed effects estimates. The evidence is presented in table 1.2 (1.2a & 1.2b), which in 

fact, shows that membership in any nine different CBOs is in fact strongly negatively linked to 
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the likelihood of not being able to read at 5 % significance level15. When we compare these 

estimates to district fixed effects, the result is consistent. However, one must also note that the 

village and district fixed effects models do not eliminate the possibility of self-selection among 

households that acquire membership in CBOs and thus are not entirely free from bias but are 

more reliable compared to OLS and two stage least squares with an instrument that does not 

satisfy the exclusion restriction (refer to footnote 10).  

In the case of women’s outcomes, the level of women’s bargaining power and accuracy of their 

health beliefs regarding reproductive health, natal care and awareness of HIV/AIDS are also 

positively correlated with membership in CBOs (at p<0.05 and p<0.1, respectively) according 

to the standard OLS model (refer to table 1.3). Hence, the village fixed effects model is 

estimated in order to allow for unobserved village heterogeneity, however the lack of 

association persists. The district fixed effects model reiterates the statistically insignificant 

relationship in both cases, accuracy of health beliefs and the level of bargaining power as seen 

in table 1.4 (1.4a and 1.4b)16. 

In order to measure the quality effect in CBO membership, we now disaggregate the link 

between each type of CBO and child human capital as well as women’s outcomes (tables 1.5-

1.8)17,18.  

Religious/Social Group: The incidence of households joining religious or social groups shows 

a very strong association with child education and health outcomes according to the standard 

OLS model. It negatively correlates to the likelihood of not being able to read or write, 

however, and an increase in the likelihood of absence in school. The estimates are statistically 

significant. This may be because these institutions provide educational services, and therefore, 

 
15 In the case of 2SLS IV estimate using availability of CBOs as an instrument, there is no statistically 

significant relationship between education or health and membership in any of the nine CBOs. However, for all 

nine CBOs, there is a significant positive relationship between women’s bargaining power in the household and 

membership. However, this may be indicative of the non-random placement of CBOs, which we are unable to 

address. Therefore, we prefer comparing OLS to village and district fixed effects specification. Refer to 

appendix 5.  
16 The 2SLS IV estimate indicates a strong positive associaton between membership in any of the nine CBOs 

and women’s bargaining power. Refer to appendix 5. 
17 Before we look into the impact of membership in each type of CBO separately, we need to know the percentage 

distribution of a household’s membership in different CBOs in the data. Following are the membership figures 

for households that are part of at least one CBO: Mahila Mandal: 9.24 percent, Youth Club: 4.89 percent, Union: 

3.46 percent, Self Help Group: 12 percent, Credit/Savings Group: 8.42 percent, Development Group/NGO: 1.7 

percent, Cooperatives: 4.82 percent, Religious/Social Group: 15.52 percent, Caste Association: 14.93 percent. 
18 All the IV models in case of each type of CBO and child health and education show no statistically significant 

results and in the case of women’s outcomes, all the CBOs except cooperatives that positively influence women’s 

bargaining power but show no effect on accuracy of their health beliefs (Refer to appendix 5). 
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children learn to read and write religious scriptures; hence, affiliation with these groups may 

result in members sending their children to these religious institutions for acquiring learning 

instead of formal schools (Iyengar, 2011). However, in terms of health, membership in these 

organisations are strongly correlated with being severely wasted. If ties to religious groups 

support traditional attitudes regarding the use of modern health services, for instance, such a 

negative correlation is possible (Iyer et al, 2011). But after controlling for village and district 

level heterogeneity, the result is statistically significant only for writing ability. Women’s 

outcome shows no such association; in both village and district fixed effects models.19  

Caste Association: After religious groups, the next strongest correlation with child 

malnourishment and educational outcomes is from membership in caste associations. 

Households participating in caste associations show a positive correlation with the likelihood 

of their children being severely wasted as per standard OLS. In the case of the likelihood of 

being severely underweight, even though the direction of the effect is the same, the result is 

not statistically significant. Nutrition outcomes are greatly affected by social norms, values, 

and customary practices within the family, the community, ethnic, religious, indigenous, and 

racial groups or the socially disadvantaged. Unfair exclusion from access to opportunities 

through the market and non-market transactions causes a high degree of malnutrition among 

the socially excluded groups and communities, which are part of such caste associations 

(Thorat, 2011). Such a negative correlation is also evident in the case of accuracy of women’s 

health beliefs regarding reproductive health, natal care, and disease awareness (refer to table 

1.7). Hence it may be a mechanism through which such correlations exist in case of child 

health. These groups also have a strong positive correlation with the likelihood of absence of 

the children of their members; however, when it comes to school performance, household 

membership in these groups has a very weak negative correlation with not being able to write. 

This may be because these organisations generally set norms for its members and are politically 

motivated, and their main purpose is to provide political rights to backward castes and 

minorities (Rudolph, 1960). Hence their members and their families may be forced to 

participate in their activities, keeping children away from school. However, they may provide 

alternate learning facilities as these children belonging to lower castes are generally 

discriminated against in formal schools. However, the village fixed effects model shows that, 

once time in-varying unobservable factors at the village level are controlled for, these negative 

associations persist only in the case of the likelihood of absence in school and on women’s 

 
19 Clustering standard errors at village and district level may over control for variation in these outcomes.  
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health beliefs.  In the case of district fixed effects, the effect on absence is robust to controlling 

for district-level heterogeneity. Hence, caste associations prove to be more regressive than 

progressive.  

Mahila Mandal: The standard OLS estimate indicates that membership in a Mahila Mandal 

(women’s group) has strong negative correlations with not being able to read at all as well as 

the likelihood of absence in school. Similar positive associations can be seen in the case of the 

level of bargaining power of women in the households as well as the accuracy of their health 

beliefs. These women groups are generally meant to provide a public forum for women to 

articulate their issues and seek collective support and provide services to its members in terms 

of access to governmental programs, skill enhancement activities, and, at times political 

representation (Das, 2000). Hence it may ultimately result in their empowerment through 

higher bargaining power in the household (World Bank, 2017) and improved awareness 

regarding health practices. After controlling for unobserved village heterogeneity, the effect on 

education in terms of reading ability persists even though the statistical strength of the 

relationship diminishes. Membership in these groups may increase women’s engagement in 

children’s schooling resulting in reducing the likelihood of their children not being able to read, 

however, the correlation with women outcomes vanishes, and the association with children’s 

absence in school turns weakly positive. However, when unobserved heterogeneity at the 

district level is controlled for, this bias disappears; in fact, it shows a positive effect on 

children’s health outcome by reducing the likelihood of severe stunting in children from 

member households. Hence, they prove to be beneficial for child education and health. 

However, they have no such influence on women’s outcomes. Results from membership in 

women’s groups indicate that region-specific gender norms, cultural practices prevalent in the 

village may have a greater influence on women’s bargaining power and their health beliefs, 

and hence once these are controlled for, the membership in such groups itself may not have 

any influence on these outcomes.  

Self Help Group: Membership of household members in self-help groups has a negative 

association with the likelihood of not being able to read at all and the likelihood of absence in 

school, indicating a positive correlation with child educational outcomes as seen in the standard 

OLS model (refer to table 1.5). A similar positive link is seen in the case of the bargaining 

power of women and the accuracy of their health beliefs. The reason for such a result may be 

that these self-help groups generally provide microcredit to female entrepreneurs providing 

them with economic resources resulting in greater bargaining power in terms of economic 
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status (Brody et al, 2017) Access to credit may further reflect in improved investment in 

children’s education. After controlling for the unobserved village and district heterogeneity 

that may be correlated with presence of such groups in the region, which may in turn also affect 

the child and women’s outcomes, a positive association only with reading ability persists (refer 

to tables 1.6a and 1.6b). Once again, region-specific cultural and social norms may govern 

women’s outcomes and may be extremely slow to change (Mabsout and Staveren, 2010), hence 

membership in such groups may not be able to influence them (refer to tables1.8a and 1.8b).  

NGO/Development Group: Membership in these groups shows no correlation with child 

human capital according to the standard OLS model. Such downward bias may be a result of 

high omitted variable bias in membership of NGOs. Once unobserved locational characteristics 

are controlled for using village and district fixed effects, in fact, a weak but positive association 

appears on child education where membership in CBOs reduces the likelihood of not being 

able to write at all and absence in school. In the case of health outcomes, the effect is positive 

but lacks statistical significance, however in case of the accuracy of women’s health beliefs, 

the strong positive correlation in OLS estimation persists once district unobservable are 

controlled for. An important point to be noted here is that development groups are special. They 

are aimed at serving the poor in the community, and therefore, actual membership is not a pre-

requisite for receiving benefits from this group (refer to appendix 3 for the definition). Since 

the focus of NGOs/development groups is development of the community, they show potential 

irrespective of the membership.  

Union/Business Group and Cooperative society: Membership in both these groups has a weak 

negative correlation with the likelihood of not being able to write at all, as seen in OLS 

estimation. However, once the regional fixed effects are introduced, it goes away.  This may 

be because the members in these societies are generally men as women face obstacles in 

membership of such organisations due to lower socio-economic status and socio-cultural norms 

regarding gender inequality in developing countries (World Bank, 2009). Members in such 

groups receive benefits in terms of financial help or help in marketing their agricultural 

produce. They do not really influence the health or education of children (refer to appendix 3 

for the definition), and since they are targeted towards men, it may in fact, uphold the gender 

norms and hence even though men in the households are members in such organisations, it may 

not improve women’s outcomes. It reflects a reduction in accuracy of women’s health beliefs. 

The absence of a statistically significant effect on level of women’s bargaining power may 
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arise because of the extremely low level of women’s bargaining power in rural India (refer to 

section 1.4, Data description).  

Credit/Savings Group:  These groups provide access to credit and financial resources on a 

small scale to its members, especially women. These groups are generally initiated by women. 

Membership in these groups have a strong negative correlation with the likelihood of a child 

being wasted and has a strong positive correlation with accuracy of women’s health beliefs 

according to the standard OLS model.  The result persists in village and district fixed-effect 

models. This may be driven through the mechanism of the accuracy of health beliefs of women 

in the household regarding reproductive health and natal care as there is a strong positive 

association between membership in a credit savings group and accuracy of women’s health 

beliefs, which may result in better childcare practices and antenatal and postnatal health 

behavior. As stated above, once again, bargaining power of women expressed in terms of 

ownership of assets for instance, is more rigid and is driven by stringent cultural norms and 

practices that are slow to change.  

Youth/Reading/Sports group: The nature of this organisation is to make its members more 

health-conscious or knowledgeable than the others in the village. Therefore, we see a negative 

correlation between membership in this group and the likelihood of children being severely 

wasted and not being able to write at all in the standard OLS model. The progressive nature of 

the group also results in a positive correlation with the level of women’s bargaining power. 

The district fixed effects model indicates that such an association persists even after controlling 

for the unobserved regional heterogeneity in the case of child health and education.  These 

groups are generally meant for providing young children an opportunity to avail of common 

reading facilities or participate in sports activities. Hence, they may help improve educational 

and health outcomes for children.  
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Figure 1.5.1. Summary of the results on impact of CBOs on child human capital, women’s 

health beliefs and bargaining power in the household using OLS, Village fixed effects and 

District fixed effects models 

Membership in CBOs 
OLS Village Fixed effects 

District Fixed 

effects 

  
  

Membership in any of 

the nine CBOs 

Not being able to read at all  

(-***) Not being able to write 

at all (-***) Beliefs regarding 

healthy behaviour (+*) 

Bargaining power in the 

household (+**) 

Not being able to read 

at all (-**) 

Not being able to 

read at all (-*) 

Religious and social 

group 

Not being able to read at all  

(-***) Not being able to write 

at all (-***) Probability of 

absence in school (+***) 

Being severely wasted (+***) 

Not being able to 

write at all (-**)  

Not being able to 

write at all (-**)  

Caste Association 

Not being able to write at all  

(-*) Probability of absence in 

school (+***) Being severely 

wasted (+*) Beliefs regarding 

healthy behaviour (-**) 

Probability of absence 

in school (+***) 

Beliefs regarding 

healthy behaviour (-*) 

Probability of 

absence in school 

(+**) 

Mahila Mandal 

Not being able to read at all 

(-***) Probability of absence 

in school (-**) Beliefs 

regarding healthy behaviour 

(+**) Bargaining power in the 

household (+**) 

Not being able to read 

at all (-**) Probability 

of absence in school 

(+*) 

Not being able to 

read at all(-**) 

Being severely 

wasted (-**) 

Self Help group  

Not being able to read at all 

 (-**) Probability of absence in 

school (-**) Beliefs regarding 

healthy behaviour (+*) 

Bargaining power in the 

household (+*) 

Not being able to read 

at all (-***) 

Not being able to 

read at all (-*) 

NGO 
Beliefs regarding healthy 

behaviour (+***) 

Not being able to 

write at all (-**) 

Probability of absence 

in school (-*) 

Not being able to 

write at all (-*) 

Probability of 

absence in school 

(-**) Beliefs 

regarding healthy 

behaviour (+**) 
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Union/Business group   Beliefs regarding 

healthy behaviour (-*) 
 

Cooperatives   
Beliefs regarding 

healthy behaviour  

(-***) 

Beliefs regarding 

healthy behaviour 

(-**) 

Credit and savings group 

Being severely wasted (-**) 

Beliefs regarding healthy 

behaviour (+***) 

Being severely wasted 

(-*) Beliefs regarding 

healthy behaviour 

(+***)  

Being severely 

wasted (-***) 

Beliefs regarding 

healthy behaviour 

(+**)  

Youth/reading/sports 

group 

Not being able to write at all (-

***) Being severely wasted (-

*) Bargaining power in the 

household (+**) 

Bargaining power in 

the household (+*) 

Being severely 

wasted (-*) 

(Data source: Tables 1.1-1.8) 
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1.6. Conclusion  
 

The above analysis leads to the conclusion that due to the endogeneity in membership of CBOs; 

it is important not to rely on standard OLS correlations but to compare the estimates using 

village and district fixed effects to eliminate unobserved heterogeneity and produce more 

reliable results, since village fixed effects control for village level time-invariant heterogeneity, 

and district fixed effects further control for unobserved time-invariant confounders affecting 

the availability of CBOs in a cluster of neighbouring villages. This may, in fact, result in 

overcontrolling and hence the effects may be attenuated. However, these estimates are not 

entirely free from selection bias.   

Nonetheless, one cannot generalise the results based on mere membership in one or more CBOs 

on health and education and level of women’s bargaining power in the households as well as 

the accuracy of their health beliefs without considering the influence of specific types of CBOs. 

Certain CBOs such as Mahila Mandals and Youth and sports clubs appear beneficial for 

improving educational outcomes, especially children’s language ability and health outcomes. 

Membership in credit savings groups is negatively associated with the possibility of children 

being severely wasted in the member households, and an improvement in accuracy of women’s 

health beliefs in member households may be a mechanism for the positive child health 

outcome. Membership in caste associations appears to be detrimental to school attendance and 

it also leads to inaccurate beliefs among women regarding reproductive health, natal care, and 

HIV/AIDS which may affect investment in child human capital.  NGOs, self-help groups, and 

Religious group memberships seem to help reduce children’s likelihood of not being able to 

write in the member households. However, union and business groups, and cooperatives 

appear to hurt women’s outcomes as they generally to exclude women. Malnutrition problems 

of children can possibly be tackled more effectively through participation in women groups in 

rural India, as this appears to foster greater involvement in health awareness and welfare 

programmes. Members in all the groups need to be involved in the actual process of formal 

education by either teaching the children directly or providing educational facilities to members 

who, in turn, could help their children improve cognitive skills and school participation. 

Women’s participation in all groups could be increased to provide them access to economic 

resources and thereby increase their status in the household and further improve the 

possibilities of greater investments in formation of child human capital.  When empowered in 

such a way, CBOs may be promising vehicles for achieving inclusive growth.  
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Tables:  

Table 1.1: Correlation between participation in any one of the nine CBOs and child 

human capital—Education and Health 

Standard OLS 

Variable 

Not being 

able to read 

at all 

Not being 

able to 

write at all 

Probability of 

being absent 

in school 

Being 

severely 

Wasted 

Being 

severely 

Underweight 

      
Membership in any of the nine 

CBOs 

-0.0240*** -0.0608*** -0.001 0.0111 -0.0097 

(0.0083) (0.0146) (0.0140) (0.0091) (0.0116) 

Observations 8,664 8,590 24,736 10,791 10,791 

R-squared 0.093 0.111 0.064 0.010 0.045 

Other controls Yes Yes Yes Yes Yes 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 
   Data source: IHDS survey 2004-05. 

Table 1.2: Participation in any of the nine CBOs and child human capital- Health and 

Education  

Table 1.2a Village fixed effects estimation  

Variable 

Not being 

able to read 

at all 

Not being 

able to write 

at all 

Probability 

of absence 

in school 

Being 

severely 

Wasted 

Being 

severely 

Underweight 

      
Membership in any of the nine 

CBOs 

-0.0221** -0.0134 -0.0035 0.0012 -0.0159 

(0.0095) (0.0202) (0.0146) (0.0101) (0.0145) 

Observations 8,664 8,590 24,736 10,791 10,791 

Number of IDPSU 1355 1,356 1,421 1,336 1,336 

Other controls  Yes Yes Yes Yes Yes 

Village Fixed effects Yes Yes Yes Yes Yes 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 
  Data source: IHDS survey 2004-05. 

Table 1.2.b District fixed effects estimation  

Variable 

Not being 

able to read 

at all 

Not being 

able to 

write at all 

Probability 

of absence 

in school 

Being 

severely 

Wasted 

Being 

severely 

Underweight 

      

Membership in any of the 

nine CBOs 

-0.0164* -0.0230 -0.0031 -0.0069 -0.0108 

(0.00968) (0.0161) (0.0137) (0.00921) (0.0147) 

Observations 8,664 8,590 24,736 10,791 10,791 

Other controls Yes Yes Yes Yes Yes 
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Number of districts 265 265 268 273 273 
Robust standard errors in parentheses clustered at district level *** p<0.01, ** p<0.05, * p<0.1 

Data source: IHDS survey 2004-05. 

      
Table 1.3: Correlation between participation in any one of the nine CBOs and women’s 

outcomes 

Standard OLS 

Variable Health beliefs 

Bargaining power in the 

household 

   
Membership in any of the nine 

CBOs 

0.0188* 0.0054** 

(0.0099) (0.00221) 

Observations 21,025 21,050 

R-squared 0.178 0.045 

Other controls Yes Yes 
Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 

  Data source: IHDS survey 2004-05. 

Table 1.4: Participation in any of the nine CBOs and women’s outcomes 

Table 1.4.a Village fixed effects estimation  

Variable Health beliefs 

Bargaining power in the 

household 

   
Membership in any of the nine 

CBOs 

0.0110 0.0019 

(0.0084) (0.0027) 

Observations 21,025 21,050 

Number of villages 1,481 1,481 

Other controls Yes Yes 

Village fixed effects  Yes Yes 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 

  Data source: IHDS survey 2004-05. 

Table 1.4.b District fixed effect estimation  

Variable Health beliefs 

Bargaining power in the 

household 

Membership in any of the nine 

CBOs 

0.0122 0.0041 

(0.0096) (0.0034) 

Observations 21,025 21,050 

Other controls Yes Yes 

Number of districts 277 277 

Robust standard errors in parentheses clustered at district level *** p<0.01, ** p<0.05, * p<0.1 

Data source: IHDS survey 2004-05.   
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Table 1.5: Correlation between Participation in each type of CBOs and child human 

capital-Education and Health 

Standard OLS estimation  

Variable 

Not being 

able to read 

at all 

Not being 

able to 

write at all 

Probability 

of absence 

in school 

Being 

severely 

Wasted 

Being 

severely 

Underweight 

      
Membership in Religious group -0.0220* -0.0835*** 0.0915*** 0.0359*** 0.00967 
 (0.0118) (0.0190) (0.0200) (0.0135) (0.0162) 

Membership in Caste 

Association  

-0.0006 -0.0388* 0.0569*** 0.0246* 0.00790 

(0.0110) (0.0210) (0.0201) (0.0142) (0.0163) 

Membership in Mahila Mandal -0.0285*** -0.0271 -0.0470** -0.0237 -0.0174 
 (0.0101) (0.0219) (0.0223) (0.0151) (0.0203) 

Membership in Self Help group -0.0251** 0.00552 -0.0584** -0.0126 -0.0213 
 (0.0109) (0.0337) (0.0238) (0.0139) (0.0197) 

Membership in NGO -0.0004 -0.0635 -0.0814 -0.0460 -0.0565 
 (0.0231) (0.0430) (0.0605) (0.0299) (0.0415) 

Membership in Union/Business 

group 

-0.0233 0.00715 -0.0048 -0.0009 0.0108 

(0.0166) (0.0422) (0.0331) (0.0213) (0.0273) 

Membership in Cooperatives -0.0001 -0.0429* -0.0383 0.0127 0.0302 
 (0.0132) (0.0252) (0.0275) (0.0198) (0.0253) 

Membership in Credit/savings 

group 

-0.0127 -0.0199 -0.0348 -0.0318** -0.0131 

(0.0128) (0.0390) (0.0274) (0.0129) (0.0194) 

Membership in Youth/sport 

group 

-0.00877 -0.103*** -0.0399 -0.0301* 0.0004 

(0.0166) (0.0263) (0.0325) (0.0168) (0.0230) 

      

Observations 8,664 8,590 24,736 10,791 10,791 

Other controls Yes Yes Yes Yes Yes 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 

  Data source: IHDS survey 2004-05. 

Table 1.6: Participation in each type of CBOs and Human Capital—Education and 

Health 

Table 1.6.a Village fixed effects estimation  

Variable 

Not being 

able to 

read at all 

Not being 

able to 

write at all 

Probability 

of absence 

in school 

Being 

severely 

Wasted 

Being 

severely 

Underweight 

      
Membership in Religious group -0.0251 -0.0539** 0.0086 0.0015 -0.0316 
 (0.0153) (0.0213) (0.0184) (0.0159) (0.0206) 

Membership in Caste Association  -0.0227 -0.0395 0.0483*** 0.0011 -0.0192 
 (0.0141) (0.0241) (0.0182) (0.0162) (0.0214) 

Membership in Mahila Mandal -0.0242** -0.0016 0.0366* -0.0233 -0.0245 
 (0.0112) (0.0266) (0.0189) (0.0184) (0.0229) 

Membership in Self Help group -0.0333*** 0.0232 0.0210 -0.0113 -0.0188 
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 (0.0124) (0.0496) (0.0215) (0.0161) (0.0224) 

Membership in NGO -0.0327 -0.0912** -0.126* -0.0042 -0.0110 
 (0.0281) (0.0447) (0.0681) (0.0296) (0.0447) 

Membership in Union/Business 

group 

-0.0235 0.0125 0.0138 -0.0419 -0.0440 

(0.0213) (0.0469) (0.0247) (0.0275) (0.0339) 

Membership in Cooperatives 0.0103 -0.0224 -0.0334 0.0175 0.0134 
 (0.0154) (0.0278) (0.0328) (0.0232) (0.0295) 

Membership in Credit/savings 

group 

-0.0127 0.0266 0.0107 -0.0431* -0.0235 

(0.0131) (0.0482) (0.0218) (0.0231)       (0.0165) 

Membership in Youth/sport group -0.0006 -0.0172 -0.0058 -0.0197 -0.0024 
 (0.0172) (0.0289) (0.0249) (0.0218) (0.0255) 

      

Observations 8,664 8,590 24,736 10,791 10,791 

Number of villages 1,355 1,356 1,421 1,336 1,336 

Village fixed effects Yes Yes Yes Yes Yes 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 

  Data source: IHDS survey 2004-05. 

Table 1.6.b District fixed effects estimation  

 Variable 

Not being 

able to read 

at all 

Not being 

able to 

write at all 

Probability 

of absence 

in school 

Being 

severely 

Wasted 

Being 

severely 

Underweight 

      

Membership in Religious group -0.0144 -0.0490** 0.0184 0.0003 -0.0122 

 (0.0137) (0.0199) (0.0201) (0.0135) (0.0213) 

Membership in Caste Association  -0.0170 -0.0318 0.0439** 0.0016 0.005 
 (0.0112) (0.0230) (0.0219) (0.0129) (0.0189) 

Membership in Mahila Mandal -0.0246** 0.0068 0.0333 -0.0320** -0.0216 
 (0.00965) (0.0241) (0.0229) (0.0157) (0.0177) 

Membership in Self Help group -0.0223* 0.0186 0.0170 -0.0181 -0.0117 

 (0.0126) (0.0376) (0.0315) (0.0144) (0.0207) 

Membership in NGO -0.0174 -0.0704* -0.110** -0.0220 -0.0454 

 (0.0240) (0.0407) (0.0508) (0.0262) (0.0354) 

Membership in Union/Business 

group 

-0.0266 0.0324 0.0072 -0.0133 -0.0261 

(0.0201) (0.0426) (0.0273) (0.0276) (0.0258) 

Membership in Cooperatives 0.0128 -0.0338 -0.0140 -0.0113 -0.0056 
 (0.0151) (0.0246) (0.0301) (0.0233) (0.0268) 

Membership in Credit/savings 

group 

0.0131 -0.0092 -0.0069 -0.0450*** -0.0167 

(0.0337) (0.0133) (0.0401) (0.0141) (0.0210) 

Membership in Youth/sport group -0.0026 -0.0474* -0.0107 -0.0304* -0.0104 

 (0.0184) (0.0246) (0.0353) (0.0174) (0.0239) 

      

Observations 8,664 8,590 24,736 10,791 10,791 

Other controls Yes Yes Yes Yes Yes 

Number of districts 265 265 268 273 273 

Robust standard errors in parentheses clustered at district level *** p<0.01, ** p<0.05, * p<0.1 

  Data source: IHDS survey 2004-05.  
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Table 1.7: Correlation between Participation in each type of CBOs and women’s 

outcomes 

Standard OLS 

Variable Health beliefs 

Bargaining 

power in the 

household 

 

 

 
Membership in Religious group 0.0201 -0.0018 
 (0.0145) (0.0034) 

Membership in Caste Association -0.0347** -0.005 
 (0.0140) (0.0039) 

Membership in Mahila Mandal 0.0326** 0.0114** 
 (0.0159) (0.00514) 

Membership in Self Help group 0.0244* 0.0083* 
 (0.0135) (0.00436) 

Membership in NGO 0.0993*** -0.0007 
 (0.0283) (0.0103) 

Membership in Union/Business group -0.0192 0.0089 
 (0.0237) (0.0086) 

Membership in Cooperatives -0.0271 -0.0051 
 (0.0205) (0.0042) 

Membership in Credit/savings group 0.0600*** -0.0029 
 (0.0157) (0.0039) 

Membership in Youth/sport group 0.00223 0.0173** 
 (0.0228) (0.007) 

Observations 21,073 21098 

Other controls Yes Yes 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 

  Data source: IHDS survey 2004-05. 

Table 1.8: Participation in each type of CBOs and Women’s outcomes 

Table 1.8.a Village fixed effects estimation  

 

 

Variable  Health beliefs 

Bargaining 

power in the 

household    

Membership in Religious group 0.0134 -0.0023 
 (0.0125) (0.0033) 

Membership in Caste Association  -0.0238* -0.0067 
 (0.0140) (0.0038) 

Membership in Mahila Mandal 0.0049 0.004 
 (0.0130) (0.00552) 
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Membership in Self Help group -0.0084 0.0004 
 (0.0110) (0.0043) 

Membership in NGO 0.0397 -0.0004 
 (0.0255) (0.0092) 

Membership in Union/Business group -0.0433* -0.0084 
 (0.0235) (0.0110) 

Membership in Cooperatives -0.0527*** -0.0036 
 (0.0164) (0.0046) 

Membership in Credit/savings group 0.0320** -0.0055 
 (0.0133) (0.004) 

Membership in Youth/sport group 0.0091 0.0113* 
 (0.0173) (0.0064) 

Observations 21,073 21,098 

Number of villages 1,481 1,481 

Other controls  Yes Yes 

Village fixed effects Yes Yes 
Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 

  Data source: IHDS survey 2004-05. 

Table 1.8.b District fixed effects estimation  

Variable Health beliefs 

Bargaining power 

in the household    

Membership in Religious group 0.0105 -0.0008 
 (0.0146) (0.0052) 

Membership in Caste Association  -0.0234 -0.0073 
 (0.0183) (0.0048) 

Membership in Mahila Mandal 0.0220 0.0065 
 (0.0160) (0.0042) 

Membership in Self Help group -0.0023 0.0026 
 (0.0135) (0.0041) 

Membership in NGO 0.0565** 0.0004 
 (0.0259) (0.0076) 

Membership in Union/Business group -0.0396 0.008 
 (0.0308) (0.0077) 

Membership in Cooperatives -0.0476** -0.0049 
 (0.0190) (0.0047) 

Membership in Credit/savings group 0.0450** -0.0023 
 (0.0177) (0.0032) 

Membership in Youth/sport group 0.0079 0.0097 
 (0.0240) (0.0073) 

Observations 21,073 21,098 

Number of districts 277 277 
Robust standard errors in parentheses clustered at district level *** p<0.01, ** p<0.05, * p<0.1 

  Data source: IHDS survey 2004-05. 
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Appendix 1: Data and Methodology 

India Human Development Survey 2005 is a national level survey conducted jointly by 

researchers from University of Maryland (USA) and National Council of Applied Economic 

Research in New Delhi (India). It is a multi-topic survey of 41554 households from 1503 

villages and 971 urban neighborhoods. For the purpose of this study only rural level data of 

children within the age group of 0-14 is considered.  As the study requires both household and 

individual characteristics, individual level and household level data were merged in STATA. 

The master dataset is the ‘Individual data set’ in which household and village level data sets 

are merged by using unique identifier ‘IDHH’ which is a long integer variable, calculated as 

stateid*10000000+ distid*100000+ psuid*1000+hhid*10+ hhsplitid. Where, stateid is a state 

code, distid is a district code, psuid is a village or neighborhood code, hhid is a household id 

and hhsplitid is a split household id.  The final dataset consists of 41,612 children. 

The data set was then divided into 2 parts:  

1. Children in the age group of 0 to 5 years- This has a total sample size of 10,791.  There 

are important reasons to focus on this age group.  

i. Under nutrition among children aged 0 to 4 years contribute more to the country’s 

overall disease burden than the age group of 5 to 14 years20. 

ii. Young children in developing countries start to fall behind the developed country 

standard21  

iii. Nutritional status of children is related to subsequent labor productivity and 

development. 

 
20  Glewwe.P, M. (2008). The impact of child health and nutrition on education in less developed countries. 

Handbook of Development Economics,vol4.Holland Press, Amstredam. 

21 World Health Organization child growth standards and the identification of severe acute malnutrition in infants 

and  children-1995 & Martorell, Reynaldo and Jean-Pierre Habicht, 1986, Growth in early childhood in 

developing countries, in: F. Falkner and J. Tanner, eds., Human growth: A comprehensive treatise, Vol. 3, 2nd 

ed. (Plenum Press, New York).  
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iv. The WHO also provides child growth standards data for the age group of 0 to 5 years 

of age. This perfectly meets the requirement of the study as the survey data provides 

information for children in the age group of 0 to 4 years of age. 

2. Data set with the children in the age group of 6 to 14 years. Total sample size of 30,821. For 

school performance, test score variables from individual data set are used. There are 12,040 

children in the age group of 8 to 11 residing in rural areas.  (Refer: India Human Development 

Survey 2005, data sharing for demographic research, weighting and other study 

documentation by (Desai et al, 2010) University of Maryland and National council for applied 

economic research, India). 

3. Data set on eligible women in the age group of 18-49 years, one eligible woman per 

household. Total sample size is 21415. This data is used for women’s outcomes.  

Missing value treatment 

The data has coded missing values as numerical values i.e. -1 for all the valid blanks and -2 to 

-4 for values really missing. For the purpose of analysis and descriptive statistics these 

numerical values were decoded, and valid blanks were coded as ‘.’ (dots). Missing dummies 

have been created, where missing dummy takes value 1 if there is a missing value in the original 

variable and 0 otherwise. All the missing values were replaced in the original variable by 0 

after creation of its corresponding missing dummy. In case of dependent variable, all the 

missing values in dependent variable are dropped automatically by STATA while running the 

models.  The missing dummy approach is efficient when the value is missing because the 

question is not applicable to individual (valid blank), as no value exists in this case22. Since 

most of the missing values in this data are mostly valid blanks, the missing dummy approach 

is efficient. 

Instrumental Variable:  

Endogeneity concerns regarding selection bias calls for an exogenous source of variation, such 

as an instrument. This study uses a supply variable (‘availability of CBOs in the village’ ) to 

instrument for endogeneity in the case of HHSC. According to Vanneman, et al (2006), 

membership in CBOs is dependent on the availability of these community organisations, but it 

 
22 Allison, P. (2002). Missing Data. Sage University paper series on Quantitative applications in Social Sciences, 

07-136. 
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does not fully explain membership because it is not the ultimate precondition for the 

membership. If organisations are not present within the village, households have the option of 

seeking membership in organisations available in the nearest village or of creating new ones.  

Further, they have the choice of not joining the organisation regardless of its availability. Thus, 

this instrument influences membership directly but does not completely determine it. However 

unobserved heterogenity at village or district level threatens the validity of the instrument, by 

violating exclusion restriction. Hence the IV results are not discussed in the main paper but are 

shown in Appendix 5.  

 

Appendix 2: Data Description and Summary 

The variables of interest are either taken directly from the data or constructed as per the 

requirement of the study. The variables are as follows: 

2.1 Description of variables 

Variable name Definition 

Membership in one or more CBOs 
Household is part of one or more 

organisations (1), otherwise (0) 

Mahila Mandal 
Anyone in the Household member of 

Mahila Mandal (1), otherwise (0) 

Youth/reading/sports Club 

Anyone in the Household member of 

Youth/sports/reading club (1), 

otherwise (0) 

Union/Business Group 
Anyone in the Household member of 

Trade Union (1), otherwise (0) 

Self Help Group 
Anyone in the Household member of 

Self-Help group (1), otherwise (0) 

Credit/Savings group 
Anyone in the Household member of 

Credit/ Savings group (1), otherwise (0) 

Religious/Social group 

Anyone in the Household member of 

Religious/ Social group (1), otherwise 

(0) 

Caste Association 
Anyone in the Household member of 

Caste Association (1), otherwise (0) 

NGO/Development group 

Anyone in the Household member of 

Development/NGO group (1), 

otherwise (0) 

Cooperative Society 
Anyone in the Household member of 

Cooperative group (1), otherwise (0) 
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Availability of organization in village 

If at least one community-based 

organization is available in the village 

(1), otherwise (0) 

Total Income 
Total income in household per annum. 

(converted into log) 

Poor 
Household below the poverty line (1), 

Household above the poverty line (0) 

Number of Household Assets 
Total number of household assets in the 

household 

Family size Number of persons in the household 

Number of children 
Number of children in the household (in 

years) 

Highest education level of female in the household 
Highest Education level of female in the 

Household (in years) 

Highest education level of male in the household 
Highest Education level of male in the 

Household 

North 

Sample population belonging to-

Jammu& Kashmir, Himachal Pradesh, 

Punjab, Haryana, Uttaranchal, Delhi, 

Rajasthan, Uttar Pradesh, Bihar (1), 

otherwise (0) 

East 

Sample population belonging to-

Sikkim, Arunachal Pradesh, Nagaland, 

Manipur, Mizoram, Tripura, 

Meghalaya, Assam, West Bengal, 

Jharkhand, Orissa-(1), otherwise (0) 

Central  

Sample population belonging to-

Madhya Pradesh, Chhattisgarh-(1), 

otherwise (0) 

West 

Sample population belonging to-Gujrat, 

Daman & Diu, Dadar & Nagar Haveli, 

Maharashtra-(1), otherwise (0) 

South 

Sample population belonging to-Andhra 

Pradesh, Karnataka, Goa, Kerala, Tamil 

Nadu, Pondicherry-(1), otherwise (0) 

Forward caste 
Brahmin and other forward caste Hindu 

(1), otherwise (0) 

Backward caste 
Other backward caste, Dalits, Adivasi 

(1), otherwise (0) 

Muslim Muslim (1), otherwise (0) 

Sikh or Jain Sikh or Jain (1), otherwise (0) 
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Christian Christian(1), otherwise (0) 

Female 

If child is female (1), otherwise (0) - 

variable is constructed from original 

variable R03 that describes sex of the 

child. 

Only relevant to Health  

Weight- for -height 
Severely malnourished (1), otherwise 

(0) 

Weight- for-age 
 Severely malnourished (1), otherwise 

(0) 

Whether water is purified in HH 

How often water is purified in the 

household (rarely/never-0, Sometimes-

1, Usually-2, Always-3) 

Distance to medical facility 
Distance to medical treatment-

private/govt (in km) 

Size of the child 
Size of the child [Large (1), Average 

(2), Small (3), Very Small (4)] 

Postnatal check- up of mother or child or both or 

none 

Postnatal check (0) No check- up, (1) 

Check -up done for mother, child or 

both 

Having a vaccination card 
Household has a vaccination card (1), 

otherwise (0) 

Duration of breast feeding Duration of breastfeeding (in months) 

Age at which supplementary food started 

Age (in months) at which child’s diet is 

supplemented with canned or other mild 

with solid foods 

Has child received immunization from anganwadi 

(rural childcare center) 

Has child received immunization from 

anganwadi (1), otherwise (0)  

Has child received food from anganwadi 
Has child received any food/meals from 

anganwadi (1), otherwise (0) 

Has the child received any growth monitoring 
Has the child received any growth 

monitoring (1), otherwise (0) 

Only relevant to Education  

Absence 
Absent for one or more days in a month 

(1), otherwise (0) 

Reading Score Cannot read at all (1), otherwise (0) 

Writing Score Cannot write at all (1), otherwise (0) 
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Ever Repeated a grade 
Has the child ever repeated a grade in 

school (1), otherwise (0) 

Distance to School Distance to school in kilometers 

School fees in Rs. Per annum 
Log of school fees paid in Rupees per 

annum 

Expenditure on books, uniform (In Rs. Per annum) 
Log of expenditure on books, uniform 

or transportation in Rupees per annum 

Private tuition fees in Rs. Per annum 
Log of private tuition fees paid in 

rupees per annum 

Harrasment of girls 
Are girls harassed in the village (1) 

otherwise (0) 

Government school 

Type of school where children go, 

whether in government or government 

aided school (1), otherwise 0 

Women’s outcomes:  

Accuracy of women’s health belief                   
 Accurate (1) Inaccurate (0) 

Level of women's bargaining power in the 

household High (1) Low (0) 

 

. 
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2.2 Summary Statistics 

      

Variable Obs Mean Std. Dev. Min Max 

 

General Characteristics (children 0 to 14 years) 

     

Family size 41,612 7.0864 3.256356 2 38 

Number of children 41,612 3.293593 1.773249 1 17 

Highest education of adult Female in the household 41,261 3.073362 4.16504 0 15 

Highest education of adult male in the household 39,959 5.722591 4.785022 0 15 

Total Income of the household 41,612 43,360.16 68,829.88 0 2,148,557 

Household assets 41,612 9.43872 5.124873 0 29 

Poverty status 41,612 .3039748 .4599774 0 1 

Age 41,612 8.140993 3.929438 0 14 

Sex (Female) 41,612 .4819043 .4996784 0 1 

Religion 
     

Forward Caste 41,612 .1643276 .370577 0 1 

Backward Caste 41,612 .6930453 .461236 0 1 

Muslim 41,612 .1215755 .3267988 0 1 

Sikh and Jain 41,612 .0120879 .1092796 0 1 

Christian 41,612 .0089638 .094253 0 1 

Region of Residence 
     

North 41,612 .4257426 .494461 0 1 

South 41,612 .1686773 .3744711 0 1 

East 41,612 .1616841 .3681652 0 1 

West 41,612 .1157358 .3199117 0 1 

Central 41,612 .1281601 .3342721 0 1 

Community based Organization Membership 
     

Membership in one or more CBOs 41,612 .3603528 .4801085 0 1 

Mahila Mandal 41,561 .0709319 .2567141 0 1 

Youth/Sports/reading club 41,568 .0402473 .1965411 0 1 

Trade Union 41,568 .0298066 .1700554 0 1 

Self Help group 41,564 .0991242 .2988324 0 1 

Credit/Savings group 41,561 .0782705 .2686 0 1 

Religious Organizations 41,564 .1531614 .3601473 0 1 

Caste Associations 41,559 .1457205 .3528301 0 1 

NGO/Development group 41,556 .0189864 .1364785 0 1 

Cooperative societies 41,529 .0461364 .209783 0 1 

Voted in election 41,555 .9083143 .2885853 0 1 

Attend public meeting 41,529 .3570035 .4791216 0 1 

Official in Panchayat (village council) 41,446 .1515948 .411223 0 2 

Confidence in Public Institutions where 1= Great 

deal 2=Some and 3=Hardly any 

     

Confidence in Politicians 41,307 2.47 .6942937 1 3 

Confidence in Military 40,965 1.15 .4168345 1 3 

Confidence in Police 41,260 2.10 .7174068 1 3 

Confidence in State Govt. 40,851 1.95 .7015176 1 3 

Confidence in Newspapers 37,559 1.69 .6227595 1 3 

Confidence in Panchayats 40,898 1.83 .7267079 1 3 
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Confidence in Schools 41,243 1.40 .6228642 1 3 

Confidence in Medical facility 41,398 1.43 .6511422 1 3 

Confidence in courts 39,073 1.54 .6771663 1 3 

Confidence in Banks 40,951 1.11 .3612745 1 3 

Village Infrastructure 
     

Distance to closest bus stop 40944 2.23 3.555.753 0 40 

Distance to closest Railway station 38846 23.02 2.155.162 0 96 

Distance to closest Police station 40948 8.67 7.043.022 0 61 

Distance to closest Fair price shop 40967 1.02 2.484.581 0 32 

Distance to closest Market 40967 6.65 7.084.654 0 80 

Distance to closest General store 40967 2.53 4.863.369 0 50 

Distance to Bank branch 40967 4.91 5.581.653 0 50 

Distance to closest Post office 40967 1.61 2.582.865 0 32 

Percentage households with electricity 40,722 64.18 34.69576 0 100 

Number of Hours of Electricity 37,872 12.05 6.934088 0 24 

Distance from concrete Road 40,594 1.70 4.297791 0 50 

Health related variables (Children 0 to 5 years) 
     

WHZ 10,791 -0.6031 .9449665 -2 1 

WAZ 10,791 -1.1056 .8681132 -2 1 

Size of the child 9,358 2.099915 .6343773 1 4 

Postnatal check up 9,342 .5988011 1.061451 0 3 

Having a vaccination card 7,263 .8123365 .3904701 0 1 

Duration of breastfeed 3,395 1.792459 9.858317 0 66 

Age of starting supplementary food 7,387 8.601868 5.367311 0 66 

Immunization at anganwadi (rural childcare center) 8,662 .3103209 .4626517 0 1 

Received food from anganwadi 8,552 .2667212 .4422713 0 1 

Received growth monitoring from anganwadi 8,547 .2606763 .4390293 0 1 

Place of delivery 9,374 2.53243 .7789809 1 4 

Schooling related variables (Children 6 to 14 

years) 

     

Absence in school 24,736 0.5382034 0.4985484 0 1 

Age 6 to9 years 30,821 0.4299341 0.4950745 0 1 

Age 10to12 years 30,821 0.3519029 0.4775716 0 1 

Age 13 and above 30,821 0.2181629 0.4130053 0 1 

Test score for children 8 to11 years of age      

Reading score 8,640 2.49711 1.35348 0 4 

Math score 8,609 1.45220 1.018565 0 3 

Writing score 8,566 0.6563157 0.474965 0 1 

Ever repeated a grade in school 27,446 .0728339 .2598684 0 1 

Distance to school in Kilometers 25,072 1.781589 2.5122 1 50 

Government school 26,001 .7680858 .4220626 0 1 

School fees 24,658 316.63 886.975 0 23,060 

Books and uniform 24,847 610.11 903.219 0 30,000 

Private tuition 20,645 120.62 583.480 0 48,000 

Women’s outcomes related variables (Women 15-

49 years) 
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Age                                                                                                                                                                         

Age at marriage  

Belief about daily milk 

Belief  about  first thin milk 

Belief about treating diarrhea 

Awareness of AIDS 

Practicing purdah 

Permission to go to health center alone 

Permission to go to friend’s home alone 

Permission to go to grocery shop alone 

Having cash in hand for household expenditure 

Ownership/rental agreement of the house in own 

name 

 

Village level Health Infrastructure related 

summary statistics 

21415 

21415  

21415 

21415 

21415  

21415 

21415  

21415 

21415 

21415 

21415 

 

21415 

               

32.73 

17.011 

0.03254 

1.27462 

1.617931 

0.428951 

0.5739110 

0.778799 

0.723698 

0.088302 

0.795237 

 

0.447817 

8.07014 

3.74316  

0.888854 

0.772228 

1.59427 

0.659635 

0.500491 

0.4207635 

0.5466952 

1.098324 

0.4098531 

 

1.55538 

 15 

 15  

      0  

1 

0 

0 

0 

0 

0 

0 

0 

 

0 
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1 
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1 
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Health sub-centers in village 10,489 .4483745 .7011687 0 12 

If none then nearest one (in km) 9,629 3.257971 6.089957 0 80 

Primary Health Centre 10,542 .1346044 .3747049 0 6 

If no primary health center, distance to nearest 9,915 8.106203 7.901267 0 62 

Community Health Centre 10,545 .020863 .1429323 0 1 

If no community health center, distance to the 

nearest (in km) 

9,148 15.70846 12.11198 0 90 

District Hospital      

If no district hospital, distance to the nearest 10,545 45.92755 28.52655 1 120 

Government Maternity Centre 10,545 .0335704 .1817018 0 2 

If no, then distance to one 9,410 20.99926 18.19357 0 95 

Private Hospitals 10,545 .0570887 .3808824 0 6 

If no private hospital, distance to the nearest (in km) 9,551 17.20165 15.25631 0 90 

Private Maternity 10,545 .0362257 .2747881 0 5 

If no private maternity, distance to the nearest (in 

km) 

10,545 28.48857 29.81863 0 120 

 

Village level School Infrastructure related 

summary statistics 

     

Number of Govt. Primary schools 30,157 1,70 1,5276 0 18 

Number of Private Primary schools 30,157 .7480519 1,5068 0 20 

If none, then distance to the closest one 29,815 .0756331 .8445733 0 19 

Number of Govt. Middle schools 30,157 .6823291 .7112383 0 7 

Number of Private Middle schools 30,108 .3807958 .9457883 0 18 

If none, then the distance to the nearest one 29,207 1,40 2,8992 0 42 

Number of Govt. Secondary Schools 30,157 .2906788 .53197 0 4 

Number of Private Secondary schools 30,112 .2000863 .6644415 0 18 

If none, then distance to the nearest 28,411 3,87 4,9819 0 60 

Number of Government higher secondary school 30,157 .1293564 .3830358 0 4 

Number of Private higher secondary school 30,112 .0706695 .331933 0 4 

If none, then distance to the nearest 28,184 7,36 7,4746 0 60 
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Data source: IHDS survey 2004-05 

 

 

Appendix 3: Community Based Organizations 

Explanation of Community Based Organization terminology:      

3.1.  Mahila Mandal: The Mahila Mandal is a voluntary group run by women to take up welfare 

services for women and children in the area. These groups of women function essentially like 

NGOs and they form an entry point for comprehensive welfare services to be taken to the grass-

roots level.    

3.2. Youth/sports /reading club: as the name suggests it involves youngsters from the area 

promoting youth, sports and reading related activities in the village.  

3.3. Union/Business group: They are organized labour groups.    

3.4. Self Help Group (SHG) – Self-help groups are inspired by Grameen Bank. These are 

informal institutions and can decide their own membership and the terms and conditions for 

their working. The groups generally comprise 10–25 people, and gather regularly, typically 

every week, to pool their savings and lend from their accumulated pot to members at an interest 

rate designed to cover costs and the whole group is responsible for the loan repayment. 

Attendance is compulsory. The members select a group president and bookkeeper who help 

lead sessions. All transactions are made publicly in front of the entire group. The SHGs also 

establish linkages with different financing and development institutions and play a great role 

in creating a culture of self-sustenance amongst the rural communities.  (Bauer, Chytilová and 

Morduch, 2012).  

3.5. Credit /savings group- Members of savings and credit groups are usually neighbours, 

friends especially women. They may not be from the same religious or caste group but have 

similar socio-economic background. This is way to mobilise small savings by women’s to in 

terms of cash in hand.  

