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Abstract

Using households with a pair of male-female siblings (aged 8-11 years) from a nationally representative survey, the
paper estimates gender based intra-household inequality of opportunity in academic skills by comparing test scores of
the siblings in reading and mathematics skills within each household. The study finds substantial level of gender based
intra-household inequality in both the skills. The paper also estimates household fixed-effects models for reading and
mathematics skills, and finds significant difference between male and female children with female children at a
disadvantaged position. Further support for gender differential (bias against female children) is provided by the analysis
of the expenses incurred by households on the education of their children, which shows that the educational
expenditure on female children is substantially lower than that on male children.
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1. Introduction

Sen (1992) talks about 41 million “missing women” in India — women and girls who died
prematurely due to mistreatment. There is evidence that the bias towards males has only
increased in the last two decades, mainly due to sex-selective abortions which is being more
widely used to avoid female births (Jha et al. 2006). In general, girls in India are discriminated
against in different aspects of life including (but not limited to) education, nutrition, healthcare
and immunization (Basu 1989; Borooah 2004; Das Gupta 1987; Griffiths et al. 2002; Kishor
1993; Mishra et al. 2004; Pande 2003; Sen 1988; Singh, Hazra and Ram 2008).

The discrimination against girls becomes even more prominent when seen in the light of
literature on inequality of opportunity. Inequality of opportunity which is a relatively new
concept is defined as the part of an outcome inequality which can be associated to circumstances
beyond the control of an individual. For example, inequality of opportunity in income is the part
of total income inequality which is attributed to circumstances (such as race, ethnicity, religion,
gender, parental characteristics, place of birth and so on) of individuals, factors lying outside the
sphere of their control. Though, in the last decade or so a number of papers (Barros et al. 2009;
Bourguignon et al. 2007; Checchi and Peragine 2010; Checchi, Peragine and Serlenga 2010;
Cogneau et al. 2006; Dias 2009; Ferreira and Gignoux 2008; Lefranc et al. 2008; Pistolesi 2009;
Singh 2010a, 2010b, 2011a, 2011b; Trannoy et al. 2010; Zhang and Eriksson 2009) have been
written on inequality of opportunity, majority of them have focused on parental characteristics as
the circumstance variable and a few of them include race, ethnicity (or caste) , religion, gender
and place of birth in the list of circumstance variables. In case of India, there are limited studies
(Asadullah and Yalonetzky 2010; Singh 2010a, 2010b, 2011a, 2011b) which empirically
investigate the extent of inequality of opportunity in various economic and non-economic
outcomes but none of them explicitly explore the role of gender when it comes to inequality of
opportunity.

Role of gender becomes especially important when the fact that discrimination due to
gender takes place within the households in addition to taking place outside the house.
Circumstances like caste (or ethnicity), religion or parental characteristics result in
discrimination outside the household but there is sufficient evidence of discrimination against
female children within the households, particularly in India.

Given this context, I focus on within household inequalities and estimate gender based
intra-household inequality of opportunity in academic skills in Indian children (aged 8-11 years)
based on their test scores in reading and mathematics skills. Academic skills have been chosen as
the outcome measures because of two reasons: first, they are important indicators and second
they have never been investigated upon in Indian context. Simple but innovative inequality
decomposition technique has been used to carry out the decomposition of overall inequality in
academic skills (measured by scores) into intra-household and inter-household components.
Before, carrying out the actual decomposition, I have estimated household fixed effects linear
probability models to show that girls in the households are at a disadvantaged position when it
comes to academic skills. The paper finds substantial gender based inequality of opportunity in
academic skills in Indian children. It also finds that when it comes to expenditure on education of
children, Indian households spend substantially more on the education of boys than girls.

The next section describes the data used for the analysis. It is followed by a section on
empirical analysis and the main results of the study; the results are further discussed in the
section on discussion and conclusion which concludes the study.
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2. Data Description

I use the publicly available data from the Indian Human Development Survey (IHDS), conducted
by National Council of Applied Economic Research, New Delhi, India in collaboration with the
University of Maryland, in 2004-05. The survey is a micro unit recorded, nationally
representative survey based on a stratified multistage sampling procedure. The survey was
spread over 33 states and union territories of India and covers 26,734 households (143,374
individuals) in rural areas and 14,820 housecholds (72,380 individuals) in urban areas. This
survey is unique in the sense that it was designed to measure different dimensions of human
development with modules on education, health, employment, income, and gender
empowerment.

A major contribution of this survey was the administration of education module which
assesses reading, mathematics and writing skills for children aged 8 tol1 years. A major focus
was to measure basic skills by tests that can be administered relatively easily and with low
anxiety levels on the part of children. Also, it was administered at home in order not to miss
children who are absent from school. The tests were simple, intuitive and were translated into 13
languages in addition to English and the children were asked to take the test in whichever
language they were most comfortable in (Desai et al., 2010). Interviewers were trained using
specifically developed films so that they could differentiate between a child’s shyness and
inability to read. They were also taught how to develop rapport with children.