3.6.  Religious /social group: These groups are organized around religious activities like bhajan 

mandals or temple committees. The bhajan mandalis sing devotional songs during particular 

days of the year. Temple committees are responsible for overseeing the management and 

maintenance of the temple ( Bruderle& Chakravarti, 2009).  

Number of Govt. Girls school 30,157 .1134397 .3354286 0 2 

Number of Private Girls school 30,157 .0210565 .1674569 0 3 

If none, then distance to the nearest 26,053 11,64 11,3557 0 85 
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3.7. Caste association- Membership in a caste is completely ascriptive. Once born into a caste, 

a man has no way to change social identity in so far as the social structure and cultural norms 

recognize caste. Caste norms prescribe the ritual, occupational, commensal, marital and social 

relationships of members and caste organization and authority enforce these norms within the 

group and with other caste groups. Caste members are culturally and socially quite 

homogeneous since they share the same occupation, social status and ritual position. This social 

homogeneity results in a sense of exclusiveness and identity which tends to subsume all social 

roles to that of caste membership. (Rudolph, 1960) 

3.8. Development/NGO group-  In India NGO’s can be defined as organizations that are 

generally formed by professionals or quasi professionals from middle or lower middle class, 

either to serve or work with poor or to channel financial support to community based or grass 

root organizations (CBO or GRO) of the poor. These are generally non-member ship 

organization and have salaried employees. They could be in the form of societies, trusts and 

company and if they make any profit, it would be distributed amongst its members23. NGO in 

the form of society must be registered under the Societies Registration Act, 1860. While NGO 

in the form of trust maybe governed by Public trust Act if applicable in the concerned state 

where it functions (India, u.d.). An NGO in the form of section 25 company is a company with 

limited liability that maybe formed for promoting ‘commerce, art, science, religion or any other 

useful object’ 

3.9. Member cooperative- The primary function of the village cooperative is the provision of 

short- and medium-term credit, supply of inputs for agriculture and allied sector, as well as 

marketing of agricultural products. The cooperatives have a vast rural network covering 

majority of the villages in respect of dairy milk supply. The habit of thrift and saving has been 

the essential objectives of the cooperatives.  

 

 

 

 

 
23 Sen, S. (1999). Some Aspects of State–NGO Relationships in India in the Post‐Independence Era. Development 

and Change, 30(2), 327-355. 
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Appendix 4: Anthropometric measures 

4.1 Brief Description of anthropometric measures 

The anthropometric measures24 are used to assess and predict performance, health and survival 

of individuals and reflect the economic and social well-being of populations. In case of children 

this measure is a common tool to assess the growth and nutritional status of children from birth 

till adolescence. Monitoring the growth of infants and young children becomes critical as 

malnutrition is often not recognized by the mother until it has become severe and then reversing 

the condition becomes expensive and often difficult25. It is a widely used, inexpensive and non-

invasive measure of the general nutritional status of an individual or a population group26. This 

measure is the most useful tool used for assessing the nutritional status of children, for children 

under 5 years, as per the World Health Organization (WHO).  

While there are many measures to assess the health of the child, this paper focuses on two 

major measures namely weight- for - height (hereafter WHZ) and weight -for - age (hereafter 

WAZ) to assess the malnutrition status of the child.  

1. Weight-for-height (WHZ)27 – “Low weight for height helps to identify children suffering 

from acute under nutrition. This is appropriate for examining short term nutritional stress 

brought about by illness” (USAID). The weight is taken in kilograms and height in centimeters 

which determines the WHZ. Acute malnourishment in this category is termed as wasting. 

“Wasting is the result of a weight falling significantly below the weight expected of a child of 

the same length or height. Wasting indicates current or acute malnutrition resulting from failure 

to gain weight or actual weight loss. Causes include inadequate food intake, incorrect feeding 

practices, disease and infection or, more frequently, a combination of these factors” (USAID) 

2. Weight-for-age (WAZ) – Low weight for age index identifies the condition of being 

underweight, for a specific age. Underweight based on weight for age is a composite measure 

of stunting and wasting and is recommended as the indicator to assess changes in the magnitude 

 
24   http://www.who.int/childgrowth/publications/physical_status/en/index.html 

25http://www.searo.who.int/LinkFiles/Publications_NUT-170_intro.pdf, (WHO Child Growth Standards: 

Interpreting growth indicators) 

26  USAID. (u.d.). http://www.fantaproject.org/downloads/pdfs/anthro_2.pdf 

27 http://www.fantaproject.org/downloads/pdfs/anthro_2.pdf(Pg.11) 
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of malnutrition over time” (USAID). The weight (taken in kilograms) and age in years of the 

child determine WAZ. “Though height-for-age is considered to be a better indicator of stunting 

among children, weight-for-age prescribed by the World Health Organization is most 

commonly used for child welfare work in India”.28  The main reason to specifically take these 

two measures in the analysis is to study the factors that affect the short term (WHZ) and long 

term (WAZ) health of the child29. This would make it easier to list the important factors 

affecting children health. 

By referring to a growth standard chart prepared by the WHO, the children can be classified as 

per the Z-score into severely, moderate and mildly malnourished children, normally nourished 

and over nourished children, based on their height, weight and age. For example: A child can 

be termed as severely wasted malnourished if the height and the corresponding weight in the 

growth standard chart fall below the Z score of -3. Similarly, a child is severely underweight if 

the age and the corresponding weight of the child falls below the Z score -3. Below are the cut 

off for the malnutrition classification30 for both WHZ and WAZ. 

 

Table 4.a: Malnutrition classification as per WHO 

Malnutrition classification Cut off 

Severe < -3 Z-score 

Moderate < -2 to >-3 Z score 

Mild  <-1 to >-2 Z score 

Source: Food and nutrition technical assistance, FANTA-2, USAID. 

 

Based on the above information, children can be classified in these categories and thus know 

the percentage of malnourished children in the society. The Government can accordingly take 

actions to improve the health of such children. However, it is to be noted that this paper has 

combined the Z-score of severely and moderately malnourished children under the category of, 

-2 Z score (UNICEF, u.d.). Since both are critical stages of the child health. Therefore, the 

 
28  Pal, S. (1999). An analysis of childhood malnutrition in rural India: Role of gender, income and other household 

characteristics. World Development, 27(7), 1151-1171. 

29 While weight for height measure short term thinness or wasting (WHZ), low weight for age (WAZ) can reflect 

‘wasting’ (i.e. low weight for height), indicating acute weight loss, ‘underweight’, or both. Thus, it is a 

composite indicator is a composite measure for child nutrition therefore reflects the extent of long term 

deprivation and acute nutritional crises (refer to WHO Child Growth Standards: Interpreting growth indicators). 

30   http://www.fantaproject.org/downloads/pdfs/anthro_6.pdf (Pg42)   
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levels of child health taken are severely, moderately malnourished (-2), mildly malnourished 

(-1), normal nourishment (0) and over nourishment (1). 

Note: The over nourished children that fall in the Z score above 1 also pose a growth problem 

in terms of obesity or overweight. However, it is not a health problem that is of concern in 

rural India as the problem of focus is malnourishment which is mostly rampant in these areas. 

Also, there is no clear definition for Z-score of above 1 in the Weight–for-Age measurement 

(WAZ) as the child Height- to- Age measurement also needs to be verified in order to see 

whether child is in fact overweight/ having growth problem. (WHO Child Growth Standards: 

Interpreting growth indicators) 

4.2 Education:  

Absence in school 

 Absence in school is converted into binary outcome. The conversion is done to simplify the 

model. Also, one of the main objectives of the paper is to understand the impact of membership 

in CBOs on child human capital in the form of probability of improving or exacerbating the 

worst outcomes. Hence estimation of intensive margin of absence is not the objective here.  
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Appendix 5: Econometric Outputs 

Table 5.1 Standard OLS: Participation in any of the nine CBOs and child human 

capital and women’s outcomes  

Table 5.1a Participation in any of the nine CBOs and educational outcomes  

Variable 

Not being able to 

read at all 

Not being able to 

write at all 

Being absent in 

school in past 30 

days 
 

   

Membership in any of 

the nine CBOs 

-0.0240*** -0.0608*** -0.001 

(0.0083) (0.0146) (0.0140) 

Number of Household 

Assets 

-0.006*** -0.009*** -0.0084*** 

(0.0009) (0.002) -0.0015 

Mother's education at 

Primary level 

0.0121 0.106*** -0.0568 

(0.0106) (0.0225) (0.0409) 

Mother's education at 

Secondary level 

-0.0216** -0.00281 -0.0651* 

(0.0096) (0.0213) (0.0367) 

Backward caste Hindu 0.0207*** 0.0454*** 0.0662*** 
 (0.0077) (0.0164) (0.0183) 

Muslim 0.0411** 0.0713*** 0.0567** 
 (0.0169) (0.0260) (0.0284) 

Sikh and Jain 0.0386** 0.0250 0.259*** 
 (0.0188) (0.0359) (0.0541) 

Christian 0.0202 0.00479 -0.0285 
 (0.0201) (0.0457) (0.0632) 

Female 0.0238*** 0.0220** 0.00642 
 (0.0062) (0.0108) (0.0109) 

Age    -0.0294*** -0.0673*** -0.0048*** 

 (0.0032) (0.0048) (0.0016) 

Family Size 0.0006 0.0011 -0.0028 
 (0.0017) (0.0033) (0.0028) 

Number of Children 

under 15 years   

0.00719* 0.0152** 0.0094* 

(0.00368) (0.00658) (0.0052) 

Distance to school(km) -0.0044*** -0.0049* -0.0075*** 
 (0.0011) (0.0026) (0.0019) 

Expenditure on School 

fees (log)  

-0.0153*** -0.0157** 0.0112 

(0.0037) (0.0065) (0.0099) 

Expenditure on books, 

uniform etc. In Rs. per 

annum (log) 

-0.0271*** -0.0346*** -0.0470*** 

(0.005) (0.009) (0.0085) 

Expenditure on private 

tuition (log) 

0.008 0.0004 0.0276* 

(0.0083) (0.0144) (0.0143) 

Being in Government 

school 

-0.0712*** -0.0287 0.0553 

(0.0129) (0.0193) (0.0342) 

Distance to concrete 

road (km) 

0.002 -0.003 0.0078*** 

(0.0014) (0.0022) (0.00239) 

January - - 0.0144 
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 - - (0.0322) 

February - - 0.0026 
 - - (0.0348) 

March - - 0.0032 
 - - (0.0362) 

April - - -0.0492 
 - - (0.0379) 

June - - -0.0872 
 - - (0.0538) 

July - - -0.0643 
 - - (0.0510) 

August - - 0.0296 
 - - (0.0524) 

September - - 0.122** 
 - - (0.0488) 

October - - 0.244*** 
 - - (0.0769) 

November - - -0.0199 
 - - (0.0471) 

December - - -0.0709** 
 

  (0.0348) 

Constant 0.314*** 0.456*** 0.730*** 
 (0.0641) (0.104) (0.108) 

Observations 8,664 8,590 24,736 

R-squared 0.093 0.111 0.064 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 
     Data source: IHDS survey 2004-05 

 

Table 5.1b Participation in any of the nine CBOs and health outcomes  

Variable 

Being 

severely 

wasted 

Being 

severely 

underweight 

   
Membership in any of the nine CBOs 0.0342 -0.147 

 (0.106) (0.139) 

Number of Household Assets   -0.0034***    -0.0103*** 
 (0.001) (0.0013) 

Family Size -0.0007 0.0037 
 (0.0028) (0.0035) 

Number of Children under 15 years   0.0027 0.0055 
 (0.004) (0.0053) 

Mother's education at Primary level -0.0132 0.0607** 
 (0.0190) (0.0256) 

Mother's education at Secondary level -0.0115 0.0404** 
 (0.0154) (0.0205) 

Whether household purifies water -0.0128** 0.0005 
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 (0.0061) (0.0082) 

Distance to medical facility (km) -0.0002 0.003 
 (0.0036) (0.0048) 

Size of the child -0.0112 0.0242** 
 (0.0081) (0.0103) 

Postnatal check-up of child and mother 0.00326 -0.0081 
 (0.0046) (0.0064) 

Any vaccination given to the child -0.0235 -0.0441** 
 (0.0158) (0.0201) 

Duration of breastfeeding -0.0004 -0.001 
 (0.0005) (0.0006) 

Age at which supplementary food started -0.0012 3.07e-06 
 (0.000890) (0.00128) 

Has child received immunisation from anganwadi 0.00410 0.0388** 
 (0.0125) (0.0167) 

Has child received food from anganwadi 0.00189 -0.0261 
 (0.0131) (0.0171) 

Has the child received any growth monitoring 0.00683 0.0274 
 (0.0151) (0.0208) 

Backward caste Hindu 0.00801 0.00813 
 (0.0114) (0.0158) 

Muslim 0.00502 -0.00630 
 (0.0178) (0.0235) 

Sikh and Jain -0.0386 -0.167*** 
 (0.0399) (0.0483) 

Christian 0.0359 0.0246 
 (0.0455) (0.0495) 

Female -0.0120* -0.0024 
 (0.00688) (0.00861) 

Belonging to age group 0-2 years 0.0212*** -0.0892*** 
 (0.00811) (0.0109) 

Distance to concrete road (km) 0.0006* 0.0005 
 (0.0003) (0.0004) 

Constant 0.212*** 0.439*** 
 (0.0465) (0.0610) 

Observations 10,791 10,791 

R-squared 0.009 0.027 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 

  Data source: IHDS survey 2004-05 
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Table 5.1c Participation in any of the nine CBOs and women’s outcomes  

Variable Health Beliefs 

Bargaining power 

in the household 
 

  

Membership in any of the nine CBOs 0.0188* 0.0054** 
 (0.0099) (0.0022) 

Age of the woman -0.0018***   0.0013*** 
 (0.0005) (0.0002) 

Age at marriage 0.0057*** -0.0007* 
 (0.0011) (0.0004) 

Number of Children under 15 years   -0.0037 -0.0052*** 
 (0.0026) (0.0012) 

Family Size 0.0006 0.0022*** 
 (0.0015) (0.0007) 

Number of Household Assets 0.0165*** 0.001*** 
 (0.0011) (0.0003) 

Woman's education at Primary level -0.280*** -0.0139** 
 (0.0203) (0.0061) 

Woman's education at Secondary level -0.0730*** -0.0124** 
 (0.0178) (0.0061) 

Backward caste Hindu -0.0609*** 0.0027 
 (0.0132) (0.0037) 

Muslim -0.123*** -0.0137*** 

 (0.0202) (0.0043) 

Sikh and Jain -0.118*** -0.0121* 
 (0.0438) (0.0064) 

Christian 0.118*** 0.0187 
 (0.0393) (0.0161) 

Distance to concrete road (km) -0.0035* -0.0008 
 (0.0018) (0.0007) 

Number of married females in the households - 0.0029 
 

 (0.0024) 

Constant 
0.356*** 0.0160 

(0.0374) (0.0102) 

Observations 21,025 21,050 

R-squared 0.178 0.045 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 

Data source: IHDS survey 2004-05 

 

 

 

 



54 

 

Table 5.2 Standard OLS: Participation in each CBO and child human capital and 

women’s outcomes  

Table 5.2a Participation in each CBO and educational outcomes  

Variable 

Not being able 

to read at all 

Not being 

able to write 

at all 

Being absent in 

school in past 

30 days 

    

Membership in a Religious/social group -0.0220* -0.0835*** 0.0915*** 
 (0.0118) (0.0190) (0.0200) 

Number of Household Assets -0.0060*** -0.0089*** -0.0087*** 
 (0.0008) (0.0019) (0.0015) 

Mother's education at Primary level 0.0137 0.109*** -0.0508 
 (0.0106) (0.0229) (0.0410) 

Mother's education at Secondary level -0.0213** -0.0022 -0.0639* 
 (0.0096) (0.0215) (0.0370) 

Backward caste Hindu 0.0199** 0.0444*** 0.0625*** 
 (0.0077) (0.0165) (0.0183) 

Muslim 0.0427** 0.0767*** 0.0485* 
 (0.0169) (0.0259) (0.0282) 

Sikh and Jain 0.0428** 0.0357 0.259*** 
 (0.0188) (0.0354) (0.0538) 

Christian 0.0156 -0.0068 -0.0261 
 (0.0197) (0.0454) (0.0629) 

Female 0.0233*** 0.0206* 0.0064 
 (0.0062) (0.0108) (0.0108) 

Age      -0.0239***    -0.0669***     -0.0052*** 

 (0.0031) (0.0045) (0.0018) 

Family Size 0.0006 0.0011 -0.0033 

 (0.0017) (0.0033) (0.0028) 

Number of Children under 15 years   0.0074** 0.0157** 0.0101* 
 (0.0037) (0.0065) (0.0052) 

Distance to school(km) -0.0048*** -0.0060** -0.0075*** 
 (0.0012) (0.0024) (0.0019) 

Expenditure on School fees (log)  -0.0148*** -0.0158** 0.0139 
 (0.0037) (0.0066) (0.0099) 

Expenditure on books, uniform etc. in 

Rs. per annum (log) 

-0.0274*** -0.0350*** -0.0471*** 

(0.0049) (0.0087) (0.0084) 

Expenditure on private tuition (log) 0.0079 0.0021 0.0247* 
 (0.0083) (0.0145) (0.0142) 

Being in Government school -0.0722*** -0.0329* 0.0575* 
 (0.0127) (0.0196) (0.0342) 

Distance to concrete road (km) 0.0022 -0.0021 0.0215 
 (0.0013) (0.0022) (0.0320) 

January - - 0.205*** 
 - - (0.0703) 

February - - -0.0187 
 - - (0.0449) 
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March - - -0.0607* 
 - - (0.0347) 

April - - 0.00860*** 
 - - (0.00240) 

June - - -0.000236 
 - - (0.000455) 

July - - -0.00302** 
 - - (0.00133) 

August - - 0.00300 
 - - (0.00362) 

September - - -0.00139 
 - - (0.00162) 

October - - -0.00416* 
 - - (0.00218) 

November - - 0.00332 
 - - (0.00210) 

December - - 0.00305 
 

  (0.00361) 

Constant 0.308*** 0.439*** 0.717*** 
 (0.0638) (0.105) (0.108) 

Observations 8,664 8,590 24,736 

R-squared 0.092 0.111 0.068 
Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 

Data source: IHDS survey 2004-05 

 

Table 5.2b Participation in each CBO and health outcomes  

Variable 

Being severely 

wasted 

Being severely 

underweight 

   

Membership in a Religious/social group 0.0359*** 0.0097 
 (0.0135) (0.0162) 

Number of Household Assets -0.0035*** -0.0103*** 
 (0.0009) (0.0013) 

Family Size -0.0004 0.0009 
 (0.0019) (0.0025) 

Number of Children under 15 years 0.0023 0.0081* 
 (0.0036) (0.0047) 

Mother's education at Primary level -0.0153 0.0762*** 
 (0.0158) (0.0202) 

Mother's education at Secondary level -0.0128 0.0462** 
 (0.0147) (0.0186) 

Whether household purifies water -0.0126** -0.0033 
 (0.0055) (0.0073) 

Distance to medical facility (km) 0.0003 0.0009 
 (0.0033) (0.0042) 

Size of the child -0.0114 0.0201** 
 (0.0077) (0.0092) 
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Postnatal check-up of child and mother 0.0033 -0.0113** 
 (0.0042) (0.0057) 

Any vaccination given to the child -0.0219 -0.0362** 
 (0.0149) (0.0180) 

Duration of breastfeeding -0.0004 -0.0013** 
 (0.0004) (0.0006) 

Age at which supplementary food started -0.0013 0.0005 
 (0.0008) (0.0012) 

Has child received immunisation from anganwadi 0.0048 0.0344** 
 (0.0123) (0.0159) 

Has child received food from anganwadi 0.0027 -0.0250 
 (0.0130) (0.0169) 

Has the child received any growth monitoring 0.0064 0.0185 
 (0.0137) (0.0183) 

Backward caste Hindu 0.0087 0.0078 
 (0.0114) (0.0153) 

Muslim 0.0031 -0.0057 
 (0.0176) (0.0225) 

Sikh and Jain -0.0426 -0.132*** 
 (0.0323) (0.0348) 

Christian 0.0434 0.0094 
 (0.0444) (0.0450) 

Female -0.0120* -0.0030 
 (0.0069) (0.0085) 

Belonging to age group 0-2 years 0.0209*** -0.0864*** 
 (0.0080) (0.0103) 

Distance to concrete road (km) 0.0006** 0.0003 
 (0.0003) (0.0003) 

Constant 0.217*** 0.394*** 
 (0.0350) (0.0428) 

Observations 10,791 10,791 

R-squared 0.011 0.045 
Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 

Data source: IHDS survey 2004-05 

 

Table 5.2c Participation in each CBO and women’s outcomes  

Variable Health Beliefs 

Bargaining power 

in the household 

   

Membership in a Religious/social group 0.0201 -0.0018 
 (0.0145) (0.0034) 

Age of the woman -0.0017*** 0.0013*** 
 (0.0005) (0.0002) 

Age at marriage 0.0056*** -0.0007* 
 (0.0011) (0.0004) 

Number of Children under 15 years   -0.0041 -0.0053*** 
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 (0.0026) (0.0011) 

Family Size 0.0005 0.0022*** 
 (0.0015) (0.0007) 

Number of Household Assets 0.0165*** 0.0009*** 
 (0.0011) (0.0003) 

Woman’s education at Primary level -0.282*** -0.0146** 
 (0.0203) (0.0061) 

Woman’s education at Secondary level -0.0746*** -0.0125** 
 (0.0178) (0.0061) 

Backward caste Hindu -0.0599*** 0.0032 
 (0.0133) (0.0037) 

Muslim -0.124*** -0.0132*** 
 (0.0202) (0.0043) 

Sikh and Jain -0.124*** -0.0134** 
 (0.0432) (0.0064) 

Christian 0.123*** 0.0191 
 (0.0391) (0.0159) 

Distance to concrete road (km) -0.0035** -0.0009 
 (0.0018) (0.0007) 

Number of married females in the households - -0.0222*** 
 

 (0.0030) 

Constant 0.360*** 0.0173* 
 (0.0374) (0.0101) 

Observations 21,073 21,098 

R-squared 0.179 0.045 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 

  Data source: IHDS survey 2004-05 

Note: Main estimations on other eight type of organisations are reported in the main paper. 

The estimates on other controls look similar for all nine organisations. Due to space constraint, 

I report the estimations on other controls only for one type of CBO.   

 

Table 5.3 Village fixed effects: Participation in any of the nine CBO and child human 

capital and women’s outcomes   

Table 5.3a Participation in any of the nine CBO and child education  

Variable 

Not being able to 

read at all 

Not being able 

to write at all 

Being absent in 

school in past 30 

days 

       
Membership in any of the nine CBOs -0.0221** -0.0134 -0.00350 
 (0.0095) (0.0202) (0.0146) 

Number of Household Assets -0.0069*** -0.0138*** -0.0011 
 (0.0011) (0.0023) (0.0016) 

Mother’s education at Primary level 0.00233 0.0434* -0.0505 
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 (0.0131) (0.0257) (0.0426) 

Mother’s education at Secondary level -0.0169 -0.0225 -0.0417 
 (0.0117) (0.0236) (0.0378) 

Backward caste Hindu 0.0152 0.0243 0.0449*** 
 (0.0105) (0.0181) (0.0158) 

Muslim 0.0393* 0.0800*** 0.0394 
 (0.0221) (0.0298) (0.0240) 

Sikh and Jain 0.0134 -0.0447 0.0620 
 (0.0326) (0.0590) (0.0426) 

Christian 0.0045 0.0336 0.0108 

 (0.0328) (0.0753) (0.0585) 

Female 0.0227*** 0.0254** 0.00253 
 (0.0063) (0.0104) (0.0109) 

Age -0.0286*** -0.0685*** -0.0042*** 

       (0.0032) (0.0048) (0.0014) 

Family Size 0.0028 0.0023 -0.0042 
 (0.0018) (0.0032) (0.0026) 

Number of Children under 15 years   -0.0018 0.0066 -0.0027 
 (0.0038) (0.0063) (0.0045) 

Distance to school(km) -0.0006 -0.0001 -0.0056*** 
 (0.0012) (0.0028) (0.0016) 

Expenditure on School fees (log)  -0.0207*** -0.0396*** 0.0034 
 (0.0047) (0.0073) (0.0112) 

Expenditure on books, uniform etc. In 

Rs. Per annum (log) 

-0.0356*** -0.0474*** -0.0077 

(0.0063) (0.0114) (0.009) 

Expenditure on private tuition (log) 0.0131 0.0074 -0.0266** 
 (0.0109) (0.0199) (0.0121) 

Being in Government school -0.0727*** -0.0589*** 0.0756* 
 (0.0136) (0.0192) (0.0404) 

January - - 0.110 
 - - (0.0954) 

February - - 0.0393 
 - - (0.0765) 

March - - 0.0853 
 - - (0.0762) 

April - - -0.0261 
 - - (0.0740) 

June - - 0.0717 
 - - (0.0796) 

July - - 0.0055 
 - - (0.0849) 

August - - 0.0406 
 - - (0.0735) 

September - - 0.0681 
 - - (0.0933) 

October - - 0.0818 
 - - (0.139) 

November - - -0.259* 
 - - (0.143) 
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December - - -0.174 

   (0.126) 

Constant 0.375*** 0.754*** 0.723*** 

 (0.0799) (0.138) (0.115) 

Observations 8,664 8,590 24,736 

R-squared 0.064 0.078 0.014 

Number of villages 1,355 1,356 1,421 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 
  Data source: IHDS survey 2004-05 

 

Table 5.3b Participation in any of the nine CBO and child health 

Variable 

Being severely 

wasted 

Being severely 

underweight 

   
Membership in any of the nine CBOs 0.0012 -0.0159 
 (0.0101) (0.0145) 

Number of Household Assets -0.0029** -0.0121*** 
 (0.0012) (0.0017) 

Family Size -0.001 -0.0004 
 (0.0021) (0.0028) 

Number of Children under 15 years   0.004 0.0101** 
 (0.0037) (0.0049) 

Mother's education at Primary level -0.0077 0.0674*** 
 (0.0175) (0.0219) 

Mother's education at Secondary level -0.0142 0.0516*** 
 (0.0151) (0.0193) 

Whether household purifies water -0.0144** 0.004 
 (0.0059) (0.0083) 

Distance to medical facility (km) 0.0018 0.0012 
 (0.0038) (0.0048) 

Size of the child 0.0110 0.0331*** 
 (0.0073) (0.0103) 

Postnatal check-up of child and mother -0.0072 -0.0109* 
 (0.0048) (0.0065) 

Any vaccination given to the child -0.0117 -0.0202 
 (0.0143) (0.0187) 

Duration of breastfeeding -0.0004 -0.0017*** 
 (0.0005) (0.0006) 

Age at which supplementary food started -0.0001 0.0009 
 (0.0001) (0.0013) 

Has child received immunisation from anganwadi -0.0168 0.0385* 
 (0.0172) (0.0209) 

Has child received food from anganwadi 0.0037 -0.0455** 
 (0.0145) (0.0194) 

Has the child received any growth monitoring -0.0037 0.0156 

 (0.0166) (0.0219) 
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Backward caste Hindu 0.0268** 0.0363** 
 (0.0130) (0.0182) 

Muslim -0.0067 0.0305 
 (0.0200) (0.0283) 

Sikh and Jain 0.0415 -0.0529 
 (0.0360) (0.0613) 

Christian 0.0368 0.0507 
 (0.0717) (0.0802) 

Female -0.0146** -0.0058 
 (0.0071) (0.0089) 

Belonging to age group 0-2 years 0.0233*** -0.0845*** 
 (0.008) (0.0107) 

Constant  0.154*** 0.356*** 
 (0.0337) (0.0460) 

Observations 10,791 10,791 

R-squared 0.007 0.031 

Number of IDPSU 1,336 1,336 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 
Data source: IHDS survey 2004-05 

 

Table 5.3c Participation in any of the nine CBO and women’s outcomes 

Variable Health Beliefs 

Bargaining power 

in the household 

   

Membership in any of the nine CBOs 0.0110 0.00188 
 (0.0084) -0.0027 

Age of the woman -0.0017*** 0.0013*** 
 (0.0005) (0.0002) 

Age at marriage 0.0026*** -0.0012*** 
 (0.001) (0.0004) 

Number of Children under 15 years   -0.005** -0.0058*** 
 (0.00228) (0.001) 

Family Size -0.0007 0.0031*** 
 (0.0013) (0.0007) 

Number of Household Assets 0.0143*** 0.0006** 
 (0.001) (0.0003) 

Woman's education at Primary level -0.274*** -0.0144** 
 (0.0167) (0.0061) 

Woman's education at Secondary level -0.0784*** -0.0150** 
 (0.015) (0.0058) 

Backward caste Hindu -0.0209** -0.0006 
 (0.0103) (0.0029) 

Muslim 0.0033 -0.0114** 

 (0.0181) (0.0052) 

Sikh and Jain 0.0579 -0.0091 
 (0.0435) (0.0066) 
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Christian -0.0178 0.0180 
 (0.0300) (0.0143) 

Number of married females in the household - -0.0219*** 
 

 (0.0029) 

Constant 0.407*** 0.0337*** 
 (0.0296) (0.0101) 

Observations 21,025 21,050 

Number of IDPSU 1,481 1,481 

R-squared 0.113 0.014 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 
  Data source: IHDS survey 2004-05 

 

Table 5.4 Village fixed effects: Participation in each CBO and child human capital and 

women’s outcomes   

Table 5.4a. Participation in each CBO and child educational outcomes  

Variable 

Not being able 

to read at all 

Not being able 

to write at all 

Being absent in 

school in past 

30 days 

       
Membership in a Religious/social 

group 

-0.0251 -0.0539** 0.0085 

(0.0153) (0.0213) (0.0184) 

Number of Household Assets -0.0069*** -0.0136*** -0.0011 
 (0.0011) (0.0022) (0.0015) 

Mother's education at Primary 

level 

0.0026 0.0439* -0.0506 

(0.0131) (0.0259) (0.0432) 

Mother's education at Secondary 

level 

-0.0169 -0.0220 -0.0418 

(0.0117) (0.0237) (0.0383) 

Backward caste Hindu 0.0149 0.0247 0.0448*** 
 (0.0105) (0.0180) (0.0157) 

Muslim 0.0408*      0.0826*** 0.0391 
 (0.0222) (0.0300) (0.0241) 

Sikh and Jain 0.0148 -0.0440 0.0618 
 (0.0325) (0.0574) (0.0425) 

Christian 0.0064 0.0368 0.0080 
 (0.0336) (0.0751) (0.0585) 

Female 0.0224*** 0.0250** 0.0025 
 (0.0063) (0.0103) (0.0109) 

Age      -0.0285***      -0.0684***     -0.0042*** 

 (0.0032) (0.0048) (0.0014) 

Family Size 0.0027 0.0026 -0.0043 
 (0.0018) (0.0032) (0.0026) 

Number of Children under 15 

years   

-0.0019 0.0061 -0.0026 

(0.0038) (0.0063) (0.0045) 

Distance to school(km) -0.0009 -0.0003 -0.0055*** 
 (0.0012) (0.0029) (0.0016) 
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Expenditure on School fees (log)  -0.0203*** -0.0393*** 0.0034 
 (0.0046) (0.0073) (0.0113) 

Expenditure on books, uniform etc. 

In Rs. per annum (log) 

-0.0363*** -0.0477*** -0.0077 

(0.0063) (0.0117) (0.0089) 

Expenditure on private tuition (log) 0.0130 0.0069 -0.0266** 
 (0.0108) (0.0199) (0.0121) 

Being in Government school -0.0733*** -0.0590*** 0.0755* 
 (0.0135) (0.0191) (0.0404) 

January - - 0.113 
 - - (0.0953) 

February - - 0.0416 
 - - (0.0760) 

March - - 0.0867 
 - - (0.0761) 

April - - -0.0254 
 - - (0.0739) 

June - - 0.0722 
 - - (0.0797) 

July - - 0.0069 
 - - (0.0853) 

August - - 0.0413 
 - - (0.0733) 

September - - 0.0699 
 - - (0.0936) 

October - - 0.0838 
 - - (0.139) 

November - - -0.255* 
 - - (0.143) 

December - - -0.171 
 

  (0.126) 

Constant 0.376*** 0.757*** 0.721*** 
 (0.0798) (0.138) (0.116) 

Observations 8,664 8,590 24,736 

R-squared 0.064 0.078 0.014 

Number of villages 1,355 1,356 1421 
Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 
Data source: IHDS survey 2004-05 
  

 

Table 5.4b. Participation in each CBO and child health outcomes  

Variable 

Being 

severely 

wasted 

Being severely 

underweight 

   

Membership in a Religious/social group 0.0015 -0.0316 
 (0.0159) (0.0206) 

Number of Household Assets -0.0029** -0.0120*** 
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 (0.0012) (0.0017) 

Family Size -0.0010 -0.0004 
 (0.0021) (0.0027) 

Number of Children under 15 years   0.0039 0.0101** 
 (0.0037) (0.0049) 

Mother's education at Primary level -0.0076 0.0670*** 
 (0.0175) (0.0219) 

Mother's education at Secondary level -0.0142 0.0517*** 
 (0.0151) (0.0193) 

Whether household purifies water -0.0144** 0.0041 
 (0.0059) (0.0083) 

Distance to medical facility (km) 0.0018 0.0010 
 (0.0038) (0.0048) 

Size of the child 0.0110 0.0334*** 
 (0.0073) (0.0103) 

Postnatal check-up of child and mother -0.0071 -0.0110* 
 (0.0048) (0.0065) 

Any vaccination given to the child -0.0116 -0.0208 
 (0.0143) (0.0187) 

Duration of breastfeeding -0.0004 -0.0017*** 
 (0.0004) (0.0006) 

Age at which supplementary food started -0.0009 0.0008 
 (0.0009) (0.0013) 

Has child received immunisation from anganwadi -0.0167 0.0374* 
 (0.0173) (0.0210) 

Has child received food from anganwadi 0.0037 -0.0451** 
 (0.0145) (0.0194) 

Has the child received any growth monitoring -0.0037 0.0168 
 (0.0167) (0.0219) 

Backward caste Hindu 0.0268** 0.0359** 
 (0.0130) (0.0182) 

Muslim -0.0068 0.0317 
 (0.0199) (0.0283) 

Sikh and Jain 0.0415 -0.0534 
 (0.0360) (0.0613) 

Christian 0.0369 0.0483 
 (0.0716) (0.0804) 

Female -0.0146** -0.0057 
 (0.0071) (0.0089) 

Belonging to age group 0-2 years 0.0232*** -0.0844*** 
 (0.0079) (0.0107) 

Constant 0.154*** 0.356*** 
 (0.0336) (0.0461) 

Observations 10,791 10,791 

R-squared 0.007 0.031 

Number of villages 1,336 1,336 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 
  Data source: IHDS survey 2004-05 
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Table 5.4c. Participation in each CBO and women’s outcomes  

Variable Health Beliefs 

Bargaining power 

in the household 

   

Membership in a Religious/social group 0.0134 -0.0023 
 (0.0125) (0.0033) 

Age of the woman -0.0016*** 0.0013*** 
 (0.0004) (0.0002) 

Age at marriage 0.0025*** -0.0012*** 
 (0.0009) (0.0004) 

Number of Children under 15 years   -0.0052** -0.0058*** 
 (0.0023) (0.0010) 

Family Size -0.0006 0.0031*** 
 (0.0013) (0.0007) 

Number of Household Assets 0.0143*** 0.0006** 
 (0.0009) (0.0003) 

Woman’s education at Primary level -0.275*** -0.0143** 
 (0.0167) (0.0061) 

Woman’s education at Secondary level -0.0791*** -0.0148** 
 (0.0150) (0.0058) 

Backward caste Hindu -0.0209** -0.0006 
 (0.0104) (0.0029) 

Muslim 0.0023 -0.0114** 
 (0.0181) (0.0052) 

Sikh and Jain 0.0557 -0.0093 
 (0.0432) (0.0065) 

Christian -0.0185 0.0178 
 (0.0299) (0.0143) 

Number of married females in the household - -0.0218*** 
 

 (0.0029) 

Constant 0.410*** 0.0340*** 
 (0.0295) (0.0100) 

Observations 21,073 21,098 

R-squared 0.113 0.013 

Number of villages 1481 1481 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 
  Data source: IHDS survey 2004-05 

Note: Main estimations on other eight type of organisations are reported in the main paper. 

The estimates on other controls look similar for all nine organisations. Due to space constraint, 

I report the estimations on other controls only for one type of CBO.   
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Table 5.5 District fixed effects : Participation in any of the nine CBOs and child human 

capital and women’s outcomes   

Table 5.5a Participation in any of the nine CBOs and child education 

Variable 

Not being 

able to read 

at all 

Not being able 

to write at all 

Being 

absent in 

school in 

past 30 days 

    

Membership in any of the nine CBOs -0.0164* -0.0230 -0.0031 

 (0.0097) (0.0161) (0.0137) 

                                   

Number of Household Assets -0.0061*** -0.0126*** -0.0037*** 

 (0.0011) (0.002) (0.0013) 

Mother’s education at Primary level 0.003 0.0441* -0.0278 

 (0.0120) (0.0234) (0.0354) 

Mother’s education at Secondary level -0.0205** -0.0270 -0.0286 

 (0.0103) (0.0215) (0.0309) 

Backward caste Hindu 0.0092 0.0262* 0.0359** 

 (0.0085) (0.0151) (0.0139) 

Muslim 0.0444** 0.0962*** 0.0576*** 

 (0.0216) (0.0264) (0.0221) 

 Sikh and Jain 0.0032 -0.0386 0.118*** 

 (0.0267) (0.0403) (0.0452) 

Christian -0.0039 0.0103 0.0455 

 (0.0253) (0.0588) (0.0605) 

Female     0.0205*** 0.0208* 0.00251 

 (0.0066) (0.0111) (0.0130) 

Age   -0.0274***     -0.0673*** -0.0043*** 

    (0.0034)  (0.0055)    (0.0016) 

Family Size 0.0019 0.0036 -0.0032 

 (0.0016) (0.0027) (0.0021) 

Number of Children under 15 years   0.0015 0.0064 -0.0024 

 (0.0036) (0.006) (0.0038) 

Distance to school(km) -0.0021* -0.0004 -0.0058** 

 (0.0012) (0.003) (0.0024) 

Expenditure on School fees (log)  -0.0174*** -0.0353*** 0.0049 

 (0.0046) (0.0076) (0.0112) 

Expenditure on books, uniform etc. In 

Rs. Per annum (log) 

-0.0370*** -0.0388*** -0.0072 

(0.0061) (0.0098) (0.0121) 

Expenditure on private tuition (log) 0.0089 0.0069 -0.0228 

 (0.0100) (0.0175) (0.0142) 

Being in Government school -0.0664*** -0.0428** 0.0806** 

 (0.0153) (0.0210) (0.0392) 

Distance to concrete road (km) -0.0004 0.0024 0.145*** 

 (0.0018) (0.0021) (0.0473) 

January - - 0.130** 

 - - (0.0592) 
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February - - 0.0779 

 - - (0.0933) 

March - - 0.103** 

 - - (0.0510) 

April - - -0.0016 

 - - (0.002) 

June - - -0.0008** 

 - - (0.0004) 

July - - 0.0008 

 - - (0.0011) 

August - - 0.0024 

 - - (0.0025) 

September - - -0.0019 

 - - (0.0014) 

October - - -0.0005 

 - - (0.0021) 

November - - 0.0006 

 - - (0.00162) 

December - - -0.0004 

   (0.0027) 

Constant 0.387*** 0.675*** 0.649*** 

 (0.0792) (0.126) (0.120) 

Observations 8,664 8,590 24,736 

Number of districts 265 265 268 

R-squared 0.071 0.085 0.022 

Robust standard errors in parentheses clustered at district level *** p<0.01, ** p<0.05, * p<0.1 
  Data source: IHDS survey 2004-05 

 

Table 5.5b Participation in any of the nine CBOs and child health  

Variable 

Being 

severely 

wasted 

Being severely 

underweight 

   

Membership in any of the nine CBOs -0.0069     -0.0108 

 (0.0092) (0.0147) 

Number of Household Assets -0.0013 -0.0096*** 

 (0.0011) (0.0016) 

Family Size -0.0014 0.0007 

 (0.002) (0.0026) 

Number of Children under 15 years   0.00409 0.0069 

 (0.0035) (0.0048) 

Mother's education at Primary level -0.0118 0.0705*** 

 (0.0171) (0.0203) 

Mother's education at Secondary level -0.0172 0.0485*** 

 (0.0151) (0.0186) 

Whether household purifies water -0.0089 0.0113 
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 (0.0055) (0.0075) 

Distance to medical facility (km) 0.0052 0.0017 

 (0.0036) (0.004) 

Size of the child 0.0006     0.0314*** 

 (0.0078) (0.0094) 

Postnatal check-up of child and mother -0.0049 -0.0087 

 (0.0043) (0.0057) 

Any vaccination given to the child -0.010 -0.0258* 

 (0.0124) (0.0149) 

Duration of breastfeeding -0.0007     -0.0016*** 

 (0.0005) (0.0006) 

Age at which supplementary food started -0.0001 0.0007 

 (0.0010) (0.0013) 

Has child received immunisation from anganwadi -0.0029    0.0374** 

 (0.0157) (0.0172) 

Has child received food from anganwadi -0.01    -0.0364** 

 (0.0128) (0.0163) 

Has the child received any growth monitoring 0.0058 0.0262 

 (0.0147) (0.0179) 

Backward caste Hindu    0.0294** 0.0238 

 (0.0118) (0.0149) 

Muslim -0.0025 0.0101 

 (0.0156) (0.0222) 

 Sikh and Jain 0.0202   -0.0739* 

 (0.0339) (0.0409) 

Christian 0.0514 0.0238 

 (0.0550) (0.0536) 

Female -0.0135* -0.0013 

 (0.0071) (0.0092) 

Belonging to age group 0-2 years     0.0243***      -0.0829*** 

 (0.0083) (0.0111) 

 (0.0015) (0.0016) 

Distance to concrete road (km)   0.0008** 0.0006 

 (0.0003) (0.0004) 

Constant    0.135***     0.333*** 

 (0.0346) (0.0446) 

Observations 10,791 10,791 

R-squared 0.009 0.028 

Number of districts 273 273 

Robust standard errors in parentheses clustered at district level *** p<0.01, ** p<0.05, * p<0.1 
    Data source: IHDS survey 2004-05 
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Table 5.5c Participation in any of the nine CBOs and women’s outcomes  

Variable Health Beliefs 

Bargaining 

power in the 

household 

   

Membership in any of the nine CBOs 0.0122 0.00414 

 (0.0096) (0.0034) 

Age of the woman    -0.0016***      0.0013*** 

 (0.0005) (0.0002) 

Age at marriage     0.0031*** -0.001*** 

 (0.001) (0.0003) 

Number of Children under 15 years      -0.0054** -0.0053*** 

 (0.0024) (0.0012) 

Family Size -0.0015 0.0028*** 

 (0.0015) (0.0007) 

Number of Household Assets    0.0160*** 0.0006** 

 (0.0012) (0.000282) 

Woman's education at Primary level   -0.259*** -0.0147* 

 (0.0217) (0.0081) 

Woman's education at Secondary level   -0.0650*** -0.0157* 

 (0.0193) (0.0081) 

Backward caste Hindu  -0.0272** 0.0012 

 (0.0108) (0.0028) 

Muslim -0.0239 -0.0093* 

 (0.0174) (0.0054) 

 Sikh and Jain   0.0769** -0.0049 

 (0.0370) (0.0046) 

Christian -0.0225    0.0226** 

 (0.0355) (0.0108) 

Distance to concrete road (km)    -0.0042** 0.0004 

 (0.0017) (0.0004) 

Number of married females in the households -    -0.0214*** 

  (0.0035) 

Constant   0.403*** 0.0287** 

 (0.0341) (0.0112) 

Observations 21,025 21,050 

R-squared 0.130 0.015 

Number of districts 277 277 

Robust standard errors in parentheses clustered at district level *** p<0.01, ** p<0.05, * p<0.1 
    Data source: IHDS survey 2004-05 
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Table 5.6 District fixed effects: Participation in each CBO and child human capital and 

women’s outcomes 

Table 5.6a Participation in each CBO and child education  

Variable 

Not being 

able to read at 

all 

Not being able 

to write at all 

Being 

absent in 

school in 

past 30 days 

    

Membership in a Religious/social group -0.0144 -0.0490** 0.0184 

 (0.0137) (0.0199) (0.0201) 

Number of Household Assets -0.0061*** -0.0125*** -0.0038*** 

 (0.0010) (0.0019) (0.0013) 

Mother's education at Primary level 0.0032 0.0451* -0.0280 

 (0.0119) (0.0235) (0.0358) 

Mother's education at Secondary level -0.0207** -0.0264 -0.0291 

 (0.0103) (0.0216) (0.0313) 

Backward caste Hindu 0.0091 0.0261* 0.0360** 

 (0.0085) (0.0151) (0.0139) 

Muslim 0.0450** 0.0979*** 0.0569** 

 (0.0216) (0.0266) (0.0222) 

 Sikh and Jain 0.0039 -0.0379 0.118*** 

 (0.0267) (0.0399) (0.0452) 

Christian -0.0031 0.0129 0.0455 

 (0.0257) (0.0583) (0.0606) 

Female 0.0203*** 0.0204* 0.0025 

 (0.0066) (0.0111) (0.0130) 

Age     -0.0274***     -0.0672*** -0.0042** 

 (0.0034) (0.0055) (0.0015) 

Family Size 0.0018 0.0036 -0.0034 

 (0.0016) (0.0027) (0.0021) 

Number of Children under 15 years   0.0014 0.0060 -0.0022 

 (0.0036) (0.0059) (0.0038) 

Distance to school(km) -0.0022* -0.0007 -0.0058** 

 (0.0012) (0.0029) (0.0024) 

Expenditure on School fees (log)  -0.0172*** -0.0350*** 0.0050 

 (0.0046) (0.0076) (0.0113) 

Expenditure on books, uniform etc. In Rs. 

per annum (log) 

-0.0374*** -0.0391*** -0.0075 

(0.0061) (0.0098) (0.0121) 

Expenditure on private tuition (log) 0.0091 0.0071 -0.0226 

 (0.0100) (0.0175) (0.0142) 

Being in Government school -0.0667*** -0.0435** 0.0806** 

 (0.0152) (0.0212) (0.0392) 

Distance to concrete road (km) -0.0004 0.0024 -0.0016 

 (0.0018) (0.0021) (0.0020) 

January - - 0.144*** 

 - - (0.0472) 

February - - 0.110** 
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 - - (0.0464) 

March - - 0.0810* 

 - - (0.0442) 

April - - 0.0326 

 - - (0.0329) 

June - - -0.0481 

 - - (0.0456) 

July - - -0.0319 

 - - (0.0587) 

August - - 0.0502 

 - - (0.0442) 

September - - 0.0881 

 - - (0.0672) 

October - - 0.127** 

 - - (0.0581) 

November - - 0.0766 

 - - (0.0935) 

December - - 0.102** 

   (0.0509) 

Constant 0.384*** 0.672*** 0.648*** 

 (0.0791) (0.126) (0.120) 

Observations 8,664 8,590 24,736 

R-squared 0.070 0.086 0.022 

Number of districts 265 265 268 

Robust standard errors in parentheses clustered at district level *** p<0.01, ** p<0.05, * p<0.1 
  Data source: IHDS survey 2004-05 

 

Table 5.6b Participation in each CBO and child health 

Variable 

Being 

severely 

wasted 

Being 

severely 

underweight 

   

Membership in a Religious/social group 0.0003 -0.0122 

 (0.0135) (0.0213) 

Number of Household Assets -0.0014    -0.0096*** 

 (0.0011) (0.0015) 

Family Size -0.0015 0.0006 

 (0.0019) (0.0026) 

Number of Children under 15 years   0.0042 0.0068 

 (0.0035) (0.0048) 

Mother's education at Primary level -0.0115     0.0707*** 

 (0.0172) (0.0203) 

Mother's education at Secondary level -0.0171    0.0487*** 

 (0.0151) (0.0186) 

Whether household purifies water -0.0089 0.0114 

 (0.0055) (0.0075) 
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Distance to medical facility (km) 0.0051 0.0015 

 (0.0035) (0.0040) 

Size of the child 0.0008     0.0316*** 

 (0.0078) (0.0094) 

Postnatal check-up of child and mother -0.0049 -0.0088 

 (0.0042) (0.0057) 

Any vaccination given to the child -0.0102   -0.0261* 

 (0.0124) (0.0149) 

Duration of breastfeeding -0.0007    -0.0016*** 

 (0.0005) (0.0006) 

Age at which supplementary food started -0.0001 0.0006 

 (0.0010) (0.0013) 

Has child received immunisation from anganwadi -0.0028   0.0372** 

 (0.0157) (0.0173) 

Has child received food from anganwadi -0.0098   -0.0362** 

 (0.0128) (0.0163) 

Has the child received any growth monitoring 0.0056 0.0263 

 (0.0147) (0.0179) 

Backward caste Hindu 0.0296** 0.0238 

 (0.0117) (0.0149) 

Muslim -0.0024 0.0104 

 (0.0156) (0.0222) 

Sikh and Jain 0.0205 -0.0742* 

 (0.0338) (0.0409) 

Christian 0.0513 0.0234 

 (0.0552) (0.0537) 

Female -0.0135* -0.0013 

 (0.0071) (0.0092) 

Belonging to age group 0-2 years    0.0243***   -0.0828*** 

 (0.0083) (0.0111) 

Distance to concrete road (km)   0.0008** 0.0006 

 (0.0003) (0.0004) 

Constant   0.133***    0.332*** 

 (0.0344) (0.0450) 

Observations 10,791 10,791 

R-squared 0.009 0.028 

Number of districts 273 273 

Robust standard errors in parentheses clustered at district level *** p<0.01, ** p<0.05, * p<0.1 
  Data source: IHDS survey 2004-05 
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Table 5.6c Participation in each CBO and women’s outcomes  

Variable Health Beliefs 

Bargaining 

power in the 

household  

   

Membership in a Religious/social group 0.0105 -0.0009 

 (0.0146) (0.0052) 

Age of the woman -0.0016***    0.0013*** 

 (0.0005) (0.0002) 

Age at marriage 0.0030***    -0.0010*** 

 (0.0009) (0.0003) 

Number of Children under 15 years   -0.0055**    -0.0052*** 

 (0.0024) (0.0012) 

Family Size -0.0014    0.0029*** 

 (0.0015) (0.0007) 

Number of Household Assets 0.0161***  0.0006** 

 (0.0011) (0.0003) 

Woman's education at Primary level -0.260*** -0.0145* 

 (0.0217) (0.0081) 

Woman's education at Secondary level -0.0659*** -0.0154* 

 (0.0193) (0.0081) 

Backward caste Hindu -0.0268** 0.0012 

 (0.0109) (0.0028) 

Muslim -0.0241 -0.0094* 

 (0.0175) (0.0054) 

Sikh and Jain 0.0749** -0.0050 

 (0.0366) (0.0045) 

Christian -0.0225 0.0221** 

 (0.0356) (0.0108) 

Distance to concrete road (km)   -0.0042** 0.0004 

 (0.0017) (0.0003) 

Number of married females in the households -    -0.0214*** 

  (0.0035) 

Constant     0.405***   0.0292*** 

 (0.0340) (0.0111) 

Observations 21,073 21,098 

R-squared 0.130 0.015 

Number of districts 277 277 

Robust standard errors in parentheses clustered at district level *** p<0.01, ** p<0.05, * p<0.1 
  Data source: IHDS survey 2004-05 

 



73 

 

Note: Main estimations on other eight type of organisations are reported in the main paper. 

The estimates on other controls look similar for all nine organisations. For compactness, I 

report the estimations on other controls only for one type of CBO.   

 

Table 5.7 Two stage least squares estimation (Using Availability of organization as an 

instrument):  Participation in CBOs and child human capital and women’s outcomes 

Table 5.7a Participation in any of the nine CBOs and child human capital - Education 

and Health 

  

Variable 

Not being 

able to 

read at all 

Not being 

able to 

write at 

all 

Probability 

of absence 

in school 

Being 

severely 

Wasted 

Being 

severely 

Underweight 

      

Membership in any of the nine 

CBOs 

0.0399 -0.110 -0.189 0.0342 -0.147 

(0.0766) (0.133) (0.170) (0.106) (0.139) 

Observations 8,664 8,590 24,736 10,791 10,791 

Other controls Yes Yes Yes Yes Yes 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 
  Data source: IHDS survey 2004-05 

 

Table 5.7b Participation in any of the nine CBOs and women’s outcomes  

Variable Health beliefs 

Bargaining power in 

the household 

   

Membership in any of the nine CBOs 0.0779 0.0556*** 

 (0.114) (0.0198) 

Observations 20,521 20,545 

Other controls Yes Yes 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 
  Data source: IHDS survey 2004-05 
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Table 5.8 Two stage least squares estimation (Using Availability of organization as an 

instrument): Participation in each CBO and child human capital and women’s 

outcomes 

Table 5.8a Participation in each CBO and child human capital – Education and Health 

Variable 

Not being 

able to read 

at all 

Not being able 

to write at all 

Probability 

of absence 

in school 

Being 

severely 

Wasted 

Being 

severely 

Underweight 

      
Membership in 

Religious group 

0.0829 -0.228 -0.414 0.0592 -0.254 

(0.158) (0.282) (0.384) (0.181) (0.253) 

Membership in Caste 

Association  

0.123 -0.345 -0.530 0.0744 -0.329 

(0.237) (0.423) (0.505) (0.233) (0.323) 

Membership in Mahila 

Mandal 

0.186 -0.513 -0.737 0.199 -0.852 

(0.357) (0.641) (0.647) (0.609) (0.823) 

Membership in Self 

Help group 

0.125 -0.338 -0.477 0.0911 -0.391 

(0.242) (0.416) (0.411) (0.279) (0.379) 

Membership in NGO 

 

1.238 -3.392 -3.063 0.984 -4.275 

(2.511) (4.792) (2.802) (3.200) (5.180) 

Membership in 

Union/Business group 

0.561 -1.507 -2.287 0.682 -2.922 

(1.072) (1.893) (2.157) (2.124) (3.181) 

Membership in 

Cooperatives 

0.569 -1.692 -4.629 -0.652 2.832 

(1.173) (2.524) (7.827) (2.240) (6.299) 

Membership in 

Credit/savings group 

0.121 -0.340 -0.622 0.0875 -0.393 

(0.232) (0.410) (0.554) (0.280) (0.383) 

Membership in 

Youth/sport group 

0.296 -0.829 -1.320 0.423 -1.814 

(0.567) (1.018) (1.191) (1.311) (1.953) 

      

Observations 8,664 8,590 24,736 10,791 10,791 

Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 
  Data source: IHDS survey 2004-05 

 

Table 5.8b.  Participation in each CBO and Women’s outcome 

Variable Health beliefs 

Bargaining 

power in the 

household 

   
Membership in Religious group 0.172 0.118***  

(0.241) (0.0446) 

Membership in Caste Association  0.205 0.144**  
(0.298) (0.0598) 

Membership in Mahila Mandal 0.286 0.197***  
(0.402) (0.0700) 

Membership in Self Help group 0.192 0.133*** 
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(0.269) (0.0460) 

Membership in NGO 2.095 1.436**  
(2.904) (0.695) 

Membership in Union/Business group 1.002 0.688**  
(1.409) (0.295) 

Membership in Cooperatives 2.835 1.966  
(6.829) (3.534) 

Membership in Credit/savings group 0.266 0.185***  
(0.374) (0.0662) 

Membership in Youth/sport group 0.546 0.375***  
(0.772) (0.134) 

   

Observations 20,568 20,592 
Robust standard errors in parentheses clustered at village level *** p<0.01, ** p<0.05, * p<0.1 

  Data source: IHDS survey 2004-05 

Table 5.9 First stage statistics for availability of CBOs in a village as an instrument 

Not being able to read at all 

First-stage regression summary statistics 

Variable 
Adjusted 

R-Sq. 
R-Sq. 

Partial 

R-Sq. 

Robust F 

(1,1354) 

Prob F 

> 0 

Membership in any of the nine 

CBOs 
0.1058 0.1025 0.0139 51.0418 0 

(F statistic adjusted for 1355 clusters in IDPSU)    
Data source: IHDS survey 2004-05 

Not being able to write at all 

First-stage regression summary statistics 

Variable 
Adjusted 

R-Sq. 
R-Sq. 

Partial 

R-Sq. 

Robust F 

(1,1355) 

Prob F 

> 0 

Membership in any of the nine 

CBOs 
0.1065 0.1032 0.0142 52.4199 0 

(F statistic adjusted for 1356 clusters in IDPSU)    
Data source: IHDS survey 2004-05 

Absence 

First-stage regression summary statistics 

Variable 
Adjusted 

R-Sq. 
R-Sq. 

Partial 

R-Sq. 

Robust F 

(1,1420) 

Prob F 

> 0 

Membership in any of the nine 

CBOs 
0.1049 0.1033 0.0126 49.2377 0 

(F statistic adjusted for 1421 clusters in IDPSU)    
Data source: IHDS survey 2004-05 
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Weight-for-Height Z score 

First-stage regression summary statistics 

Variable 
Adjusted 

R-Sq. 
R-Sq. 

Partial 

R-Sq. 

Robust F 

(1,1335) 

Prob F 

> 0 

Membership in any of the nine 

CBOs 
0.0710 0.0673 0.0101 28.4132 0 

(F statistic adjusted for 1336 clusters in IDPSU)    
Data source: IHDS survey 2004-05 

Weight-for-Age Z score 

First-stage regression summary statistics 

Variable 
Adjusted 

R-Sq. 
R-Sq. 

Partial 

R-Sq. 

Robust F 

(1,1335) 

Prob F 

> 0 

Membership in any of the nine 

CBOs 
0.0710 0.0673 0.0101 28.4132 0 

(F statistic adjusted for 1336 clusters in IDPSU)    
Data source: IHDS survey 2004-05 

Women's Health Beliefs 

First-stage regression summary statistics 

Variable 
Adjusted 

R-Sq. 
R-Sq. 

Partial 

R-Sq. 

Robust F 

(1,1442) 

Prob F 

> 0 

Membership in any of the nine 

CBOs 
0.0675 0.0664 0.0137 72.9409 0 

(F statistic adjusted for 1443 clusters in IDPSU)    
Data source: IHDS survey 2004-05 

Women's Bargaining Power 

First-stage regression summary statistics 

Variable 
Adjusted 

R-Sq. 
R-Sq. 

Partial 

R-Sq. 

Robust F 

(1,1442) 

Prob F 

> 0 

Membership in any of the nine 

CBOs 
0.0674 0.0662 0.0136 71.8751 0 

(F statistic adjusted for 1443 clusters in IDPSU)    
Data source: IHDS survey 2004-05 
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CHAPTER  2  

Children’s Water Collection Work and Schooling in Rural 

India 

 

By Mugdha Vaidya 

 

Abstract:  

This paper explores the impact of children’s time spent in collecting water on educational  

outcomes such as school absence, time spent in private tuition or self-study and cognitive 

abilities using the second wave of the Indian Human Development Survey (IHDS), 2011–12 

data and an instrumental variable strategy to correct for possible endogeneity bias. I show that 

every additional minute spent in water collection activity each day significantly increases 

school absence by 0.31 days in a month and has an adverse impact on cognitive skills by 

increasing the probability of not being able to recognize numbers and write a sentence by 

approximately 1.8 and 1.6 percentage points respectively. The magnitude of the impact 

increases with an increase in the intensity of water collection work. The significance of the 

relationship is robust to a change in the specification of time spent in water collection from 

time spent by the individual child in collecting water every day to the aggregate time spent by 

all children under 15 years of age within a household controlling for within household 

correlation among siblings.   
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2.1. Introduction  
 

Countries across the globe have committed themselves to achieve millennium development 

goals that involve poverty alleviation, reduction of hunger, improving health and well-being, 

provision of quality education, gender equality, providing clean water and sanitation, energy, 

economic growth, and so on.  All the above goals are interconnected and have an ultimate 

impact on the sustainable development of the country.  This paper focuses on the relationship 

between education and access to water.  

Water is a highly scarce resource globally. According to the United Nations report in 2018, 

over two billion people live in countries experiencing high water stress. 700 million people 

worldwide could be displaced by intense water scarcity by 2030 (Hameeteman, 2013). 

Currently, 600 million Indians face high water stress, and about two hundred thousand people 

die every year due to inadequate access to safe water. By 2030, the country’s water demand is 

projected to be twice the available supply, implying severe water scarcity for hundreds of 

millions of people and an eventual approximately 6% loss in the country’s GDP (The National 

Institute for Transforming India (NITI) Aayog, 2018). The scarcity of water is central to 

poverty, and thus its provision is central to poverty alleviation. Water-scarcity continues to 

negatively affect the rural poor (United Nations World water assessment program WWAP, 

2003).  Despite efforts to control population growth, increasing demands from cities, semi-

urban areas, and rural industry compound the problem of demand exceeding supply as rural 

and urban users compete over water (Showers, 2002). Though several plans for water 

conservation and management have been formed, the efforts are falling short. Rapid depletion 

of groundwater resources and lack of in-house supply induces individuals to travel great 

distances in search of water. Since water does not really have any substitutes and the access to 

water in rural areas is limited to public hand pumps, wells, or natural resources, a substantial 

amount of time is generally spent by household members, including children, collecting water 

in several developing countries in South Asia and Africa (Koolwal and Van de Walle, 2013; 

Levison, De Graff and Dungumaro, 2018). This forms a significant part of household 

duties/chores that children in developing countries perform, termed as unpaid child labour and 

these children therefore constitute ‘invisible’ workers. The inclusion of such work is essential 

for understanding the impact of child labour as the magnitude of child labour participation and 

estimates of child labour shoot up considerably once these invisible workers are included 

(Jayaraj and Subramanian, 1997; Basu, 1999). For instance, the involvement of children in 



79 

 

such labour activities may either be thought of as mutually exclusive decisions where child 

labour interferes with schooling and hence children stop attending school altogether or joint 

decisions where children participate in schooling and work both simultaneously (Basu and Van, 

1998; Nielson, 1998; Nielsen and Dubey, 2002). In either case, since the time children under 

fifteen spend in such activity may be taken out of their time allocation for instructional learning, 

it may result in poor learning outcomes. Hence, children’s time in performing household chores 

in the form of water collection is an important aspect that needs to be studied in relation to 

human capital formation.  

The purpose of this chapter is to investigate in a rural Indian context the impact of children’s 

participation in water collection activity defined as spending time in water collection every day 

on their educational outcomes in terms of study activities either in school or post-school in 

terms of school absence and time spent at private tuition or studying apart from school as well 

as cognitive skills in terms of language and mathematical abilities. The focus of the study is 

rural India as water scarcity in rural regions is comparatively higher compared to urban areas 

due to longer distances to the water source resulting in greater time, effort and expenditure in 

water collection and storage (Krishnan et al, 2003).    

The flow of the chapter is as follows.  First, in section 2, I examine the literature on time 

allocation in resource collection and its effect on educational outcomes in other developing 

countries. Then details of the empirical methodology and data are presented in section 3, after 

which data description is given in section 4 to understand facts about the data studied. Finally, 

the analysis on participation in water collection by children on main outcomes, namely, school 

absence, time spent in private tuition or study, probability of not being able to read at all, write 

at all or not being able to recognise numbers at all is presented in section 5 along with 

robustness checks, which help to determine the major conclusions of the study in section 6.  

 

2.2. Literature Survey 

 

Studies have found evidence of extensive social and economic returns to schooling, even for 

lower education levels, especially in developing countries. Among the many benefits is the 

power of schooling to raise the income of the poor, to increase productivity, and to promote 

social equity, particularly early in life, even though disadvantaged students receive instruction 

in school that is inferior to the instruction received by advantaged students. Schools in this 



80 

 

setting are equalizing only because instructional regimes at home are presumably far more 

unequal than instructional regimes at school (Psacharopoulos and  Patrinos, 2004; Raudenbush, 

2008; Raudenbush and Eschmann, 2015). Higher levels of education are correlated to higher 

per capita income levels and economic growth (Hanushek and Woessmann, 2008).  Non-

monetary benefits of education include improved health status and lowered crime (Lochner, 

2011). Hence, there is a need for policies that would enhance human capital in a country to 

earn higher economic returns at the individual and national levels. However, there is no clear 

path leading towards the achievement of the above aim since it requires various types of 

investments from policymakers. Provision of basic infrastructure to ensure availability and 

access to scarce natural resources, especially water, is one such investment that would yield 

high economic returns and impact the accumulation of human capital (Levison, De Graff and 

Dungumaro, 2018). Children’s school absence has been an area of focus universally (Harris, 

2013; Jackson, Marx and Richards, 2012). Various studies have found a negative effect of 

absenteeism on students’ achievements (Romer, 1993; Durden and Ellis, 1995; Dobkin, Gil 

and Marion, 2010).  According to a study by Kingdon, India has achieved great success in 

raising school enrolment almost close to the universal levels; however, school attendance and 

retention rates are nowhere close to universal rates. Along with attending school, self-efforts 

exerted by the children post school in terms of doing homework and studying apart from school 

(for instance, at private tuition) are equally important for better learning outcomes (Kingdon, 

2007). Studies on the impact of study time on the performance show that lower time spent on 

studying at home may have a negative impact on academic performance (Stinebrickner and 

Stinebrickner, 2008). Similar effects are found by Demir (2009), where a total number of hours 

spent studying and getting help from outside impact school achievement. Even though these 

studies look at college outcomes, the issue may still be relevant in the context of the present 

study since the persistent loss of study time due to household work activities may exacerbate 

the adverse impact on performance in later grades. Children’s cognitive abilities at early ages 

are an important input in predicting adult outcomes in terms of schooling, earnings and 

occupational choices (Cunha and Heckman, 2007). Hence, factors affecting early cognitive 

skills are important to explore as they may have significant impacts on child human capital in 

the long run. Cognitive abilities measured in terms of arithmetic skills and language fluency 

are strongly associated with academic performance (Finn et al, 2014). Studies suggest that 

socioeconomic status, parental involvement, and attitude towards children’s schooling, 

children’s time use in labour and leisure activities influence the cognitive abilities of children 

(Rangvid, 2009). Hence, understanding the factors responsible for students’ loss of 
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instructional time and poor cognitive abilities are important to design policies that aim to 

improve learning outcomes as missing school is negatively associated with test scores (Ejrnæs, 

Holm and Le Maire, 2014).  

Child labour is one such important obstacle that makes children lose substantial time that could 

be spent attending school or studying and, therefore, negatively affects their cognitive abilities 

too. There is no dearth of literature on child labour and its impact on education. All of them 

seem to agree on a negative link between child work and schooling outcomes looking at the 

decision to work and attend school as a joint one using bivariate probit models for identification 

(Nielson, 1998; Akabayashi, 1999; Nielsen and Canagarajah, 1999; Nielsen and Dubey, 2002; 

Emerson and Souza, 2003). These studies found that an individual who starts working at a very 

young age reports lower school attainment. They also found evidence of poverty, transportation 

costs, parental education as major determinants of child labour. However, in the empirical 

literature on child labour and school participation, the definition of child labour is not 

consistent. In some of the studies, the discussion is limited to children’s participation in paid 

activities only, (Rosenzweig and Evenson, 1977; Fares and Dhushyanth, 2007) and they ignore 

unpaid activities such as domestic work (hidden labour), which includes resource collection 

activities such as water collection from the definition of child labour (Edmonds, 2007; 

Webbink, Smits, and  De Jong, 2012). Even though children engaged in household chores (non-

market labour), may participate in school and perform household chores simultaneously, it may 

have a negative impact on their performance or learning outcomes as it may limit the quantity 

and quality of time spent on studies, or the child may be so tired after work that he/she cannot 

make efficient use of time in school (Ilahi, 2001; Deb and Rosati, 2002; Orazem and 

Gunnarsson, 2004; Khanam and Ross, 2011; Santiago, Filho and Dinar, 2016).  Since the 

present study focuses on children’s time use in water collection work, the literature that 

concentrates on such resource scarcity that forces children to spend time collecting these 

resources is relevant. Studies point towards significant evidence on household involvement in 

resource collection, especially in Asia (Kumar and Hotchkiss, 1988; Cooke, 1998; Filmer and 

Pritchett, 2002) and children are significantly involved in helping their parents with such 

activities including water collection (Nankhuni and Findeis, 2004; Filmer and Pritchett, 2002). 

Studies conducted in Africa have concluded that children extensively involved in water 

collection activities often report being late for school or missing school, being unable to 

concentrate in class, having poor morale, and needing to leave school as early as possible to 

collect water. This affects their performance in school but increases complaints of fatigue and 
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other health problems (Hemson, 2007; Dreibelbis et al, 2013). Major findings of a study in 

Malawi by Nankhuni and Findeis (2004) point towards the evidence of significant involvement 

of children in resource collection work (both fuel and water) using a two-stage conditional 

maximum likelihood using the instrumental variable approach to estimate the impact of 

children’s time use in collecting resources on the decision to attend school. They use the wood 

and water scarcity dummy variables and own piped water access as dummy variables as 

instruments for resource work hours. The study finds that the probability of attending school 

decreases with increasing hours spent in this work and finds negative effects of children’s time 

devoted to natural resource collection on progress through school (measured by whether 

children 10 to 18 have reached the upper level of primary school) for the total sample and for 

girls, but not for boys. According to findings in a Kenyan context, child participation in 

collection work such as water and firewood and school enrolment are joint decisions (Ndiritu 

and Nyangena, 2011). The study uses household energy fuel expenditure and the ratio of 

children (who collect resources in a household) to family size to instrument endogenous 

resource work. They conclude that participation in such activity does not affect school 

enrolment however, the intensity of resource collection work does have a negative effect on 

decision to attend school. Nauges and Strand (2013) find the negative effect of water collecting 

activity on girls’ school attendance in Ghana. They use Global Positioning System coordinates 

to locate closest communities and use time use by neighbors to identify the effect.  Dreibelbis 

et al (2013) conclude that households with distant water resource and children’s involvement 

in water collection increase the probability to miss school. They use multivariate logistical 

regression with a random intercept to identify the impact. However, their measure of children’s 

involvement in water collection is binary and not based on the intensity of time spent in such 

activity. Levison, De Graff and Dungumaro (2018) find descriptive evidence of a negative 

association between time spent by children in doing environmental chores such as fetching 

water and progress in school.  

There has been hardly any work done on exploring the relationship between the time spent by 

children in water collection and schooling outcomes, especially in the context of South Asia, 

even though, the water scarcity in the region is equally critical.180 million people in India and 

73 million in Pakistan for instance face severe water scarcity all year round (Mekonnen and 

Hoekstra, 2016).  The impact of such scarcity is felt more in rural areas where infrastructure is 

less developed and natural resources are unequally distributed (Levison, De Graff and 

Dungumaro, 2018). The present study contributes to the literature by estimating the 



83 

 

relationship between children’s time use in water collection activity on schooling outcomes 

such as school absence and time use in private tuition or study apart from school and cognitive 

abilities in terms of reading, writing, and arithmetic skills in rural India. Further, while the 

literature has so far looked at school attendance as a binary outcome in terms of decision to 

attend school, the present study looks at the actual number of days of absence in school during 

the past month as one of the measures of the schooling outcomes. Thus, this reveals the impact 

of participating in water collection activity on the intensity of school attendance. Furthermore, 

the study looks at children’s probability of having adverse language and mathematical abilities 

which are important indicators of future academic performance a question which has not been 

analysed so far. Understanding the impact of children’s time use in water collection is relevant 

not only in terms of the sensitivity of educational outcomes towards children’s participation in 

such hidden labour activity but also in the context of policy-making to provide adequate water 

access as involvement in collection activity is a result of acute water shortage affecting 

children’s human capital accumulation.  

 

2.3. Empirical Methodology 

 

The purpose of this chapter is to estimate the magnitude of the effect of children spending time 

in water collection on educational outcomes in terms of number of days of school absence, 

time spent in private tuition or study apart from school and reading, writing and mathematical 

abilities. The theoretical basis for specifying the model of interest is the household production 

and utility models where households take decisions regarding resource allocation including 

home production and leisure to maximize their utility (Becker, 1965; Gronau, 1977). A similar 

theoretical basis has been used by studies considering the household structure in developing 

countries (Nankhuni and Findeis, 2004; Ndiritu and Nyangena, 2011).  In this study, children’s 

school absence, time spent studying in private tuition or at home, and children’s cognitive 

abilities are specified as a function of children’s participation in water collection activity, 

representing children’s time use in household work or unpaid child labour.  

𝐶𝐸𝑂𝑖𝑗𝑘𝑑 = 𝛼 +  𝛽𝐶𝑊𝐶𝑖𝑗𝑘𝑑 + 𝜃′𝑋𝑖𝑗𝑘𝑑 + 휀𝑖𝑗𝑘𝑑 

Where, 𝐶𝐸𝑂𝑖𝑗𝑘 are educational outcomes for child i in household j and village k in district d. 

The main outcomes studied here are school absence during the past month and the number of 
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hours spent in private tuition and study apart from school per week, the probability of not being 

able to read at all, the probability of not being able to write a sentence and not being able to 

recognise numbers1. Traditionally, in the literature, school attendance is defined as a 

dichotomous variable based on whether or not a child is currently attending school or enrolled 

in school (Patrinos & Psacharopolous, 1995; Ray & Lancaster, 2005; Orazem and Gunnarsson, 

2004). However, high enrolment rates in India mask the problem of daily physical attendance 

in school. The number of days a child is absent from school would be a better outcome of 

interest in case of schooling since it would give a sense of the child’s physical presence in 

school during the month. Therefore, the absence is defined as a continuous variable when 

measured in terms of the number of days of absence during the last 30 days exploiting variation 

in attendance. Children’s informal work activities such as household work may influence 

learning inputs in the form of time spent studying apart from attending school which may affect 

the performance in the long run.  Hence the number of hours spent studying per week apart 

from attending school is the other schooling outcome considered in the study to estimate the 

effect of intensive water collection activity on children’s schooling. It is based on the 

information provided in the data regarding the number of hours spent doing schoolwork at 

home and in private tuition. The reason both times spent studying at home and private tuition 

is considered is that to compensate loss of learning at school, children either study at home or 

may take help from outside. In the Indian context, most children are sent to private coaching 

facilities often irrespective of their ability and motivation to study.  Finally, cognitive abilities 

are measured in terms of language and mathematical skills. For the purpose of the study, I 

consider the probability of having the worst outcomes in these cases, namely, not being able to 

read at all, not being able to write a sentence or not being able to recognise numbers. Hence, 

effects are estimated in terms of the likelihood of having the worst cognitive outcomes. 𝐶𝑊𝐶𝑖𝑗𝑘 

is the main independent variable of interest. It is defined as a continuous variable in terms of 

time spent in collecting water every day (minutes/day)2.  𝑋𝑖𝑗𝑘 is a vector of other observed 

 
1 Information on reading, writing and mathematical abilities is available only for the subsample of children 

between ages 8-11 years.  
2 The water collection time is defined individually for children. The original questions in the survey questionnaire 

are  “how much time do girls under 15 spend in water collection everyday?” and “how much time do boys under 

15 spend in water collection everyday?”. The time reported can be safely interpreted as the time spent by each 

girl under 15 and the time spent by each boy under 15 in the household. It is the most logical interpretation 

considering the magnitude of time reported, distance to the water source (expressed in terms of time) in the survey, 

possibility of these children accompanying each other while collecting water or taking turns based on the 

frequency of collection. Later as a robustness check, I look at the aggregate time spent by children under 15 years 

of age in the household to avoid correlation in time spent in water collection among the children within the 

household by removing any within-family selection bias based on gender, health, and academic performance 

considerations.  
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explanatory variables at individual, household, and village level, which include age levels of 6 

to 9, 10 to 12, 13 and above to estimate the effect of age in its entirety, sex of the child to 

control for gender differences, Z score based on height for age as per WHO guidelines 

indicating long term health and to proxy innate ability of a child in terms of performance in 

school, distance to school, religion and caste of an individual, region of residence (based on 

location in terms of states), household characteristics in terms of socioeconomic status 

represented by the number of assets owned, mother’s education levels representing existing 

human capital in the household, family size and finally the total number of children below 15 

years of age. Controls such as the month of the interview and region dummies are included to 

control correlation with the regressor and outcomes. School characteristics such as type of 

school (whether government or non-government) is included to capture difference due to 

quality of schooling, since government schools in rural India are generally the ones with 

minimal facilities providing low quality schooling environment. Variables such as school fees 

paid, expenditures on school uniform, books and other expenses and private tuition fees paid 

are included in the model to control for the direct monetary cost of schooling and compensatory 

parental investment in terms of purchase of outside help to aid children’s learning outcomes.  

Distance to the nearest town (in km) is a village level variable indicating the development of 

the village in which the child resides, and 휀𝑖𝑗𝑘 is a vector of unobserved explanatory variables.  

If the time spent by children in water collection would be randomly assigned and not 

determined by unobserved confounders contained in the error term, a simple OLS would be 

sufficient to yield a consistent estimate of the effect of children spending time in water 

collection on school absence or time spent in self-study. However, this is not the case. Children 

involved in water collection are likely to be systematically different from their nonparticipating 

counterparts along unobserved factors in the error term, rendering results from simple 

regression biased and inconsistent. For instance, parents who value education more may work 

harder so that their child can go to school and may not send it to fetch water. This can be seen 

from a comparison of mean values of parents’ education between those children who 

participate in water collection and those who do not. Another potential unobserved factor may 

be locational sorting. This concern may arise if certain households that choose to live near the 

water resource to send their children to school are generally wealthier and value the education 

of their children more, which may create selection bias. But, in the rural Indian context, this 

seems highly unlikely, as people tend to live in their ancestral homes near their agricultural 

lands or other ancestral properties (Kingdon and Dréze, 2001). Therefore, intra-village or inter-
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village migration is a very rare phenomenon. Also, according to the data, almost 98 % of  

children come from households that have lived in the same village for more than 15 years. 

Thus, the locational sorting effect may not be an issue in this case. However, there may be an 

issue of reverse causality. If children remain more absent from school or spend a shorter time 

in study or exhibit poor language or mathematical ability, they may be sent to collect water for 

a longer period. This study uses an instrumental variable approach to deal with such 

endogeneity.3 This instrument needs to be uncorrelated with the unobservable factors 

concerning children’s time spent in water collection and affects their absence in school, time 

spent in self-study and cognitive abilities indirectly, i.e., only through its effect on water 

collection participation. District level ground water availability per capita measured in billion 

cubic meter taking into account district-level population4 is used as an instrument in this case.5 

The study uses the net annual groundwater availability as a measure of water availability 

calculated as: 

Net groundwater availability per capita =(Annual replenishable groundwater resource -

Natural discharge during the non-monsoon season) / (district-level population ) 

Annual replenishable resources include recharge from rainfall and other resources in monsoon 

and non-monsoon season. The exclusion restriction may be violated if households self-select 

themselves in locations with higher groundwater availability, which affects their 

socioeconomic status over a period which may impact educational outcomes. As stated above, 

inter village and intra village mobility in rural Indian context, is highly limited which generally 

applies to most of the developing countries (Koolwal and Van de Walle, 2013). Hence the 

possibility of such geographical sorting is very low. However, for generations, the rich/high-

caste people may have lived nearer the water source. So, controlling for socioeconomic status 

should help deal with such bias. Another potential threat to the exclusion restriction occurs if 

certain activities such as rampant deforestation induce climate change that may have an impact 

on the quantity of rainfall or capacity of the soil to hold water in area over time in a region, 

which in-turn affects income of the households in that region thereby altering children’s 

 
3  The objective of the study is to understand the impact of time use in water collection on educational outcomes. 

Outcomes in terms of intensity of absence and time spent in private tuition/study apart from school are continuous 

in nature (number of days of absence in a month and number of hours spent in private tuition/study in a week) 

along with the variable of interest, namely, time spent in collecting water. Hence, I do not use the bivariate model 

estimation approach. 
4 District level population is based on 2011 census data published by the Government of India.  
5 The net groundwater at district level is reported in ham (hectare meter). It has been scaled to bcm (billion cubic 

meter) by dividing it by 100000. The average annual water availability in a district is 0.85 bcm. On average, the 

districts are in semi-critical stage of groundwater development. 
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educational outcomes. Another threat to the exclusion restriction is the correlation of the 

instrument to the children’s health or malnutrition status, which are important channels for 

educational outcomes. In terms of health in developing countries, especially in rural context, 

water-borne disease such as diarrhea from drinking contaminated water may impact 

educational outcomes as well as the nutritional status of the children. Net groundwater 

availability affects the level of supply of water; however, storage of drinking water in the 

household is dependent on time spent in collecting water from the source. Hence, conditional 

on controlling for child health (height-to-age z score) and socioeconomic status, the instrument 

is argued to satisfy exclusion restriction. Since the instrument used in the study is a geological 

property, other geographical properties in the region that may be correlated to the educational 

outcomes may also be correlated with the instrument. To test for the robustness of results to 

such environmental factors, the study additionally controls for forest cover per capita that may 

be correlated to children’s time use in resource collection and their educational outcomes as a 

robustness check.6 District level measure of groundwater availability is used to avoid the 

possibility of endogeneity in groundwater availability at the village level due to individual 

household choices. 

Net groundwater availability acts as a good proxy for the water supply; hence, it is expected 

that the higher the groundwater availability, the lower would be the time spent on water 

collection activity. Even though households without water inside their premise still have to 

travel the same distance to reach their normal source, it would considerably shorten their 

waiting time and reduce the number of trips needed to collect water, reducing the overall time 

spent collecting water every day, which may also reduce the need for involvement of children 

helping out. The instrument is indeed relevant as first stage statistics; F >20 in case of absence 

and private tuition/study hours and F>10 in case of reading, mathematical and writing ability 

suggest the strong significance of this IV on children’s time in water collection with the effect 

in the expected direction7.  

 
6 Forest cover in the area is correlated to the availability of groundwater. Traditionally, forests were looked at as 

users of groundwater; however recent studies such as Ellison (2018), Ouyang et al. (2019) have concluded that 

forest covers increase ground water recharge. According to the data for the present study, forest cover per 

capital and net groundwater availability per capita at the district level are significantly positively correlated. The 

higher the forest cover, the higher is the availability of groundwater in the region. 
7 Refer to appendix 1, tables 1A-1E.  
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The two-stage least squares model can be defined as:  

𝐶𝐸𝑂𝑖𝑗𝑘𝑑 = 𝛼 +  𝛽𝐶𝑊𝐶𝑖𝑗𝑘𝑑 + 𝜃′𝑋𝑖𝑗𝑘𝑑 + 휀𝑖𝑗𝑘𝑑  …. (second stage) 

𝐶𝑊𝐶𝑖𝑗𝑘𝑑 = 𝛾 + 𝜋𝐺𝑊𝐿𝐶𝑑 + 𝜏′𝑋𝑖𝑗𝑘𝑑 + 휀𝑖𝑗𝑘𝑑 …. (first stage) 

Where 𝐺𝑊𝐿𝐶𝑑 is ground waterlevel per capita at district d, an IV for CWC where 𝜋 ≠ 0.  

In addition to the IV approach, the study uses robustness checks to test the validity of estimates. 

The results on the main outcomes are tested when children participate in water collection 

activity for 30 minutes or more every day, indicating a higher intensity of participation. It is 

expected that the impact is larger as children spend a longer time collecting water. Since the 

average time spent on water collection by children is approximately 13 minutes per day,8 and 

the average time spent in water collection by only those who have a water source outside the 

house and are sent to collect water (water collection time>0) is around 26 minutes. Hence, it 

can be said that children spending at least 30 minutes collecting water for their household every 

day participate in intensive water collection activity that takes up a substantial proportion of 

their time available for other activities. Since the study concentrates on time use of children, 

other activities that children spend time on during the day would also affect the impact of time 

use in water collection on educational outcomes. In rural areas of developing countries, other 

duties may include tending to younger siblings in the household.9 However, no information is 

available in the data on time spent by older siblings tending to the younger ones. However, 

teenage girls between the ages of 15 to 20 may generally stay home to take care of younger 

children (Morduch, 2000; Dammert, 2010), and the focus here is on children under the age of 

15 therefore, it may not have a significant impact on this study. Lastly, the time spent by 

children within the same household may be highly correlated and may introduce the possibility 

of within household selection bias, where children with lower abilities may be burdened with 

water collection activities for a longer duration than their more capable siblings. Although the 

use of instrumental variable eliminates such selection bias, it is important to check for 

robustness of results to the change in the specification of time spent in water collection by 

 
8 Refer to appendix 2  
9 Children in rural India may also participate in fuel collection activity that may be correlated to educational 

outcomes and time spent in water collection. However, the time spent by children in collecting fuel is endogenous, 

and it may bring in additional bias in the estimation; hence, I do not control for the same in the present study 

(please refer to appendix 3 for the detail explanation). However, it can be argued that by controlling for forest 

cover per capita, which may have a considerable bearing on the time spent in fuel collection, may account for the 

effect of the participation in fuel collection activity to some extent.  
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children to the aggregate time spent in water collection by the children under 15 years of age 

in the household after eliminating such unwanted within-household correlation among siblings.   

 

2.4. Data Description 
 

 I use the nationally representative India Human Development Survey (IHDS) cross-sectional 

survey data collected in 2011-12 (refer to footnote 3). I concentrate on children at the critical 

age of early schooling; in the age group of 6 to 14, i.e., primary and secondary school levels. 

Since both individual and household characteristics are of interest in the study, rural household 

data is merged with rural individual data based on a unique identifier to identify individual 

children within a household. Village data is also merged in the above dataset as certain village-

level characteristics are also included in the study. The average family size in the data is seven 

people per household. As the subject of interest is children under 15, households have three 

children in this age group on average. The average age of the children in the data is around 10 

years, which means that on average, children in the sample are of secondary school age. 48% 

of the children under 15 in the sample are girls. The average individual from a rural household 

comes from a backward caste, as 70% of the households are Dalit, Adivasi, or Hindu backward 

caste people10. It is important to know this, as these are the disadvantaged groups in Indian 

society when it comes to income or educational opportunities. Thus, the caste to which an 

individual belongs may influence the choices he or she makes in terms of education and 

employment. 

Access to water resources is a major determinant of whether members in the household spend 

a longer time in water collection; including children.   

The following are the most popular sources of water for households when it comes to water 

collection in rural India.  

 
10 The caste system is a social division in India that stratifies various social groups for centuries. Dalits are the 

lowest caste group and have been treated as ‘untouchables’ for a number of centuries. Adivasi is the indigenous 

term for tribal populations who are socially marginalized. Scheduled Castes (SC) are the former “untouchables”. 

Historically they are subjected to discrimination and deprivation; they still belong to the poorest groups in India. 

The Other Backward Castes (OBC) were not considered untouchable, but their social and economic position was 

close to that of the “untouchables.” Even during the British period, there has been considerable debate whether 

preferential treatment should be extended to the OBCs, as they have not suffered the stigma of “untouchability”. 

In addition to the caste system, India has been home to several tribes that have been designated Scheduled Tribes 

(ST). Forward caste is at the top of the hierarchy including Brahmins.  
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Figure 2.4.1: Main sources of water for households in rural India 

 
     Source: IHDS data 2011-12.  

 

Hand pumps are the most popular resource used in villages. Households with piped water 

access receive water on an average of 4 hours per day. However, during summer, the scenario 

further exacerbates with the time taken to get to the water source increases as some of the 

households may have to travel to a different source as their usual source may dry out in the 

summer. According to the data, almost 58.5% of the households do not have water access 

within their households. This may compel the residents, including young children, to spend 

time fetching water. On average, it takes approximately 10 minutes to reach the water source, 

which means at least 20 minutes a day would be spent in making just one round trip to the 

water source for these households. 38% of children participate in water collection. According 

to the data, children spend approximately 13 minutes on average collecting water, including 

those who do not spend any time collecting water because either they have water within the 

household, or they are simply not sent to fetch water. The average time spent by only those 

children who participate in water collection is approximately 26 minutes/day (refer to appendix 

2). Among the adult members of the household, it is the women who bear most of the burden. 

The distribution of time spent looks as follows:  
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Figure 2.4.2: Distribution of time spent in water collection by children   

 
                    Source: IHDS data 2011-12.  

 

Most of the children in the sample spend less than 50 minutes in water collection every day. 

Few children spend more than one hour collecting water every day. In terms of educational 

outcomes, on average children remained absent for approximately 3.7 days during the past 30 

days. As far as time spent studying either at private coaching and/or at home, school-aged 

children spend approximately nine hours on average every week studying apart from attending 

school11.  

Figure 2.4.3: Time spent in water collection and educational outcomes 

Figure 2.4.3a Spending time in water collection and average absence and number of hours 

spent in private tuition or studying apart from school 

 
  Source: IHDS data 2011-12.  

 
11 Refer to summary statistics in appendix 2: Data description and Summary 
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The above graph indicates that children, on average, report less absence from school and spend 

more hours in private tuition or study if they do not spend time on water collection. In the case 

of cognitive skills of children (aged 8-11 years of age), 13% of children in the sample cannot 

read at all, 29% cannot write a sentence, and 19 % cannot recognise a number (refer to appendix 

2). Looking at children who spend time in water collection activity, the following scenario 

emerges from the sample.  

Figure 2.4.3b Spending time in water collection and percentage of children not being able 

to read, write or recognise numbers  

Source: IHDS data 2011-12. 
 

A considerably larger proportion of children spending time in water collection activity report 

not being able to read, write, or have mathematical ability compared to those who do not spend 

any time collecting water. However, the percentage of children not being able to read, write or 

recognise numbers seems to decrease with more time spent in water collection. These children 

are in the age group of 8-11 years and therefore may not spend very long time in collecting 

water. On average, these children spend 10 minutes every day. However, all these are 

descriptive associations. It is important to understand if these relationships persist even after 

detailed analysis in terms of intensity of participation in water collection.   
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2.5. Analysis  
 

The above descriptive evidence is tested using an instrumental variable strategy, as discussed 

earlier in the methodology section. In case of absence, it is important to note that it is measured 

as the number of days absent in a month, so all the effects are interpreted as increasing or 

decreasing monthly absence. Similar is the case with time spent studying apart from school, 

measured as number of hours spent every week in either studying at home or private coaching. 

Reading, writing, and mathematical skills are measured in terms of the probability of not being 

able to read at all, not being able to write a sentence, and not being able to recognise numbers.  

As discussed in methodology, due to the endogenous nature of duration of water collection 

activity, a two-stage least squares model with an instrumental variable is used12. The results 

reported are robust to heteroskedasticity and standard errors are clustered at the household level 

to account for the correlation of residuals within households. It provides consistent and 

unbiased standard errors as the number of clusters is large (approximately greater than 6000 

clusters/households for all educational outcomes) (Abadie et al, 2017; Cameron & Miller, 

2015).  

Now turning to educational outcomes (refer to tables 1.1-1.2 ) , in a simple OLS model, time 

spent by a child collecting water shows no significant correlation with any of the educational 

outcomes except for the probability of not being able to read at all. However, as stated in the 

methodological section, time spent in water collection may be endogenous due to either 

simultaneity of parental investment decision in terms of time allocation in water collection and 

child education, or there may be unobservable confounders correlated with time spent by 

children in water collection and their educational outcomes. This creates a potentially high 

omitted variable bias, rendering OLS estimates inconsistent and unreliable.  

After correcting for such endogeneity bias using net annual groundwater availability per capita 

as an instrument, the second stage result from the IV model shows that every additional minute 

spent by a child collecting water significantly increase his/her absence in school by more than 

a quarter of a day (0.31) in a month.  One must note that children on average, spend 13 minutes 

every day collecting water, so they may lose approximately 3 days in a month, which is a large 

impact in an academic year. This result is consistent with the evidence found in the literature 

which states that participation in water collection and school attendance are jointly determined 

 
12 The First stage reported in appendix 1(tables 1A-1E) 
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and therefore, even though children who participate in water collection are enrolled in school, 

they are more likely to miss school if they participate in intensive water collection activity 

(Nankhuni and Findeis, 2004; Ndiritu & Nyangena, 2011; Dreibelbis et al. 2013). Further 

investigation confirms that the intensity of time use in water collection activity by children in 

all age groups increases their absence significantly13. Even though younger children spend 

comparatively lower time in collecting water, they remain more absent in school than their 

older counterparts when burdened with such task. In rural regions of developing countries, 

children participate in multiple domestic tasks from a young age, especially girls. For instance, 

the burden of household work such as taking care of the siblings, cooking, cleaning, etc. is 

generally borne by girls, and it increases with age (Khan, 2012; Nauges & Strand, 2013). Older 

girls in the household may carry out multiple tasks, including water collection. However, when 

the young girls are burdened with the physically demanding task of carrying water, they remain 

more absent from school than older girls. The effect on older girls may be underestimated as 

there are very few girls who are above 12 years of age in the sample.14 Thus, time use of 

children in water collection activity interferes with their time allocation to instructional 

learning, reflecting in increased school absence, which may lead to poor academic performance 

in school. Turning to time spent in studying in private tuition or at home apart from school, the 

OLS once again shows no significant impact of children spending time in water collection and 

time spent in private tuition or study apart from school. Second stage IV results do not change 

the conclusion for absence of significant impact on time spent in studying post school.   

Cognitive abilities measured in terms of language fluency and arithmetic skills are important 

channels for the future academic progress of the child. The impact of duration of water 

collection on the probability of not being able to read at all, write a sentence and not being able 

to recognise numbers is estimated for a subsample of children in the age group of 8-11 years 

in the survey. According to the standard OLS, every additional minute spent in water collection 

by these children only weakly increases their probability of having no reading skills. However, 

after correcting for endogeneity, the second stage IV estimates show that duration of water 

collection in fact, significantly increases the probability of having no mathematical skills and 

 
13 I estimate the effect of spending time in water collection on children in the age group of 6-11 and 12 and above 

separately. I also look at the effect of water collection work on girls in the age group of 6-11 and 12 and above to 

understand the impact, especially on girls since they bear the major burden of housework compared to the boys. 

The IV is more successful in the case of girl’s time spent in water collection compared to boys. First stage statistics 

for the instrument in the case of girls is greater than 20 and for boys is around 6. Hence we report results only for 

girls (refer to appendix 5).  
14 There are only 4112 girls that are above the age group of 12 years. Out of these girls, school absence and time 

spent in self-study information is available only for 3468 girls and 3286 girls respectively.  
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writing skills by approximately 2% but shows no significant impact on not being able to read 

at all. Acquiring mathematical and writing skills require substantial efforts and instructions. 

Since children participating in water collection activity remain more absent from school, they 

may miss out on such instructions. Fatigue is an important dimension of children’s labor work 

that affects their schooling outcomes (Orkin, 2011). Since water collection is a physically 

demanding activity, children may be tired after spending substantial time collecting water and 

thus may skip school more and suffer from a poor cognitive performance. The magnitudes of 

these effects are quite large, for instance, spending 10 additional minutes in water collection 

increases school absence by approximately 3.1 days month (out of an average rate of absence 

of 3.7 days/month) or lowers the probability of having no mathematical ability by 19 

percentage points (out of an average of 19%). There may be a possibility of a threshold effect 

in this case. Since the children in the rural households carry out multiple domestic tasks, it is 

possible that when they are additionally burdened with the water collection work, they skip 

school more or suffer worse cognitive outcomes, even though the actual time spent in water 

collection itself is not too high. However, due to the unavailability of information regarding 

the time use of these children in other domestic activities, it is not possible to estimate such a 

threshold. 

Even when they attend school, their engagement in school may be low, which may affect their 

performance further. Literature suggests that students’ level of connectedness and enjoyment 

in school are some of the important  factors that affect children’s motivation to attend school 

(Rangvid, 2018). If the child is too tired or is unable to complete homework or comes late to 

school because of spending time collecting water, he or she may be reprimanded by the 

teachers. Their negative experience in school may affect their perception of enjoyment in 

school, which negatively associated with academic performance (Gibbons and Silva, 2008). 

The relationship between the intensity of time use in water collection and children’s perception 

of school enjoyment reveals that an increase in the duration of time spent in collecting water is 

negatively associated with children’s perception of school enjoyment.15 Thus children’s time 

use in physically demanding activities such as collecting water may affect their academic 

 
15 I estimate effect of time use in water collection on children’s perception of school enjoyment. It is defined as a 

binary outcome, “whether children enjoy school or not’. The mother is the respondent. The information on the 

enjoyment of school is available only for children in the age group of 8-11 years. (refer to appendix 5) The effect 

is significant at 10% significance level. Even though the significance is low, it may still point towards the existence 

of the association.  
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progress not only through loss of instruction but also through their school engagement and 

learning motivation.  

Once again, such a negative association with cognitive abilities is in accordance with the 

literature, which finds that children participating in intensive water collection have adverse 

effects on their educational progress (Nankhuni and Findeis, 2004).  

Robustness checks:  

The study further looks at the sensitivity of the results on the main outcomes to higher intensity 

of time spent in water collection. Children spending 30 minutes or more every day is considered 

as a high intensity water collection work. The children participating in water collection spend 

26 minutes collecting water every day on average (not considering those spending 0 minutes 

in water collection). When looking at the impact of such intensive collection work on main 

schooling outcomes of absence from school , the time spent studying apart from school and 

cognitive abilities, impacts are even larger, as expected (refer to table 1.3).  In case of absence, 

if children spend half an hour or more in water collection, this significantly increases absence 

and the magnitude of the impact is much greater. In the case of time spent in private tuition or 

study every week, there is no significant impact. In terms of cognitive abilities, the probability 

of having no mathematical or writing abilities increase substantially for children participating 

in intensive water collection every day. It is important to note here that the magnitude of the 

estimates looks extremely high. However, only 18% of the children report spending half an 

hour or more in water collection, and only 8% report spending an hour or more daily in water 

collection. Further, cognitive outcomes are measured for the subsample of 8-11 years old 

children, and even fewer of these younger children spend such a long time in water collection. 

Hence these estimations are based on small proportion of children participating in intensive 

water collection work. Therefore, the size of the effects is inflated. Still, strong statistical 

significance on these estimates validates the existence of relationship.   

Other geographical properties in the region may be correlated with educational outcomes as 

well as with the net groundwater availability per capita, which is used to identify the impact of 

children’s water collection time on their educational outcomes. Hence forest cover per capita 

at the district level is used as an additional control to check the robustness of the result to the 

presence of such geographical property. The effect of children’s water collection time on their 

absence from school, time spent in private tuition/study, probability of not being able to read, 
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write or recognise numbers is robust to the magnitude of forest cover per capita in the district 

(refer to table 1.4).    

Time use of children living in the same household in water collection may be highly correlated 

among themselves. This may bias the estimates based on time spent by children individually 

in water collection. Hence, the study further conducts a robustness check of the relationship 

between the intensity of water collection work and children’s educational outcomes by using 

instead the aggregate time spent by children under 15 years of age in the household as the 

endogenous variable. This may help in eliminating further bias introduced due to measurement 

error and unwanted within household correlation. The second stage IV estimation suggests that, 

the aggregate time spent by children in the household in water collection significantly increases 

absence from school and probability of having no mathematical and writing ability (refer to 

table 1.5). The size of the estimates is slightly lower than that of time spent by children 

individually, but the statistical strength of the relationship is robust to the change in 

specification of variable of interest. The above robustness checks provide evidence for a strong 

negative relationship between the intensity of children’s time use in water collection work and 

their educational outcomes.  

 

2.6. Conclusion 
 

The study looks at the impact of children’s involvement in water collection activity on 

educational outcomes in terms of school absence during the past month, time spent attending 

private tutoring lessons or studying at home, and cognitive abilities in terms of reading, writing, 

and mathematical skills using an instrumental variable approach to control for endogeneity in 

time use in water collection. The above analysis suggests that every additional minute spent by 

the child in water collection activity significantly increases school absence. Thus, water 

collection work significantly interferes with the time spent by children in instructional learning 

at school. These results are significant across age groups. However, the magnitude of the 

impact is slightly larger for younger children. The physical exertion of carrying water may tire 

them out more than older children, and hence they may skip school more often. Girls below 

the age of 11 years remain more absent than older girls as they may not be able to manage 

multiple domestic tasks compared to older girls. Cognitive outcomes are measured for a 

subsample of children in the age group of 8-11 years to detect early cognitive gaps that may 
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affect future human capital outcomes of these children. Spending time in water collection every 

day significantly increases the probability of not being able to write a sentence and not being 

able to recognise numbers for these children. The results conform to the literature that suggests 

participation in intensive water collection activity increases children’s likelihood of absence 

from school and imply lower progress in school. Loss of instruction time may not be the only 

reason for lower progress. It may also occur through disengagement in school due to fatigue, 

missing a few hours of school which may result in being reprimanded by teachers.  

Robustness checks are carried out on the above results to test the validity of the main estimates.  

Firstly, the effect of duration of water collection work on children’s educational outcomes is 

tested for robustness to the intensity of time use. The number of days of absence and probability 

of not being able to write or recognise numbers increases in magnitude when children 

participate in highly intensive collection work by spending half an hour or more every day in 

collecting water. Other geological properties in the region, such as forest cover per capita may 

threaten the validity of the results, as it may be correlated with the groundwater availability per 

capita as well as educational outcomes. However, the impact of children’s time spent in water 

collection is robust to controlling for forest cover per capita at the district level. The time spent 

by the child individually in water collection may be highly correlated with other siblings in the 

same household who are also involved in collecting water. Such within household correlation 

may bias the estimates calculated using time spent by each child in water collection 

individually. Hence, the study changes the definition of the variable of interest to check the 

robustness of the relationship to such a change in specification. The study uses aggregate time 

spent by children under 15 years of age in the household to define the intensity of water 

collection. The results show a significant increase in absence and in the probability of not being 

able to write a sentence or recognise numbers. Thus, the negative relationship between 

children’s time use in water collection and their educational outcomes is robust to a change in 

specification of time use in water collection.  

 The effects of spending time in water collection on educational outcomes seem quite large. 

However, the above robustness checks confirm such a high magnitude. One of the possibilities 

could be a threshold effect. Since the children engage in various domestic activities, the 

additional burden of collecting water beyond a certain threshold may have a highly negative 

impact on their attendance in school or cognitive abilities, even though the actual time spent in 

the water collection activity itself may not be too high. Due to the availability of few relevant 

instrumental variables to identify the impact and the limited number of observations, the 
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current instrumental variable can identify the impact only in terms of the intensive margin of 

participation in water collection.  

 

Tables: 

Table 1.1 Standard OLS: Time spent by children in water collection (minutes/day) and 

their educational outcomes 

 Variable 

Number 

of days of 

Absence 

in school 

in the 

past 

month  

Number of 

hours spent 

in private 

tuition or 

study/week 

in the past 

month  

Probability 

of having 

no reading 

ability 

Probability of 

having no 

mathematical 

ability 

Probability 

of having 

no writing 

ability 

      

Time spent in water 

collection 

(minutes/day) 

-0.0021 -0.0017 0.0003* 0.0002 0.0001 

(0.0016) (0.0027) (0.00018) (0.0002) (0.0002) 

Other controls Yes Yes Yes Yes Yes 

Number of 

observations  20,698 19,510 7,715 7,686 7,648 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data 2011-12 

Table 1.2 Two stage least squares results: Time spent by children in water collection 

(minutes/day) and their educational outcomes  

 Variable 

Number 

of days of 

Absence 

in school 

in the past 

month  

Number of 

hours spent 

in private 

tuition or 

study/week 

in the past 

month  

Probability 

of having 

no reading 

ability 

Probability of 

having no 

mathematical 

ability 

Probability 

of having 

no writing 

ability 

      

Time spent in water 

collection 

(minutes/day) 

0.308*** 0.0391 0.0018 0.0186*** 0.0164** 

(0.0786) (0.0762) (0.0037) (0.0062) (0.0075) 

Other controls Yes Yes Yes Yes Yes 

Number of 

observations  20,588 19,405 7,673 7,644 7,605 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data 2011-12 
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Robustness check: 

Table 1.3 Two stage least squares results: Children spending 30 minutes or more every 

day in water collection and their educational outcomes  

 Variable 

Number of 

days of 

Absence in 

school in 

the past 

month  

Number of 

hours spent 

in private 

tuition or 

study/week 

in the past 

month  

Probability 

of having 

no reading 

ability 

Probability of 

having no 

mathematical 

ability 

Probability 

of having no 

writing 

ability 

      

Participation in water 

collection for 30 

minutes or more every 

day 

13.77*** 1.875 0.0868 0.917*** 0.812** 

(3.290) (3.613) (0.182) (0.337) (0.384) 

Other controls Yes Yes Yes Yes Yes 

Number of observations  20,588 19,405 7,673 7,644 7,605 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data 2011-12 

Table 1.4 Two stage least squares results: Time spent by children in water collection 

(minutes/day) and their educational outcomes after controlling for district level forest 

cover per capita 

Variable 

Number of 

days of 

Absence in 

school in 

the past 

month  

Number of 

hours spent 

in private 

tuition or 

study/week 

in the past 

month  

Probability 

of having 

no reading 

ability 

Probability of 

having no 

mathematical 

ability 

Probability 

of having 

no writing 

ability 

Time spent in water collection 

(minutes/day) 

       

0.259*** -0.0801 0.0021 0.0184*** 0.0159** 

 (0.0889) (0.0934) (0.0049) (0.0053) (0.0064) 

District level forest cover per 

capita as a control  
Yes Yes Yes Yes Yes 

Other controls Yes Yes Yes Yes Yes 

Number of observations  20,588 19,405 7,673 7,644 7,605 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1  

  Source: IHDS data 2011-12 
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Table 1.5 Two stage least squares results: Aggregate time spent by children at the 

household level in water collection and their educational outcomes  

 Variable 

Number 

of days of 

Absence 

in school 

in the past 

month  

Number of 

hours spent 

in private 

tuition or 

study/week 

in the past 

month  

Probability 

of having 

no reading 

ability 

Probability of 

having no 

mathematical 

ability 

Probability 

of having 

no writing 

ability 

Time spent in water 

collection 

(minutes/day) 

0.209*** 0.0244 0.001 0.0111*** 0.0098** 

(0.0672) (0.0498) (0.0022) (0.0038) (0.0046) 

Other controls Yes Yes Yes Yes Yes 

Number of 

observations  20,588 19,405 7,673 7,644 7,605 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 

Source: IHDS data 2011-12     
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Appendix 1: Data and Methodology 

Data and Methodology:   

The India Human Development Survey-II (IHDS-II), 2011-12 is a nationally representative, 

multi-topic survey of 42,152 households in 1,420 villages and 1,042 urban neighbourhoods 

across India. These data are mostly re-interviews of households interviewed for IHDS (ICPSR 

22626) in 2004-05. It is conducted jointly by researchers from University of Maryland (USA) 

and National Council of Applied Economic Research in New Delhi (India). For the purpose of 

this study only rural level data of children within the age group of 6-14 is considered.  As the 

study requires both household and individual and village level characteristics, individual level 

and household level data were merged in STATA, using unique identifier ‘IDHH’ which is a 

long integer variable, calculated as stateid*10000000+ distid*100000+ psuid*1000+hhid*10+ 

hhsplitid. Where, stateid is a state code, distid is a district code, psuid is a village or 

neighborhood code, hhid is a household id and hhsplitid is a split household id and then village 

level data is merged by using IDPSU, unique identifier for village.  The final dataset consists 

of 23444 children. (Refer: India Human Development Survey-II, 2011-12 (IHDS-II) Data 

Guide). 

Missing value treatment  

The data has coded missing values are coded as ‘.’ (dots). Missing dummies have been created, 

where missing dummy takes value 1 if there is a valid blank in the original variable and 0 

otherwise. All the valid blanks were replaced in the original variable by 0 after creation of its 

corresponding missing dummy. In case of dependent variable, all the missing values in 

dependent variable are dropped automatically by STATA while running the models.  The 

missing dummy approach is efficient when the value is missing because the question is not 

applicable to the individual (valid blank), as no value exists in this case. Since the majority of 

the missing values in this data are mostly valid blanks, the missing dummy approach is 

efficient. As far as the time spent in water collection is concerned, access to water inside or 

outside the household is used to code valid blanks.  

Discussion on use of panel vs cross sectional data:  

The IHDS panel data consists of two waves of survey data namely, IHDS-I collected in 2004-

05 and IHDS-II collected in 2011-12. Households were first interviewed in 2004-05 and then 
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re-interviewed in 2011-12. Since the objective of this chapter is to estimate the impact of 

intensity of children’s time spent in water collection on education outcomes in detail, 

information on cognitive outcomes is necessary as they are important mechanisms that may 

affect academic performance. However, these outcomes are measured for a subsample of 

children aged 8-11 years in both the survey waves. Since these two waves are six years apart 

these children are older and hence are not tested in 2011-12. Hence, it is more suitable to use 

cross sectional data to understand the relationship between water collection and educational 

outcomes.  

Instrumental variable:  

Net ground water availability per capita data is gathered from data published by Central Ground 

Water Board, Ministry of Water resources River development and Ganga rejuvenation, 

Government of India as on 31st March 2011. District level quantity of net annual ground water 

is available in this report. The district level population information is gathered from 

Government of India’s 2011 Census data. This data was then merged with the IHDS dataset 

based on DISTRCITD, a unique identifier for the districts. The groundwater reported in the 

data is in hectare meter and is converted into billion cubic meter in order to reduce the scale of 

the variable. 

Fig. 1: Distribution of net ground water availability at district level in billion cubic meters:   

     

       Source: IHDS-2(2011-12) 
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Table 1. First stage results and F statistics using district level net groundwater 

availability per capita as an instrument  

Table 1A: First stage results and F statistics on children’s time spent in water collection 

minutes/day for absence in school  

Number of observations = 20588 

Number of clusters = 11453 

F (46, 20541)  = 46.29 

Prob > F = 0.0000 

Adj R-squared = 0.1370 

 Root MSE = 22.9037 

 

   Robust     

Variable  Coef. 

Std. 

Err. t P>t 

[95% 

Conf. Interval] 

       
Net ground water availability per 

capita  

-1.1862 0.2455 -4.83 0 -1.6675 -0.7050 

Female 3.8132 0.3655 10.43 0 3.0968 4.5296 

Children aged between 6-9 years -3.3553 0.4899 -6.85 0 -4.3156 -2.3950 

Children aged between 10-12 years -0.8308 0.4198 -1.98 0.048 -1.6536 -0.0079 

Distance to school (km) -0.0628 0.0476 -1.32 0.187 -0.1560 0.0305 

Being in Government school 1.9043 0.6737 2.83 0.005 0.5838 3.2248 

Expenditure on School fees (log)  0.1375 0.1184 1.16 0.246 -0.0947 0.3696 

Expenditure on books (log) -0.0069 0.1962 -0.04 0.972 -0.3914 0.3777 

Expenditure on transport to school 

(log) 

0.0486 0.0823 0.59 0.555 -0.1127 0.2098 

Expenditure on private tuition (log) -0.1377 0.0766 -1.8 0.072 -0.2877 0.0124 

No. of assets owned by the households -0.6668 0.0487 -13.69 0 -0.7623 -0.5713 

Family size -0.0204 0.1526 -0.13 0.893 -0.3195 0.2786 

Number of children under 15 years of 

age 

0.6570 0.2670 2.46 0.014 0.1337 1.1803 

Mother's education at Primary level 2.1156 0.8471 2.5 0.013 0.4552 3.7760 

Mother's education at Secondary level 0.2885 0.7704 0.37 0.708 -1.2215 1.7985 

Mother's education at High school 

level 

-0.3923 0.8822 -0.44 0.657 -2.1215 1.3369 

Z score for height to age at normal 

level 

1.2059 0.6805 1.77 0.076 -0.1280 2.5397 

Z score for height to age at moderately 

stunted level 

0.2751 0.7109 0.39 0.699 -1.1182 1.6685 

January -2.0754 1.1521 -1.8 0.072 -4.3337 0.1829 

February -3.7024 1.0793 -3.43 0.001 -5.8179 -1.5869 

March -3.8858 1.1195 -3.47 0.001 -6.0801 -1.6916 

April -2.6790 1.2379 -2.16 0.03 -5.1053 -0.2526 

June -0.1130 1.2216 -0.09 0.926 -2.5075 2.2815 

July -3.3986 1.1775 -2.89 0.004 -5.7065 -1.0906 

August -4.5195 1.3338 -3.39 0.001 -7.1339 -1.9052 
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September -7.7496 1.5111 -5.13 0 -10.7115 -4.7878 

October -6.3267 1.4883 -4.25 0 -9.2439 -3.4094 

November -4.9435 1.2427 -3.98 0 -7.3792 -2.5077 

December -2.8718 1.3642 -2.11 0.035 -5.5458 -0.1979 

North 0.9645 0.6923 1.39 0.164 -0.3924 2.3214 

West 4.6684 1.2286 3.8 0 2.2604 7.0765 

Central 15.4403 1.2523 12.33 0 12.9858 17.8949 

South 5.0916 0.9550 5.33 0 3.2196 6.9635 

Backward caste Hindu -2.3245 0.7328 -3.17 0.002 -3.7609 -0.8881 

Muslim -3.4327 0.9183 -3.74 0 -5.2326 -1.6328 

Christian Sikh and Jain -3.2342 0.9030 -3.58 0 -5.0040 -1.4643 

Distance to nearest Town(km) 0.3189 0.2207 1.44 0.149 -0.1137 0.7514 

Constant 16.4335 2.1831 7.53 0 12.1545 20.7125 
Source: IHDS data 2011-12 

F statistics: 

First-stage regression summary statistics 

Variable R-sq. 
Adjusted 

R-sq. 

Partial 

R-sq. 

Robust F 

(1,11452) 

Prob 

F > 0 

Time spent in water collection 

(min/day) 
0.1389 0.1370 0.0010 23.3456 0 

(F statistic adjusted for 11453 

clusters in IDHH) 
     

Source: IHDS data 2011-12 

 

Table 1B: First stage results and F statistics on children’s time spent in water collection 

minutes/day for number of hours of private tuitions or study apart from school/week 

Number of obs = 19,405 

No. of clusters = 10,815 

F (46, 19358) = 44.52 

Prob > F = 0.0000 

R-squared = 0.1427 

Adj R-squared = 0.1407 

Root MSE = 22.8602 

 

   Robust     

Variable  Coef. 

Std. 

Err. t P>t 

[95% 

Conf. Interval] 

       
Net ground water availability per capita  -1.3367 0.2454 -5.45 0 -1.8178 -0.8556 

Female 3.7618 0.3726 10.1 0 3.0315 4.4922 

Children aged between 6-9 years -3.2569 0.5091 -6.4 0 -4.2548 -2.2590 

Children aged between 10-12 years -0.8000 0.4264 -1.88 0.061 -1.6358 0.0358 

Distance to school (km) -0.0872 0.0482 -1.81 0.071 -0.1818 0.0073 

Being in Government school 2.2130 0.7000 3.16 0.002 0.8408 3.5851 
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Expenditure on School fees (log)  0.2113 0.1256 1.68 0.093 -0.0350 0.4575 

Expenditure on books (log) -0.0879 0.2120 -0.41 0.678 -0.5033 0.3276 

Expenditure on transport to school (log) 0.0317 0.0854 0.37 0.711 -0.1357 0.1991 

Expenditure on private tuition (log) -0.1387 0.0775 -1.79 0.073 -0.2905 0.0132 

No. of assets owned by the households -0.6566 0.0499 -13.17 0 -0.7543 -0.5589 

Family size -0.0406 0.1586 -0.26 0.798 -0.3515 0.2703 

Number of children under 15 years of 

age 

0.7575 0.2765 2.74 0.006 0.2156 1.2994 

Mother's education at Primary level 1.9590 0.8775 2.23 0.026 0.2389 3.6790 

Mother's education at Secondary level 0.2388 0.7976 0.3 0.765 -1.3246 1.8022 

Mother's education at High school level -0.7668 0.8894 -0.86 0.389 -2.5102 0.9766 

Z score for height to age at normal level 1.1354 0.6968 1.63 0.103 -0.2303 2.5011 

Z score for height to age at moderately 

stunted level 

0.2153 0.7168 0.3 0.764 -1.1897 1.6203 

January -2.1702 1.1774 -1.84 0.065 -4.4779 0.1376 

February -3.6242 1.1179 -3.24 0.001 -5.8154 -1.4330 

March -3.7547 1.1498 -3.27 0.001 -6.0085 -1.5009 

April -2.4910 1.2752 -1.95 0.051 -4.9905 0.0085 

June -0.0826 1.2726 -0.06 0.948 -2.5771 2.4119 

July -3.5682 1.2118 -2.94 0.003 -5.9434 -1.1930 

August -4.9488 1.3585 -3.64 0 -7.6117 -2.2860 

September -8.0283 1.5341 -5.23 0 -11.035 -5.0213 

October -5.8217 1.5908 -3.66 0 -8.9397 -2.7037 

November -5.5420 1.2973 -4.27 0 -8.0849 -2.9991 

December -2.4436 1.4412 -1.7 0.09 -5.2684 0.3813 

North 1.0632 0.7140 1.49 0.136 -0.3362 2.4627 

West 5.2979 1.3050 4.06 0 2.7399 7.8558 

Central 16.0037 1.2743 12.56 0 13.5060 18.5014 

South 5.5307 0.9961 5.55 0 3.5783 7.4831 

Backward caste Hindu -2.5424 0.7570 -3.36 0.001 -4.0263 -1.0586 

Muslim -3.1702 0.9592 -3.3 0.001 -5.0504 -1.2900 

Christian Sikh and Jain -3.1374 0.9254 -3.39 0.001 -4.9513 -1.3235 

Distance to nearest Town(km) 0.2653 0.2298 1.15 0.248 -0.1850 0.7157 

Constant 16.5201 2.2525 7.33 0 12.1050 20.9352 
Source: IHDS data 2011-12 

F statistics : 

First-stage regression summary statistics 

Variable R-sq. 
Adjusted 

R-sq. 

Partial 

R-sq. 

Robust F 

(1,10814) 

Prob 

F > 0 

Time spent in water collection 

(min/day)  
0.1427 0.1407 0.0013 29.6679 0 

(F statistic adjusted for 10815 

clusters in IDHH) 
     

Source: IHDS data 2011-12 
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Table 1C: First stage results and F statistics on children’s time spent in water collection 

minutes/day for probability of having no reading ability 

  Number of obs = 7,673 

  No. of clusters = 6,227 

  F (34, 7626) = 31.67 

  Prob > F = 0.0000 

 R-squared   = 0.1293 

 Adj R-squared = 0.1 

 Root MSE = 24.1045 

 

   Robust     

Variable  Coef. 

Std. 

Err. t P>t 

[95% 

Conf. Interval] 

       
Net ground water availability per 

capita  

-1.2265 0.3614 -3.39 0.001 -1.9349 -0.5182 

Female 4.3084 0.5876 7.33 0 3.1567 5.4602 

Age 0.5105 0.2340 2.18 0.029 0.0518 0.9692 

Distance to school (km) -0.1342 0.0554 -2.42 0.015 -0.2429 -0.0256 

Being in Government school 1.9034 1.0526 1.81 0.071 -0.1599 3.9667 

Expenditure on School fees (log)  0.2159 0.1751 1.23 0.218 -0.1273 0.5591 

Expenditure on books (log) 0.0739 0.2540 0.29 0.771 -0.4239 0.5718 

Expenditure on transport to school 

(log) 

-0.0283 0.1086 -0.26 0.794 -0.2411 0.1845 

Expenditure on private tuition (log) -0.1108 0.1181 -0.94 0.348 -0.3423 0.1207 

No. of assets owned by the households -0.7321 0.0715 -10.24 0 -0.8723 -0.5920 

Family size 0.0728 0.1894 0.38 0.701 -0.2984 0.4441 

Number of children under 15 years of 

age 

0.2318 0.3719 0.62 0.533 -0.4972 0.9608 

Mother's education at Primary level 1.9572 1.3530 1.45 0.148 -0.6951 4.6095 

Mother's education at Secondary level -0.2959 1.2261 -0.24 0.809 -2.6993 2.1076 

Mother's education at High school 

level 

-0.3756 1.4655 -0.26 0.798 -3.2484 2.4973 

Z score for height to age at normal 

level 

1.6307 1.0557 1.54 0.122 -0.4387 3.7002 

Z score for height to age at moderately 

stunted level 

0.0380 1.1307 0.03 0.973 -2.1784 2.2545 

North 0.3572 1.0184 0.35 0.726 -1.6391 2.3535 

West 4.6901 1.6812 2.79 0.005 1.3945 7.9857 

Central 16.1886 1.7084 9.48 0 12.8397 19.5375 

South 3.0956 1.2653 2.45 0.014 0.6152 5.5760 

Backward caste Hindu -1.9406 0.9868 -1.97 0.049 -3.8750 -0.0061 

Muslim -2.0894 1.2834 -1.63 0.104 -4.6052 0.4265 

Christian Sikh and Jain -3.4982 1.1678 -3 0.003 -5.7874 -1.2091 

Distance to nearest Town(km) 0.2874 0.2787 1.03 0.302 -0.2589 0.8337 

Constant 27.4232 8.0638 3.4 0.001 11.6159 43.2305 
Source: IHDS data 2011-12 
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F statistics: 

First-stage regression summary statistics 

Variable R-sq. 
Adjusted 

R-sq. 

Partial 

R-sq. 

Robust F 

(1,6226) 

Prob F 

> 0 

Time spent in water collection 

(min/day)  
0.1376 0.1324 0.0009 11.5263 0.0007 

(F statistic adjusted for 6227 

clusters in IDHH) 
     

Source: IHDS data 2011-12 

 

Table 1D: First stage results and F statistics on children’s time spent in water collection 

minutes/day for probability of having no mathematical ability 

  Number of obs = 7,644 

  No. of clusters = 6,205 

  F (34, 7597) = 25.26 

  Prob > F = 0.0000 

 R-squared   = 0.1377 

 Adj R-squared = 0.1325 

 Root MSE = 24.1328 

 

   Robust     

Variable  Coef. 

Std. 

Err. t P>t 

[95% 

Conf. Interval] 

       
Net ground water availability per 

capita  

-1.2258 0.3611 -3.39 0.001 -1.9335 -0.5180 

Female 4.3328 0.5897 7.35 0 3.1768 5.4888 

Age 0.5193 0.2348 2.21 0.027 0.0591 0.9796 

Distance to school (km) -0.1357 0.0553 -2.45 0.014 -0.2441 -0.0272 

Being in Government school 1.8930 1.0571 1.79 0.073 -0.1792 3.9653 

Expenditure on School fees (log)  0.2203 0.1763 1.25 0.212 -0.1253 0.5659 

Expenditure on books (log) 0.0579 0.2559 0.23 0.821 -0.4438 0.5596 

Expenditure on transport to 

school(log) 

-0.0270 0.1086 -0.25 0.804 -0.2399 0.1860 

Expenditure on private tuition (log) -0.1184 0.1183 -1 0.317 -0.3503 0.1136 

No. of assets owned by the households -0.7367 0.0717 -10.28 0 -0.8773 -0.5962 

Family size 0.0748 0.1899 0.39 0.694 -0.2974 0.4470 

Number of children under 15 years of 

age 

0.2404 0.3733 0.64 0.52 -0.4913 0.9721 

Mother's education at Primary level 1.9300 1.3540 1.43 0.154 -0.7242 4.5843 

Mother's education at Secondary level -0.3012 1.2271 -0.25 0.806 -2.7067 2.1044 

Mother's education at High school 

level 

-0.4275 1.4675 -0.29 0.771 -3.3042 2.4492 

Z score for height to age at normal 

level 

1.6520 1.0558 1.56 0.118 -0.4176 3.7216 
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Z score for height to age at moderately 

stunted level 

0.0417 1.1313 0.04 0.971 -2.1760 2.2594 

North 0.3100 1.0198 0.3 0.761 -1.6890 2.3090 

West 4.6587 1.6880 2.76 0.006 1.3497 7.9678 

Central 16.0751 1.7122 9.39 0 12.7187 19.4315 

South 3.1091 1.2678 2.45 0.014 0.6238 5.5945 

Backward caste Hindu -1.9494 0.9890 -1.97 0.049 -3.8882 -0.0106 

Muslim -2.0540 1.2879 -1.59 0.111 -4.5787 0.4707 

Christian Sikh and Jain -3.6518 1.1452 -3.19 0.001 -5.8966 -1.4069 

Distance to nearest Town(km) 0.2833 0.2791 1.02 0.31 -0.2638 0.8303 

Constant 27.6265 8.0596 3.43 0.001 11.8275 43.4256 
Source: IHDS data 2011-12 

F statistics:  

First-stage regression summary statistics 

Variable R-sq. 
Adjusted 

R-sq. 

Partial 

R-sq. 

Robust F 

(1,6204) 

Prob F 

> 0 

Time spent in water collection 

(min/day)  
0.1377 0.1325 0.0009 11.532 0.0007 

(F statistic adjusted for 6205 

clusters in IDHH) 
     

Source: IHDS data 2011-12 

 

Table 1E: First stage results and F statistics on children’s time spent in water collection 

minutes/day for probability of having no writing ability 

Number of obs = 7,605 

No. of clusters = 6,176 

F (34, 7558) = 25.19 

Prob > F = 0.0000 

R-squared   = 0.1378 

Adj R-squared = 0.1325 

Root MSE = 24.1451 

 

   Robust     

Variable  Coef. 

Std. 

Err. t P>t 

[95% 

Conf. Interval] 

       
Net ground water availability per 

capita  

-1.228 0.364 -3.38 0.001 -1.9412 -0.5154 

Female 4.300 0.592 7.26 0 3.1390 5.4609 

Age 0.535 0.236 2.27 0.023 0.0723 0.9981 

Distance to school (km) -0.129 0.056 -2.3 0.021 -0.2390 -0.0192 

Being in Government school 2.036 1.064 1.91 0.056 -0.0502 4.1219 

Expenditure on School fees (log)  0.224 0.176 1.27 0.205 -0.1219 0.5690 

Expenditure on books (log) 0.073 0.257 0.29 0.775 -0.4308 0.5777 
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Expenditure on transport to 

school(log) 

-0.011 0.109 -0.1 0.922 -0.2246 0.2031 

Expenditure on private tuition (log) -0.115 0.119 -0.97 0.332 -0.3486 0.1177 

No. of assets owned by the households -0.733 0.072 -10.19 0 -0.8735 -0.5916 

Family size 0.063 0.190 0.33 0.74 -0.3103 0.4365 

Number of children under 15 years of 

age 

0.230 0.372 0.62 0.536 -0.4995 0.9604 

Mother's education at Primary level 2.007 1.395 1.44 0.15 -0.7268 4.7411 

Mother's education at Secondary level -0.303 1.269 -0.24 0.811 -2.7905 2.1850 

Mother's education at High school 

level 

-0.379 1.510 -0.25 0.802 -3.3396 2.5822 

Z score for height to age at normal 

level 

1.713 1.061 1.61 0.106 -0.3666 3.7917 

Z score for height to age at moderately 

stunted level 

0.107 1.138 0.09 0.925 -2.1228 2.3376 

North 0.402 1.029 0.39 0.696 -1.6153 2.4189 

West 4.643 1.689 2.75 0.006 1.3320 7.9549 

Central 16.449 1.726 9.53 0 13.0656 19.8320 

South 3.183 1.278 2.49 0.013 0.6785 5.6880 

Backward caste Hindu -1.968 1.001 -1.97 0.049 -3.9301 -0.0063 

Muslim -2.096 1.298 -1.61 0.106 -4.6401 0.4483 

Christian Sikh and Jain -3.743 1.153 -3.24 0.001 -6.0036 -1.4816 

Distance to nearest Town(km) 0.272 0.281 0.97 0.334 -0.2789 0.8221 

Constant 27.389 8.101 3.38 0.001 11.5076 43.2697 
Source: IHDS data 2011-12 

F statistics: 

First-stage regression summary statistics 

Variable R-sq. 
Adjusted 

R-sq. 

Partial 

R-sq. 

Robust F 

(1,6175) 

Prob F 

> 0 

Time spent in water collection 

(min/day)  
0.1378 0.1325 0.0009 11.413 0.0007 

(F statistic adjusted for 6176 

clusters in IDHH) 
     

Source: IHDS data 2011-12 
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Appendix 2: Data Description and summary  

Summary: Educational outcomes and Water collection work  

Variable Obs Mean Std. Dev. Min Max 

      
Educational outcomes      
Absence/month 20703 3.731053 4.922001 0 30 

Self-study hours/month 19514 9.111202 7.718337 0 120 

Not being able to read at all 7718 0.131251 0.337697 0 1 

Not being able to recognise numbers 7689 0.190141 0.392438 0 1 

Not being able to write a sentence 7651 0.289635 0.453622 0 1 

 

Water collection work      
Time spent by children in water collection/day  19292 12.89104 25.56684 0 180 

Time to water source: One way  13431 10.33266 12.10217 0 175 

Number of hours of piped water 6939 4.000865 5.796043 0 24 

Time spent by adult women in water 

collection/day 

14125 50.73388 47.15716 0 500 

Time spent by adult men in water 

collection/day 

10752 27.93192 35.30522 0 480 

Aggregate time spent by children under 15 in 

the household in water collection/day 

19780 20.81744 40.94046 0 360 

 

Educational outcomes and water collection work     
Participation in water collection     
Absence/month 6357 4.209061 5.006213 0  30 

Private tuitions or study hours/week  6077 8.100214 6.558718 0 120 

Not being able to read at all 2500 0.176 0.380896 0 1 

Not being able to write a sentence 2483 0.362867 0.480924 0 1 

Not being able to recognise numbers 2496 0.254807 0.435840 0 1 

 

 

No participation in water collection    
Absence/month 10864 3.53157 4.94436 0 30 

Private tuitions or study hours/week  10230 9.894428 8.14009 0 120 

Not being able to read at all 3985 0.105646 0.307422 0 1 

Not being able to recognise numbers 3966 0.150781 0.357881 0 1 

Not being able to write a sentence 3946 0.243284 0.467434 0 1 

 

Participation in water collection considering aggregate time spent  

By children in the household     
Absence/month 7298 4.11195 4.97166 0 30 

Private tuitions or study hours/week  6956 8.10839 6.67351 0 120 

Not being able to read at all 2848 0.17646  0.376265 0 1 

Not being able to recognise numbers 2845 0.250615 0.433443 0 1 

Not being able to write a sentence 2831 0.357824 0.479444 0 1 

      
Source: IHDS data 2011-12 
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Summary of general characteristics  

Variable Obs Mean Std. Dev. Min Max 

Individual characteristics       
Age of the child  23,444 10.08151 2.615675 6 14 

Females 23,444 0.478843 0.499563 0 1 

Socioeconomic status      
Total number of assets in the household 23,438 12.49616 5.818621 0 31 

Highest level of education attained by adult male in 

the household  

21,833 6.183209 4.836409 0 16 

Highest level of education attained by adult female 

in the household  

23,443 3.778612 4.41008 0 16 

Forward caste Hindus  23,444 0.155989 0.362852 0 1 

Backward caste Hindus  23,444 0.702397 0.457214 0 1 

Muslim 23,444 0.12869 0.334863 0 1 

Christian, Sikh and Jain  23,444 0.012882 0.112767 0 1 

Family composition       
Family size  23,444 6.520389 2.770673 2 33 

Number of children below 15 years of age  23,444 2.984943 1.542495 1 18 

Number of women above 21 years of age in the 

household 

23,444 1.56603 0.855832 0 9 

Number of men above 21 years of age in the 

household 

23,444 1.377581 0.90319 0 9 

Number of male children below 15 years of age in 

the household 

23,444 1.522863 1.05391 0 10 

Number of female children below 15 years of age 

in the household  

23,444 1.46208 1.214476 0 10 

Number of teenage male children >= 15 years of 

age in the household 

23,444 0.261943 0.54057 0 5 

Number of teenage female children >= 15 years of 

age in the household  

23,444 0.32985 0.617407 0 5 

Number of elderly men >=60 years of age in the 

household 

23,444 0.212677 0.418283 0 2 

Number of elderly women >=60 years of age in the 

household 

23,444 0.25337 0.447041 0 3 

Other characteristics      
Height-for-Age z score 18,337 -1.29698 1.44283 4.99 4.9969 

Type of school (children going to government 

school)  

23,444 0.665373 0.47187 0 1 

Distance to school in km 23,444 1.950563 3.388731 0 99 

Annual expenditure on school fees  21,083 1077.75 3536.078 0 160000 

Annual expenditure on books, uniform etc. 21,252 921.98 1287.72 0 36000 

Annual expenditure on transport to school 20,943 288.0021 1144.08 0 36000 

Annual expenditure on private coaching facility 20,817 236.9297 876.0093 0 24000 

Time spent by children under 15 years of age in 

fuel collection(minutes/week)  

15001 27.38744 128.4874 0 3360 

Source: IHDS data 2011-12 
      



120 

 

Summary: Participating in water collection     
Variable Obs Mean Std. Dev. Min Max 

Individual characteristics       
Age of the child  7172 10.3703 2.534723 6 14 

Females 7172 0.5562 0.496867 0 1 

Socioeconomic status      
Total number of assets in the household 7169 10.0245 4.75328 1 27 

Highest level of education attained by adult male in 

the household  

6602 5.20402 4.60097 0 16 

Highest level of education attained by adult female in 

the household  

7172 2.55047 3.74357 0 16 

Forward caste Hindus  7172 0.13678 0.34364 0 1 

Backward caste Hindus  7172 0.76059 0.42674 0 1 

Muslim 7172 0.10053 0.30072 0 1 

Christian, Sikh and Jain  7172 0.00195 0.04414 0 1 

Family composition       
Family size  7172 6.46207 2.388217 2 22 

Number of children below 15 years of age  7172 3.10513 1.354433 1 11 

Number of women above 21 years of age in the 

household 

7172 1.43377 0.73912 0 7 

Number of men above 21 years of age in the 

household 

7172 1.26213 0.789273 0 7 

Number of male children below 15 years of age in the 

household 

7172 1.50069 1.02888 0 6 

Number of female children below 15 years of age in 

the household  

7172 1.60443 1.22088 0 6 

Number of teenage male children >= 15 years of age 

in the household 

7172 0.29308 0.57245 0 3 

Number of teenage female children >= 15 years of 

age in the household  

7172 0.36795 0.0.6275 0 4 

Number of elderly men >=60 years of age in the 

household 

7172 0.18112 0.0.3926 0 2 

Number of elderly women >=60 years of age in the 

household 

7172 0.22085 0.423833 0 2 

Other characteristics 
     

Height-for-Age z score 5987 -1.3580 1.38014 -4.993 4.906 

Type of school (children going to government 

school)  

7172 0.72936 0.44431 0 1 

Distance to school in km 7172 1.667317 3.328528 0 99 

Annual expenditure on school fees  6443 505.1879 2192.815 0 90000 

Annual expenditure on books, uniform etc. 6475 677.2869 851.5778 0 13000 

Annual expenditure on transport to school 6431 109.2225 712.5139 0 30000 

Annual expenditure on private coaching facility 6388 143.5121 656.6468 0 15000 

Time spent by children under 15 years of age 

participating in fuel collection(minutes/week)  

5147 50.0928 176.4029 0 3360 

 
Source: IHDS data 2011-12 
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Summary: Not participating in water collection  

Variable Obs Mean Std. Dev. Min Max 

      
Individual characteristics       
Age of the child  12120 10.03993 2.626464 6 14 

Females 12120 0.454785 0.497972 0 1 

Socioeconomic status      

Total number of assets in the household 12120 14.25571 6.009198 0 31 

Highest level of education attained by adult male 

in the household  

12120 7.019163 4.863577 0 16 

Highest level of education attained by adult 

female in the household  

12120 4.611139 4.654342 0 1 

Forward caste Hindus  12120 0.177227 0.381877 0 1 

Backward caste Hindus  12120 0.651155 0.476642 0 1 

Muslim 12120 0.014950 0.356602 0 1 

Christian, Sikh and Jain  12120 0.022112 0.147054 0 1 

Family composition       
Family size  12120 6.709571 3.05501 2 33 

Number of children below 15 years of age  12120 2.984571 1.662012 1 18 

Number of women above 21 years of age in the 

household 

12120 1.668152 0.931577 1 9 

Number of men above 21 years of age in the 

household 

12120 1.460891 0.973765 0 9 

Number of male children below 15 years of age 

in the household 

12120 1.549175 1.104144 0 10 

Number of female children below 15 years of 

age in the household  

12120 1.435396 1.243762 0 10 

Number of teenage male children >= 15 years of 

age in the household 

12120 0.261881 0.540220 0 4 

Number of teenage female children >= 15 years 

of age in the household  

12120 0.334076 0.634846 0 5 

Number of elderly men >=60 years of age in the 

household 

12120 0.241914 0.438541 0 2 

Number of elderly women >=60 years of age in 

the household 

12120 0.279703 0.460307 0 3 

Other characteristics      
Height-for-Age z score 9346 -1.23328 1.45981 -4.990 4.996  

Type of school (children going to government 

school)  

12120 0.61485 0.486605 0 1 

Distance to school in km 

 

12120 2.11394 3.45133 0 80 

Annual expenditure on school fees  11055 1482.36 4297.77 0 160000 

Annual expenditure on books, uniform etc. 11116 1095.32 1524.16 0 36000 

Annual expenditure on transport to school 10948 405.5353 1339.978 0 36000 

Annual expenditure on private coaching facility 10897 311.9791 1044.1 0 24000 

Time spent by children under 15 years of age 

participating in fuel collection(minutes/week)  

7266 18.15321 101.8088 0     1680 

      
Source: IHDS data 2011-12 
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Appendix 3: Children’s time use in fuel collection  

In the developing countries children may use their time in other activities that may influence 

the impact of time use in water collection on educational outcomes. Fuel collection is one such 

important activity as it is a part of resource collection work. Use of biomass fuels is quite 

persistent in developing countries. In rural India use of dirty fuels by the households 

necessitates the involvement of children in collecting fuels along with water collection and 

hence it will affect children’s time allocation decisions in terms of schooling and studying 

which may further impact their learning outcomes. Hence, some of the impact due to time spent 

in water collection on education may be attributed to time spent in fuel collection activity. 

However, time spent by the children in fuel collection activity may be endogenous as choice 

of fuel by the households tends to be non-random and may introduce further bias in the 

estimation. Hence, I do not report the estimates in the present study. 

 

Appendix 4: Econometric Outputs 

Table 4.1 Standard OLS:  Children’s time spent in water collection every day and their 

educational outcomes  

Table 4.1a Children’s time spent in water collection every day and absence in school 

during the past 30 days and number of hours spent in private tuition or study/week 

during the past 30 days 

Variable 

Number of days 

of Absence in 

school in the 

past month  

Number of 

private tuition or 

study hours/week 

in the past month  

   

Time spent in water collection (minutes/day) -0.0021 -0.0017 

 (0.0016) (0.0027) 

Female 0.0047 0.0840 

 (0.0660) (0.0918) 

Children aged between 6-9 years 0.0773 -2.147*** 

 (0.0986) (0.129) 

Children aged between 10-12 years -0.0970 -1.240*** 

 (0.0868) (0.122) 

Distance to school (km) 0.0445** 0.0391** 

 (0.0202) (0.0195) 

Being in Government school -0.136 0.326* 

 (0.144) (0.197) 

Expenditure on School fees (log)  -0.0894*** 0.193*** 
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 (0.0199) (0.0280) 

Expenditure on books (log) -0.160*** 0.202*** 

 (0.0308) (0.0383) 

Expenditure on transport to school (log) 0.0374 -0.00781 

 (0.0244) (0.0352) 

Expenditure on private tuition (log) 0.0118 1.294*** 

 (0.0179) (0.0326) 

No. of assets owned by the households -0.0851*** 0.0970*** 

 (0.0103) (0.0147) 

Family size -0.0454* 0.0561 

 (0.0269) (0.0376) 

Number of children under 15 years of age -0.0577 -0.243*** 

 (0.0493) (0.0619) 

Mother's education at Primary level 0.0491 -1.191** 

 (0.332) (0.530) 

Mother's education at Secondary level -0.194 -0.521 

 (0.327) (0.528) 

Mother's education at High school level -0.0760 -0.133 

 (0.391) (0.706) 

Z score for height to age at normal level 0.141 0.765*** 

 (0.130) (0.170) 

Z score for height to age at moderately stunted 

level 

0.0543 0.473** 

(0.138) (0.184) 

January 0.644*** 0.578* 

 (0.234) (0.299) 

February -0.198 0.745** 

 (0.222) (0.308) 

March -1.347*** 3.126*** 

 (0.205) (0.357) 

April -0.815*** 0.955*** 

 (0.196) (0.301) 

June -0.655*** 0.254 

 (0.180) (0.279) 

July -0.646*** 0.570* 

 (0.215) (0.312) 

August -0.648*** 0.502 

 (0.211) (0.339) 

September -0.354 0.286 

 (0.220) (0.313) 

October 1.904*** 0.212 

 (0.365) (0.487) 

November 1.334*** 0.102 

 (0.291) (0.302) 

December 0.905*** 1.051*** 

 (0.271) (0.305) 

North 0.880*** -3.276*** 

 (0.171) (0.263) 

West -0.547*** -1.436*** 

 (0.184) (0.314) 
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Central 0.110 -2.163*** 

 (0.192) (0.317) 

South 0.765*** -2.906*** 

 (0.212) (0.380) 

Backward caste Hindu 0.188 -0.435** 

 (0.126) (0.187) 

Muslim 0.565*** -0.679*** 

 (0.186) (0.251) 

Christian Sikh and Jain 0.137 0.377 

 (0.371) (0.605) 

Distance to nearest Town(km) -0.0026 -0.100* 

 (0.0424) (0.0540) 

Constant 5.890*** 8.575*** 

 (0.532) (0.759) 

Observations 20,698 19,510 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data 2011-12 

 

Table 4.1b Children’s time spent in water collection every day and their probability of 

having no reading, writing or mathematical skills (children aged 8-11 years) 

Variable 

Probability 

of having 

no reading 

ability  

Probability 

of having 

no writing 

ability  

Probability of 

having no 

mathematical 

ability  

    

Time spent in water collection 

(minutes/day) 

0.0003* 0.0002 0.0006 

(0.00017) (0.0002) (0.0002) 

Female -0.0047 0.0270*** 0.00580 

 (0.0074) (0.0086) (0.0098) 

Age -0.0369*** -0.0453*** -0.0656*** 

 (0.0032) (0.0037) (0.0041) 

Distance to school (km) 0.0014 -0.0006 -0.0021 

 (0.0014) (0.0014) (0.0016) 

Being in Government school 0.0085 -0.0039 0.0218 

 (0.0128) (0.0148) (0.0163) 

Expenditure on School fees (log)  -0.0069*** -0.0115*** -0.0123*** 

 (0.0018) (0.0021) (0.0024) 

Expenditure on books (log) -0.0095*** -0.0117*** -0.0143*** 

 (0.0025) (0.0029) (0.0034) 

Expenditure on transport to school (log) 0.00246* 0.00490*** 0.0063*** 

 (0.0015) (0.0018) (0.0023) 

Expenditure on private tuition (log) -0.0032** -0.0051*** -0.0085*** 

 (0.0013) (0.0016) (0.0021) 

No. of assets owned by the households -0.0096*** -0.0102*** -0.0117*** 

 (0.0008) (0.0009) (0.0012) 

Family size 0.0011 0.0012 0.0017 



125 

 

 (0.0022) (0.0025) (0.0029) 

Number of children under 15 years of 

age 

0.0009 0.00394 0.0119** 

(0.0044) (0.0052) (0.0057) 

Mother's education at Primary level 0.0024 0.0291* 0.0678** 

 (0.0126) (0.0158) (0.0277) 

Mother's education at Secondary level -0.0302*** -0.0034 -0.0019 

 (0.0114) (0.0146) (0.0266) 

Mother's education at High school level -0.0214 0.0166 0.0191 

 (0.0131) (0.0192) (0.0329) 

Z score for height to age at normal level -0.106*** -0.103*** -0.113*** 

 (0.0161) (0.0173) (0.0183) 

Z score for height to age at moderately 

stunted level 

-0.0547*** -0.0350* -0.0289 

(0.0183) (0.0197) (0.0211) 

North 0.119*** 0.0838*** 0.104*** 

 (0.0131) (0.0151) (0.0186) 

West 0.0341** 0.0515*** 0.0542*** 

 (0.0137) (0.0180) (0.0207) 

Central 0.0724*** 0.130*** 0.154*** 

 (0.0159) (0.0202) (0.0237) 

South 0.0329** 0.0118 0.0267 

 (0.0140) (0.0169) (0.0217) 

Backward caste Hindu 0.0219*** 0.0322*** 0.0501*** 

 (0.00847) (0.0108) (0.0129) 

Muslim 0.0732*** 0.0750*** 0.108*** 

 (0.0146) (0.0171) (0.0197) 

Christian Sikh and Jain 0.0792*** 0.0667*** 0.124*** 

 (0.0261) (0.0235) (0.0357) 

Distance to nearest Town(km) 0.0071** 0.0099** 0.0073 

 (0.0035) (0.0041) (0.0045) 

Constant 0.175** 0.161*** 0.321*** 

 (0.0692) (0.0614) (0.102) 

Observations 7,715 7,686 7,648 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data 2011-12 
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Table 4.2: Two stage least squares estimates using net ground water per capita as an 

instrument: Children’s time spent in water collection and their educational outcomes  

Table 4.2a Children’s time spent in water collection every day and absence in school 

during the past 30 days and number of hours spent in private tuition or study/week 

during the past 30 days  

Variable 

Number of days 

of Absence in 

school in the 

past month  

Number of 

private tuition or 

study 

hours/week in 

the past month  

   

Time spent in water collection (minutes/day) 0.308*** 0.0391 

 (0.0786) (0.0762) 

Female -1.175*** -0.0659 

 (0.315) (0.305) 

Children aged between 6-9 years 1.094*** -2.011*** 

 (0.313) (0.277) 

Children aged between 10-12 years 0.144 -1.204*** 

 (0.170) (0.135) 

Distance to school (km) 0.0630*** 0.0424** 

 (0.0226) (0.0204) 

Being in Government school -0.760** 0.238 

 (0.302) (0.271) 

Expenditure on School fees (log)  -0.130*** 0.183*** 

 (0.0432) (0.0333) 

Expenditure on books (log) -0.165** 0.214*** 

 (0.0695) (0.0403) 

Expenditure on transport to school (log) 0.0257 -0.00967 

 (0.0343) (0.0357) 

Expenditure on private tuition (log) 0.0490* 1.301*** 

 (0.0296) (0.0339) 

No. of assets owned by the households 0.125** 0.125** 

 (0.0575) (0.0526) 

Family size -0.0452 0.0562 

 (0.0544) (0.0384) 

Number of children under 15 years of age -0.252** -0.271*** 

 (0.105) (0.0881) 

Mother's education at Primary level -0.557 -1.227** 

 (0.433) (0.550) 

Mother's education at Secondary level -0.229 -0.487 

 (0.395) (0.529) 

Mother's education at High school level 0.111 -0.0604 

 (0.467) (0.715) 

Z score for height to age at normal level 
-0.242 0.721*** 

(0.265) (0.198) 

-0.0553 0.466** 
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Z score for height to age at moderately stunted 

level (0.261) (0.189) 

January 
1.261*** 0.637* 

(0.448) (0.352) 

February 
0.961* 0.872** 

(0.492) (0.424) 

March 
-0.134 3.265*** 

(0.502) (0.473) 

April 
0.0388 1.041*** 

(0.479) (0.378) 

June 
-0.595 0.239 

(0.424) (0.290) 

July 
0.487 0.707 

(0.522) (0.441) 

August 
0.860 0.703 

(0.619) (0.537) 

September 
2.177*** 0.608 

(0.816) (0.708) 

October 
4.102*** 0.469 

(0.830) (0.668) 

November 2.847*** 0.306 

 (0.605) (0.527) 

December 1.760*** 1.123*** 

 (0.553) (0.367) 

North 0.437 -3.333*** 

 (0.304) (0.291) 

West -2.119*** -1.679*** 

 (0.606) (0.553) 

Central -4.794*** -2.831** 

 (1.357) (1.291) 

South -1.018 -3.163*** 

 (0.624) (0.614) 

Backward caste Hindu 0.938*** -0.332 

 (0.331) (0.279) 

Muslim 1.595*** -0.556 

 (0.425) (0.357) 

Christian Sikh and Jain 1.303** 0.507 

 (0.565) (0.676) 

Distance to nearest Town(km) -0.0787 -0.104* 

 (0.0803) (0.0575) 

Constant 1.033 7.832*** 

 (1.537) (1.401) 

Observations 20,588 19,405 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data 2011-12 
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Table 4.2b Children’s time spent in water collection every day and their probability of 

having no reading, writing or mathematical skills (children aged 8-11 years) 

Variable 

Probability 

of having 

no reading 

ability  

Probability 

of having 

no writing 

ability  

Probability of 

having no 

mathematical 

ability  

    

Time spent in water collection (minutes/day) 0.0018 0.0186*** 0.0164** 

 (0.0037) (0.0062) (0.0075) 

Female -0.0115 -0.0530* -0.0656* 

 (0.0177) (0.0297) (0.0345) 

Age -0.0383*** -0.0534*** -0.0733*** 

 (0.0035) (0.0055) (0.0059) 

Distance to school (km) 0.0017 0.0018 -0.0001 

 (0.0015) (0.0020) (0.0022) 

Being in Government school 0.00727 -0.0392 -0.0107 

 (0.0150) (0.0278) (0.0287) 

Expenditure on School fees (log)  -0.0069*** -0.0155*** -0.0159*** 

 (0.0021) (0.0042) (0.0041) 

Expenditure on books (log) -0.0102*** -0.0135** -0.0155*** 

 (0.0026) (0.0057) (0.0052) 

Expenditure on transport to school (log) 0.0026* 0.0053* 0.0066** 

 (0.0015) (0.0027) (0.0029) 

Expenditure on private tuition (log) -0.0030** -0.0034 -0.0070** 

 (0.0014) (0.0028) (0.0029) 

No. of assets owned by the households -0.0087*** 0.0035 0.0005 

 (0.0029) (0.0050) (0.0059) 

Family size 0.0011 -0.0005 0.0003 

 (0.0022) (0.0043) (0.0042) 

Number of children under 15 years of age 0.0004 -0.0004 0.0082 

 (0.0045) (0.0084) (0.0082) 

Mother's education at Primary level -0.0018 -0.0073 0.0365 

 (0.0144) (0.0312) (0.0383) 

Mother's education at Secondary level -0.0309*** 0.0008 0.0043 

 (0.0116) (0.0268) (0.0338) 

Mother's education at High school level -0.0221* 0.0246 0.0256 

 (0.0133) (0.0333) (0.0417) 

Z score for height to age at normal level -0.110*** -0.136*** -0.143*** 

 (0.0175) (0.0284) (0.0300) 

Z score for height to age at moderately 

stunted level 

-0.0547*** -0.0368 -0.0331 

(0.0184) (0.0285) (0.0288) 

North 0.121*** 0.0713*** 0.0941*** 

 (0.0141) (0.0248) (0.0269) 

West 0.0263 -0.0421 -0.0297 

 (0.0246) (0.0503) (0.0537) 
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Central 0.0484 -0.175 -0.123 

 (0.0645) (0.112) (0.135) 

South 0.0278 -0.0565 -0.0360 

 (0.0208) (0.0391) (0.0433) 

Backward caste Hindu 0.0238** 0.0691*** 0.0839*** 

 (0.0115) (0.0250) (0.0255) 

Muslim 0.0746*** 0.110*** 0.140*** 

 (0.0162) (0.0310) (0.0317) 

Christian Sikh and Jain 0.0837*** 0.145*** 0.193*** 

 (0.0307) (0.0402) (0.0519) 

Distance to nearest Town(km) 0.0067* 0.0057 0.0044 

 (0.0036) (0.0065) (0.0064) 

Constant 0.145 -0.322 -0.109 

 (0.120) (0.236) (0.267) 

Observations 7,673 7,644 7,605 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
 Source: IHDS data 2011-12 

 

Table 4.3: Two stage least squares estimates using net ground water per capita as an 

instrument: Children’s participation in water collection for 30 minutes or more every 

day and their educational outcomes  

Table 4.3a Children’s participation in water collection for 30 minutes or more every day 

and their absence in school during the past 30 days and number of hours spent in 

private tuition or study/week during the past 30 days 

Variable 

Number of 

days of 

Absence in 

school in the 

past month  

Number of 

private tuition or 

study 

hours/week in 

the past month  

   

Participation in water collection for 30 minutes 

or more every day 

13.77*** 1.875 

(3.290) (3.613) 

Female -0.815*** -0.0281 

 (0.213) (0.234) 

Children aged between 6-9 years 0.738*** -2.050*** 

 (0.208) (0.212) 

Children aged between 10-12 years 0.106 -1.208*** 

 (0.132) (0.131) 

Distance to school (km) 0.0633*** 0.0428** 

 (0.0201) (0.0206) 

Being in Government school -0.545** 0.268 

 (0.224) (0.233) 
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Expenditure on School fees (log)  -0.0909*** 0.190*** 

 (0.0286) (0.0286) 

Expenditure on books (log) -0.246*** 0.201*** 

 (0.0445) (0.0439) 

Expenditure on transport to school (log) 0.0384 -0.0086 

 (0.0292) (0.0354) 

Expenditure on private tuition (log) 0.0275 1.299*** 

 (0.0237) (0.0330) 

No. of assets owned by the households 0.0479 0.117*** 

 (0.0359) (0.0374) 

Family size -0.0451 0.0559 

 (0.0380) (0.0380) 

Number of children under 15 years of age -0.146** -0.258*** 

 (0.0729) (0.0718) 

Mother's education at Primary level -0.242 -1.189** 

 (0.448) (0.533) 

Mother's education at Secondary level -0.0530 -0.459 

 (0.433) (0.529) 

Mother's education at High school level 0.116 -0.0546 

 (0.500) (0.714) 

Z score for height to age at normal level -0.111 0.734*** 

 (0.195) (0.185) 

Z score for height to age at moderately stunted 

level 

-0.0563 0.461** 

(0.203) (0.189) 

January 1.246*** 0.642* 

 (0.376) (0.354) 

February 0.704* 0.852** 

 (0.377) (0.396) 

March -0.661** 3.211*** 

 (0.335) (0.412) 

April -0.372 0.992*** 

 (0.306) (0.329) 

June -1.065*** 0.170 

 (0.298) (0.306) 

July 0.0501 0.646* 

 (0.355) (0.366) 

August -0.312 0.535 

 (0.358) (0.354) 

September 1.085** 0.467 

 (0.543) (0.478) 

October 3.355*** 0.394 

 (0.599) (0.573) 

November 2.323*** 0.246 

 (0.457) (0.436) 

December 1.910*** 1.159*** 

 (0.451) (0.402) 

North 0.576** -3.315*** 

 (0.251) (0.278) 

West -0.970*** -1.523*** 



131 

 

 (0.296) (0.346) 

Central -2.917*** -2.600*** 

 (0.827) (0.853) 

South -0.300 -3.070*** 

 (0.419) (0.483) 

Backward caste Hindu 0.556*** -0.385* 

 (0.207) (0.214) 

Muslim 1.057*** -0.620** 

 (0.280) (0.282) 

Christian Sikh and Jain 1.049** 0.477 

 (0.493) (0.650) 

Distance to nearest Town(km) 0.106 -0.0790 

 (0.0670) (0.0634) 

Constant 2.633** 8.003*** 

 (1.075) (1.127) 

Observations 20,588 19,405 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
        Source: IHDS data 2011-12 

 

Table 4.3b Children’s participation in water collection for 30 minutes or more every 

day and their probability of having no reading, writing or mathematical skills (children 

aged 8-11 years) 

Variable 

Probability 

of having no 

reading 

ability  

Probability 

of having no 

writing 

ability  

Probability of 

having no 

mathematical 

ability  

        

Participation in water collection for 30 

minutes or more every day 

0.0868 0.917*** 0.812** 

(0.182) (0.337) (0.384) 

Female -0.0092 -0.0283 -0.0444* 

 (0.0135) (0.0234) (0.0261) 

Age -0.0382*** -0.0530*** -0.0731*** 

 (0.0035) (0.0054) (0.0057) 

Distance to school (km) 0.0016 0.0014 -0.0003 

 (0.0014) (0.0020) (0.0022) 

Being in Government school 0.0082 -0.0296 -0.0019 

 (0.0142) (0.0226) (0.0240) 

Expenditure on School fees (log)  -0.0066*** -0.0120*** -0.0128*** 

 (0.0019) (0.0029) (0.0030) 

Expenditure on books (log) -0.0107*** -0.0197*** -0.0208*** 

 (0.0029) (0.0047) (0.0051) 

Expenditure on transport to school (log) 0.0027* 0.0066** 0.0077*** 

 (0.0015) (0.0026) (0.0029) 

Expenditure on private tuition (log) -0.0031** -0.0041* -0.0076*** 

 (0.0014) (0.0023) (0.0026) 

No. of assets owned by the households -0.0091*** -0.0016 -0.0040 
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 (0.0019) (0.0035) (0.0039) 

Family size 0.0011 -0.0004 0.0005 

 (0.0022) (0.0035) (0.0036) 

Number of children under 15 years of age 0.0006 0.0011 0.0094 

 (0.0045) (0.0067) (0.0069) 

Mother's education at Primary level 0.0006 0.0179 0.0600 

 (0.0130) (0.0327) (0.0387) 

Mother's education at Secondary level -0.0295** 0.0144 0.0180 

 (0.0124) (0.0318) (0.0383) 

Mother's education at High school level -0.0210 0.0355 0.0361 

 (0.0140) (0.0374) (0.0450) 

Z score for height to age at normal level -0.110*** -0.139*** -0.147*** 

 (0.0179) (0.0259) (0.0282) 

Z score for height to age at moderately stunted 

level 

-0.0559*** -0.0490* -0.0451* 

(0.0186) (0.0251) (0.0265) 

North 0.121*** 0.0732*** 0.0963*** 

 (0.0139) (0.0215) (0.0242) 

West 0.0331** 0.0298 0.0339 

 (0.0150) (0.0271) (0.0281) 

Central 0.0588 -0.0662 -0.0245 

 (0.0441) (0.0784) (0.0913) 

South 0.0290 -0.0434 -0.0234 

 (0.0190) (0.0332) (0.0370) 

Backward caste Hindu 0.0224** 0.0544*** 0.0715*** 

 (0.0098) (0.0178) (0.0192) 

Muslim 0.0735*** 0.0992*** 0.131*** 

 (0.0153) (0.0245) (0.0262) 

Christian Sikh and Jain 0.0840*** 0.145*** 0.195*** 

 (0.0311) (0.0399) (0.0512) 

Distance to nearest Town(km) 0.0079* 0.0185*** 0.0158** 

 (0.0041) (0.0064) (0.0069) 

Constant 0.161* -0.151 0.0386 

 (0.0944) (0.166) (0.187) 

Observations 7,673 7,644 7,605 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data 2011-12 
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Table 4.4: Two stage least squares estimates using net ground water per capita as an 

instrument: aggregate time spent by the children in the household in water collection 

every day and their educational outcomes  

Table 4.4a Aggregate time spent by the children in the household in water collection and 

their absence in school during the past 30 days and number of hours spent in private 

tuition or study/week during the past 30 days 

Variable 

Number of 

days of 

Absence in 

school in the 

past month  

Number of 

private tuition 

or study 

hours/week in 

the past month  

   

Aggregate time spent by children in the household 

(minutes/day) 

0.209*** 0.0244 

(0.0672) (0.0498) 

Female -0.436** 0.0379 

 (0.181) (0.142) 

Children aged between 6-9 years 0.810*** -2.060*** 

 (0.301) (0.209) 

Children aged between 10-12 years -0.0595 -1.233*** 

 (0.159) (0.123) 

Distance to school (km) 0.0616** 0.0419** 

 (0.0251) (0.0202) 

Being in Government school -0.995** 0.220 

 (0.392) (0.300) 

Expenditure on School fees (log)  -0.178*** 0.179*** 

 (0.0538) (0.0395) 

Expenditure on books (log) -0.160** 0.214*** 

 (0.0747) (0.0404) 

Expenditure on transport to school (log) 0.0402 -0.00737 

 (0.0372) (0.0355) 

Expenditure on private tuition (log) 0.0434 1.300*** 

 (0.0333) (0.0336) 

No. of assets owned by the households 0.125* 0.123** 

 (0.0717) (0.0497) 

Family size 0.0192 0.0633 

 (0.0664) (0.0421) 

Number of children under 15 years of age -0.591*** -0.308** 

 (0.203) (0.150) 

Mother's education at Primary level -0.557 -1.228** 

 (0.499) (0.551) 

Mother's education at Secondary level -0.204 -0.488 

 (0.442) (0.530) 

Mother's education at High school level 0.112 -0.0653 

 (0.499) (0.714) 

Z score for height to age at normal level -0.250 0.719*** 

 (0.290) (0.202) 
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Z score for height to age at moderately stunted level -0.0590 0.462** 

 (0.279) (0.190) 

January 1.835*** 0.695 

 (0.599) (0.423) 

February 1.722** 0.947* 

 (0.751) (0.548) 

March 0.208      3.297*** 

 (0.663) (0.521) 

April 0.464 1.093** 

 (0.625) (0.449) 

June -0.713 0.233 

 (0.485) (0.290) 

July 0.754 0.732 

 (0.660) (0.488) 

August 1.257 0.725 

 (0.803) (0.593) 

September 2.896** 0.668 

 (1.166) (0.859) 

October 4.682*** 0.516 

 (1.123) (0.745) 

November 3.535*** 0.363 

 (0.882) (0.637) 

December     2.248***     1.167*** 

 (0.727) (0.424) 

North 0.0721 -3.359*** 

 (0.399) (0.322) 

West -2.474*** -1.697*** 

 (0.773) (0.601) 

Central -4.965*** -2.795** 

 (1.704) (1.278) 

South -1.147 -3.154*** 

 (0.750) (0.612) 

Backward caste Hindu 1.105*** -0.319 

 (0.422) (0.305) 

Muslim 1.710*** -0.543 

 (0.527) (0.385) 

Christian Sikh and Jain 1.697** 0.538 

 (0.695) (0.713) 

Distance to nearest Town(km) -0.111 -0.108* 

 (0.0929) (0.0605) 

Constant 1.214 7.900*** 

 (1.811) (1.323) 

Observations 20,588 19,405 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data 2011-12 
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Table 4.4b Aggregate time spent by the children in the household in water collection every 

day and their probability of having no reading, writing or mathematical skills (children 

aged 8-11 years) 

Variable 

Probability 

of having 

no reading 

ability  

Probability 

of having 

no writing 

ability  

Probability of 

having no 

mathematical 

ability  

    

Aggregate time spent by children in the 

household (minutes/day) 

0.001 0.0111*** 0.0097** 

(0.0022) (0.0038) (0.0046) 

Female -0.0056 0.0009 -0.0178 

 (0.00921) (0.0161) (0.0169) 

Age  -0.0360*** -0.0482*** -0.0713*** 

 (0.0036) (0.0053) (0.0059) 

Distance to school (km) 0.0016 0.0009 -0.0008 

 (0.0014) (0.0020) (0.0021) 

Being in Government school 0.0058 -0.0577* -0.0270 

 (0.0172) (0.0318) (0.0338) 

Expenditure on School fees (log)  -0.0072*** -0.0194*** -0.0194*** 

 (0.0025) (0.0049) (0.0049) 

Expenditure on books (log) -0.0100*** -0.0115* -0.0138** 

 (0.0025) (0.0061) (0.0054) 

Expenditure on transport to school (log) 0.0026* 0.0066** 0.0078** 

 (0.0015) (0.0028) (0.0031) 

Expenditure on private tuition (log) -0.0031** -0.0037 -0.0072** 

 (0.0014) (0.0028) (0.0029) 

No. of assets owned by the households -0.0089*** 0.0016 -0.0013 

 (0.0025) (0.0045) (0.0053) 

Family size 0.0014 0.0025 0.0029 

 (0.0022) (0.0044) (0.0043) 

Number of children under 15 years of age -0.0009 -0.0161 -0.0057 

 (0.0058) (0.0109) (0.0114) 

Mother's education at Primary level -0.0005 0.0065 0.0489 

 (0.0136) (0.0382) (0.0433) 

Mother's education at Secondary level -0.0304** 0.0075 0.0097 

 (0.0121) (0.0352) (0.0405) 

Mother's education at High school level -0.0202 0.0458 0.0443 

 (0.0147) (0.0404) (0.0474) 

Z score for height to age at normal level -0.108*** -0.124*** -0.133*** 

 (0.0168) (0.0276) (0.0285) 

Z score for height to age at moderately 

stunted level 

-0.0541*** -0.0309 -0.0276 

(0.0184) (0.0283) (0.0288) 

North 0.119*** 0.0450 0.0708** 

 (0.0167) (0.0279) (0.0319) 

West 0.0257 -0.0548 -0.0411 

 (0.0268) (0.0529) (0.0576) 

Central 0.0523 -0.164 -0.111 
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 (0.0623) (0.110) (0.132) 

South 0.0281 -0.0544 -0.0348 

 (0.0205) (0.0378) (0.0426) 

Backward caste Hindu 0.0244* 0.0804*** 0.0934*** 

 (0.0131) (0.0286) (0.0293) 

Muslim 0.0739*** 0.108*** 0.137*** 

 (0.0159) (0.0326) (0.0325) 

Christian Sikh and Jain 0.0848*** 0.162*** 0.208*** 

 (0.0328) (0.0451) (0.0571) 

Distance to nearest Town(km) 0.0066* 0.0042 0.0031 

 (0.0036) (0.0067) (0.0066) 

Constant 0.159 -0.191 0.0087 

 (0.0986) (0.180) (0.211) 

Observations 7,673 7,644 7,605 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data 2011-12 

 

Table 4.5: Two stage least squares estimates using net ground water per capita as an 

instrument: Time spent by the children in water collection every day and their 

educational outcomes after controlling for forest cover per capita  

Table 4.5a Time spent by the children in water collection every day and their absence in 

school during the past 30 days and number of hours spent in private tuition or study/week 

during the past 30 days 

Variable 

Number of 

days of 

Absence in 

school in the 

past month  

Number of 

private 

tuition or 

study 

hours/week 

in the past 

month  

   

Time spent in water collection (minutes/day) 0.259*** -0.0801 

 (0.0889) (0.0934) 

District level forest cover per capita -0.0006 -0.0002** 

 (0.0008) (0.0001) 

Female -0.989*** 0.386 

 (0.353) (0.369) 

Children aged between 6-9 years 0.928*** -2.402*** 

 (0.339) (0.332) 

Children aged between 10-12 years 0.103 -1.299*** 

 (0.159) (0.145) 

Distance to school (km) 0.0595*** 0.0321 

 (0.0218) (0.0218) 

Being in Government school -0.657** 0.543* 

 (0.298) (0.307) 
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Expenditure on School fees(log)  -0.122*** 0.214*** 

 (0.0392) (0.0367) 

Expenditure on books(log) -0.165*** 0.206*** 

 (0.0611) (0.0422) 

Expenditure on transport to school(log) 0.0288 -0.00593 

 (0.0317) (0.0359) 

Expenditure on private tuition(log) 0.0383 1.273*** 

 (0.0284) (0.0355) 

No. of assets owned by the households 0.0927 0.0461 

 (0.0624) (0.0639) 

Family size -0.0473 0.0484 

 (0.0481) (0.0397) 

Number of children under 15 years of age -0.219** -0.180* 

 (0.101) (0.0982) 

Mother's education at Primary level -0.475 -1.075* 

 (0.420) (0.556) 

Mother's education at Secondary level -0.223 -0.507 

 (0.375) (0.529) 

Mother's education at High school level 0.0901 -0.160 

 (0.447) (0.711) 

Z score for height to age at normal level -0.193 0.833*** 

 (0.242) (0.208) 

Z score for height to age at moderately stunted level -0.0482 0.476** 

 (0.232) (0.192) 

January 1.105** 0.197 

 (0.431) (0.408) 

February 0.731 0.285 

 (0.504) (0.505) 

March -0.377 2.659*** 

 (0.520) (0.549) 

April -0.137 0.613 

 (0.467) (0.435) 

June -0.607 0.204 

 (0.371) (0.307) 

July 0.292 0.183 

 (0.510) (0.513) 

August 0.646 0.0905 

 (0.605) (0.620) 

September 1.844** -0.213 

 (0.823) (0.832) 

October 3.790*** -0.215 

 (0.834) (0.738) 

November 2.556*** -0.526 

 (0.628) (0.654) 

December 1.581*** 0.701 

 (0.530) (0.429) 

North 0.431 -3.349*** 

 (0.275) (0.292) 



138 

 

West -1.964*** -1.266** 

 (0.578) (0.598) 

Central -4.063*** -0.952 

 (1.478) (1.557) 

South -0.797 -2.559*** 

 (0.622) (0.682) 

Backward caste Hindu 0.829** -0.633** 

 (0.325) (0.318) 

Muslim 1.411*** -0.985** 

 (0.439) (0.411) 

Christian Sikh and Jain 1.145** 0.119 

 (0.573) (0.707) 

Distance to nearest Town(km) -0.0550 -0.0399 

 (0.0761) (0.0630) 

Constant 1.921 10.07*** 

 (1.668) (1.723) 

Observations 20,588 19,405 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
Source: IHDS data 2011-12 

 

Table 4.5b Children’s time spent in water collection every day and their probability of 

having no reading, writing or mathematical skills (children aged 8-11 years) 

Variable 

Probability 

of having 

no reading 

ability  

Probability 

of having 

no writing 

ability  

Probability of 

having no 

mathematical 

ability  

    

Time spent in water collection (minutes/day) 0.0021 0.0184*** 0.0159** 

 (0.0049) (0.0053) (0.0064) 

District level forest cover per capita 0.0001 0.0004 0.0002 

 (0.0002) (0.0003) (0.0003) 

Female -0.0136 -0.0491* -0.0623** 

 (0.0231) (0.0257) (0.0297) 

Age -0.0377*** -0.0547*** -0.0741*** 

 (0.0041) (0.0063) (0.0065) 

Distance to school (km) 0.0019 0.0018 -0.0002 

 (0.00156) (0.00196) (0.0021) 

Being in Government school 0.0081 -0.0652** -0.0276 

 (0.0168) (0.0280) (0.0290) 

Expenditure on School fees(log)  -0.0068*** -0.0183*** -0.0173*** 

 (0.0022) (0.00436) (0.0043) 

Expenditure on books(log) -0.0097*** -0.0139** -0.0165*** 

 (0.0026) (0.0057) (0.0051) 
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Expenditure on transport to school(log) 0.0024 0.0054** 0.0071** 

 (0.0015) (0.0027) (0.0029) 

Expenditure on private tuition(log) -0.0029** -0.0011 -0.0049* 

 (0.0015) (0.0027) (0.0029) 

No. of assets owned by the households -0.0083** 0.001 -0.0024 

 (0.00379) (0.0041) (0.0048) 

Family size 0.0012 0.0017 0.0028 

 (0.0022) (0.0043) (0.0041) 

Number of children under 15 years of age -0.0007 -0.0024 0.0059 

 (0.0046) (0.0085) (0.0081) 

Mother's education at Primary level 0.0062 -0.0006 0.0518 

 (0.0155) (0.0313) (0.0373) 

Mother's education at Secondary level -0.0235* 0.0061 0.0157 

 (0.0120) (0.0272) (0.0334) 

Mother's education at High school level -0.0153 0.0383 0.0436 

 (0.0138) (0.0332) (0.0411) 

Z score for height to age at normal level -0.112*** -0.139*** -0.146*** 

 (0.0180) (0.0275) (0.0285) 

Z score for height to age at moderately stunted level -0.0546*** -0.0351 -0.0318 

 (0.0183) (0.0285) (0.0284) 

North 0.121*** 0.134*** 0.153*** 

 (0.0139) (0.0224) (0.0234) 

West 0.0263 -0.0629 -0.0430 

 (0.0279) (0.0498) (0.0527) 

Central 0.0435 -0.167** -0.124 

 (0.0839) (0.0841) (0.101) 

South 0.0272 -0.0936** -0.0611 

 (0.0233) (0.0404) (0.0445) 

Backward caste Hindu 0.0229* 0.0764*** 0.0884*** 

 (0.0131) (0.0247) (0.0251) 

Muslim 0.0750*** 0.115*** 0.143*** 

 (0.0177) (0.0311) (0.0315) 

Christian Sikh and Jain 0.0828** 0.126*** 0.181*** 

 (0.0335) (0.0375) (0.0493) 

Distance to nearest Town(km) 0.0065* 0.0047 0.0048 

 (0.0037) (0.0064) (0.0062) 

Constant 0.599*** 0.645*** 0.897*** 

 (0.0789) (0.0873) (0.0923) 

    

Observations 7,673 7,644 7,605 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, *p<0.1   
Source: IHDS data 2011-12 

 



140 

 

Appendix 5: Additional Outcomes  

I estimate the effect of children’s time use in water collection on children’s educational 

outcomes by different age groups namely; children aged 6-11 years and children aged 12 and 

above to understand the differences in effect by age. I also estimate the effect on girls in these 

age groups to understand the extent of effect especially on girls since they are the major 

participants in domestic work including water collection. The burden of multiple tasks may 

exacerbate the impact on school absence and time spent taking private tuition or self-study. In 

addition to this I also estimate the effect of time use in water collection on children’s perception 

of school enjoyment. This may help explore an additional channel through which negative 

relationship between participation in collecting water and children’s academic progress may 

persist.  

Table 5.1: Two stage least squares estimates on time spent by the children in water 

collection every day and their absence in school during the past 30 days and number of 

hours spent in private tuition or study/week during the past 30 days by age 

Table 5.1a Two stage least squares estimates on time spent by the children in water 

collection every day and their absence in school during the past 30 days and number of 

hours spent in private tuition or study/week during the past 30 days for children aged 6-

11: 

Variable 

Number of days of 

Absence in school 

in the past month  

Number of private 

tuition or study 

hours/week in the 

past month  

      

Time spent in water collection (minutes/day) 0.349*** -0.0448 

 (0.109) (0.0877) 

Female -1.370*** 0.173 

 (0.436) (0.366) 

Distance to school (km) 0.0442* 0.0227 

 (0.0248) (0.0251) 

Being in Government school -1.069** 0.133 

 (0.450) (0.362) 

Expenditure on School fees (log)  -0.177*** 0.172*** 

 (0.0606) (0.0469) 

Expenditure on books (log) -0.201** 0.207*** 

 (0.0820) (0.0412) 

Expenditure on transport to school (log) 0.0929** -0.0351 

 (0.0401) (0.0432) 

Expenditure on private tuition (log) 0.0451 1.263*** 
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 (0.0387) (0.0383) 

No. of assets owned by the households 0.123* 0.0610 

 (0.0702) (0.0552) 

Family size -0.0122 0.0391 

 (0.0643) (0.0420) 

Number of children under 15 years of age -0.299** -0.195** 

 (0.129) (0.0949) 

Mother's education at Primary level -1.189** -1.341** 

 (0.541) (0.634) 

Mother's education at Secondary level -0.585 -0.949 

 (0.447) (0.585) 

Mother's education at High school level -0.421 -0.529 

 (0.490) (0.714) 

Z score for height to age at normal level -0.436 0.893*** 

 (0.355) (0.266) 

Z score for height to age at moderately stunted 

level 

-0.301 0.605** 

(0.350) (0.245) 

January 1.617*** 0.0879 

 (0.572) (0.448) 

February 1.273* 0.203 

 (0.669) (0.538) 

March -0.0724 2.623*** 

 (0.624) (0.523) 

April 0.286 0.481 

 (0.597) (0.451) 

June -0.383 0.280 

 (0.515) (0.370) 

July 0.652 0.229 

 (0.657) (0.504) 

August 0.930 0.334 

 (0.797) (0.651) 

September 2.867** -0.0043 

 (1.122) (0.878) 

October 3.683*** -0.182 

 (1.003) (0.715) 

November 3.007*** -0.485 

 (0.758) (0.620) 

December 1.844*** 0.559 

 (0.664) (0.439) 

North 0.469 -2.510*** 

 (0.379) (0.321) 

West -2.239*** -0.574 

 (0.771) (0.606) 

Central -5.128*** -0.876 

 (1.752) (1.399) 

South -0.918 -2.224*** 

 (0.696) (0.640) 

Backward caste Hindu 1.067*** -0.608** 
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 (0.384) (0.283) 

Muslim 1.622*** -0.531 

 (0.505) (0.375) 

Christian Sikh and Jain 1.266** 0.437 

 (0.617) (0.889) 

Distance to nearest Town(km) -0.0954 -0.154** 

 (0.0951) (0.0639) 

Constant 2.456* 7.849*** 

 (1.487) (1.208) 

   
Observations 13,184 12,418 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1  
  Source: IHDS data 2011-12 

 

Table 5.1b Two stage least squares estimates on time spent by the children in water 

collection every day and their absence in school during the past 30 days and number of 

hours spent in private tuition or study/week during the past 30 days for children above 

the age of 12: 

Variable 

Number of days 

of Absence in 

school in the 

past month  

Number of 

private tuition or 

study 

hours/week in 

the past month  

      

Time spent in water collection (minutes/day) 0.275*** 0.122 

 (0.0864) (0.0974) 

Female -1.005*** -0.217 

 (0.370) (0.393) 

Distance to school (km) 0.0766** 0.0630** 

 (0.0336) (0.0277) 

Being in Government school -0.643* 0.585* 

 (0.354) (0.353) 

Expenditure on School fees (log)  -0.0990* 0.234*** 

 (0.0506) (0.0447) 

Expenditure on books (log) -0.136* 0.241*** 

 (0.0817) (0.0754) 

Expenditure on transport to school (log) -0.0534 0.0098 

 (0.0512) (0.0542) 

Expenditure on private tuition (log) 0.0326 1.351*** 

 (0.0371) (0.0488) 

No. of assets owned by the households 0.141* 0.220*** 

 (0.0745) (0.0777) 

Family size -0.0976 0.0834 
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 (0.0695) (0.0604) 

Number of children under 15 years of age -0.173 -0.439*** 

 (0.122) (0.120) 

Mother's education at Primary level 0.288 0.111 

 (0.686) (1.012) 

Mother's education at Secondary level 0.333 1.209 

 (0.661) (1.009) 

Mother's education at High school level 1.512 1.706 

 (0.939) (1.421) 

Z score for height to age at normal level -0.0149 0.684** 

 (0.427) (0.331) 

Z score for height to age at moderately stunted level 0.148 0.534 

 (0.460) (0.367) 

January 0.784 1.244** 

 (0.560) (0.500) 

February 0.609 1.553*** 

 (0.563) (0.565) 

March -0.00837 4.059*** 

 (0.652) (0.696) 

April -0.248 1.656*** 

 (0.568) (0.519) 

June -0.803 0.0536 

 (0.515) (0.419) 

July 0.409 1.405** 

 (0.642) (0.643) 

August 0.972 1.128 

 (0.725) (0.706) 

September 1.438 0.943 

 (0.882) (0.861) 

October 5.182*** 1.328 

 (1.094) (1.040) 

November 2.713*** 1.288* 

 (0.762) (0.742) 

December 1.748*** 1.918*** 

 (0.677) (0.530) 

North 0.391 -4.654*** 

 (0.374) (0.428) 

West -2.072*** -3.211*** 

 (0.710) (0.804) 

Central -4.784*** -5.555*** 

 (1.634) (1.844) 

South -1.254 -4.720*** 

 (0.900) (0.958) 

Backward caste Hindu 0.818* 0.150 

 (0.462) (0.478) 

Muslim 1.710*** -0.739 

 (0.568) (0.571) 

Christian Sikh and Jain 1.678* 0.543 
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 (0.946) (0.915) 

Distance to nearest Town(km) -0.0765 0.0333 

 (0.105) (0.0910) 

Constant 0.326 3.405 

 (2.069) (2.264) 

   

Observations 7,404 6,987 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data 2011-12 

 

Table 5.2: Two stage least squares estimates on time spent by the children in water 

collection every day and their absence in school during the past 30 days and number of 

hours spent in private tuition or study/week during the past 30 days for Girls aged 6-11 

and 12 and above.  

Table 5.2a Two stage least squares estimates on time spent by the children in water 

collection every day and their absence in school during the past 30 days and number of 

hours spent in private tuition or study/week during the past 30 days for girls aged 6-11: 

Variable 

Number of 

days of 

Absence in 

school in the 

past month  

Number of 

private tuition 

or study 

hours/week in 

the past month  

      

Time spent in water collection (minutes/day) 0.200*** -0.0720 

 (0.0618) (0.0685) 

Distance to school (km) 0.0265 0.0205 

 (0.0250) (0.0346) 

Being in Government school -0.892** 0.407 

 (0.394) (0.394) 

Expenditure on School fees (log)  -0.121** 0.150*** 

 (0.0571) (0.0492) 

Expenditure on books (log) -0.197** 0.211*** 

 (0.0809) (0.0558) 

Expenditure on transport to school (log) 0.0820* -0.0433 

 (0.0457) (0.0572) 

Expenditure on private tuition (log) 0.0389 1.322*** 

 (0.0406) (0.0533) 

No. of assets owned by the households 0.0507 0.0443 

 (0.0507) (0.0551) 

Family size 0.0277 0.00731 

 (0.0580) (0.0531) 
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Number of children under 15 years of age -0.343*** -0.103 

 (0.122) (0.119) 

Mother's education at Primary level -1.138* -1.096 

 (0.602) (0.870) 

Mother's education at Secondary level -0.828 -0.764 

 (0.570) (0.844) 

Mother's education at High school level -1.067* -0.732 

 (0.614) (0.976) 

Z score for height to age at normal level -0.320 0.784*** 

 (0.342) (0.298) 

Z score for height to age at moderately stunted 

level 

-0.259 0.656** 

(0.371) (0.315) 

January 1.053** 0.614 

 (0.514) (0.500) 

February 0.135 0.604 

 (0.520) (0.534) 

March -1.120** 3.503*** 

 (0.494) (0.544) 

April -0.226 0.772 

 (0.518) (0.513) 

June -0.659 0.714* 

 (0.487) (0.412) 

July 0.0100 0.791 

 (0.538) (0.525) 

August -0.113 0.700 

 (0.614) (0.674) 

September 1.619* -0.0476 

 (0.840) (0.878) 

October 2.741*** -0.309 

 (0.837) (0.707) 

November 2.266*** -0.327 

 (0.645) (0.682) 

December 1.385** 0.740 

 (0.597) (0.513) 

North 1.129*** -1.893*** 

 (0.343) (0.366) 

West -1.390** 0.331 

 (0.613) (0.589) 

Central -3.149** 0.382 

 (1.224) (1.305) 

South 0.126 -1.066* 

 (0.525) (0.619) 

Backward caste Hindu 0.949*** -1.009*** 

 (0.342) (0.330) 

Muslim 1.479*** -0.990** 

 (0.443) (0.433) 

Christian Sikh and Jain 0.391 0.690 

 (0.494) (1.006) 

Distance to nearest Town(km) -0.0657 -0.220*** 
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 (0.0958) (0.0843) 

Constant 3.453** 7.702*** 

 (1.401) (1.507) 

   

Observations 6,318 5,943 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data 2011-12 

 

Table 5.2b Two stage least squares estimates on time spent by the children in water 

collection every day and their absence in school during the past 30 days and number of 

hours spent in private tuition or study/week during the past 30 days for girls above the 

age of 12: 

Variable 

Number of 

days of 

Absence in 

school in the 

past month  

Number of 

private tuition 

or study 

hours/week in 

the past month  

      

Time spent in water collection (minutes/day) 0.160*** 0.0218 

 (0.0543) (0.0781) 

Distance to school (km) 0.110** 0.0801* 

 (0.0482) (0.0450) 

Being in Government school -0.531 0.603 

 (0.407) (0.471) 

Expenditure on School fees (log)  -0.0845 0.245*** 

 (0.0532) (0.0568) 

Expenditure on books (log) -0.171** 0.129 

 (0.0863) (0.0970) 

Expenditure on transport to school (log) -0.0862 0.0798 

 (0.0640) (0.0799) 

Expenditure on private tuition (log) 0.0834* 1.423*** 

 (0.0455) (0.0762) 

No. of assets owned by the households 0.0880 0.149* 

 (0.0605) (0.0769) 

Family size -0.196*** 0.0475 

 (0.0759) (0.0829) 

Number of children under 15 years of age -0.167 -0.352** 

 (0.130) (0.150) 

Mother's education at Primary level 1.063 -0.380 

 (0.800) (1.070) 

Mother's education at Secondary level 0.922 0.566 

 (0.793) (1.072) 

Mother's education at High school level 1.054 1.560 

 (1.028) (1.854) 
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Z score for height to age at normal level 0.479 0.842* 

 (0.485) (0.441) 

Z score for height to age at moderately stunted 

level 

0.704 0.111 

(0.509) (0.486) 

January 0.670 0.586 

 (0.556) (0.648) 

February 0.570 1.209 

 (0.545) (0.772) 

March -0.655 3.435*** 

 (0.566) (0.789) 

April -0.0962 1.322** 

 (0.545) (0.636) 

June -0.513 -0.0455 

 (0.498) (0.505) 

July 0.253 0.606 

 (0.626) (0.857) 

August 1.400* 0.253 

 (0.716) (0.856) 

September 1.319* 0.128 

 (0.802) (1.005) 

October 4.749*** 0.411 

 (1.093) (1.209) 

November 3.417*** 0.474 

 (0.827) (0.992) 

December 2.741*** 1.393* 

 (0.743) (0.728) 

North 0.775** -4.073*** 

 (0.382) (0.558) 

West -1.590** -2.276** 

 (0.715) (0.930) 

Central -3.101** -3.548** 

 (1.250) (1.729) 

South -0.422 -3.564*** 

 (0.729) (0.945) 

Backward caste Hindu 0.769* 0.189 

 (0.458) (0.530) 

Muslim 1.459*** -1.679*** 

 (0.560) (0.634) 

Christian Sikh and Jain 1.432 1.726 

 (1.129) (1.187) 

Distance to nearest Town(km) 0.000984 -0.0386 

 (0.112) (0.112) 

Constant 0.453 6.655*** 

 (1.921) (2.431) 

   

Observations 3,468 3,286 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data 2011-12 
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Table 5.3: Two stage least squares estimates on time spent by the children in water 

collection every day and their perception of school enjoyment (children aged 8-11 years). 

Variable 

Probability of 

Enjoying school  

    

Time spent in water collection (minutes/day) -0.008* 

 (0.0049) 

Female 0.0155 

 (0.0217) 

Age -0.0051 

 (0.0040) 

Distance to school (km) -0.0019 

 (0.00115) 

Being in Government school 0.0346* 

 (0.0194) 

Expenditure on School fees (log)  -0.0034 

 (0.0028) 

Expenditure on books (log) -0.0068** 

 (0.0034) 

Expenditure on transport to school (log) 0.0039** 

 (0.0019) 

Expenditure on private tuition (log) -0.0057*** 

 (0.0020) 

No. of assets owned by the households -0.0089** 

 (0.0035) 

Family size 0.0036 

 (0.0027) 

Number of children under 15 years of age -0.0002 

 (0.0059) 

Mother's education at Primary level 0.0200 

 (0.0349) 

Mother's education at Secondary level -0.0019 

 (0.0329) 

Mother's education at High school level 0.0078 

 (0.0379) 

Z score for height to age at normal level 0.0101 

 (0.0191) 

Z score for height to age at moderately stunted level 0.0016 

 (0.0186) 

North -0.0528*** 

 (0.0161) 

West -0.0293 

 (0.0381) 

Central -0.0338 

 (0.0755) 

South 0.0072 

 (0.0328) 
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Backward caste Hindu -0.0135 

 (0.0175) 

Muslim -0.0057 

 (0.0231) 

Christian Sikh and Jain -0.0712** 

 (0.0295) 

Distance to nearest Town(km) 0.0016 

 (0.0044) 

Constant 0.404*** 

 (0.0659) 

  

Observations 8,585 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data 2011-12 

First Stage Statistics: Time spent in water collection by girls and boys aged 6 to 11 years 

and 12 years and above.  

First-stage regression summary statistics (Girls 6 to 11 years of age) 

Variable    R-sq. 
Adjusted 

R-sq. 

Partial    

R-sq. 

Robust 

F(1,5146) 
Prob>F 

Time spent in water 

collection(min/day)  
0.1427 0.1368 0.002 20.2795 0 

(F statistic adjusted for 5147  

clusters in IDHH)         
Source: IHDS data 2011-12 

First-stage regression summary statistics (Girls above 12 years of age)   

Variable    R-sq. 
Adjusted 

R-sq. 

Partial    

R-sq. 

Robust          

F(1,3180) 

Prob > 

F 

Time spent in water 

collection(min/day)  
0.151 0.1406 0.0025 22.8777 0 

(F statistic adjusted for 3181 

clusters in IDHH)          
Source: IHDS data 2011-12 

First-stage regression summary statistics (Boys 6 to 11 years of age) 

Variable     R-sq. 
Adjusted 

R-sq. 

Partial    

R-sq. 

Robust 

F(1,5673) 
Prob>F 

Time spent in water 

collection(min/day)   
0.1379 0.1326 0.0005 6.66303 0.0099 

(F statistic adjusted for 5674  

clusters in IDHH)         
Source: IHDS data 2011-12 
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First-stage regression summary statistics (Boys above 12 years of age)   

 Variable R-sq. 
Adjusted 

R-sq. 

Partial    

R-sq. 

Robust F 

(1,3601) 

Prob > 

F 

Time spent in water 

collection(min/day)  
0.1386 0.1332 0.0012 5.98513 0.0145 

(F statistic adjusted for 3602  

clusters in IDHH)       
Source: IHDS data 2011-12 
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CHAPTER  3  

Household Air Pollution, Children's Human Capital and 

Mothers’ Health Outcomes in Rural India  
 

By Mugdha Vaidya 

Abstract:  

This chapter explores the impact of household air pollution, defined as the duration of burning 

polluting fuels every day, on human capital outcomes in terms of average educational and 

health outcomes of children in the household and average health outcomes of mothers in the 

household. Using panel data from two survey waves of the Indian Human Development Survey 

(IHDS) 2004-05 and 2011–12, I use two-way fixed effects namely, household and time fixed 

effects, to correct for possible endogeneity bias arising out of time invariant unobservable 

household level heterogeneity. The study shows that burning a mix of polluting and clean fuels 

daily for 3 hours on average significantly reduces average absence in school for older children 

by approximately half a day in a month. It increases the incidence of cough among younger 

children, however, by almost 5 percentage points. The adverse effect on health is faced by the 

women in the household as the average duration of short-term morbidity for mothers in the 

household increases by quarter of a day with burning a mix of polluting and clean fuel daily 

for 3 hours on average instead of burning clean fuel exclusively. The absence of a significant 

result on burning polluting fuels exclusively for a longer duration may be due to the more 

permanent nature of its use, resulting in lower within household variation that may 

underestimate its impact.  
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3.1. Introduction 
 

Degradation of air quality due to the use of polluting fuels such as firewood, dung cakes, coal, 

and kerosene results in household air pollution, which imposes a great economic cost globally.  

According to the WHO report in 20181 around 3 billion people around the world still burn such 

polluting fuels. In India approximately 75 million people either have no access or affordability 

to use clean fuels2.  As per World Economic Forum in 2018, the economic cost of air pollution 

in the form of increased health expenditures, loss of labour productivity and agricultural yields, 

from such fuels for India was 5.4% of GDP and for China 6.6% of GDP 3. The combustion of 

solid fuels releases particulate matter, carbon monoxide, benzene, formaldehyde, and other 

toxins into the surrounding air. Use of kerosene also increases the concentration of fine 

particulate matter (PM2) well above the acceptable levels recommended by WHO, whereas 

clean fuels such as liquified petroleum gas (LPG) result in none as they burn efficiently and 

completely (Barron and Torero, 2017; Jeuland, Pattanayak and Bluffstone, 2015). Use of 

polluting fuels including, solid fuels and kerosene, result in adverse health impacts of 

household air pollution on the human capital formation that have been established strongly in 

the literature where, for instance, it is considered to be one of the most severe risk factors in 

terms of its global burden of disease according to the WHO report 2018. Women in the 

households who spend most of their time in cooking activities and young children below the 

age of five years cared by these women are most vulnerable to health adversities due to their 

greater exposure to household air pollution (HAP) (Rehfuess, Bruce and Smith, 2011; Langpap 

and Edward, 2012).  Use of the polluting fuels has been linked to low birth weight, acute 

respiratory infections, infant mortality and disability (Duflo, Greenstone Hanna and Mainguy, 

2008; Jeuland, Pattanayak and Bluffstone, 2015; Alem, Beyene, Köhlin and Mekonnen, 2016; 

Basu, Byambasuren, Chau and Khanna, 2020). Degradation in indoor air quality may further 

lead to poor educational outcomes both quantitatively and qualitatively in terms of academic 

performance or absences in school (Stafford, 2015; Roth, 2016). Apart from these, there are 

other negative externalities that may, in turn affect overall economic well-being. For instance, 

excessive use of solid fuels such as firewood may lead to degradation of forest quality, which 

may further lead to poor ambient air quality. Further, black carbon emitted from incomplete 

 
1 (World Health Organization (WHO), 2018) 

2 (Ministry of Home affairs, 2011) 

3 (World Economic Forum, 2018) 
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combustion of such fuels may lead to climate change increasing the environmental cost in turn 

exacerbating the burden on economic costs (Bailis, Drigo, Ghilardi, and Masera, 2014; Jeuland, 

Pattanayak and Bluffstone, 2015; Alem, Beyene, Köhlin and Mekonnen, 2016).   

All the above reasons justify a focus of economists and policy makers on studying the impact 

of household air pollution on various economic outcomes and efforts to alleviate these effects 

using tools of economic policy measures. The present study investigates the impact of exposure 

to household air pollution by burning polluting fuels instead of exclusive use of LPG on child 

human capital and mother health outcomes in rural India.  In the case of educational outcomes, 

school absence, time spent in taking private tutoring lessons apart from formal school hours, 

and educational attainment for age are studied. In terms of health mechanisms, the probability 

of having cough episodes during the past month, the duration of short-term morbidity due to 

temporary respiratory trouble (with or without fever) and height-for-age z scores are 

investigated. The health outcomes of younger children that were below the age of 5 in 2004-

05 (first IHDS wave) are studied. In 2011-12 these children were in their early school grades, 

and hence their educational outcomes cannot be assessed in the current setup of the study. 

However, the adverse health effects on younger children are important to understand as they 

may affect their current and future educational outcomes. The relationship between exposure 

to HAP and mothers’ health outcomes is explored to disentangle the indirect impact on child 

human capital. The use of polluting fuels is much more prevalent in rural parts of India for 

cooking, heating or lighting; hence the scope of this study is restricted to rural households. 

According to the National Sample Survey of India 2011, nationally, approximately 69.5% of 

households use polluting fuels and 90% of them are rural households. The rural households 

prefer polluting fuels as primary cooking and heating fuels due to their easy accessibility, 

affordability, cultural beliefs regarding nutrition value and taste of food cooked using these 

polluting fuels. Many rural households collect solid fuels such as fuelwood, crop residue, and 

dung cakes from their own agricultural land and livestock or buy it from facilities available 

within the neighborhood. (Leach and Mearns, 2013; Van der Kroon, Brouwer, and Van 

Beukering, 2013; Barnes, 2014; Choumert-Nkolo, Motel and Roux, 2019; Kuo and Azam, 

2019). Therefore, the transition from polluting fuels to cleaner fuels is very slow in a rural 

context (Alem, Beyene, Köhlin and Mekonnen, 2016; Rahut, Akthar, Mottaleb and Aryal, 

2019). Hence, it is relevant to limit the scope of this study to rural households. 

The flow of this chapter is as follows: in the next section, I look at the literature that studies the 

impact of household air pollution on human capital formation. Then details of the empirical 
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methodology are presented in section 3 and descriptive details of the data are given in section 

4, and analysis is presented in section 5, which identifies results on child and mother outcomes 

and finally, conclusions of the study are presented in section 6.   

 

3.2. Literature Survey  
 

There is a dearth of literature focusing on the relationship between indoor air quality and 

educational outcomes as part of child human capital formation. Stafford (2015) looks at the 

effect of the indoor air quality in schools on educational performance and attendance by using 

a quasi-natural experiment where renovations to improve indoor air quality were carried out at 

all the schools in a school district of Texas at different points in time. They find a significant 

impact on test scores; however, attendance is unresponsive to indoor air quality improvement. 

Roth (2016) studies the effect of exposure to particulate matter present in indoor air on test 

scores of students taking university exams in the UK. Using within-student variation, he finds 

that an increase in exposure to particulate matter reduces test scores significantly. In the 

epidemiology literature, a systematic review of various studies on postnatal exposure to 

particulate matter from secondhand smoking by Chen et al. (2013) finds a strong association 

between such exposure and poor academic performance among children. However, there are 

no studies in the context of developing countries looking at the impact of household air 

pollution due to the burning of polluting fuels on academic outcomes. Several studies have 

linked ambient air quality (outdoor air pollution) to various educational outcomes. Currie, 

Hanushek, Kahn, Neidell and Rivkin (2009) identify the causal impact of air pollution on 

elementary and middle school absences using a difference-in-difference-in-differences (DDD) 

approach holding the characteristics of the school, years, attendance periods and interaction of 

these variables constant and focusing on variation in pollution by school-year-attendance 

period cells. They find a significant impact on school absence due to an increase in carbon 

monoxide levels. More recently, a study by Liu and Salvo (2017) on ambient air quality on 

school absences examines how student absences respond to particulate pollution in a major 

urban region of northern China that is routinely exposed to severe levels of PM2.5 (particulate 

matter of diameter up to 2.5 micrometers). They use an instrumental variable strategy to 

identify the impact. They use temperature-altitude gradients, which fluctuate from day to day 

as an instrument and argue that it influences absence in school only by shifting PM2.5 levels. 

They find that short-run fluctuations in levels of PM2.5 in the air increases absence in school. 
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When it comes to academic performance, Sanders (2012) uses county-level variation in the 

timing and severity of the industrial recession of the early 1980s as a shock to ambient air 

quality and instrument for pollution levels using county-level changes in relative 

manufacturing employment. They find a significant negative impact of ambient air pollution 

on high school test scores. Similarly, Ebenstein, Lavy and Roth (2016) study the impact of air 

pollution using city, school and student fixed effects and find results similar to the previous 

study by Sanders. However, it is not clear if it is possible to directly connect these results to 

indoor air pollution due to differences in outdoor and indoor pollution as household air 

pollution is not simply a by-product of outdoor air pollution but is a result of accumulated 

emissions from indoor sources (Stafford, 2015). In the case of household air pollution such 

accumulation of emissions occurs mainly due to incomplete combustion of polluting fuels.  

The effect of household air quality on education and other long-term outcomes such as 

productivity or earnings may be argued to occur through the health channel. The adverse effects 

of household air pollution on health are well established. It is one of the leading causes of death 

globally, equal to deaths attributable to malaria and tuberculosis combined (Martin, Glass, 

Balbus and Collins, 2011). As per the WHO report 2000 and 2018, acute respiratory illness 

(ARI) is a major cause of child mortality in developing countries, and one-third of ARI cases 

may be attributable to household air pollution caused by burning polluting fuels. This claim is 

also supported by a recent finding in a study conducted by Basu, Byambasuren, Chau and 

Khanna (2020) where they find a strong effect of using polluting fuels on the increased risk of 

child mortality through neonatal mortality of children below the age of five. Epidemiological 

studies have found that prenatal exposure to indoor and outdoor air pollution may lead to 

abnormalities in higher brain functions associated with inadequate positioning of the neurons 

during development, leading to subsequent impairment in synaptogenesis, as observed in 

neurological diseases such as attention deficit and hyperactivity disorder (ADHD) and autism 

(Suades-Gonzalez, Gascon, Guxens and Sunyer, 2015). Similar results regarding ADHD were 

found by Morales et al (2009) on pre-school children, as they studied the association between 

postnatal exposure to certain toxic substances present in the indoor air such as nitrogen dioxide. 

The use of polluting fuels is considered a major risk factor for lung cancer as well as 

cardiovascular and respiratory diseases among children (Yu, 2011; Gajate-Garrido, 2013). 

Apart from children, women in households are primarily vulnerable to health adversities due 

to exposure to household air pollution as they spend the maximum time in front of the 

cookstoves inhaling smoke from burning polluting fuels. Pitt, Rosenzweig and Hassan (2006) 
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find a strong association between time spent in cooking and incidence of respiratory illnesses 

among women using gender-specific hierarchies as instruments for exposure to household air 

pollution. Similarly, Silwal and Mckay (2015) in their study based on Indonesian data find that 

using polluting fuels affects lung capacity of adults. Program evaluations and randomized 

control trials have mainly focused on finding positive evidence of the use of clean fuels on 

health. Smith-Sivertsen et al (2009) in their randomized trial study in Guatemala found a 

positive effect of using improved cookstoves on health outcomes. Hanna, Duflo and 

Greenstone (2016) in their randomized trial in India conducted in the state of Orissa, fail to 

find any positive evidence of using improved cooking stoves on health outcomes in terms of 

cough incidences or respiratory illnesses among children or adult women due to continued use 

of polluting fuels and non-maintenance of improved cookstoves. Imelda (2018) evaluated a 

program in Indonesia to promote a transition towards the use of LPG from using polluting fuels 

and found that the program resulted in a reduction in infant mortality rate through the use of 

LPG.   

The study contributes to the present literature in the following ways: (a) Very few studies have 

analysed the impact of indoor air pollution on educational outcomes (and none in a developing 

country context) in terms of exposure to household air pollution by burning polluting fuels.  

Studies looking at the impact of pollution on educational outcomes either look at outdoor air 

pollution or indoor air quality in schools in developed countries such as the US or UK. The 

studies looking at developing country contexts mainly look at the impact of household air 

pollution on women or children’s health outcomes.  This study exploits within household 

variation in exposure to household air pollution by burning polluting fuels instead of LPG 

exclusively and tries to establish a causal link between exposure to HAP and educational 

outcomes along with health outcomes of children and their mothers as important channels 

affecting child human capital in the long run. It does so in a rural Indian context. Use of panel 

data allows me to control for time-invariant unobservable factors that may be correlated with 

both human capital outcomes and exposure to HAP. (b) The definition of household air 

pollution in this study is an improvement over those used in the literature where direct measures 

of indoor air pollution are not available. These studies use the proxy measure to define 

household air pollution based on multiple variables such as choice of fuel, type of cooking 

stoves and place of cooking  (Jeuland, Pattanayak and Bluffstone, 2015; Kuo and Azam, 2019; 

Rahut, Akthar, Mottaleb, & Aryal, 2019; Basu, Byambasuren, Chau and Khanna, 2020) . 

However, the mere choice of fuel may not present a complete picture, as the intensity of 
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exposure to household air pollution is important for estimating the impact. Moreover, many 

rural households resort to ‘fuel stacking’, which is defined as using multiple fuels (solid, 

kerosene and LPG) instead of just using one type of fuel (Heltberg, 2004; Ruiz-Mercado and 

Masera, 2015; Kuo and Azam, 2019).  Therefore, exposure to household air pollution is 

estimated first in terms of the duration of burning any type of polluting fuel versus burning 

clean fuel exclusively. Next, I separate the impact of the duration of burning any polluting fuel 

into the duration of burning a mix of polluting fuels and LPG (clean fuel) and the duration of 

burning polluting fuels exclusively. Hence, the present study estimates the intensive margin of 

polluting fuels on human capital outcomes and differentiates between the impact of transition 

from clean to dirty fuels. (c) Last but not least, none of the above studies looking at indoor air 

quality include kerosene in polluting fuels. However, there is evidence that polluting 

components emitted by kerosene, are in fact even more harmful than particles emitted by other 

solid fuels (Lam et al., 2012; Epstein et al 2013; World Health Organization, 2017). Hence, 

including kerosene as a polluting fuel is more appropriate for capturing total household air 

pollution and may help in correcting downward bias in estimates presented by studies only 

looking at solid fuels as polluting fuels.  

 

3.3. Empirical Methodology 
 

One of the main purposes of this study is to establish a causal relationship between exposure 

to household air pollution in rural India on children’s human capital using two-period panel 

data. The theoretical motivation behind the choice of fuel is based on a household utility 

maximization approach, where household utility is determined by a composite commodity and 

energy technology choices (the type of fuel and stove used) conditional on household 

characteristics. I assume households make energy technology choices based on technology 

attributes such as cost, accessibility, and convenience. How households value these attributes 

varies with household characteristics (Jeuland, Pattanayak, & Bluffstone, 2015).  The empirical 

model can be defined as 

𝐻𝐶𝑗𝑡 = 𝛼𝑗 + 𝛽𝐻𝐴𝑃𝑗𝑡 + θ′𝑋𝑗𝑡 + 𝛿𝑡 + 휀𝑗𝑡  

                                         where 𝑡 = 1. . 𝑇 
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and where T=2 as we consider two time periods, namely both waves of IHDS survey in the 

years 2004-05 and 2011-124. 𝐻𝐶𝑗𝑡  is defined as average human capital outcomes at household 

levels for children/mothers in household j in year t. Attendance in school is an important input 

to the human capital formation (Grossman & Kaestner, 1997; Gottfried, 2014). The poor 

quality of schooling in rural India, along with low parental education, may result in children 

taking private tuition to aid learning. Hence, time spent in taking private tuition or doing 

homework may help children improve their learning outcomes. Educational attainment for age 

is a proxy for academic progress.5 Hence, in the case of education, the study looks at the change 

in average child schooling outcomes. These are the average number of days of absence in 

school for children during a month, or the average number of hours they spend taking private 

tutoring lessons and studying apart from schooling during a week, or the average educational 

attainment for age for children who were in school during 2004-05 as well as 2011-12. In the 

case of health outcomes, since exposure to pollution mainly affects respiratory health, the study 

looks at the change in average health outcomes. These are the average probability of cough 

incidence, the average duration of short term morbidity during the past month measured for 

children (both children in school during both the years of survey and also for the younger ones 

that were in the age group of 0-5 years during the first wave in 2004-05) and for mothers. 

Height-for-age z score is considered in order to assess a long-term effect, and in the case of 

mothers, instead of height-for-age z score, the body mass index is measured.  

𝐻𝐴𝑃𝑗𝑡  is the level of exposure of household j to household air pollution in year t. Due to the 

absence of exact measures of household pollution or exposure, the variable of interest is defined 

as the number of hours of polluting fuel/fuels (firewood, dung cakes, crop residue kerosene, 

coal) is burnt every day on a cooking stove. This variable is formed by interacting two 

variables, namely  a binary variable indicating whether households use polluting fuels at all or 

not (for cooking, heating, or combination ) and the number of hours any polluting fuel with or 

without clean fuels is burnt every day relative to burning LPG exclusively. As the number of 

 
4 The IHDS survey has been conducted in two waves consisting of information for the period of one year between 

2004-05 and another year between 2011-12. Here we use the panel information from both waves. Each wave is 

treated as one time period/year, and hence the fixed effects are based on these two time periods/years only 

(interchangeably refered to as year or time fixed effects).  
5 The educational outcomes are estimated for those children that are enrolled in school during the period of study. 

Even though measures of reading, writing and the mathematical ability for some children in the age group of 8-

11 are available for the year 2004-05, in the year 2011-12 these measures are not available for the children in our 

sample as they are older. Also, at the household level, only 1,580 households have children from the age group of 

8-11 years being tested in both time periods. Hence I use educational attainment for age as a proxy for educational 

progress.  



159 

 

hours increases, the intensity of exposure increases since this is a continuous variable.  Further, 

in order to differentiate between the impact of the transition from clean fuel exclusively to 

using a mix of clean and polluting fuel or only polluting fuels; I split the above variable (use 

of any polluting fuel) into the number of hours a mix of polluting and clean fuels are burnt and 

the number of hours only polluting fuels are burnt. Hence, the comparison group in all cases is 

all households using clean fuel, namely LPG exclusively.  However, the survey does not 

specify the quantity used of each type of fuel by the household. Hence in the case of mixed 

fuel users, various combinations of polluting fuels along with LPG may be burnt in different 

proportions and in the case of only polluting fuel users, multiple polluting fuels may be burnt 

in different quantities.  

𝑋𝑗𝑡 is a vector of other time-varying observed explanatory variables at the household level. 

These include variables such as average expenditure on education in terms of school fees paid, 

expenditures on school uniforms, books and other expenses, and private tuition fees paid for 

school-going children. These variables are included in the model to control for the direct 

monetary cost of schooling and compensatory parental investment in terms of purchase of 

outside help to aid children’s learning outcomes. The average age of kids is included in 

education and child health outcomes in order to control for the effect of change in ages on these 

outcomes. In the case of the mothers’ health outcomes, the average age of mothers is controlled 

for6. Family size is included to control for the change in the number of individuals in the 

household due to new birth or incidence of death over the time period covered in the study. 

Number of assets owned by the households is included to control for change in the wealth 

status of the households. The month of the interview is used to exclude some unwanted 

correlation between exposure to HAP and human capital outcomes during the year. 𝛼𝑗 is a 

household specific intercept to account for a household fixed effect and 𝛿𝑡 is the time fixed 

effect and  휀𝑗𝑡 is the error term.  

If exposure to household air pollution was randomly assigned and not affected by confounders 

contained in ε, the exposure to household air pollution could be treated as exogenous. However, 

as households are likely to make decisions that affect both human capital and type of fuel burnt 

simultaneously, endogeneity concerns arise.  One of the reasons being self-selection, wherein 

 
6 The analysis is done at a household level, and in the rural Indian context, many households in the data consist of 

multiple families living together jointly (generally, head of the household, his wife, their married sons and their 

respective wives and children). Hence there is a possibility of multiple mothers in a household and hence the age 

of mothers is averaged over the number of mothers in the household.   
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households may self-select themselves into regions where there is higher availability of clean 

fuel choices such as LPG or biomass etc. which may result in lower levels of household air 

pollution. Such households are also likely to be wealthier and better informed or just have a 

greater concern about their children’s education and the health of all household members. This 

will yield inconsistent results in the form of mostly overestimated effects. Hence, it is important 

to control for as many confounding factors as possible as it may lead to potential omitted 

variable bias (Smith, 2000). The panel nature of the data allows me to use household and time 

fixed effects which, may help deal with omitted variable bias to a great extent by eliminating 

unobserved heterogeneity at the household level that does not vary with time. In addition, the 

data shows that 98% of households reside in their village for longer than 15 years, and almost 

90% state that their place of origin is the same village where they currently reside, hence they 

are unlikely to migrate with the change in factors affecting the level of exposure to household 

air pollution. Therefore, in order to establish causality and correcting for time-invariant 

household heterogeneity bias, I use household and time fixed effects. Other explanatory 

variables mentioned above help to control for the correlation of outcomes with time-varying 

factors. I use the average educational and health outcomes of children and mothers at the 

household level as outcomes for the main analysis, as the choice of fuel burnt and the intensive 

margin of exposure to household air pollution are household-level decisions. Hence aggregate 

exposure is reported in the data, and individual level of exposure to HAP within the household 

is not known. Hence it is more appropriate to consider average outcomes.  In order to deal with 

endogeneity concerns related to HAP it is important to eliminate time-unvarying heterogeneity 

at the household level, and therefore, once again, instead of using individual outcomes, 

aggregate average outcomes are analysed. However, since this misses out in explaining 

individual-level differences, I also estimate individual time and fixed effects as a robustness 

check, and the results are similar.  

A further source of endogeneity can arise if children who often skip school due to weaker 

health, for instance, may be exposed to a greater level of household pollution. In addition to 

this, if children performing poorly in school are forced by the parents to do more housework 

including cooking activities, they may be exposed to a greater level of pollution. Such children 

may also be sent out to collect fuel more often, thereby further affecting their performance in 

school leading to selection bias. In terms of women’s health, Pitt, Rosenzweig and Hassan 

(2006) find that households allocate the task of cooking based on prior health endowments. 

Weakest female members are more likely to be assigned the task of cooking for the household 
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to protect the health of other household members. Hence this may result in simultaneity bias. 

However, two-way fixed effects may help eliminate such bias to some extent, assuming 

confounding factors such as individual ability or initial health attributes, parental/household 

preferences, cultural norms followed by the households that lead to such bias change very 

slowly over time and may even be assumed to remain unchanged over the time period 

considered in the study. However, potential selection bias that may be caused by confounding 

factors that vary with time will persist.7 

 

 

 

 

 
7 In order to test the reliability of fixed effects estimation and deal with such time-varying confounders, I also try 

a difference-in-difference-in-differences (DDD) approach using the National Biomass cookstoves initiative 

piloted in the year 2009-10 in eight states, namely Jammu and Kashmir, Uttar Pradesh, Bihar, Madhya Pradesh, 

Jharkhand, Chhattisgarh, Karnataka and Odisha, where improved biomass cookstoves were distributed to the 

households in these states. 12000 such cookstoves were distributed to the households in these pilot states.   

Information on specific districts or villages within the states where the program was launched is not available. I 

re-estimate the impact on average absence of children within a household using the simple DDD model 

(programmed states versus non-programmed states) and DDD model using contiguous states (programmed states 

and non-programmed states located nearby). For the contiguous states model, I chose the states of Himachal 

Pradesh, Uttarakhand, West Bengal, Rajasthan, and Andhra Pradesh as nearby non-programmed states, and for 

simple DDD model, all the states except 8 pilot states are considered as non programmed states. As states are a 

higher level of the locational unit much above village and districts, there is very little variation left once standard 

errors are clustered at the state level to control for within state correlation. The advantage of the DDD approach 

is that it takes care of two kinds of potential confounding trends, first, the change in the average absence in school, 

for instance for those who burn polluting fuels across the states (that is not related to the program) and second, 

the changes in the average absence of children in the households in the treatment state where the program is 

launched (that may be due to the state specific changes in the socioeconomic environment). The results look 

similar to the fixed effects estimates. The sign is similar, and the size of the effect is also very similar. The effect 

is statistically insignificant owing to the clustering of standard errors at the state level. However similarity in 

direction and magnitude of the estimate compared to the fixed effects model leads us to believe that the fixed 

effects models have yielded reliable results. Hence we report and analyse only fixed effects results in the chapter. 

Also since the data is available only for two time periods, it is not possible to check for the parallel trend 

assumption in the simple DDD model.  In the contiguous model however,  it is safe to assume that parallel trends 

may persist in the pre-program period in neighboring states as they are more socioeconomically, culturally and 

politically alike than ones geographically far apart. However, once again, this cannot be tested. The empirical 

equation for the above two models can be specified as 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑏𝑠𝑒𝑛𝑐𝑒 𝑖𝑛 𝑠𝑐ℎ𝑜𝑜𝑙 = 𝛽0 +
𝛽1𝑑 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑠𝑡𝑎𝑡𝑒𝑠 + 𝛽2𝑑𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑏𝑢𝑟𝑛𝑖𝑛𝑔 𝑎𝑛𝑦 𝑝𝑜𝑙𝑙𝑢𝑡𝑖𝑛𝑔 𝑓𝑢𝑒𝑙𝑠 +
𝛽3𝑑 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑏𝑢𝑟𝑛𝑖𝑛𝑔 𝑝𝑜𝑙𝑙𝑢𝑡𝑖𝑛𝑔 𝑓𝑢𝑒𝑙𝑠 ∗ 𝑑𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑠𝑡𝑎𝑡𝑒𝑠 + 𝜕0 𝑑𝑃𝑜𝑠𝑡 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑦𝑒𝑎𝑟 +
 𝜕1 𝑑𝑃𝑜𝑠𝑡 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑦𝑒𝑎𝑟 ∗ 𝑑𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑠𝑡𝑎𝑡𝑒𝑠 +  𝜕2𝑑𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑏𝑢𝑟𝑛𝑖𝑛𝑔 𝑝𝑜𝑙𝑙𝑢𝑡𝑖𝑛𝑔 𝑓𝑢𝑒𝑙𝑠 ∗
𝑑 𝑃𝑜𝑠𝑡 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑦𝑒𝑎𝑟 + 𝜕3𝑑𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑏𝑢𝑟𝑛𝑖𝑛𝑔 𝑝𝑜𝑙𝑙𝑢𝑡𝑖𝑛𝑔 𝑓𝑢𝑒𝑙𝑠 ∗ 𝑑 𝑃𝑜𝑠𝑡 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑦𝑒𝑎𝑟 ∗
𝑑𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑠𝑡𝑎𝑡𝑒𝑠 , where Treatment states refer to states in which pilot policy was implemented. (Refer to 

appendix 5 for these results).  
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3.4. Data Description 
 

I use the Indian Human Development Survey (IHDS) panel data collected in two waves, 2004-

05 and 2011-12. The surveys cover all states and union territories of India except for Andaman 

& Nicobar and Lakshadweep islands. The surveys are nationally representative. I consider 

children enrolled in school during both waves for educational and health outcomes of those in 

school. I consider children who were in the age group of 0-5 to estimate health outcomes of 

younger children, and I consider mothers of all these children to estimate health outcomes of 

mothers. The average family size in the data is approximately 6 people per household. As the 

subject of interest is children under fifteen, on average, households have two kids in this age 

group. The average individual from a rural household comes from a backward caste, as 70% 

of the households are Dalit, Adivasi or Hindu backward caste people.8 It is important to know 

this, as these are the disadvantaged groups in Indian society when it comes to income or 

educational opportunities. Thus, the caste to which an individual belongs to may influence the 

choices he or she makes in terms of education and employment.  

According to the data, approximately 97% of the households use some polluting fuels such as 

firewood, dung cakes, crop residue, coal, or kerosene either mixed with LPG or as exclusively 

polluting fuels. Between households over the two years, 99% have used polluting fuel at some 

point in time and, 5% have used LPG exclusively at some point in time. Very few households 

have switched between using polluting fuel and LPG exclusively. The transition of households 

overtime periods indicates that between 2004-05 to 2011-12, the usage of LPG exclusively as 

a primary fuel has worsened. Rural households have moved towards using some polluting fuel 

over time (refer to appendix 2). Further scrutiny reveals the transition among different types of 

fuels over the two time periods.  

 

 

 
8 The caste system is a social division in India that stratifies various social groups for centuries. Dalits are the 

lowest caste group and have been treated as ‘untouchables’ for a number of centuries. Adivasi is the indigenous 

term for the tribal populations who are socially marginalized. Scheduled Castes (SC) are the former 

“untouchables.” Historically they are subjected to discrimination and deprivation; they still belong to the poorest 

groups in India. The Other Backward Castes (OBC) were not considered untouchable, but their social and 

economic position was close to that of the “untouchables”. There has been considerable debate, even during the 

British period, whether preferential treatment should be extended to the OBCs, as they have not suffered the 

stigma of “untouchability”. In addition to the caste system, India has been home to several tribes that have been 

designated Scheduled Tribes (ST). Forward caste is at the top of the hierarchy, including Brahmins. 
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Figure 3.4.1: Transition matrix of households for the use of fuels from 2004-05 to 2011-

12 (%)  

  IHDS-2(2011-12) 

IHDS-1(2004-05) 

Burning 

LPG 

exclusively 

Burning a mix 

of polluting 

fuel and LPG  

Burning 

polluting 

fuels 

exclusively 

Total (in 

2004-05) 

Burning LPG exclusively 27.74 52.77 19.49 3.02 

       

Burning mix of polluting 

fuel and LPG  7.15 60.4 32.45 21.13 

Burning polluting fuels 

exclusively 0.92 11.09 87.99 75.84 

Total (in 2011-12) 3.04 22.77 74.19 100 
Source: IHDS data wave I and II.  

The above matrix shows that 3% of households were using LPG exclusively in 2004-05; almost 

53% of them transitioned into using a mix of polluting fuel along with LPG and approximately 

19% of them switched to using polluting fuels only in 2011-12. Those using polluting fuels 

seem to hardly move away from them. In fact, in the case of mixed users (total 21 % in 2004-

05), around 32% of these households switched to burning only polluting fuels and only 7% 

moved up the energy ladder and started using LPG exclusively. Households burning only 

polluting fuels in 2004-05 have hardly switched. Only 11% of them have started using some 

LPG but have not moved away from using polluting fuels completely. The above scenario 

clearly indicates that inference on the impact on the intensive margin of burning polluting fuels 

on human capital outcomes using household and time fixed effects will mainly be based on 

those households that have switched from one type of fuel to the other over the time period of 

the study. The transition from burning polluting fuels exclusively to burning LPG exclusively 

is almost nonexistent due to additional investments required for using clean fuels in terms of 

LPG burning cookstoves purchase and maintenance of improved cookstoves, and hence they 

are not easily substitutable. In comparison, other dirty fuels can be easily substituted for each 

other without incurring substantial monetary cost (Kuo and Azam, 2019; Hanna, Duflo and 

Greenstone, 2016). Thus, the use of polluting fuels exclusively is more permanent.  

Out of the households using polluting fuels, approximately 91% use firewood, 54% use dung 

cakes, 27% of these households use crop residue, 28% of these households use kerosene, and 

only 2.5% use coal for cooking, heating, or combination of uses. Thus, firewood is the most 

preferred cooking fuel in rural area. In the case of educational outcomes data shows that 
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average absence among children is approximately 3.65 days during a month, and on average, 

children generally spend approximately 10 hours a week attending private tuitions or studying 

apart from school hours. Rural children on average, have lower educational attainment 

indicating slow academic progress. In terms of health outcomes, in the case of older school 

children overall, 13% report having a cough episode in the past month, the average short-term 

morbidity duration is around a day, and children on average are stunted. Among the younger 

children, there is a 20% report having a cough episode in the past month on average. The 

number of short-term morbidity days too are slightly more (1.5 days) in the past month, and 

once again, the children on average are stunted. In the case of mothers, overall, on average 9% 

mothers report having an incidence of cough in the past month. On average short-term 

morbidity days for mothers are approximately 1.23 days in the past 30 days and on average, 

mothers have slightly lower than normal BMI (refer to appendix 2).  On average, children’s 

absence increased in 2011-12 to 2004-05. However, as the children grew older, more 

households have children spending a greater number of hours in private tuition or studying 

apart from school. This may not be surprising since most of the rural children go to public 

schools in India that have a lower quality of teaching, and hence, they may spend more time 

taking private tutoring lessons. Also, as rural households are getting better off, they are 

becoming more able to afford to send their children to private tuition. A larger number of 

households having children with much better educational attainment in 2011-12  may either be 

due to the ‘no-detention policy’ under the ‘Right to Education Act’ that was rolled out by the 

central government in the year 2010, according to which no child until the 8th grade was 

allowed to be failed and detained in a grade. Hence lower educational attainment due to grade 

repetition came down drastically since the academic year 2010-11. Also, as these children are 

enrolled in school during both the years of this survey, automatically progressing to higher 

grades in 2011-12 compared to 2004-05 means a drastic reduction in the frequency distribution 

between 0-50 scores on educational attainment. In the health outcomes of the above children 

who are older, there is hardly any visible change over a period (refer to appendix 2 for these 

results).  

The health outcomes of younger children who were below the age of five years during the first 

survey in 2004-05 are quite poor. This may be consistent with the national scenario on the 

general status of child health in rural India, where according to the National Family Health 

Survey in 2005, almost half of the rural children under the age of five were stunted. Their health 

status slightly improved with age as, is evident from frequency distribution of short-term 
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morbidity days, height-for-age z score, and incidences of cough reported in 2011-12 (refer to 

appendix 2).  

There is hardly any change in mothers’ average health outcomes in terms of the distribution of 

average short-term morbidity days or incidence of cough but, there is a slight positive change 

in body mass index as they grow older. Even though many of the mothers in the household on 

average are malnourished with body mass index lower than the normal cut off (18.5), more 

households have healthy women in 2011-12 compared to 2004-05 (refer to appendix 2). 

As mentioned above, the study looks at the intensive margin of polluting fuel in terms of the 

number of hours a day, such fuels are burnt as the definition of exposure to household air 

pollution. Households burn polluting fuel burns for three hours a day on average.  

There is hardly any variation in the duration of burning polluting fuels over time. Also, the 

persistent use of polluting fuels over time is reflected in the duration of burning mixed fuels, 

especially where polluting fuels are burnt along with LPG. Since LPG is more efficient and 

requires less time to cook a meal, no change in the duration of burning mixed fuels indicates 

hardly any change in the pattern of usage of polluting fuel with LPG over time (refer to 

appendix 2) 

Now looking at the association between duration of polluting fuels being burnt and human 

capital outcomes, the following picture emerges.  
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Figure 3.4.2: Duration of burning different types of fuels and average educational and 

health outcomes of older children going to school 

Figure 3.4.2a Duration of burning mix of polluting and clean fuels and average 

educational outcomes  

Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Figure 3.4.2b Duration of burning a mix of polluting and clean fuels and average health 

outcomes  

Source: IHDS data wave I (2004-05) and II (2011-12)  
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Figure 3.4.2c Duration of burning only polluting fuel and average educational outcomes 

Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Figure 3.4.2d Duration of burning only polluting fuel and average health outcomes 

Source: IHDS data wave I (2004-05) and II (2011-12).  

Households burning a mix of polluting and clean fuels seem to have better educational and 

health outcomes on average compared to those that burn only polluting fuels. As the duration 

of burning increases, households with mixed fuel use seem to have a lower average absence in 

both the years. However, educational attainment also seems to decrease more in these 

households during 2004-05 compared to 2011-12. These households show an increase in the 

average short-term morbidity days reported, with a greater intensive margin of mixed fuels 

especially in 2004-05. In the case of households burning only polluting fuels, average 
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educational outcomes do not show considerable movement unless fuels are burnt for a very 

long duration during both the years, but these outcomes are poor, to begin with. The number 

of short-term morbidity days increases with the intensity of burning in both the years.  

The following graphs present average human capital outcomes in households using only LPG. 

Since the burning of LPG does not produce any pollution, the duration of burning is not 

indicative of any margin of intensity. For these households, the intensity of exposure to 

pollution is zero. Hence, I present the outcomes for only a few hours of burning LPG as it has 

much greater efficiency compared to polluting fuels, and as stated above it does not indicate 

the intensity of any exposure. These figures are only presented for the sake of providing 

information regarding the level of outcomes in households using LPG exclusively.  

Figure 3.4.2e Duration of burning clean fuel exclusively and average educational 

outcomes 

Source: IHDS data wave I (2004-05) and II (2011-12).  
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Figure 3.4.2f Duration of burning clean fuel exclusively and average health outcomes 

Source: IHDS data wave I (2004-05) and II (2011-12).  

These households have better educational attainment, however, are not necessarily a lot better 

in terms of average absence compared to mixed fuel users. There is hardly any variation in 

educational outcomes over time for clean fuel users. In terms of health, though households 

using only LPG report better health outcomes than polluting fuel users. On average, the 

children in these households do not fall sick as much as their polluting fuel using counterparts. 

Comparing the duration of short-term morbidity of children from the clean fuel user households 

over time, the duration of morbidity is comparatively greater for children in 2011-12 than in 

2004-05.  
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Figure 3.4.3: Duration of burning different types of fuels and average health outcomes of 

younger children  

Figure 3.4.3a Duration of burning a mix of polluting and clean fuel and average health 

outcomes of younger children 

Source: IHDS data wave I and II.  

Figure 3.4.3b Duration of burning polluting fuels exclusively and average health 

outcomes of younger children 

Source: IHDS data wave I and II.  
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Figure 3.4.3c Duration of burning clean fuel exclusively and average health outcomes of 

younger children 

Source: IHDS data wave I and II.  

When it comes to health outcomes of younger children, households using only polluting fuels 

once again fare worse compared to mixed fuel and clean fuel users in the duration of short-

term morbidity. Looking at the health outcomes from 2011-12, it is clear that children from 

households using clean fuels exclusively are healthier compared to polluting fuel users. 

Younger children from the mixed fuel-burning households show greater susceptibility to cough 

on average in both the years as the intensity of burning increases. In 2004-05 these children 

were in the age group of 0-5 and have poor health outcomes on average irrespective of the fuel 

choice indicating poor postnatal health of children in rural areas.  
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Figure 3.4.4: Duration of burning different types of fuels and average health outcomes of 

mothers 

Figure 3.4.4a Duration of burning a mix of polluting and clean fuel and average health 

outcomes of mothers 

 
Source: IHDS data wave I and II.  

 

Figure 3.4.4b Duration of burning polluting fuels exclusively and average health 

outcomes of mothers 

Source: IHDS data wave I and II.  
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Figure 3.4.4c Duration of burning clean fuel exclusively and average health outcomes of 

mothers 

Source: IHDS data wave I and II.  

The average health outcomes of mothers in households are not different from the human capital 

outcomes of the children. Once again, households burning only polluting fuels and mixed fuels 

have mothers with worse health outcomes on average than clean fuel users and they worsen 

even more with an increase in the duration of burning the fuels in both the years  

Even though the descriptive evidence may indicate a negative impact of exposure to household 

air pollution on human capital outcomes, causal evidence can only be established through 

detailed analysis considering the endogenous nature of household air pollution.  
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limited to a great extent. Also, as argued above, assuming that confounders that lead to 

simultaneity bias such as individual ability or initial health attributes, parental/household 

preferences, cultural norms followed by the households are very slow to change, the fixed 

effects may eliminate their impact. However, confounders that vary with time may still bias 

the estimates. In order to further check the reliability of the results further, I re-estimate the 

effect of the duration of burning any polluting fuels on the average absence of children in the 

households using a difference-in-difference-in differences (DDD) approach. I use the National 

Biomass cookstoves initiative launched by the Government of India to promote the use of 

improved cookstoves in 2009 (refer to footnote 5). The direction and magnitude of the estimate 

on the average absence is similar to that of the fixed-effect model. Even though there is absence 

of statistical significance it may be because standard errors are clustered at the state level to 

eliminate within state correlation and therefore, may control for most of the variation in 

outcome. Still, it can be concluded that the fixed effect estimates are plausible (refer to 

appendix 5). However, since the parallel trends assumption relative to outcomes in the 

treatment and control group in the pre-treatment period cannot be tested as information is 

available for only two time periods hence, the possibility of bias cannot be fully eliminated.  

In terms of outcomes of interest, educational outcomes of children are the main outcomes of 

interest, and health outcomes are studied as well as they may be important channels through 

which educational outcomes may be affected and may impact human capital formation in the 

long run. All the outcomes reported are averaged at the household level.  

First, I look at the impact of burning any polluting fuel with or without being accompanied by 

LPG without differentiating between the mixed fuel users and only polluting fuel users on 

average educational outcomes of children. Results from a simple pooled OLS model9 suggest 

that an increase in the duration of burning any polluting fuel in the household has no significant 

impact on the average number of days of school absence of children in the household and 

educational attainment for age. However, it has a strong positive impact on the average time 

spent in private tuition/study apart from school. It is important to note that pooled OLS suffers 

from serious omitted variable bias arising out of reasons stated above and ignores the panel 

nature of the data. Hence the between household estimation may not be able to capture the 

effect arising due to particular households switching from either polluting fuel to clean fuel or 

 
9 Refer to pooled OLS results from appendix 3.  
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vice versa as it assumes that the households are independent. For this reason, the results may 

be biased and inconsistent.   

After eliminating time-invariant observed and unobserved factors correlated with child 

educational outcomes, an increase in exposure to household air pollution due to an increase in 

the duration of burning any polluting fuel every day results in a decrease in the average absence 

in school for children in the households compared to those households burning only clean fuel. 

The effect is weak and is only significant at the 10% level.  However, there is no significant 

impact on the average time spent in private tuition or studying apart from school, or on 

educational attainment for age. The result on the absence, even though weak, is intriguing. 

Since the variable of interest does not differentiate between households burning a mix of 

polluting and clean fuels and those burning only polluting fuels, it is difficult to know which 

types of polluting fuel users drive this result.  

Further breaking down the definition of polluting fuel usage in the above two groups, shows 

that the effect is driven by mixed fuel users. With every additional hour, a mix of polluting and 

clean fuels are burnt, the average absence for children in the households decreases compared 

to those using only clean fuels. The result is robust to estimation using individual fixed effects. 

Even though such a result may seem contradictory to the results from previous literature where 

studies have concluded that air pollution has a negative impact on school attendance (Liu and 

Salvo 2017; Currie, Hanushek, Kahn, Neidell and Rivkin, 2009) it in fact, conforms to the 

underlying argument used as an explanation of such a result in these studies. It is important to 

note that the most important distinction between earlier literature and the present study is in 

terms of the variable of interest. Earlier studies identify the impact of ‘outdoor’ air pollution 

and explain its negative effect on school attendance through avoidance behavior of parents. 

They argue that parents respond to the ill effects of outdoor pollution by keeping children away 

from exposure to such pollution, thereby keeping them indoors and, in turn, contributing to 

higher school absences. The present study looks at ‘indoor/household’ air pollution; 

nonetheless the same avoidance behavior argument can be used here to explain the seemingly 

contradictory result. From the data description in section 3.4, it is evident that many rural 

households over time have moved from using clean fuel exclusively to using a mix of polluting 

and clean fuels. Hence, even though these households may have shifted to using polluting fuels, 

they may still be aware of the ill effects of pollution on children’s health, and hence may keep 

their children away from such pollution and send them to school more often when these fuels 

are burnt for a long duration. Also, the households that switched from using only polluting 
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fuels to using some LPG, may also exhibit such avoidance behavior as they move from 

exclusively burning dirty fuels to burning some amount of clean fuels. Thus, the result is 

believable. The level of significance may be strengthened because a small proportion of 

households move from using dirty fuels to clean fuels. This behaviour is consistent with 

findings in the literature as such a switch is rare among rural households. To corroborate 

evidence for such avoidance behaviour, one could look at the average health beliefs of the 

mothers in the households as one of the proxies for parental awareness regarding children’s 

health10. However, this could be one of the explanations for the reduction in absence from 

school when mixed fuels are burnt for a longer duration. Another possibility could also be that 

the children themselves may want to remain away from home to avoid smoke. One of the viable 

alternatives could be to attend school. ‘Mid-day meals’ provided by the schools could act as an 

incentive for these children to attend school.11 Hence controlling for the health beliefs and 

whether the children in the households receive mid-day meals does help explain the effect on 

absence to some extent (refer to appendix 4).  

However, when it comes to increased exposure to HAP by burning only polluting fuels for a 

longer duration, there is no significant impact on educational outcomes. The result is robust to 

using individual fixed effects. Once again, this result can be explained by looking at the within 

household variation in only polluting fuel usage. As stated above in section 3.4, the use of 

polluting fuels exclusively is more permanent than using mixed fuels or LPG exclusively. 

Almost 88% of households burning polluting fuels exclusively in 2004-05 still use them 

exclusively in 2011-12. Hence it is not possible to estimate the impact of exposure to household 

air pollution in these households using fixed-effects estimation. The households that switch 

from using a mix of fuels and LPG exclusively to using polluting fuels exclusively over time 

may still exhibit some avoidance behaviour with respect to their children. Hence it is possible 

that the strength of the effect in terms of burning polluting fuels exclusively may be attenuated.  

Some explanation for the above result may also be provided when the health outcomes of these 

children are analysed. According to pooled OLS, burning any polluting fuel without 

 
10 The Health beliefs considered here, are based on the health beliefs of mothers in terms of the importance of 

consuming milk during pregnancy, the importance of first thin milk for the newborn, the importance of consuming 

water in case of diarrhoea and awareness regarding AIDS. There is also information about awareness regarding 

smoke from the cookstoves being harmful to child health. Even though it may be directly connected to the parental 

behviour in the current context, the belief may be endogenous to the type of fuel used by the households. Hence, 

I exclude it from health beliefs.   
11 Mid-day meal scheme was launched by the government of India under the Ministry of Human Resource 

Development in 1995, where meals are distributed in the government and government-aided schools for children 

from 1st-8th grade for free as a way to encourage children to attend school and concentrate better.  
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differentiating between mixed fuel users and exclusive polluting fuel users significantly 

worsens the average probability of having cough and short-term morbidity. It also increases 

the average height-for-age z score of older school-aged children in the household. However, 

after eliminating time-invariant household level heterogeneity, there is no significant impact 

on the health outcomes of these children. Even after separating the level of exposure to 

household air pollution from the duration of burning mixed fuels and polluting fuels 

exclusively (relative to using only LPG), no significant impact on the average health outcomes 

of these children in the households can be seen. One of the reasons for this could be that the 

literature suggests that younger children under five years of age are more vulnerable to the ill 

effects of exposure to HAP since they spend most of their time with their mothers in the kitchen 

(Langpap and Edward, 2012; Basu, Byambasuren, Chau and Khanna, 2020). Older children 

spend more time outside the house either in school or they may be sent to collect fuel or water 

(Burke & Dundas, 2015). The children in this sample are quite a bit older as they were enrolled 

in school since 2004-05. Hence their exposure to household air pollution may not be high 

enough to cause immediate health damage measured in terms of likelihood of having cough or 

short-term morbidity once other factors are controlled for. As far as the height-for-age z score 

is concerned, rural children in India, as stated in section 3.4, are quite disadvantaged. Since 

children on average are stunted, and health impacts may be cumulative over a long period of 

time, it may not show up with households switching to dirty fuels over a short period (Hanna, 

Duflo and Greenstone, 2016).    

Now looking at health outcomes of younger children who were in early school grades in 2011-

12, a pooled OLS model shows that increase in exposure to household air pollution with every 

additional hour of burning any polluting fuel significantly increases the average probability of 

cough and duration of short term morbidity. However, after re-estimating the model using 

household and time fixed effects, only the impact on the average probability of having cough 

episodes persists. Once again, after further exploring the effect by the pattern of polluting fuel 

usage in terms of using a mix of polluting and LPG or using only LPG, the average probability 

of having an incidence of cough in the last 30 days among young children is significantly 

greater for households burning mixed fuels for a longer duration. Normally the households 

burning mixed fuels use polluting fuels as the primary fuel and clean fuel only sporadically 

(Heltberg, 2004; Parikh, 2011; Hanna, Duflo and Greenstone, 2016). Hence even though these 

households, as stated above may be aware of the ill effects of household air pollution on 

children, they may not be able to eliminate the impact on younger children as they may spend 
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more time indoors compared to older children apart from their time in school and hence may 

be more susceptible to experiencing episodes of cough. Experiencing discomfort due to a 

greater incidence of cough may lead to lower their resistance to continued exposure to 

pollution, which may then lead to stronger health adversities in the long run affecting their 

future human capital (Duflo, Greenstone, Hanna and Mainguy, 2008).  

The above analysis confirms the association between exposure to household air pollution by 

burning polluting fuels on child human capital in terms of children’s school absence and health 

of younger children in the household. However, the effect of pollution may differ by gender. 

Girls in developing countries traditionally perform household chores and are expected to help 

their mothers cook and tend to their younger siblings (Levison and Moe, 1998; Khan, 2012; 

Kurata, Takahashi and Habiki, 2020). These activities may keep them more indoors, and hence 

their exposure to household air pollution may be higher. Traditionally, these countries also 

exhibit gender bias in terms of girl’s education (Jayachandran, 2015). Such bias is in fact, 

evident when educational outcomes of girls and boys are compared. Here I estimate the effect 

of household air pollution on the average absence of girls and on the average absence of boys 

separately. Estimates show that there is no effect of the intensity of burning mixed fuels and 

polluting fuels exclusively on girls’ average absence in school. However, burning a mix of 

polluting and clean fuels significantly reduces the school absence of boys. The explanation 

about the above-stated avoidance behaviour exhibited by households may be appropriate here. 

This is in accordance with the cultural norms in developing countries like India, where boys 

receive preferential treatment. However, it is interesting to note that going to school more often 

does not translate into academic progress for boys from the households burning mixed fuels 

compared to those burning clean fuels exclusively. One of the reasons could be that the poor 

quality of education received in rural public schools may not necessarily result in better 

learning. Households burning clean fuels may send their children for private tuition, which may 

help them perform better than attending school, especially in higher grades.  However, there 

are no gender differences in the health outcomes for these children.  

The epidemiological literature suggests that gender is an important factor for health outcomes 

as young boys are more susceptible respiratory infections compared to girls (Mishra, Smith, & 

Retherford, 2005; Falagas, Mourtzoukou and Vardakas, 2007; Clougherty, 2010). This 

biological bias strengthens the effect of household air pollution on younger boys compared to 

girls. Burning a mix of polluting fuels and LPG significantly increases the average incidence 

of cough and average duration of short-term morbidity among younger boys.  
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Looking at the average health outcomes of mothers in the household helps us explore the 

indirect impact of household air pollution on child human capital as mothers’ health adversities 

may affect human capital investments for children. The mother’s health has a strong 

intergenerational transmission potential in the case of child health (Bhalotra and Rawlings, 

2013). Women are the primary cooks in rural households in developing countries. Hence they 

are directly exposed to the smoke from burning polluting fuels and therefore have high 

exposure to household air pollution (Langpap and Edward, 2012; Kuo and Azam 2019).   

Looking at the relationship between the intensive margin of burning any polluting fuel and 

average outcomes of mothers in the households, the pooled OLS estimation shows a strong 

significant increase in average likelihood of experiencing incidence of cough and duration of 

short term morbidity. However, after correcting for endogeneity due to time-invariant 

confounders at the household level that may correlate with exposure to household pollution 

and mothers’ health outcomes, there is no significant impact on average health outcomes of 

mothers. Individual fixed effects show similar results. However, once exposure to HAP by 

burning any polluting fuels is divided into exposure to HAP due to burning mixed fuels and 

polluting fuels exclusively, the results indicate that the earlier effect masked a significant 

negative impact of using a mix of polluting fuels with LPG on average health of mothers in the 

households by significantly increasing the duration of short term morbidity compared to those 

using LPG exclusively. However, burning polluting fuels exclusively shows no significant 

impact on mothers’ health. Once again, as stated above, there is very little within household 

variation in the case of these households. Households using a mix of fuels are different from 

households burning polluting fuels exclusively. They have a greater number of assets in the 

households on average12and belong to a slightly higher caste than those burning polluting fuels 

exclusively. Generally in a rural Indian context, women belonging to a higher socioeconomic 

background do not participate in labour market activity as it is considered a sign of 

respectability. These women are expected to devote their time in producing status goods which 

includes cooking meals for the family. On the other hand, households that have a considerably 

lower number of assets are forced to sell their labour and earn a living. This forces the women 

in these poor families to participate in the labour market.  Women generally withdraw from the 

labour market as the economic conditions of the households improve (Dyson and Moore, 1983; 

Eswaran, Ramaswami and Wadhwa, 2013; Datta Gupta, Nandy and Siddhanta, 2020). The 

implication of such a strong cultural norm is that women belonging to households burning 

 
12 Refer to summary statistics in appendix 2.  
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polluting fuels exclusively may not be exposed to household air pollution as much as women 

belonging to households burning mixed fuels for a longer duration. The former may be assisted 

by other members in the household while they are away, and hence these women may not suffer 

from short-term morbidity for longer durations.  

The differences in the effects of the duration of burning mixed fuels and polluting fuels 

exclusively are somewhat puzzling. The important point to be noted from the above analysis 

of the effect on the intensive margin of using polluting fuels on human capital outcomes is that 

compared to using clean fuels exclusively, switching to burning polluting fuels for a longer 

duration even if accompanied by some use of LPG has a negative impact on the health of 

younger children and mothers in the user households. The effect of using polluting fuels 

exclusively may not be reflected in this study because households’ exclusive use of polluting 

fuels is much more permanent than the use by mixed users or only clean fuel users. The above 

explanation, while seemingly plausible in the context of the present study, is speculative, and 

this remains a limitation of the study.  

 

3.6. Conclusion  

 

This study tries to estimate the impact of intensity of exposure to household air pollution by 

burning polluting fuels for a long duration on human capital outcomes in terms of the average 

absence of children within a household, time spent in private tuition or study apart from school, 

and educational attainment. As health outcomes may be important channels affecting 

educational outcomes, I also study health outcomes of children and their mothers in terms of 

average likelihood of experiencing cough in the past 30 days, duration of short term morbidity, 

and height-for-age z scores of children and body mass index of mothers. I use a two-way fixed 

effects approach to control for endogeneity in exposure to household air pollution arising out 

of unobserved time-invariant household level heterogeneity. From the analysis it can be 

concluded that since most households burning polluting fuels exclusively are likely to continue 

using them over time, exclusive use of polluting fuels is of more permanent nature. Hence, the 

effect of burning only polluting fuels may be underestimated by the fixed effects approach. 

However, the impact of burning polluting fuels can still be evident through households that 

transition mainly from using clean fuel exclusively to using a mix of polluting and clean fuels 

over time since it increases their exposure to household air pollution with an increase in the 
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duration of burning such fuels as they earlier had no exposure to HAP. Hence, the estimated 

effect may be closer to the true effect since these households are more comparable to those 

using clean fuel exclusively regarding of their socioeconomic status, cultural beliefs etc. 

However, the above explanation although suitable for the context of the present study, is 

speculative in nature. More data is needed to sufficiently bolster the above claim.    

The results on educational outcomes indicate that burning a mix of polluting fuels along with 

LPG reduces the average school absence for children. Some of the explanation for such a result 

may be provided by the avoidance behaviour exhibited by the households in the case of 

children’s school attendance due to the visible smoke from polluting fuels or by children 

themselves wanting to remain away from the visible smoke, and school attendance may be a 

viable alternative. This can be corroborated by controlling for the health beliefs of the mothers 

in the households and whether children in households receive mid-day meals at school. They 

do explain the effect on absence to some extent. Further analysis suggests that the effect on 

absence is stronger for boys. The explanation regarding avoidance behaviour may be the most 

appropriate here, since, a clear son preference exists in India for decades, which has been 

established well in the literature (Sen,1990; Bhalotra and Cochrane, 2010; Bhalotra, Brulé and 

Roy, 2020). This may result in preferential treatment of boys. The boys are sent to school to 

avoid exposure to smoke when households burn some polluting fuels.  However, in terms of 

health outcomes, it has no significant impact on these children since they are likely to spend a 

greater amount of time outside the home, limiting their exposure to household air pollution. 

However, when it comes to younger children in the households, they may be comparably more 

indoors apart from their time in school, and hence even though their exposure to HAP may not 

be very high, it is enough to cause an incidence of cough. The biological weakness of young 

boys in terms of susceptibility to respiratory illness reinforces the effect of exposure to HAP.  

Continued exposure may further make them susceptible to morbidity affecting their health and 

educational outcomes in the future. When it comes to average health outcomes of mothers in 

the household, however, every additional hour of burning, a mix of polluting and clean fuels 

increases the average duration of short-term morbidity. This may be because, in a rural Indian 

context, these mothers are directly exposed to the pollution caused by the smoke from burning 

polluting fuels. Once again, mothers from households that switched from exclusive use of clean 

fuel to a mix of polluting and clean fuel over time experience much greater exposure to HAP 

as the duration of burning increases as they were not exposed to any pollution earlier. Hence, 

they may have more days of respiratory illnesses. In the case of those that switch from using 
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polluting fuels exclusively to using a mix of polluting and clean fuels over time, they may not 

work outside the house to the same extent and thus may have greater exposure to HAP by 

spending more time in cooking or other indoor activities. Thus, burning polluting fuels does 

have a penalty in terms of adverse health impacts on young children and mothers, and that may 

affect future human capital.  

 

Tables: 

Table 1.1: Impact of duration of burning any polluting fuel on average educational and 

health outcomes of children within a household enrolled in school for both years; 2004-

05 and 2011-12 using household and time fixed effects 

Variable 

Average 

Absence 

during 

past 30 

days 

Average 

hrs spent 

in 

private 

tuition 

or study 

/week 

Average 

Educational 

attainment 

for age 

Average 

incidence 

of cough 

in the 

past 

month 

Average 

Number 

of short-

term 

morbidity 

days in 

the past 

month 

Average 

Height 

for Age 

Z score 

       

No. of hrs any polluting fuel 

is burnt /day  

-0.0738* 0.0536 -0.129 0.0020 -0.0022 -0.0043 

(0.0414) (0.0572) (0.171) (0.0022) (0.0179) (0.0117) 

       

Other controls Yes Yes Yes Yes Yes Yes 

Household fixed effects  Yes Yes Yes Yes Yes Yes 

Time Fixed effects  Yes Yes Yes Yes Yes Yes 

Observations 15958 15427 17265 17331 17331 11681 

Number of households 8629 8595 8667 8667 8667 7553 

R-squared 0.008 0.164 0.196 0.003 0.002 0.113 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
 Source: IHDS data wave I (2004-05) and II (2011-12)  
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Table 1.2: Impact of duration of burning a mix of polluting and clean fuels or polluting 

fuels exclusively on average educational and health outcomes of children within a 

household enrolled in school for both years; 2004-05 and 2011-12 using household and 

time fixed effects 

Variable 

Average 

Absence 

during past 

30 days 

Average 

hrs 

spent in 

private 

tuition 

or study 

/week 

Average 

Educational 

attainment 

for age 

Average 

incidence 

of cough 

in the 

past 

month 

Average 

Number 

of short-

term 

morbidity 

days in 

the past 

month 

Average 

Height 

for Age 

Z score 

       
No. of hrs mix of polluting 

and clean fuels are burnt 

/day  

-0.206*** -0.106 -0.441 -0.0012 -0.0352 -0.0170 

(0.0704) (0.117) (0.316) (0.0043) (0.0305) (0.0213) 

No. of hrs polluting fuel is 

burnt exclusively /day  

-0.0052 0.0809 -0.136 0.0024 0.0133 0.0059 

(0.0508) (0.0657) (0.209) (0.0027) (0.0234) (0.0142) 

       

Other controls Yes Yes Yes Yes Yes Yes 

Household fixed effects  Yes Yes Yes Yes Yes Yes 

Time Fixed effects  Yes Yes Yes Yes Yes Yes 

Observations 15958 15427 17265 17331 17331 11681 

Number of households 8629 8595 8667 8667 8667 7553 

R-squared 0.009 0.165 0.196 0.003 0.002 0.114 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  

 

Table 1.3: Impact of duration of burning any polluting fuel on average health outcomes 

of younger children who were in the age group 0-5 years in 2004-05 using household and 

time fixed effects 

Variable 

Average 

incidence of 

cough in the 

past month 

Average Number 

of short-term 

morbidity days in 

the past month 

Average 

Height for 

Age Z score 

    

No. of hrs any polluting fuel is burnt 

/day  

0.0049* 0.0287 0.0026 

(0.0027) (0.0228) (0.0144) 

    

Other controls Yes Yes Yes 

Household fixed effects  Yes Yes Yes 

Time Fixed effects  Yes Yes Yes 

Observations 16967 16,967 13,350 
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Number of households 8485 8,485 8,029 

R-squared 0.030 0.032 0.096 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  

 

Table 1.4: Impact of duration of burning a mix of polluting and clean fuels and polluting 

fuels exclusively on average health outcomes of younger children who were in the age 

group 0-5 years in 2004-05 within a household using household and time fixed effects 

Variable 

Average 

incidence of 

cough in the past 

month 

Average Number 

of short-term 

morbidity days in 

the past month 

Average Height 

for Age Z score 

    

No. of hrs mix of polluting and 

clean fuels are burnt /day  

0.0162*** 0.0603 0.0189 

(0.0056) (0.0441) (0.0293) 

    

No. of hrs polluting fuel is burnt 

exclusively /day  

0.0008 0.0093 -0.0189 

(0.0031) (0.0274) (0.0158) 

    

Other controls Yes Yes Yes 

Household fixed effects  Yes Yes Yes 

Time Fixed effects  Yes Yes Yes 

Observations 16967 16967 12355 

Number of households 8485 8485 7851 

R-squared 0.030 0.032 0.179 
Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 

  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 1.5: Impact of duration of burning any polluting fuel on average health outcomes 

of mothers within a household using household and time fixed effects 

Variable 

Average 

incidence of 

cough in the 

past month 

Average Number of 

short-term 

morbidity days in 

the past month Average BMI 

    

No. of hrs any polluting fuel is 

burnt /day  

-0.0003 0.0037 0.0695 

(0.0016) (0.0177) (0.0562) 

    

Other controls Yes Yes Yes 

Household fixed effects  Yes Yes Yes 

Time Fixed effects  Yes Yes Yes 

Observations 36281 36281 30738 

Number of households 18143 18143 16983 
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R-squared 0.021 0.018 0.010 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 1.6: Impact of duration of burning a mix of polluting and clean fuels and polluting 

fuel exclusively on average health outcomes of mothers within a household using 

household and time fixed effects 

Variable 

Average 

incidence of 

cough in the 

past month 

Average Number 

of short-term 

morbidity days in 

the past month 

Average 

BMI 

    

No. of hrs mix of polluting and clean 

fuels are burnt /day  

0.0024 0.0841*** 0.134 

(0.0030) (0.0311) (0.107) 

No. of hrs polluting fuel is burnt 

exclusively /day  

-0.0014 -0.0215 0.0145 

(0.0019) (0.0223) (0.0587) 

    

Other controls Yes Yes Yes 

Household fixed effects  Yes Yes Yes 

Time Fixed effects  Yes Yes Yes 

Observations 36281 36281 30738 

Number of households 18143 18143 16983 

R-squared 0.021 0.018 0.010 
Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
Source: IHDS data wave I (2004-05) and II (2011-12)  
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Appendix 1:  Data and Methodology 

The India Human Development Survey (IHDS) is a nationally representative, multi-topic 

survey of 42,152 households in 1,503 villages and 971 urban neighborhoods across India. Data 

were originally collected from households during 2004-2005. Interviewers returned in 2011-

2012 to re-interview these same households. During both waves of data collection, two one-

hour interviews were conducted covering a large range of topics. This data merges the two 

waves of IHDS (known as IHDS and IHDS-II) into a harmonized pattern from the perspective 

viewpoints of individuals, households, and eligible women. It is conducted jointly by 

researchers from University of Maryland (USA) and National Council of Applied Economic 

Research in New Delhi (India). As the study requires both household and individual level 

characteristics, individual level and household level data were merged in STATA, using unique 

identifier ‘IDHH’ which is a long integer variable, calculated as stateid*10000000+ 

distid*100000+ psuid*1000+hhid*10+ hhsplitid. Where, stateid is a state code, distid is a 

district code, psuid is a village or neighborhood code, hhid is a household id and hhsplitid is a 

split household id. (Refer: India Human Development Survey Panel (IHDS, IHDS-II), 2005, 

2011-2012 (ICPSR 37382)). 

Missing value treatment  

The data has coded missing values are coded as ‘.’ (dots). Missing dummies have been created, 

where missing dummy takes value 1 if there is a valid blank in the original variable and 0 

otherwise. For instance, for time spent in water collection, access to water inside or outside the 

household is used to code valid blanks. For all the education related variables, whether enrolled 

currently or not is used to decide the valid blank. All the valid blanks were replaced in the 

original variable by 0 after creation of its corresponding missing dummy. In the case of 

dependent variable, all the missing values in dependent variable are dropped automatically by 

STATA while running the models.  The missing dummy approach is efficient when the value 

is missing because the question is not applicable to individual (valid blank), as no value exists 

in this case. Since majority of the missing values in this data are mostly valid blanks, the 

missing dummy approach is efficient.  
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Appendix 2: Data description and summary  

Table 2.1: Summary of choice of fuels and intensity of household air pollution measured 

in terms of duration of burning different types of polluting fuels (hours/day) over time 

(2004-05 and 2011-12).  

Variable   Mean 

Std. 

Dev. Min Max Observations 

       

Firewood 

overall 0.9096 0.28676 0 1 N =   44292 

between  0.22661 0 1 n =   22238 

within  0.17674 0.40 1.40 T bar = 1.99 

       

Dung 

overall 0.54238 0.49821 0 1 N =   44113 

between  0.44249 0 1 n =   22238 

within  0.23007 0.04 1.04 T bar = 1.98 
 

      

Crop 

overall 0.2696 0.44376 0 1 N =   43301 

between  0.34439 0 1 n =   22237 

within  0.28409 -0.23 0.76 T bar= 1.94 
 

      

Coal 

overall 0.0261 0.15944 0 1 N =   42834 

between  0.1372 0 1 n =   22231 

within  0.07814 -0.47 0.52 T bar = 1.92 
 

      

Kerosene 

overall 0.28209 0.45002 0 1 N =   44205 

between  0.3306 0 1 n =   22236 

within  0.30633 -0.21 0.78 T bar = 1.98 
 

      

LPG 

overall 0.03037 0.17162 0 1 N=44344 

between  0.13683 0 1 n=22238 

within  0.10458 0 1 T bar = 1.99 

Duration of burning 

different types of polluting 

fuels        

Number of hours any 

polluting fuel is burnt 

(hours/day) 

overall 3.13124 1.57926 0 12 N =   44165 

between 
 

1.16485 0 10 n =   22236 

within 
 

1.06896 -1.86 8.13 T bar = 1.98 

 

      

overall 2.8523 1.84401 0 12 N =   11022 

between 
 

1.55897 0 10 n =    7362 
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Number of hours mix of 

polluting and LPG fuels are 

burnt (hours/day) 

within 
 

1.03369 -2.14 7.85 T bar = 1.49 

 

      

Number of hours only 

polluting fuel is burnt 

(hours/day) 

overall 3.09997 1.56835 0 12 N =   34469 

between 
 

1.3621 0 12 n =   19375 

within 
 

0.9397 -1.4 7.59 T bar= 1.77 

 

Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Figure 2a Distribution of number of hours different types of polluting fuels are burnt 

every day by households (hrs./day). 

Figure 2a (i). Distribution of number of hours any polluting fuel is burnt every day 

fortwo time periods 
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Figure 2a(ii) Distribution of number of hours mix of polluting and clean fuels are burnt 

every day for two time periods 

 

 

Figure 2a(iii) Distribution of number of hours polluting fuel is burnt exclusively every 

day for two time periods 
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Table 2.2: Summary of children’s educational outcomes, health outcomes and mothers’ 

health outcomes at household level  

Variable   Mean 

Std. 

Dev. Min Max Observations  

        

Educational outcomes of school 

children in the households        

Average absence of children in the 

household  

overall 3.65659 5.54117 0 30 N =   16004  
between 

 
4.23657 0 30 n =    8632  

within 
 

3.65115 -11.34 18.65 T bar = 1.85  

        
Average number of hours spent in 

private tuition and study apart from 

school /week for school going 

children in the household  

overall 10.2509 8.65122 0 124.33 N =   15464 
 

between 
 

7.06811 0 67.16 n =    8599  
within 

 
5.30658 -46.91 67.41 T bar = 1.79 

 

        

Average educational attainment for 

school going children in the 

household  

overall 81.9912 27.4433 0 100 N =   17334  
between  19.5614 8.33 100 n =    8667  
within  19.2487 31.99 131.99 T bar = 2  

        

Health outcomes of school 

children in the households        

Average probability of having 

cough in the past month for school 

going children in the household  

overall 0.13465 0.34136 0 1 N =   17334  
between 

 
0.25132 0 1 n =    8667  

within 
 

0.23101 -0.36 0.63 T bar = 2  
 

       
Average number of short-term 

morbidity days in the past month for 

school going children in the 

household  

overall 1.03525 2.76945 0 30 N =   17334  
between 

 
2.00755 0 25 n =    8667  

within 
 

1.90783 -13.96 16.03 T bar = 2 
 

 
       

Average height for age Z score for 

school going children in the 

household  

overall -1.7532 1.31698 -5.99 5.88 N =   11683  
between  1.14091 -5.97 5.54 n =    7554  
within  0.72136 -5.47 1.96 T bar =1.54 

 
       

Health outcomes of children who 

were below the age 5 years in 

2004-05 in the households        
Average probability of having 

cough in the past month for children 

in the household who were under 5 

years of age in 2004-05  

overall 0.20212 0.40159 0 1 N =   16970  
between  0.29581 0 1 n =    8485  

within  0.27163 -0.29 0.70 T bar = 2 
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Average probability of short-term 

morbidity days in the past month for 

children in the household who were 

under 5 years of age in 2004-05  

overall 1.54923 3.3262 0 30 N =   16970 
 

between 
 

2.42375 0 20 n =    8485  
within 

 
2.27803 -13.45 16.54 T = 2  

 
       

Average probability of height for 

age z score for children in the 

household who were under 5 years 

of age in 2004-05  

overall -1.9194 1.65188 -5.99 5.91 N =   12357  
between 

 
1.41277 -5.99 5.74 n =    7853  

within 
 

0.94431 -6.65 2.81 bar = 1.57 
 

 
       

Health outcomes of mothers in the 

households        

Average probability of having 

cough for mothers in the household  

overall 0.08844 0.28393 0 1 N =   36286  
between 

 
0.20879 0 1 n =   18143  

within 
 

0.19242 -0.41 0.58 T bar =2  
 

       

Average short-term morbidity days 

for mothers in the household  

overall 1.23539 3.72209 0 30 N =   36286  
between 

 
2.75138 0 30 n =   18143  

within 
 

2.5068 -13.76 16.23 T bar = 2  
 

       

Average body mass index of 

mothers in the household 

overall 18.0135 6.49704 0.91 30 N =   30741  
between  6.26258 1.027 30 n =   16983  
within  1.76449 4.27 31.75 T bar =1.81  

 

Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Figure 2b Distribution of educational outcomes for two different time periods 

Figure 2b(i) Distribution of average absence for children in the household two different 

time periods 
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Figure 2b(ii) Distribution of average private tuition/study hours per week for children in 

the household two different time periods 

 

 

Figure 2b(iii) Distribution of average educational attainment for children in the 

household two different time periods 
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Figure 2c Distribution of health outcomes of school going children for two different time 

periods 

Figure 2c(i) Distribution of average short-term morbidity days of school going children 

for two different time periods 

 

 

Figure 2c(ii) Distribution of average height for age z score for school going children for 

two different time periods 
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Figure 2c(iii) Percentage distribution of school going children having cough incidence for 

two different time periods 

 

Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Figure 2d Distribution of health outcomes of younger children (aged 0-5 years in 2004-

05) for two different time periods 

Figure 2d(i) Distribution of short-term morbidity days of younger children (aged 0-5 

years in 2004-05) for two different time periods 
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Figure 2d(ii) Distribution of height to age z score of younger children (aged 0-5 years in 

2004-05) for two different time periods 

 

 

Figure 2d(iii) Percentage distribution of younger children (aged 0-5 years in 2004-05) 

having cough incidence for two different time periods 

 

Source: IHDS-1(2004-05) and IHDS-2(2011-12) 
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Figure 2e Distribution of health outcomes of mothers for two different time periods  

Figure 2e(i) Distribution of average short-term morbidity days of mothers for two 

different time periods 

 

 

Figure 2e(ii) Distribution of average body mass index of mothers for two different time 

periods  
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Figure 2e(iii) Percentage distribution of mothers having cough incidence for two different 

time periods 

 

Source: IHDS-1(2004-05) and IHDS-2(2011-12) 

 

Table 2.3: Summary of household characteristics and choice of fuels  

Variable Observations Mean 

Std. 

Dev. Min Max 

Households burning mix of polluting and clean fuels     

Socioeconomic status      

Total number of assets in the household 9732 17.1100 4.5750 0 29 

Family size  9732 5.5107 2.6590 1 21 

Number of men above 21 years of age in the 

household 9732 1.7329 0.8744 0 6 

Number of women above 21 years of age in the 

household 9732 0.3253 0.4857 0 2 

Number of male children below 15 years of age in 

the household 9732 0.7678 0.9288 0 6 

Number of female children below 15 years of age 

in the household  9732 0.6670 0.9283 0 6 

Number of teenage male children >= 15 years of 

age in the household 9732 0.3275 0.5949 0 3 

Number of teenage female children >= 15 years of 

age in the household  9732 0.3349 0.6050 0 3 

Number of elderly men >=60 years of age in the 

household 9732 0.3253 0.4857 0 2 

Number of elderly women >=60 years of age in 

the household 9732 0.3314 0.4866 0 2 

Number of rooms in the house  9713 3.6316 2.0660 0 15 
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Vent in the cooking place  7990 0.8536 0.3534 0 1 

Access to water outside the house  9730 0.3298 0.4702 0 1 
 

     
 

Households burning exclusively polluting fuels      

Socioeconomic status      

Total number of assets in the household 33258 9.2777 4.4800 0 28 

Family size  33258 5.2773 2.5594 1 21 

Number of men above 21 years of age in the 

household 33258 1.4166 0.8549 0 6 

Number of women above 21 years of age in the 

household 33258 1.4404 0.7402 0 6 

Number of male children below 15 years of age in 

the household 33258 0.8966 1.0251 0 6 

Number of female children below 15 years of age 

in the household  33258 0.8364 1.0596 0 6 

Number of teenage male children >= 15 years of 

age in the household 33258 0.3415 0.6034 0 3 

Number of teenage female children >= 15 years of 

age in the household  33258 0.3440 0.6029 0 3 

Number of elderly men >=60 years of age in the 

household 33258 0.2531 0.4424 0 2 

Number of elderly women >=60 years of age in 

the household 33258 0.2617 0.4502 0 2 

Number of rooms in the house  32789 2.3289 1.3694 0 10 

Vent in the cooking place  22447 0.5982 0.4926 0 1 

Access to water outside the house  33260 0.6797 0.4666 0 1 
 

     

Households burning exclusively clean fuels      

Socioeconomic status      

Total number of assets in the household 1347 18.2613 4.9715 0 30 

Family size  1347 4.4974 2.3146 1 17 

Number of men above 21 years of age in the 

household 1347 1.4380 0.9201 0 6 

Number of women above 21 years of age in the 

household 1347 1.4840 0.7930 0 6 

Number of male children below 15 years of age in 

the household 1347 0.5679 0.7949 0 4 

Number of female children below 15 years of age 

in the household  1347 0.4833 0.8124 0 5 

Number of teenage male children >= 15 years of 

age in the household 1347 0.2502 0.5119 0 3 

Number of teenage female children >= 15 years of 

age in the household  1347 0.2710 0.5573 0 3 

Number of elderly men >=60 years of age in the 

household 1347 0.2910 0.4593 0 2 

Number of elderly women >=60 years of age in 

the household 1347 0.2910 0.4705 0 2 
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Number of rooms in the house  1342 3.5529 2.0975 0 15 

Vent in the cooking place  1196 0.8779 0.3275 0 1 

Access to water outside the house  1345 0.2453 0.4305 0 1 

 

Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Appendix 3: Econometric outputs: Pooled OLS results 

Table 3.1: Pooled OLS outputs for average educational outcomes for children in the 

household enrolled in school for both years; 2004-05 and 2011-12.  

Table 3.1a Pooled OLS estimates for duration of burning any polluting fuel every day 

and average educational outcomes  

Variable 

Average 

Absence 

during past 

30 days 

Average 

hours spent 

in private 

tuition or 

study 

/week   

 Average 

Educational 

attainment 

for age  

    

Number of hrs. any polluting fuel is burnt /day  -0.0259 0.153*** 0.0333 

 (0.0272) (0.0413) (0.119) 

Number of household assets  -0.128*** 0.0882*** 0.449*** 

 (0.00904) (0.0147) (0.0410) 

Family size  0.0622*** -0.145*** -0.663*** 

 (0.0174) (0.0243) (0.0801) 

Average educational expenditure (log) -0.138*** 1.206*** 0.563*** 

 (0.0349) (0.0538) (0.174) 

Average age of children in school  0.129*** 0.375*** 1.826*** 

 (0.0124) (0.0181) (0.0643) 

January 0.0278 0.335 -5.237*** 

 (0.187) (0.259) (0.756) 

February -0.515*** 0.829*** -2.876*** 

 (0.183) (0.247) (0.752) 

March -0.884*** 3.793*** -1.883** 

 (0.190) (0.299) (0.819) 

April -1.105*** 1.755*** -3.383*** 

 (0.176) (0.254) (0.741) 

June -0.751*** 0.409 0.0966 

 (0.201) (0.261) (0.747) 

July -0.897*** 0.203 -1.452* 

 (0.216) (0.299) (0.836) 

August -0.621** 0.723** -0.298 

 (0.263) (0.328) (0.966) 
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September 0.844** -0.0452 -2.860** 

 (0.402) (0.353) (1.258) 

October 1.874*** 0.935* -10.99*** 

 (0.428) (0.553) (1.877) 

November 0.522** -0.702** -5.432*** 

 (0.249) (0.289) (1.003) 

December -0.109 -0.313 -7.914*** 

 (0.212) (0.262) (0.867) 

Constant 4.715*** -4.209*** 57.03*** 

 (0.298) (0.394) (1.421) 

    

Observations 15958 15427 17265 

R-squared 0.034 0.151 0.150 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 3.1b Pooled OLS estimates for duration of burning mix of polluting and clean fuels 

and polluting fuels exclusively every day and average educational outcomes  

Variable 

Average 

Absence 

during past 30 

days 

Average hours 

spent in 

private tuition 

or study /week   

 Average 

Educational 

attainment 

for age  

    

Number of hrs. mix of polluting and clean fuels 

are burnt /day  

-0.150*** 0.0994 -0.402* 

(0.0455) (0.0846) (0.212) 

Number of hrs. polluting fuel is burnt 

exclusively /day  

0.0273 0.249*** 0.0837 

(0.0349) (0.0486) (0.155) 

Number of household assets  -0.125*** 0.0639*** 0.489*** 

 (0.0108) (0.0175) (0.0479) 

Family size  0.0620*** -0.142*** -0.665*** 

 (0.0174) (0.0243) (0.0801) 

Log average educational expenditure  -0.136*** 1.191*** 0.584*** 

 (0.0349) (0.0539) (0.176) 

Average age of children in school  0.128*** 0.384*** 1.812*** 

 (0.0127) (0.0187) (0.0652) 

January 0.0402 0.367 -5.233*** 

 (0.188) (0.259) (0.756) 

February -0.518*** 0.841*** -2.901*** 

 (0.183) (0.247) (0.753) 

March -0.901*** 3.766*** -1.886** 

 (0.190) (0.299) (0.820) 

April -1.097*** 1.759*** -3.355*** 
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 (0.176) (0.254) (0.741) 

June -0.752*** 0.407 0.0839 

 (0.200) (0.261) (0.748) 

July -0.882*** 0.213 -1.434* 

 (0.216) (0.296) (0.837) 

August -0.603** 0.777** -0.318 
 (0.263) (0.327) (0.967) 

September 0.853** -0.0069 -2.864** 
 (0.404) (0.351) (1.258) 

October 1.895*** 0.977* -10.97*** 
 (0.428) (0.554) (1.875) 

November 0.532** -0.680** -5.437*** 
 (0.248) (0.288) (1.004) 

December -0.0953 -0.297 -7.893*** 
 (0.212) (0.262) (0.867) 

Constant 4.741*** -2.443*** 54.31*** 
 (0.397) (0.608) (1.772) 

    

Observations 15958 15427 17265 

R-squared 0.034 0.152 0.150 

Robust standard errors in parentheses are clustered at household level*** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 3.2: Pooled OLS outputs for average health outcomes for children in the household 

enrolled in school for both years; 2004-05 and 2011-12.  

Table 3.2a Pooled OLS estimates for duration of burning any polluting fuel every day 

and average health outcomes  

Variable 

Average 

incidence of 

cough in the 

past month 

Average Number 

of short-term 

morbidity days 

in the past month 

Average Height for 

Age Z score 

    

Number of hrs. any polluting fuel is 

burnt /day  

0.0059*** 0.0350*** 0.0154** 

(0.0016) (0.0133) (0.0076) 

Average age of children in school  -0.0049*** -0.0178*** 0.0006 
 (0.0007) (0.0058) (0.0035) 

Number of household assets  0.0007 -0.0159*** 0.0484*** 
 (0.0005) (0.0039) (0.0024) 

Family size  -0.0102*** -0.0603*** -0.0398*** 
 (0.0009) (0.0071) (0.0050) 

January 0.0234** 0.280*** 0.147*** 
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 (0.0102) (0.0825) (0.0473) 

February 0.0362*** 0.209*** 0.0533 
 (0.0104) (0.0775) (0.0467) 

March 0.0374*** 0.285*** 0.122** 
 (0.0115) (0.0907) (0.0490) 

April 0.0037 0.124 0.0653 
 (0.0098) (0.0769) (0.0478) 

June -0.0086 -0.0257 0.0117 
 (0.0101) (0.0725) (0.0511) 

July -0.0156 -0.0582 0.0327 
 (0.0108) (0.0817) (0.0595) 

August 0.0104 0.0646 0.0179 
 (0.0136) (0.0966) (0.0700) 

September 0.0395** 0.193* 0.0455 
 (0.0183) (0.115) (0.0776) 

October 0.0753*** 0.897*** -0.169 
 (0.0263) (0.221) (0.111) 

November 0.0408*** 0.528*** 0.168*** 
 (0.0138) (0.120) (0.0643) 

December 0.0262** 0.373*** 0.0856 
 (0.0115) (0.0970) (0.0538) 

Constant 0.214*** 1.523*** -2.225*** 
 (0.0135) (0.107) (0.0706) 

    

Observations 17331 17331 11681 

R-squared 0.012 0.010 0.050 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12) 
 

Table 3.2b Pooled OLS estimates for duration of burning mix of polluting and clean fuels 

and polluting fuels exclusively every day and average health outcomes  

Variable 

Average 

incidence 

of cough in 

the past 

month 

Average Number 

of short-term 

morbidity days in 

the past month 

Average Height for 

Age Z score 

    

Number of hrs. mix of polluting and 

clean fuels are burnt /day  

0.0046 0.0279 0.0390*** 

(0.0030) (0.0200) (0.0144) 

Number of hrs. polluting fuel is 

burnt exclusively /day  

0.0061*** 0.0350* 0.0133 

(0.0021) (0.0184) (0.00933) 

Average age of children in school  -0.0048*** -0.0175*** 0.00395 

 (0.0007) (0.00582) (0.00352) 
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Number of household assets  0.0003 -0.0170*** 0.0378*** 

 (0.0006) (0.00484) (0.00296) 

Family size  -0.0102*** -0.0600*** -0.0383*** 

 (0.0009) (0.00715) (0.00499) 

January 0.0233** 0.280*** 0.144*** 

 (0.0102) (0.0825) (0.0472) 

February 0.0364*** 0.210*** 0.0569 

 (0.0104) (0.0774) (0.0467) 

March 0.0379*** 0.287*** 0.129*** 

 (0.0115) (0.0907) (0.0490) 

April 0.0038 0.124 0.0617 

 (0.0098) (0.0769) (0.0479) 

June -0.0095 -0.0286 -1.80e-05 

 (0.0101) (0.0726) (0.0511) 

July -0.0168 -0.0622 0.0136 

 (0.0108) (0.0820) (0.0594) 

August 0.0103 0.0637 0.0197 

 (0.0136) (0.0968) (0.0698) 

September 0.0403** 0.195* 0.0571 

 (0.0183) (0.115) (0.0775) 

October 0.0749*** 0.896*** -0.184* 

 (0.0262) (0.222) (0.110) 

November 0.0402*** 0.526*** 0.159** 

 (0.0138) (0.120) (0.0645) 

December 0.0262** 0.372*** 0.0819 

 (0.0115) (0.0971) (0.0538) 

Constant 0.212*** 1.489*** -2.043*** 

 (0.0194) (0.139) (0.100) 

    

Observations 17331 17331 11681 

R-squared 0.012 0.010 0.053 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
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Table 3.3: Pooled OLS outputs for average health outcomes for children in the age group 

0-5 years in 2004-05 in the household 

Table 3.3a Pooled OLS outputs for duration of burning any polluting fuel every day and 

average health outcomes  

Variable 

Average 

incidence of 

cough in the 

past month 

Average Number 

of short-term 

morbidity days in 

the past month 

Average Height 

for Age Z score 

    
Number of hrs. any polluting fuel is 

burnt /day  

0.0101*** 0.0438*** 0.0034 

(0.0019) (0.0162) (0.0093) 

Average Age of young children in 

the household 

-0.0142*** -0.116*** 0.0444*** 

(0.0008) (0.0073) (0.0043) 

Number of household assets  0.0009 -0.0131*** 0.0574*** 

 (0.0005) (0.0049) (0.0028) 

Family size  -0.0123*** -0.0639*** -0.0400*** 

 (0.0011) (0.0096) (0.0057) 

January 0.0244** 0.192** 0.0211 

 (0.0119) (0.0978) (0.0588) 

February 0.0283** 0.167* -0.0743 

 (0.0120) (0.101) (0.0579) 

March 0.0269** 0.181* 0.0706 

 (0.0131) (0.107) (0.0618) 

April 0.0156 0.0854 0.0176 

 (0.0120) (0.0969) (0.0596) 

June -0.0068 -0.135 0.0230 

 (0.0126) (0.0979) (0.0643) 

July -0.0225* -0.256** -0.0134 

 (0.0135) (0.102) (0.0707) 

August -0.0331** -0.248** -0.0106 

 (0.0153) (0.113) (0.0875) 

September 0.0928*** 0.376** -0.0510 

 (0.0225) (0.156) (0.0924) 

October 0.166*** 1.369*** 0.0271 

 (0.0303) (0.253) (0.141) 

November 0.0684*** 0.505*** -0.0489 

 (0.0165) (0.133) (0.0759) 

December 0.0350*** 0.439*** -0.0881 

 (0.0134) (0.117) (0.0630) 

Constant 0.306*** 2.539*** -2.587*** 

 (0.0144) (0.125) (0.0741) 

    

Observations 16967 16967 12355 

R-squared 0.027 0.027 0.061 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
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Table 3.3b Pooled OLS estimates for duration of burning mix of polluting and clean fuels 

every day and average health outcomes  

Variable 

Average 

incidence of 

cough in the 

past month 

Average Number of 

short-term morbidity 

days in the past 

month 

Average 

Height for Age 

Z score 

    

Number of hrs. mix of polluting and 

clean fuels are burnt /day  

0.0174*** 0.0515* 0.0208 

(0.0042) (0.0306) (0.0195) 

Number of hrs. polluting fuel is 

burnt exclusively /day  

0.0071*** 0.0310 0.0014 

(0.0023) (0.0202) (0.0110) 

Average Age of young children in 

the household 

-0.0140*** -0.115*** 0.0459*** 

(0.0008) (0.0074) (0.0044) 

Number of household assets  0.0005 -0.0140** 0.0531*** 

 (0.0007) (0.0061) (0.0036) 

Family size  -0.0122*** -0.0636*** -0.0395*** 

 (0.0011) (0.0097) (0.0057) 

January 0.0240** 0.190* 0.0211 

 (0.0119) (0.0977) (0.0588) 

February 0.0283** 0.167* -0.0732 

 (0.0120) (0.101) (0.0579) 

March 0.0279** 0.187* 0.0729 

 (0.0132) (0.107) (0.0617) 

April 0.0154 0.0843 0.0179 

 (0.0120) (0.0968) (0.0595) 

June -0.0069 -0.135 0.0192 

 (0.0126) (0.0982) (0.0643) 

July -0.0235* -0.260** -0.0189 

 (0.0135) (0.102) (0.0706) 

August -0.0341** -0.254** -0.0109 

 (0.0153) (0.113) (0.0874) 

September 0.0924*** 0.373** -0.0463 

 (0.0225) (0.156) (0.0924) 

October 0.165*** 1.369*** 0.0250 

 (0.0304) (0.253) (0.141) 

November 0.0676*** 0.503*** -0.0504 

 (0.0165) (0.133) (0.0760) 

December 0.0343** 0.437*** -0.0886 
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 (0.0134) (0.117) (0.0629) 

Constant 0.303*** 2.393*** -2.483*** 

 (0.0237) (0.193) (0.122) 

    

Observations 16967 16967 12355 

R-squared 0.028 0.027 0.061 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 3.4: Pooled OLS outputs for average health outcomes for mothers in the household 

Table 3.4a Pooled OLS outputs for duration of burning any polluting fuel every day and 

average health outcomes 

Variable 

Average 

incidence of 

cough in the 

past month 

Average 

Number of 

short-term 

morbidity 

days in a 

month 

Average 

BMI 

    

Number of hrs. any polluting fuel is burnt 

/day  

0.0047*** 0.0334*** -0.0167 

(0.0011) (0.0128) (0.0373) 

Average age of mother  0.0019*** 0.0185*** 0.0369*** 

 (0.0002) (0.0020) (0.0110) 

Number of household assets  -0.0015*** -0.0360*** 0.238*** 

 (0.0003) (0.0037) (0.0114) 

Family size  -0.0079*** -0.0901*** -0.0813*** 

 (0.0007) (0.0075) (0.0221) 

January 0.0347*** 0.423*** 0.289 

 (0.0068) (0.0832) (0.278) 

February 0.0173*** 0.201** 0.0995 

 (0.0067) (0.0798) (0.140) 

March 0.0091 -0.0043 0.267* 

 (0.0071) (0.0796) (0.153) 

April 0.0021 -0.0622 0.663*** 

 (0.0064) (0.0712) (0.253) 

June -0.0028 -0.0175 0.312 

 (0.0067) (0.0769) (0.250) 

July -0.0079 -0.101 0.464** 

 (0.0073) (0.0823) (0.213) 

August 0.0101 -0.0634 0.817*** 

 (0.0089) (0.0909) (0.314) 
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September 0.0229** 0.400*** 0.0694 

 (0.0114) (0.135) (0.210) 

October 0.0974*** 0.976*** 1.770*** 

 (0.0193) (0.229) (0.629) 

November 0.0755*** 1.034*** 0.997** 

 (0.0105) (0.130) (0.499) 

December 0.0558*** 0.733*** 0.751** 

 (0.0083) (0.105) (0.355) 

Constant 0.0770*** 1.244*** 17.31*** 

 (0.0095) (0.112) (0.436) 

    

Observations 36281 36281 30738 

R-squared 0.012 0.015 0.017 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 3.4b Pooled OLS outputs for duration of burning mix of polluting and clean fuels 

every day and average health outcomes 

Variable 

Average 

incidence of 

cough in the 

past month 

Average Number of 

short-term 

morbidity days in a 

month Average BMI 

    

Number of hrs. mix of polluting and 

clean fuels are burnt /day  

0.0052** 0.0775*** 0.0309 

(0.0021) (0.0239) (0.0770) 

    

Number of hrs. polluting fuel is 

burnt exclusively /day  

0.0040*** 0.0110 -0.0239 

(0.0014) (0.0162) (0.0458) 

    

Average Age of young children in 

the household 

0.0019*** 0.0181*** 0.0389*** 

(0.0002) (0.0021) (0.0108) 

Number of household assets  -0.0008** -0.0254*** 0.204*** 

 (0.0004) (0.0048) (0.0144) 

Family size  -0.0080*** -0.0915*** -0.0766*** 

 (0.0007) (0.0075) (0.0222) 

January 0.0346*** 0.421*** 0.290 

 (0.0068) (0.0832) (0.277) 

February 0.0171** 0.197** 0.113 

 (0.0067) (0.0798) (0.140) 

March 0.0089 -0.0059 0.282* 

 (0.0071) (0.0797) (0.153) 

April 0.0023 -0.0610 0.653** 

 (0.0064) (0.0712) (0.254) 

June -0.0023 -0.0064 0.290 

 (0.0067) (0.0769) (0.251) 
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July -0.0074 -0.0911 0.430** 

 (0.0073) (0.0824) (0.212) 

August 0.0095 -0.0735 0.836*** 

 (0.0089) (0.0909) (0.313) 

September 0.0222* 0.382*** 0.100 

 (0.0114) (0.135) (0.210) 

October 0.0965*** 0.962*** 1.802*** 

 (0.0193) (0.229) (0.627) 

November 0.0757*** 1.037*** 0.979** 

 (0.0105) (0.130) (0.499) 

December 0.0558*** 0.730*** 0.745** 

 (0.0083) (0.105) (0.355) 

Constant 0.0530*** 0.936*** 18.31*** 

 (0.0131) (0.143) (0.671) 

    

Observations 36281 36281 30738 

R-squared 0.013 0.015 0.017 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Appendix 4: Econometric outputs: Main fixed effects results 

Table 4.1: Household and time fixed effects outputs for average educational outcomes for 

children in the household enrolled in school for both years; 2004-05 and 2011-12.  

Table 4.1a Household and time fixed effects estimates for duration of burning any 

polluting fuel every day and average educational outcomes  

Variable 

Average 

Absence 

during the 

past 30 

days 

Average hrs 

spent in 

private 

tuition or 

study /week   

 Average 

Educational 

attainment for 

age  

    

No. of hrs. any polluting fuel is burnt /day  -0.0738* 0.0536 -0.129 

 (0.0414) (0.0572) (0.171) 

Number of household assets  0.0630** -0.0487 -0.214** 

 (0.0248) (0.0359) (0.105) 

Family size  -0.0463 0.0861* 0.0785 

 (0.0352) (0.0465) (0.150) 

Average educational expenditure (log) -0.106** 0.945*** -0.0508 

 (0.0470) (0.0760) (0.258) 

Average age of children in school  -0.0877 -0.0099 -2.084*** 

 (0.0657) (0.0919) (0.313) 

January -0.0459 -0.0552 0.171 

 (0.294) (0.356) (1.033) 
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February -0.0229 0.120 1.074 

 (0.264) (0.332) (0.994) 

March -0.135 0.161 1.085 

 (0.272) (0.399) (1.097) 

April -0.448 0.154 1.183 

 (0.275) (0.375) (1.061) 

June -0.154 0.0118 2.229** 

 (0.309) (0.373) (1.039) 

July 0.287 0.249 0.0103 

 (0.304) (0.414) (1.143) 

August 0.0177 0.824* 0.605 

 (0.398) (0.485) (1.342) 

September -0.0006 0.0742 1.264 

 (0.588) (0.604) (1.860) 

October -0.325 1.264* 1.994 

 (0.639) (0.721) (2.354) 

November 0.0830 0.584 1.248 

 (0.362) (0.416) (1.362) 

December -0.282 0.218 -0.531 

 (0.321) (0.398) (1.199) 

Constant 4.921*** 1.563 94.09*** 

  (0.732) (0.986) (3.437) 

Year FE Yes Yes Yes 

Household FE Yes Yes Yes 

Observations 15958 15427 17265 

R-squared 0.008 0.164 0.196 

Number of households  8629 8595 8667 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
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Table 4.1b Household and time fixed effects estimates for duration of burning a mix of 

polluting and clean fuels and polluting fuels exclusively every day and average 

educational outcomes 

Variable 

Average 

Absence 

during the 

past 30 days 

Average 

hours 

spent in 

private 

tuition or 

study 

/week   

 Average 

Educational 

attainment 

for age  

    

No. of hrs. mix of polluting and clean fuels are 

burnt /day  

-0.206*** -0.106 -0.441 

(0.0704) (0.117) (0.316) 

    

No. of hrs. polluting fuel is burnt exclusively /day  -0.0052 0.0809 -0.136 

 (0.0508) (0.0657) (0.209) 

Number of household assets  0.0597** -0.0505 -0.215** 

 (0.0249) (0.0359) (0.105) 

Family size  -0.0450 0.0894* 0.0834 

 (0.0352) (0.0467) (0.150) 

Average educational expenditure (log) -0.107** 0.943*** -0.0545 

 (0.0470) (0.0758) (0.258) 

Average age of children in school  -0.0860 -0.0094 -2.079*** 

 (0.0657) (0.0918) (0.313) 

January 0.0294 -0.0363 0.115 

 (0.296) (0.355) (1.041) 

February 0.0101 0.136 1.061 

 (0.264) (0.333) (0.998) 

March -0.135 0.166 1.092 

 (0.273) (0.401) (1.100) 

April -0.436 0.140 1.149 

 (0.276) (0.375) (1.061) 

June -0.192 -0.0501 2.131** 

 (0.309) (0.375) (1.042) 

July 0.299 0.224 -0.114 

 (0.305) (0.411) (1.148) 

August 0.0452 0.836* 0.579 

 (0.398) (0.484) (1.343) 

September 0.0856 0.108 1.258 

 (0.591) (0.604) (1.866) 

October -0.290 1.244* 1.907 

 (0.639) (0.720) (2.354) 
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November 0.119 0.600 1.229 

 (0.361) (0.415) (1.362) 

December -0.213 0.239 -0.574 

 (0.322) (0.399) (1.202) 

Constant 5.494*** 0.707 91.03*** 

  (0.824) (1.223) (3.716) 

Year FE Yes Yes Yes 

Household FE Yes Yes Yes 

Observations 15,958 15,427 17,265 

R-squared 0.010 0.165 0.196 

Number of households  8,629 8,595 8,667 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 4.1c Household and time fixed effects estimates for duration of burning a mix of 

polluting and clean fuels and polluting fuels exclusively every day and average 

educational outcomes after controlling for health beliefs and mid-day meals received in 

school 

Variable 

Average 

Absence 

during past 30 

days 

Average 

Absence 

during past 30 

days 

Average 

Absence 

during past 

30 days 

    

No. of hrs mix of polluting and clean fuels 

are burnt /day  

-0.195*** -0.201*** -0.189** 

(0.0736) (0.0709) (0.0741) 

No. of hrs polluting fuel is burnt exclusively 

/day  

-0.0133 -0.0004 -0.0083 

(0.0535) (0.0509) (0.0537) 

Number of household assets  0.0505* 0.0682*** 0.0603** 

 (0.0261) (0.0247) (0.0259) 

Family size  -0.0543 -0.0523 -0.0630* 

 (0.0379) (0.0353) (0.0380) 

Log average educational expenditure  -0.0921* -0.0963** -0.0830* 

 (0.0500) (0.0475) (0.0502) 

Average age of children in school  0.0074 -0.0943 -0.0014 

 (0.0714) (0.0655) (0.0712) 

January -0.0561 0.123 0.0554 

 (0.311) (0.296) (0.311) 

February 0.0249 0.0625 0.0896 

 (0.280) (0.265) (0.280) 

March -0.178 -0.0248 -0.0581 

 (0.290) (0.272) (0.289) 

April -0.457 -0.322 -0.328 
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 (0.289) (0.275) (0.288) 

June -0.333 -0.0943 -0.238 

 (0.323) (0.309) (0.321) 

July 0.388 0.374 0.471 

 (0.321) (0.306) (0.322) 

August 0.0481 0.121 0.128 

 (0.404) (0.398) (0.404) 

September 0.0444 0.184 0.149 

 (0.615) (0.595) (0.618) 

October -0.261 -0.215 -0.184 

 (0.663) (0.647) (0.671) 

November 0.108 0.131 0.112 

 (0.382) (0.362) (0.383) 

December -0.203 -0.137 -0.115 

 (0.341) (0.321) (0.339) 

Health beliefs of the household -0.912*** - -0.888*** 

 (0.137) - (0.137) 

Mid-day meals received in the school - 0.160 0.156 

 - (0.147) (0.153) 

Constant 5.229*** 5.206*** 4.925*** 

 (0.888) (0.835) (0.898) 

Year FE Yes Yes Yes 

Household FE Yes Yes Yes 

Observations 13,991 15,875 13,916 

R-squared 7,575 8624 7,571 

Number of households  0.017 0.009 0.016 

Robust standard errors in parentheses are clustered at household level*** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12) 
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Table 4.2: Household and time fixed effects outputs for average health outcomes for 

children in the household enrolled in school for both years; 2004-05 and 2011-12. 

Table 4.2a Household and time fixed effects estimates for duration of burning any 

polluting fuel every day and average health outcomes  

Variable 

Average 

incidence of 

cough in the 

past month 

Average 

Number of 

short-term 

morbidity 

days in the 

past month 

Average 

Height for 

Age Z score 

    

No. of hrs. any polluting fuel is burnt /day  0.0020 -0.0022 -0.0043 

 (0.0022) (0.0179) (0.0117) 

Average age of children in school  -0.0032 0.00973 -0.362*** 

 (0.0034) (0.0327) (0.0234) 

Number of household assets  0.0010 -0.0086 -0.0118 

 (0.0014) (0.0117) (0.0079) 

Family size  -0.0047*** -0.0444*** -0.0171* 

 (0.0018) (0.0149) (0.0095) 

January -0.0148 -0.0057 -0.0442 

 (0.0140) (0.114) (0.0692) 

February 0.0076 0.0782 0.0346 

 (0.0139) (0.106) (0.0692) 

March 0.0139 0.199* -0.0058 

 (0.0152) (0.121) (0.0783) 

April -0.0157 0.0136 -0.0452 

 (0.0142) (0.113) (0.0790) 

June -0.0203 -0.0772 0.0585 

 (0.0139) (0.106) (0.0781) 

July -0.0096 0.0276 -0.0769 

 (0.0152) (0.119) (0.0936) 

August 0.0046 0.0963 0.0213 

 (0.0182) (0.131) (0.120) 

September 0.0162 -0.0371 -0.0339 

 (0.0268) (0.191) (0.119) 

October -0.0826** -0.450 -0.250 

 (0.0366) (0.326) (0.158) 

November -0.0069 0.0058 0.0597 

 (0.0188) (0.175) (0.0941) 

December 0.0033 -0.0490 -0.129 

 (0.0160) (0.146) (0.0829) 

Constant 0.184*** 1.310*** 1.411*** 
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 (0.0357) (0.323) (0.223) 

Year FE Yes Yes Yes 

Household FE Yes Yes Yes 

Observations 17331 17331 11681 

R-squared 0.003 0.002 0.113 

Number of households  8,667 8,667 7,553 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 4.2b Household and time fixed effects estimates for duration of burning a mix of 

polluting and clean fuels or polluting fuels exclusively every day and average health 

outcomes 

Variable 

Average 

incidence of 

cough in the 

past month 

Average 

Number of 

short-term 

morbidity days 

in the past 

month 

Average 

Height for 

Age Z score 

        

No. of hrs. mix of polluting and clean fuels 

are burnt /day  

-0.0012 -0.0352 -0.0170 

(0.0043) (0.0305) (0.0213) 

No. of hrs. polluting fuel is burnt 

exclusively /day  

0.0024 0.0133 0.0059 

(0.0027) (0.0234) (0.0142) 

Average age of children in school  -0.0031 0.0097 -0.362*** 

 (0.0034) (0.0327) (0.0233) 

Number of household assets  0.0010 -0.0088 -0.0125 

 (0.00137) (0.0117) (0.0079) 

Family size  -0.0046*** -0.0442*** -0.0166* 

 (0.0018) (0.0149) (0.0094) 

January -0.0144 0.0027 -0.0287 

 (0.0141) (0.115) (0.0696) 

February 0.0079 0.0788 0.0436 

 (0.0140) (0.107) (0.0691) 

March 0.0140 0.194 -0.001 

 (0.0152) (0.121) (0.0787) 

April -0.0158 0.0141 -0.0422 

 (0.0142) (0.113) (0.0790) 

June -0.0211 -0.0831 0.0519 

 (0.0139) (0.106) (0.0783) 

July -0.0103 0.0328 -0.0787 
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 (0.0153) (0.119) (0.0935) 

August 0.0047 0.101 0.0299 

 (0.0182) (0.131) (0.120) 

September 0.0168 -0.0228 -0.0194 

 (0.0269) (0.191) (0.119) 

October -0.0825** -0.446 -0.250 

 (0.0366) (0.326) (0.157) 

November -0.0067 0.0113 0.0672 

 (0.0188) (0.175) (0.0940) 

December 0.0035 -0.0416 -0.117 

 (0.0161) (0.146) (0.0826) 

Constant 0.170*** 1.343*** 1.477*** 

 (0.0398) (0.355) (0.254) 

Year FE Yes Yes Yes 

Household FE Yes Yes Yes 

Observations 17331 17331 11681 

R-squared 0.003 0.002 0.114 

Number of households  8,667 8,667 7,553 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 4.3: Household and time fixed effects outputs for children in the age group 0-5 

years in 2004-05 in the household 

Table 4.3a Household and time fixed effects estimates for duration of burning any 

polluting fuel every day and average health outcomes  

Variable 

Average 

Probability 

of having 

cough 

episode in 

the past 

month 

Average 

Number of 

short-term 

morbidity 

days in the 

past month 

Average 

Height for 

Age Z 

score 

        

No. of hrs. any polluting fuel is burnt /day  0.0049* 0.0287 0.0026 

 (0.0027) (0.0228) (0.0144) 

Average Age of young children in the household 0.0071* 0.0710** -0.542*** 

 (0.0040) (0.0328) (0.0383) 

Number of household assets  0.0015 -0.0071 0.0142 

 (0.0016) (0.0131) (0.0092) 

Family size  -0.0103*** -0.0486*** -0.0332*** 

 (0.0019) (0.0163) (0.0104) 

January 0.0032 -0.0651 -0.0192 

 (0.0158) (0.129) (0.0845) 
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February -0.0051 -0.0876 -0.0215 

 (0.0156) (0.126) (0.0820) 

March 0.0082 0.0247 -0.0048 

 (0.0172) (0.142) (0.0894) 

April -0.0045 -0.0531 -0.0706 

 (0.0169) (0.131) (0.0930) 

June -0.0049 -0.158 0.120 

 (0.0167) (0.130) (0.0951) 

July 0.0139 0.0115 0.0732 

 (0.0183) (0.137) (0.116) 

August -0.0112 -0.238 0.0232 

 (0.0215) (0.170) (0.133) 

September 0.0365 0.0778 0.0172 

 (0.0308) (0.224) (0.140) 

October -0.0627 -1.023** 0.110 

 (0.0442) (0.405) (0.201) 

November 0.0099 -0.0194 -0.154 

 (0.0216) (0.182) (0.115) 

December -0.0219 -0.0810 -0.0182 

 (0.0185) (0.159) (0.0980) 

Constant 0.267*** 2.107*** -0.359** 

 (0.0252) (0.196) (0.170) 

Year FE Yes Yes Yes 

Household FE Yes Yes Yes 

Observations 16967 16967 13350 

R-squared 0.030 0.032 0.096 

Number of households  8,485 8,485 8,029 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 4.3b Household and time fixed effects estimates for duration of burning a mix of 

polluting and clean fuels or polluting fuels exclusively every day and average health 

outcomes 

Variable 

Average 

Probability 

of having 

cough 

episode in 

the past 

month 

Average 

Number of 

short-term 

morbidity 

days in the 

past month 

Average 

Height for 

Age Z 

score 

        

No. of hrs. mix of polluting and clean fuels are 

burnt /day  

0.0162*** 0.0603 0.0189 

(0.0056) (0.0441) (0.0293) 

    

No. of hrs. polluting fuel is burnt exclusively /day  0.0008 0.0093 -0.0189 

 (0.0031) (0.0274) (0.0158) 
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Average Age of young children in the household 0.00714* 0.0706** -0.533*** 

 (0.0040) (0.0329) (0.0398) 

Number of household assets  0.0016 -0.0064 0.0083 

 (0.0016) (0.0131) (0.0091) 

Family size  -0.0103*** -0.0488*** -0.0231** 

 (0.0019) (0.0163) (0.0105) 

January 0.0014 -0.0735 0.0308 

 (0.0158) (0.129) (0.0826) 

February -0.0054 -0.0876 -0.0169 

 (0.0156) (0.126) (0.0805) 

March 0.0096 0.0308 0.0575 

 (0.0172) (0.142) (0.0897) 

April -0.0043 -0.0570 -0.116 

 (0.0168) (0.131) (0.0926) 

June -0.0026 -0.151 0.0416 

 (0.0167) (0.131) (0.0945) 

July 0.0130 -0.0001 0.0546 

 (0.0183) (0.138) (0.117) 

August -0.0115 -0.243 -0.104 

 (0.0215) (0.169) (0.133) 

September 0.0330 0.0567 0.0023 

 (0.0308) (0.224) (0.138) 

October -0.0631 -1.020** 0.0430 

 (0.0442) (0.405) (0.200) 

November 0.0083 -0.0265 -0.124 

 (0.0217) (0.182) (0.114) 

December -0.0238 -0.0905 -0.0982 

 (0.0186) (0.160) (0.0958) 

Constant 0.264*** 2.001*** -0.682** 

 (0.0376) (0.288) (0.274) 

Year FE Yes Yes Yes 

Household FE Yes Yes Yes 

Observations 16967 16967 12355 

R-squared 0.030 0.032 0.179 

Number of households  8,485 8,485 7,851 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
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Table 4.4: Household and time fixed effects outputs for average health outcomes for 

mothers in the household 

Table 4.4a Household and time fixed effects estimates for duration of burning any 

polluting fuel every day and average health outcomes  

Variable 

Average 

Probability of 

having cough 

episode in the 

past month 

Average 

Number of 

short-term 

morbidity 

days in the 

past month 

Average   

BMI 

    

No. of hrs. any polluting fuel is burnt /day  -0.0003 0.0037 0.0695 

 (0.0016) (0.0177) (0.0562) 

Average age of mother  -0.001 -0.0057 0.0132 

 (0.0001) (0.0122) (0.0300) 

Number of household assets  -0.0029*** -0.0394*** 0.121*** 

 (0.0009) (0.0107) (0.0401) 

Family size  -0.0086*** -0.0979*** -0.0118 

 (0.0013) (0.0140) (0.0438) 

January 0.0107 0.0047 -0.0132 

 (0.0096) (0.110) (0.383) 

February 0.0038 -0.0820 -0.172 

 (0.0089) (0.104) (0.260) 

March 0.0088 -0.0224 0.0276 

 (0.0095) (0.105) (0.263) 

April -0.0019 -0.174* 0.0968 

 (0.0095) (0.101) (0.250) 

June -0.0004 -0.0431 -0.298 

 (0.0093) (0.105) (0.454) 

July 0.0119 0.0050 0.321 

 (0.0098) (0.106) (0.264) 

August 0.0245** 0.140 0.658* 

 (0.0119) (0.117) (0.398) 

September 0.0266* 0.184 -0.346 

 (0.0157) (0.186) (0.438) 

October -0.0215 -0.511 1.124* 

 (0.0267) (0.332) (0.604) 

November 0.0199 -0.0403 0.770 

 (0.0141) (0.177) (0.627) 

December 0.0114 0.0327 0.655* 

 (0.0118) (0.142) (0.360) 

Constant 0.209*** 2.307*** 18.85*** 
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 (0.0404) (0.497) (1.084) 

Year FE Yes Yes Yes 

Household FE Yes Yes Yes 

Observations 36281 36281 30738 

R-squared 0.021 0.018 0.010 

Number of households  18,143 18,143 16,983 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 4.4b Household and time fixed effects estimates for duration of burning a mix of 

polluting and clean fuels every day and average health outcomes 

Variable 

Average 

Probability 

of having 

cough 

episode in 

the past 

month 

Average 

Number of 

short-term 

morbidity 

days in the 

past month 

Average   

BMI 

        

No. of hrs. mix of polluting and clean fuels are burnt /day  0.0024 0.0841*** 0.134 

 (0.0030) (0.0311) (0.107) 

No. of hrs. polluting fuel is burnt exclusively /day  -0.0014 -0.0215 0.0145 

 (0.0019) (0.0223) (0.0587) 

Average age of mother  -0.001 -0.0059 0.0139 

 (0.001) (0.0122) (0.0302) 

Number of household assets  -0.0029*** -0.0385*** 0.122*** 

 (0.0009) (0.0107) (0.0405) 

Family size  -0.0086*** -0.0983*** -0.0116 

 (0.0013) (0.0140) (0.0438) 

January 0.0099 -0.0170 -0.0517 

 (0.0096) (0.110) (0.383) 

February 0.0035 -0.0905 -0.189 

 (0.0089) (0.104) (0.263) 

March 0.0089 -0.0202 0.0305 

 (0.0095) (0.105) (0.268) 

April -0.0019 -0.175* 0.0820 

 (0.0095) (0.101) (0.249) 

June 0.0001 -0.0292 -0.277 

 (0.0093) (0.105) (0.453) 

July 0.0118 0.0073 0.301 

 (0.0098) (0.106) (0.260) 
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August 0.0241** 0.132 0.637 

 (0.0120) (0.117) (0.394) 

September 0.0254 0.157 -0.403 

 (0.0157) (0.187) (0.428) 

October -0.0220 -0.528 1.124* 

 (0.0267) (0.331) (0.603) 

November 0.0193 -0.0551 0.738 

 (0.0141) (0.177) (0.624) 

December 0.0106 0.0125 0.615* 

 (0.0118) (0.143) (0.345) 

Constant 0.202*** 2.228*** 18.29*** 

 (0.0420) (0.516) (1.216) 

Year FE Yes Yes Yes 

Household FE Yes Yes Yes 

Observations 36281 36281 30738 

R-squared 0.021 0.018 0.010 

Number of households  18,143 18,143 16,983 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Additional outcomes:  

Table 4.5: Differences in household and time fixed effects outputs for children in the 

household enrolled in school for both years; 2004-05 and 2011-12 by gender. 

Table 4.5a Household and time fixed effects estimates for duration of burning a mix of 

polluting and clean fuels and polluting fuels exclusively every day and average 

educational outcomes of girls  

Variable 

Average 

Absence 

during 

the past 

30 days 

Average 

hours 

spent in 

private 

tuition or 

study 

/week   

 Average 

Educational 

attainment 

for age  

        

No. of hrs. mix of polluting and clean fuels are burnt 

/day  

-0.0738 -0.0449 -0.0506 

(0.0898) (0.156) (0.374) 

    

No. of hrs. polluting fuel is burnt exclusively /day  0.0146 -0.0209 -0.0203 

 (0.0678) (0.0874) (0.283) 
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Number of household assets  0.0740** -0.0439 -0.0169 

 (0.0316) (0.0476) (0.141) 

Family size  -0.0616 0.0603 0.0916 

 (0.0461) (0.0665) (0.195) 

Average educational expenditure (log) -0.143** 0.727*** 0.144 

 (0.0623) (0.0935) (0.355) 

Average age of children in school  -0.0953 -0.0213 -2.294*** 

 (0.0954) (0.126) (0.426) 

January -0.0850 0.482 1.360 

 (0.412) (0.473) (1.353) 

February -0.0267 0.628 0.905 

 (0.358) (0.428) (1.322) 

March 0.264 0.795 -0.940 

 (0.370) (0.529) (1.419) 

April -0.299 0.363 1.766 

 (0.378) (0.495) (1.387) 

June -0.140 0.276 2.527* 

 (0.413) (0.491) (1.369) 

July 0.307 0.350 -1.290 

 (0.406) (0.528) (1.497) 

August 0.478 0.929 -1.753 

 (0.535) (0.639) (1.831) 

September -0.263 0.115 -1.110 

 (0.841) (0.920) (2.493) 

October 0.0742 0.494 -1.932 

 (0.827) (0.854) (3.180) 

November 0.640 0.503 -0.866 

 (0.484) (0.536) (1.872) 

December 0.307 0.0994 -1.931 

 (0.431) (0.516) (1.584) 

Constant 5.109*** 1.333 89.68*** 

 (1.202) (1.653) (5.016) 

Year FE Yes Yes Yes 

Household FE Yes Yes Yes 

Observations 8944 8638 9793 

R-squared 0.009 0.167 0.180 

Number of households  4896 4876 4913 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
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Table 4.5b Household and time fixed effects estimates for duration of burning a mix of 

polluting and clean fuels and polluting fuels exclusively every day and average 

educational outcomes of boys 

Variable 

Average 

Absence 

during the 

past 30 days 

Average hrs 

spent in 

private tuition 

or study 

/week   

 Average 

Educational 

attainment for 

age  

    
No. of hrs. mix of polluting and clean fuels are 

burnt /day  

-0.261*** -0.0454 -0.918** 

(0.0824) (0.140) (0.375) 

    

No. of hrs. polluting fuel is burnt exclusively 

/day  

-0.0538 0.226*** -0.234 

(0.0628) (0.0832) (0.252) 

Number of household assets  0.0418 -0.0982** -0.258** 

 (0.0315) (0.0456) (0.122) 

Family size  -0.0260 0.147*** 0.242 

 (0.0434) (0.0553) (0.169) 

Average educational expenditure (log) -0.103* 1.176*** -0.389 

 (0.0614) (0.103) (0.312) 

Average age of children in school  -0.0682 0.0116 -2.730*** 

 (0.0781) (0.109) (0.386) 

January 0.192 -0.377 -0.361 

 (0.355) (0.463) (1.293) 

February 0.132 -0.416 1.913 

 (0.328) (0.432) (1.196) 

March -0.288 0.0099 2.976** 

 (0.336) (0.516) (1.349) 

April -0.410 -0.0099 0.306 

 (0.334) (0.475) (1.293) 

June -0.123 -0.203 1.979 

 (0.385) (0.486) (1.298) 

July 0.552 -0.297 1.728 

 (0.391) (0.535) (1.406) 

August -0.0461 0.541 2.786* 

 (0.517) (0.618) (1.629) 

September -0.0074 0.109 3.667* 

 (0.711) (0.723) (2.195) 

October -0.367 1.406 6.308** 

 (0.774) (0.960) (2.883) 

November -0.0779 0.205 2.728* 

 (0.453) (0.517) (1.574) 

December -0.371 0.299 1.156 

 (0.396) (0.493) (1.462) 

Constant 5.401*** -1.456 98.4*** 

  (0.997) (1.558) (4.570) 

Year FE Yes Yes Yes 
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Household FE Yes Yes Yes 

Observations 10978 10604 12097 

R-squared 0.012 0.166 0.176 

Number of households  6035 6008 6072 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
  

Table 4.5c Household and time fixed effects estimates for duration of burning a mix of 

polluting and clean fuels and polluting fuels exclusively every day and average health 

outcomes of girls 

Variable 

Average 

incidence of 

cough in the 

past month 

Average Number of 

short-term 

morbidity days in 

the past month 

Average 

Height 

for Age Z 

score 

        

No. of hrs. mix of polluting and clean fuels 

are burnt /day  

-0.0006 -0.0417 -0.0002 

(0.0055) (0.0448) (0.0271) 

    

No. of hrs. polluting fuel is burnt exclusively 

/day  

0.0055 0.0279 0.0019 

(0.0038) (0.0321) (0.0214) 

Average age of children in school  -0.0077 -0.0410 -0.343*** 

 (0.0047) (0.0445) (0.0331) 

Number of household assets  -0.0013 -0.0067 -0.0016 

 (0.0018) (0.0170) (0.0112) 

Family size  -0.0067*** -0.0452** -0.0157 

 (0.0024) (0.0211) (0.0132) 

January -0.0270 -0.253 -0.184* 

 (0.0186) (0.155) (0.0962) 

February 0.0109 0.0192 -0.172* 

 (0.0185) (0.152) (0.0992) 

March 0.0018 0.0622 -0.191* 

 (0.0209) (0.157) (0.114) 

April -0.0085 -0.0932 -0.147 

 (0.0188) (0.153) (0.110) 

June -0.0219 -0.132 -0.106 

 (0.0183) (0.148) (0.112) 

July -0.0074 -0.0862 -0.317** 

 (0.0199) (0.174) (0.138) 

August -0.0019 -0.0409 0.0719 

 (0.0253) (0.179) (0.179) 

September 0.0093 -0.313 -0.0522 

 (0.0348) (0.261) (0.182) 

October 0.0281 0.307 -0.491** 

 (0.0478) (0.423) (0.226) 

November 0.0051 0.174 -0.0537 

 (0.0250) (0.251) (0.131) 
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December -0.0161 -0.113 -0.219* 

 (0.0213) (0.200) (0.118) 

Constant 0.258*** 1.830*** 1.107*** 

 (0.0550) (0.488) (0.351) 

Year FE Yes Yes Yes 

Household FE Yes Yes Yes 

Observations 9824 9824 6311 

R-squared 0.006 0.006 0.098 

Number of households  4913 4913 4218 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 4.5d Household and time fixed effects estimates for duration of burning a mix of 

polluting and clean fuels and polluting fuels exclusively every day and average health 

outcomes of boys 

Variable 

Average 

incidence of 

cough in the 

past month 

Average Number 

of short-term 

morbidity days 

in the past month 

Average 

Height for 

Age Z score 

    

No. of hrs. mix of polluting and clean 

fuels are burnt /day  

-0.0002 -0.0298 -0.0266 

(0.0048) (0.0372) (0.0296) 

    

No. of hrs. polluting fuel is burnt 

exclusively /day  

-0.0048 -0.0174 0.0029 

(0.0032) (0.0297) (0.0178) 

Average age of children in school  0.0006 0.0304 -0.408*** 

 (0.0040) (0.0413) (0.0308) 

Number of household assets  0.0011 -0.0153 -0.0145 

 (0.0016) (0.0137) (0.0106) 

Family size  -0.0046** -0.0439** -0.0130 

 (0.0020) (0.0178) (0.0122) 

January -0.0129 0.144 0.102 

 (0.0168) (0.153) (0.0928) 

February -0.0016 0.0782 0.210** 

 (0.0160) (0.136) (0.0913) 

March -0.0002 0.182 0.139 

 (0.0175) (0.160) (0.103) 

April -0.0236 0.0474 0.0767 

 (0.0164) (0.152) (0.104) 

June -0.0201 -0.116 0.197* 

 (0.0166) (0.138) (0.101) 

July -0.0188 0.0521 0.232* 

 (0.0176) (0.140) (0.121) 

August 0.0218 0.256 0.0134 

 (0.0205) (0.166) (0.160) 

September -0.0009 0.158 -0.0045 
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 (0.0305) (0.242) (0.150) 

October -0.180*** -1.243*** -0.0894 

 (0.0442) (0.425) (0.223) 

November -0.0348 -0.160 0.101 

 (0.0213) (0.196) (0.127) 

December -0.0156 -0.139 0.0583 

 (0.0187) (0.171) (0.111) 

Constant 0.138*** 1.271*** 1.945*** 

 (0.0461) (0.428) (0.341) 

Year FE Yes Yes Yes 

Household FE Yes Yes Yes 

Observations 12143 12143 7454 

R-squared 0.010 0.007 0.138 

Number of households  6072 6072 5046 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 4.6: Household and time fixed effects outputs for children’s average health 

outcomes in the age group 0-5 years in 2004-05 in the household by gender 

Table 4.6a Household and time fixed effects estimates for duration of burning a mix of 

polluting and clean fuels and polluting fuels exclusively every day and average health 

outcomes of girls 

Variable 

Average 

incidence of 

cough in the 

past month 

Average Number 

of short-term 

morbidity days in 

the past month 

Average 

Height for 

Age Z 

score 

        

No. of hrs. mix of polluting and clean fuels 

are burnt /day  

-0.0016 -0.0360 0.0396 

(0.0072) (0.0597) (0.0453) 

    

No. of hrs. polluting fuel is burnt 

exclusively /day  0.0010 0.0086 -0.0170 

 (0.0039) (0.0371) (0.0220) 

Average Age of young children in the 

household 0.0062 0.0553 -0.591*** 

 (0.0059) (0.0538) (0.0373) 

Number of household assets  0.0019 0.0079 0.0220 

 (0.0020) (0.0177) (0.0137) 

Family size  -0.0091*** -0.0661*** -0.0213 

 (0.0024) (0.0203) (0.0135) 

January -0.006 0.0600 0.155 

 (0.0192) (0.170) (0.117) 

February 0.0039 -0.132 -0.0016 

 (0.0195) (0.174) (0.117) 
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March 0.0042 0.0826 -0.0667 

 (0.0217) (0.189) (0.136) 

April -0.0055 -0.0167 -0.0368 

 (0.0208) (0.172) (0.128) 

June -0.0072 -0.119 0.0200 

 (0.0212) (0.172) (0.136) 

July 0.0124 -0.207 0.0801 

 (0.0224) (0.172) (0.161) 

August 0.0146 -0.351* 0.0385 

 (0.0268) (0.212) (0.213) 

September 0.0322 -0.155 -0.0385 

 (0.0377) (0.297) (0.181) 

October -0.0587 -1.279** -0.0022 

 (0.0565) (0.567) (0.262) 

November 0.0247 -0.0215 -0.0497 

 (0.0275) (0.252) (0.161) 

December -0.0209 -0.257 -0.0458 

 (0.0236) (0.215) (0.137) 

Constant 0.222*** 2.128*** -0.531 

 (0.0495) (0.435) (0.355) 

Year FE Yes Yes Yes 

Household FE Yes Yes Yes 

Observations 10059 10059 6942 

R-squared 0.018 0.023 0.185 

Number of households  5031 5031 4591 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 4.6b Household and time fixed effects estimates for duration of burning a mix of 

polluting and clean fuels and polluting fuels exclusively every day and average health 

outcomes of boys 

Variable 

Average 

incidence of 

cough in the past 

month 

Average Number 

of short-term 

morbidity days in 

the past month 

Average 

Height for 

Age Z 

score 

    

No. of hrs. mix of polluting and clean 

fuels are burnt /day  

0.0206*** 0.107* -0.0066 

(0.0069) (0.0548) (0.0370) 

    

No. of hrs. polluting fuel is burnt 

exclusively /day  

-0.0017 0.0107 -0.0156 

(0.0038) (0.0347) (0.0209) 

Average Age of young children in the 

household 

0.0064 0.0781* -0.487*** 

(0.0048) (0.0426) (0.0570) 

Number of household assets  0.0015 -0.0152 -0.0049 

 (0.0019) (0.0175) (0.0117) 

Family size  -0.0096*** -0.0424** -0.0109 
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 (0.0024) (0.0200) (0.0140) 

January -0.154*** -1.422*** 3.976*** 

 (0.0349) (0.308) (0.384) 

February -0.0151 -0.282 -0.0441 

 (0.0199) (0.174) (0.108) 

March -0.0246 -0.0927 -0.0909 

 (0.0196) (0.166) (0.107) 

April 0.0003 -0.0417 0.127 

 (0.0212) (0.193) (0.112) 

June -0.008 -0.109 -0.195 

 (0.0208) (0.177) (0.124) 

July -0.0169 -0.255 0.0386 

 (0.0207) (0.176) (0.121) 

August -0.0057 0.125 0.0851 

 (0.0228) (0.187) (0.156) 

September -0.0300 -0.126 -0.181 

 (0.0263) (0.228) (0.169) 

October 0.0099 0.339 0.0261 

 (0.0371) (0.266) (0.189) 

November -0.0995* -0.815 -0.0605 

 (0.0555) (0.523) (0.275) 

December -0.0140 -0.119 -0.209 

 (0.0274) (0.243) (0.146) 

Constant 0.273*** 1.956*** -0.855** 

 (0.0455) (0.376) (0.362) 

Year FE Yes Yes Yes 

Household FE Yes Yes Yes 

Observations 11216 11216 7695 

R-squared 0.037 0.037 0.175 

Number of households  5608 5608 5109 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
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Appendix 5: Other Econometric outputs:  

Table 5.1: Individual and time fixed effects outputs for average educational outcomes for 

children in the household enrolled in school for both the years; 2004-05 and 2011-12. 

Table 5.1a Individual and time fixed effects estimates for duration of burning any 

polluting fuel every day and children’s educational outcomes  

Variable  

Absence 

during the past 

30 days 

Self-study 

hrs/week   

 Educational 

attainment for 

age  

    

No. of hrs. any polluting fuel is burnt /day  -0.0906** 0.0992* -0.235 

 (0.0441) (0.0585) (0.145) 

Age -0.0718 -0.0357 -3.034*** 

 (0.0571) (0.0780) (0.256) 

 Educational expenditure (log) -0.142*** 0.946*** -0.0257 

 (0.0375) (0.0601) (0.197) 

Number of household assets  0.0568** -0.0544 -0.127 

 (0.0254) (0.0371) (0.0917) 

Family size  -0.0431 0.0736 0.0762 

 (0.0377) (0.0512) (0.117) 

January -0.0452 0.166 0.0107 

 (0.291) (0.366) (0.899) 

February 0.0742 0.246 0.646 

 (0.264) (0.331) (0.856) 

March -0.0531 0.404 1.108 

 (0.271) (0.409) (0.954) 

April -0.419 0.439 0.221 

 (0.271) (0.372) (0.925) 

June -0.232 0.0216 1.224 

 (0.303) (0.384) (0.890) 

July 0.270 0.469 0.580 

 (0.311) (0.402) (1.002) 

August -0.119 0.814 0.494 

 (0.430) (0.495) (1.169) 

September -0.289 0.0383 1.297 

 (0.602) (0.564) (1.657) 

October -0.935 0.554 2.414 

 (0.591) (0.794) (2.074) 

November 0.102 0.385 0.941 

 (0.348) (0.412) (1.150) 

December -0.177 0.518 -0.276 

 (0.314) (0.393) (1.021) 

Constant 5.037*** 1.689* 98.8*** 

 (0.664) (0.896) (2.863) 

Year FE Yes Yes Yes 
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Individual FE Yes Yes Yes 

Observations 25242 24296 28194 

R-squared 0.009 0.172 0.170 

Number of individuals 14,032 13,945 14,099 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 

Source: IHDS data wave I (2004-05) and II (2011-12)      
 

Table 5.1b Individual and time fixed effects estimates for duration of burning a mix of 

polluting and clean fuels or polluting fuel exclusively every day and  children’s 

educational outcomes 

Variable  

Absence 

during the 

past 30 

days 

Self-study 

hrs/week   

 Educational 

attainment 

for age  

        

No. of hrs. mix of polluting and clean fuels are 

burnt /day  

-0.188*** -0.0454 -0.585** 

(0.0635) (0.116) (0.267) 

    

No. of hrs. polluting fuel is burnt exclusively /day  -0.0324 0.103 -0.177 

 (0.0552) (0.0674) (0.182) 

Age -0.0693 -0.0346 -3.032*** 

 (0.0571) (0.0780) (0.256) 

 Educational expenditure (log) -0.142*** 0.946*** -0.0243 

 (0.0375) (0.0603) (0.197) 

Number of household assets  0.0531** -0.0577 -0.131 

 (0.0256) (0.0370) (0.0917) 

Family size  -0.0404 0.0789 0.0831 

 (0.0377) (0.0514) (0.116) 

January 0.0235 0.170 0.0161 

 (0.293) (0.366) (0.908) 

February 0.114 0.268 0.665 

 (0.265) (0.333) (0.858) 

March -0.0417 0.418 1.104 

 (0.271) (0.410) (0.957) 

April -0.401 0.430 0.218 

 (0.272) (0.373) (0.925) 

June -0.255 -0.0306 1.158 

 (0.304) (0.385) (0.890) 

July 0.284 0.443 0.544 

 (0.312) (0.403) (1.005) 

August -0.0879 0.815* 0.494 

 (0.431) (0.494) (1.171) 

September -0.222 0.0927 1.427 

 (0.603) (0.559) (1.665) 

October -0.898 0.471 2.361 
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 (0.592) (0.795) (2.072) 

November 0.135 0.396 0.953 

 (0.347) (0.411) (1.150) 

December -0.109 0.547 -0.258 

 (0.315) (0.393) (1.025) 

Constant 5.588*** 0.208 99.6*** 

 (0.789) (1.171) (3.150) 

Year FE Yes Yes Yes 

Individual FE Yes Yes Yes 

Observations 25242 24296 28194 

R-squared 0.010 0.173 14099 

Number of individuals 14032 13945 0.170 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
 Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 5.2: Individual and time fixed effects outputs for average health outcomes for 

children in the household enrolled in school for both the years; 2004-05 and 2011-12. 

Table 5.2a Individual and time fixed effects outputs for duration of burning any polluting 

fuel every day and children’s health outcomes 

Variable  

Incidence of 

cough in the 

past month 

Number of 

short-term 

morbidity 

days in the 

past month 

Height for 

Age Z score 

    

No. of hrs. any polluting fuel is burnt /day  0.0008 -0.0018 -0.0093 

 (0.0018) (0.0165) (0.0116) 

Age -0.0012 0.0053 -0.383*** 

 (0.0025) (0.0267) (0.0213) 

Number of household assets  0.0002 -0.0057 -0.0103 

 (0.0011) (0.0108) (0.0082) 

Family size  -0.0055*** -0.0508*** -0.0081 

 (0.0013) (0.0132) (0.0089) 

January -0.0185* -0.0232 -0.0633 

 (0.0112) (0.107) (0.0702) 

February 0.0044 0.0769 0.0154 

 (0.0109) (0.0963) (0.0730) 

March -0.0042 0.0809 -0.0047 

 (0.0125) (0.111) (0.0792) 

April -0.0271** -0.0290 -0.0438 

 (0.0117) (0.104) (0.0794) 

June -0.0187* -0.0935 0.0608 

 (0.0112) (0.102) (0.0802) 

July -0.0047 0.0412 -0.0581 
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 (0.0121) (0.104) (0.0965) 

August 0.0133 0.124 -0.0056 

 (0.0153) (0.124) (0.124) 

September -0.0202 -0.174 -0.0033 

 (0.0217) (0.183) (0.129) 

October -0.0686** -0.260 -0.284* 

 (0.0286) (0.290) (0.158) 

November -0.0108 0.0744 -0.0331 

 (0.0147) (0.147) (0.0935) 

December -0.0130 -0.164 -0.0804 

 (0.0127) (0.126) (0.0849) 

Constant 0.172*** 1.379*** 1.513*** 

 (0.0270) (0.265) (0.206) 

Year FE Yes Yes Yes 

Individual FE Yes Yes Yes 

Observations 28195 28195 16359 

R-squared 0.003 0.002 0.119 

Number of individuals 14099 14099 11462 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 5.2b Individual and time fixed effects outputs for duration of burning mix of 

polluting and clean fuels or polluting fuel exclusively every day and children’s health 

outcomes 

Variable 

Incidence 

of cough in 

the past 

month 

Number of 

short-term 

morbidity 

days in the 

past month 

Height 

for Age Z 

score 

    

No. of hrs. mix of polluting and clean fuels are burnt 

/day  

0.0013 -0.0134 -0.0091 

(0.0034) (0.0278) (0.0201) 

    

No. of hrs. polluting fuel is burnt exclusively /day  -0.0002 0.00457 -0.0034 

 (0.0022) (0.0215) (0.0139) 

Age -0.0011 0.00579 

-

0.382*** 

 (0.0025) (0.0267) (0.0212) 

Number of household assets  0.0002 -0.00615 -0.0113 

 (0.0011) (0.0109) (0.0082) 

Family size  -0.0055*** -0.0504*** -0.0079 

 (0.0014) (0.0132) (0.0089) 

January -0.0188* -0.0142 -0.0486 

 (0.0113) (0.108) (0.0706) 

February 0.0045 0.0824 0.0249 

 (0.0110) (0.0969) (0.0724) 
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March -0.0038 0.0829 0.0040 

 (0.0125) (0.111) (0.0793) 

April -0.0272** -0.0268 -0.0380 

 (0.0117) (0.104) (0.0792) 

June -0.0189* -0.0973 0.0571 

 (0.0112) (0.102) (0.0801) 

July -0.0054 0.0410 -0.0620 

 (0.0122) (0.105) (0.0961) 

August 0.0130 0.127 -0.0002 

 (0.0153) (0.124) (0.123) 

September -0.0207 -0.165 0.0069 

 (0.0217) (0.183) (0.129) 

October -0.0687** -0.255 -0.292* 

 (0.0286) (0.290) (0.156) 

November -0.0115 0.0774 -0.0235 

 (0.0148) (0.147) (0.0931) 

December -0.0132 -0.156 -0.0672 

 (0.0128) (0.127) (0.0845) 

Constant 0.162*** 1.431*** 1.559*** 

 (0.0306) (0.293) (0.242) 

Year FE Yes Yes Yes 

Individual FE Yes Yes Yes 

Observations 28195 28195 16359 

R-squared 0.003 0.002 0.121 

Number of individuals 14099 14099 11462 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 5.3: Individual and time fixed effects outputs for children’s average health 

outcomes in the age group 0-5 years in 2004-05 in the household 

Table 5.3a Individual and time fixed effects outputs for duration of burning any polluting 

fuel every day and children’s health outcomes 

Variable  

Incidence of 

cough in the 

past month 

Number of 

short-term 

morbidity days 

in the past 

month 

Height for 

Age Z score 

        

No. of hrs. any polluting fuel is burnt /day  0.0014 0.0159 -0.0136 

 (0.0022) (0.0212) (0.0139) 

Age 0.0051 0.0710** -0.552*** 

 (0.0033) (0.0309) (0.0320) 

Number of household assets  0.0005 -0.00716 0.0062 

 (0.0013) (0.0125) (0.0091) 
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Family size  -0.0094*** -0.0544*** -0.0116 

 (0.0015) (0.0136) (0.0099) 

January -0.0116 -0.106 0.0153 

 (0.0129) (0.117) (0.0773) 

February -0.0081 -0.0555 -0.0699 

 (0.0125) (0.117) (0.0789) 

March -0.0046 -0.0301 -0.0073 

 (0.0139) (0.127) (0.0845) 

April -0.0011 -0.0128 -0.0439 

 (0.0137) (0.123) (0.0894) 

June -0.0141 -0.124 0.0048 

 (0.0136) (0.120) (0.0916) 

July -0.0060 -0.0935 0.0743 

 (0.0151) (0.126) (0.112) 

August -0.0118 -0.172 -0.130 

 (0.0178) (0.159) (0.140) 

September 0.0083 0.0830 -0.0900 

 (0.0249) (0.204) (0.134) 

October -0.0638 -0.870** -0.0330 

 (0.0411) (0.386) (0.196) 

November 0.0023 -0.00579 -0.0790 

 (0.0176) (0.165) (0.104) 

December -0.0107 -0.0309 -0.143 

 (0.0149) (0.142) (0.0906) 

Constant 0.257*** 2.160*** -0.532*** 

 (0.0203) (0.187) (0.158) 

Year FE Yes Yes Yes 

Individual FE Yes Yes Yes 

Observations 26866 26866 17462 

R-squared 0.021 0.025 0.197 

Number of individuals 13435 13435 12074 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
 Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 5.3b Individual and time fixed effects outputs for duration of burning a mix of 

polluting and clean fuels or polluting fuel exclusively every day and children’s health 

outcomes 

Variable  

Incidence of 

cough in the 

past month 

Number of short-

term morbidity 

days in the past 

month 

Height 

for Age 

Z score 

        

No. of hrs. mix of polluting and clean fuels 

are burnt /day  

0.00839* 0.0342 0.0028 

(0.0045) (0.0374) (0.0287) 

    

-0.0013 0.00153 -0.0178 
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No. of hrs. polluting fuel is burnt exclusively 

/day  (0.0025) (0.0253) (0.0152) 

Age 0.0051 0.0705** 

-

0.551*** 

 (0.0033) (0.0309) (0.0318) 

Number of household assets  0.0006 -0.0065 0.0054 

 (0.0013) (0.0125) (0.0091) 

Family size  -0.0095*** -0.0547*** -0.0121 

 (0.0015) (0.0136) (0.0099) 

January -0.0129 -0.115 0.0220 

 (0.0129) (0.118) (0.0778) 

February -0.0086 -0.0595 -0.0627 

 (0.0125) (0.117) (0.0786) 

March -0.0041 -0.0306 0.0042 

 (0.0139) (0.128) (0.0845) 

April -0.0008 -0.0143 -0.0386 

 (0.0137) (0.123) (0.0895) 

June -0.0128 -0.119 0.0017 

 (0.0136) (0.121) (0.0919) 

July -0.0056 -0.0926 0.0695 

 (0.0151) (0.126) (0.112) 

August -0.0121 -0.175 -0.132 

 (0.0178) (0.158) (0.139) 

September 0.0062 0.0691 -0.0903 

 (0.0249) (0.204) (0.133) 

October -0.0635 -0.865** -0.0392 

 (0.0412) (0.386) (0.196) 

November 0.0010 -0.0162 -0.0764 

 (0.0176) (0.165) (0.103) 

December -0.0117 -0.0386 -0.126 

 (0.0150) (0.142) (0.0908) 

 (0.0267) (0.244) (0.197) 

Constant 0.248*** 2.006*** -0.598** 

 (0.0314) (0.280) (0.260) 

Year FE Yes Yes Yes 

Individual FE Yes Yes Yes 

Observations 26866 26866 17462 

R-squared 0.022 0.025 0.199 

Number of individuals 13435 13435 12074 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
 Source: IHDS data wave I (2004-05) and II (2011-12)  
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Table 5.4: Individual and time fixed effects outputs for health outcomes of mothers 

Table 5.4a Individual and time fixed effects outputs for duration of burning any polluting 

fuel every day and mother’s health outcomes  

Variable 

Incidence of 

cough in the past 

month 

Number of short-

term morbidity days 

in the past month BMI 

    

No. of hrs. any polluting fuel is 

burnt /day  

-0.0002 -0.0037 0.0443 

(0.0013) (0.0159) (0.0642) 

Age -0.0007 -0.0035 -0.0133 

 (0.001) (0.0099) (0.0272) 

Number of household assets  -0.0029*** -0.0455*** 0.113*** 

 (0.0007) (0.0096) (0.0434) 

Family size  -0.0059*** -0.0745*** -0.0537 

 (0.0009) (0.0122) (0.0735) 

January 0.0048 0.0375 0.128 

 (0.0077) (0.0959) (0.421) 

February 0.0071 -0.0508 0.0257 

 (0.0073) (0.0917) (0.361) 

March 0.0101 0.0648 0.112 

 (0.0077) (0.0936) (0.339) 

April -0.0021 -0.144 0.222 

 (0.0077) (0.0915) (0.319) 

June 0.0011 -0.0127 -0.225 

 (0.0076) (0.0928) (0.478) 

July 0.0113 0.0381 0.450 

 (0.0080) (0.0964) (0.322) 

August 0.0218** 0.129 0.773* 

 (0.0098) (0.107) (0.433) 

September 0.0219 0.125 -0.335 

 (0.0134) (0.172) (0.465) 

October -0.0071 -0.504* 1.069* 

 (0.0225) (0.302) (0.629) 

November 0.0196* -0.0541 1.200 

 (0.0115) (0.160) (1.016) 

December 0.0126 0.0226 0.825* 

 (0.0096) (0.126) (0.446) 

Constant 0.173*** 2.144*** 20.07*** 

 (0.0317) (0.412) (1.166) 

Year FE Yes Yes Yes 

Individual FE Yes Yes Yes 

Observations 48243 48243 33652 

R-squared 0.018 0.016 0.009 

Number of individuals 24124 24124 19831 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
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Table 5.4b Individual and time fixed effects outputs for duration of burning a mix of 

polluting and clean fuels or polluting fuel exclusively every day and mother’s health 

outcomes 

Variable 

Incidence of 

cough in the 

past month 

Number of short-

term morbidity 

days in the past 

month BMI 

    

No. of hrs. mix of polluting and clean fuels 

are burnt /day  

0.0028 0.0713** 0.119 

(0.0024) (0.0278) (0.105) 

    

No. of hrs. polluting fuel is burnt 

exclusively /day  

-0.0015 -0.0287 -0.0161 

(0.0015) (0.0199) (0.0740) 

Age -0.0007 -0.0038 -0.0133 

 (0.0007) (0.0099) (0.0273) 

Number of household assets  -0.0029*** -0.0448*** 0.115*** 

 (0.0007) (0.0096) (0.0437) 

Family size  -0.006*** -0.0749*** -0.0533 

 (0.001) (0.0122) (0.0736) 

January 0.0039 0.0204 0.0910 

 (0.0077) (0.0964) (0.419) 

February 0.0068 -0.0571 0.0061 

 (0.0073) (0.0919) (0.362) 

March 0.0104 0.0701 0.116 

 (0.0077) (0.0938) (0.346) 

April -0.0021 -0.143 0.211 

 (0.0077) (0.0915) (0.319) 

June 0.0015 -0.0020 -0.203 

 (0.0076) (0.0928) (0.478) 

July 0.0112 0.0374 0.434 

 (0.0080) (0.0966) (0.318) 

August 0.0215** 0.121 0.753* 

 (0.0098) (0.107) (0.428) 

September 0.0208 0.103 -0.388 

 (0.0134) (0.172) (0.452) 

October -0.0076 -0.516* 1.068* 

 (0.0225) (0.302) (0.626) 

November 0.0190* -0.0653 1.159 

 (0.0115) (0.160) (1.011) 

December 0.0119 0.0059 0.784* 

 (0.0096) (0.127) (0.431) 

Constant 0.169*** 2.092*** 19.49*** 

 (0.0332) (0.432) (1.247) 

Year FE Yes Yes Yes 

Individual FE Yes Yes Yes 

Observations 48243 48243 33652 

R-squared 0.018 0.016 0.009 
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Number of individuals 24124 24124 19831 

Robust standard errors in parentheses are clustered at household level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 5.5: Difference-in-difference-in-difference results  

Table 5.5a Difference-in-difference-in-difference estimation for duration of burning any 

polluting fuel every day and average absence for children enrolled in school for both 

years; 2004-05 and 2011-12.  

Table 5.5a(i) Difference-in-difference-in-difference estimation for duration of burning 

any polluting fuel every day and average educational outcomes (States where National 

Biomass Improved Cookstove Initiative was launched treated as treatment states and others 

treated as the control group  

Variable 

Average 

Absence during 

the past 30 days 

  

Treatment state 1.905* 

 (0.988) 

No. of hrs. any polluting fuel is burnt /day  -0.0255 

 (0.0496) 

No. of hrs. any polluting fuel is burnt /day in the treatment state 0.194 

 (0.167) 

Post treatment Year (2011-12) 2.329*** 

 (0.764) 

Post treatment Year (2011-12) effect for treatment  -1.829 

 (1.078) 

Number of hrs any polluting fuel is burnt /day in the post treatment 

year (2011-12) 

-0.156 

(0.122) 

Number of hrs any polluting fuel is burnt /day in the treatment 

state post treatment year (2011-12) 

-0.0591 

(0.197) 

Number of household assets  -0.0877*** 

 (0.0212) 

Family size  0.0209 

 (0.0285) 

Log average educational expenditure  -0.100 

 (0.0650) 

Average age of children in school  0.0287 

 (0.0306) 

January -0.0656 

 (0.526) 

February -0.654 

 (0.456) 
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March -0.978 

 (0.615) 

April -0.998 

 (0.590) 

June -0.747 

 (0.636) 

July -1.303 

 (0.767) 

August -1.135 

 (0.802) 

September 0.405 

 (1.328) 

October 1.428 

 (1.210) 

November 0.465 

 (0.623) 

December -0.141 

 (0.887) 

Constant 3.902*** 

 (0.789) 

  

Observations 15958 

R-squared 0.065 

Robust standard errors in parentheses clustered at state level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
 

Table 5.5a(ii) Difference-in-difference-in-difference estimation for duration of burning 

any polluting fuel every day and average educational outcomes (States where National 

Biomass Improved Cookstove Initiative was launched treated as treatment states and states 

located nearby treated as control states).  

Variable 

Average Absence 

during the past 

30 days 

  

Treatment state -0.105 

 (1.451) 

No. of hrs. any polluting fuel is burnt /day  -0.187* 

 (0.103) 

No. of hrs. any polluting fuel is burnt /day in the treatment state 0.450* 

 (0.208) 

Post treatment Year (2011-12) 1.818 

 (1.744) 

Post treatment Year (2011-12) effect for treatment  -0.930 

 (1.868) 

-0.192 
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Number of hrs any polluting fuel is burnt /day in post treatment year 

(2011-12) (0.279) 

Number of hrs any polluting fuel is burnt /day in the treatment 

state post treatment year (2011-12) 

-0.0975 

(0.320) 

Number of household assets  -0.0999*** 

 (0.0311) 

Family size  0.0446 

 (0.0344) 

Log average educational expenditure  -0.227** 

 (0.0880) 

Average age of children in school  0.0574 

 (0.0365) 

January -0.521 

 (0.746) 

February -1.430** 

 (0.518) 

March -1.652* 

 (0.797) 

April -1.931** 

 (0.751) 

June -1.511* 

 (0.726) 

July -2.101** 

 (0.891) 

August -1.355 

 (1.071) 

September 0.0525 

 (1.913) 

October 0.786 

 (1.547) 

November -0.282 

 (0.811) 

December -1.023 

 (1.139) 

Constant 6.675*** 

 (1.113) 

  

Observations 11399 

R-squared 0.044 

Robust standard errors in parentheses clustered at state level *** p<0.01, ** p<0.05, * p<0.1 
  Source: IHDS data wave I (2004-05) and II (2011-12)  
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