The focus was on children aged 8 tol1 years because “all of these children should have
acquired the basic skills” (Desai et al. 2010, p.79) which are the outcome variables in this study.
Children’s reading skills are divided into five categories: (i) cannot read at all; (ii) can read
letters but not form words; (iii) can put letters together to read words but not read whole
sentences; (1v) can read a short paragraph for 2-3 sentences but not fluent enough to read a whole
page; and (v) can read a one page short story. Mathematics skills are divided into four categories:
(1) cannot read numbers above 10; (ii) can read numbers between 10 and 99 but not able to do
more complex number manipulation; (iii) can subtract a two digit number from another; (iv) Can
divide a number between 100 and 999 by another number between 1 and 9.

Since, the interest of the study is in gender based intra-household inequalities, the eligible
sample comprises of those households which have at least one pair of male-female children in
the age group 8-11 years. The total number of households with at least a male-female pair of
children was 1068 (i.e., the eligible sample). Of these there were 1010 households with exactly
one male-female pair of children. These households which comprise of more than 94% of the
eligible sample are used in the analysis. This has been done for a meaningful interpretation of the
results.

Table 1 reports the age wise summary statistics of reading and mathematics scores of the
children in the sample. It can be seen from the table that except for the reading scores in the
children aged 9 years, the mean reading and mathematics scores of boys is greater than that of
girls. To check for whether girls are at a disadvantaged position compared to boys, I run a
household fixed effects linear probability model for each of the academic skills. The details of
the analysis are presented in the next section on empirical analysis and results.
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Table 1 Summary Statistics: Reading and Mathematics Scores of children by Age

Reading Mathematics

Age (years) Girls Boys Girls Boys
8 1.992 2.043 1.124 1.188
1.311 1.329 0.864 0.966

249 329 249 329
9 2.585 2.469 1.355 1.488
1.173 1.344 0.926 0.960

183 213 183 213
10 2.751 2.934 1.617 1.832
1.304 1.236 1.021 1.047

321 256 321 256
11 3.004 3.113 1.868 1.986
1.252 1.142 1.056 1.009

257 212 257 212

Notes: (1). First row: mean; second row: standard deviation; third row: number of observations.

(2). Reading scores: 0 = cannot read at all; 1 = can read letters but not form words; 2 =
can put letters together to read words but not read whole sentences; 3 = can read a short
paragraph for 2-3 sentences but not fluent enough to read a whole page; and 4 = can read a one
page short story.

(3). Mathematics scores: 0 = cannot read numbers above 10; 1 = can read numbers
between 10 and 99 but not able to do more complex number manipulation; 2 = can subtract a two
digit number from another; 3 = can divide a number between 100 and 999 by another number
between 1 and 9.

3. Empirical Analysis and Results

One of the main objectives of the paper is to see whether female child is at a disadvantaged
position vis-a-vis the male child within the household as far as academic skills are concerned.
The academic skills (measured by reading and mathematics scores) of a child depends upon
his/her personal characteristics (such as gender and age) and the characteristics of the household
that s/he resides in (for example, parental education, ethnicity, religion etc.). Some of these
household characteristics might be observed while the others may not. Use of the household
fixed effects makes it possible to control for all observed and unobserved household-level
variables. As the dependent variables (reading and mathematics scores) are categorical, I use
linear probability models (LPM) with household fixed effects. Since, it is not possible to apply
linear probability modeling with a dependent variable with multiple outcomes, the reading and
mathematics scores have been dichotomized (only for household fixed effects analysis). Reading
score = 1 if a child can read a paragraph or a short story and O otherwise. Similarly, mathematics
score = 1 if a child can perform mathematical operation of subtraction or division and O
otherwise. Formally the model can be written as:

Score (reading/mathematics);; = a + bFemale; + cAge;j + h; + ej (1)
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where, i stands for the male (= 0) or female (= 1) child within the household and j stands
for the household. “Female” stands for the dummy for the gender (male as reference) of the
child; “Age” for age of the child and “A” stands for household fixed effects. It can be noted that
“Age®” is not included in the model as the variable itself has been treated as a categorical (non-
linear) variable for the regression analysis. Similar kind of modeling have been used in past
studies (refer to Motiram and Osberg 2010; Chudgar 2011).

It may also be noted that there are two problems associated with LPM; first, by
construction it produces heteroskedasticity in the residual variance and second, in many cases the
predicted probability of dependent variable (=1) turn out to be either below 0 or above 1 which
indicates that the probabilities cannot be linearly related to the independent variables for all their
possible values. The first problem is taken care by using the option “robust” in STATA (package
used for regression analysis), whereas the second problem doesn’t arise in our estimation which
will become clear when the post estimation checks will be discussed.

Table 2 presents the estimates from the household fixed-effects linear probability models.

Table 2 Linear Probability Estimates (household fixed effects) of a child’s academic scores

Reading Mathematics
Intercept 0.423 % 0.395%*3*
(0.029) (0.030)
Female (reference: male) -0.042%* -0.054 ***
(0.017) (0.017)
Age (reference: age 8 years)
Dummy for age 9 0.126%** 0.109%**
(0.034) (0.035)
Dummy for age 10 0.324 % 0.290%**
(0.024) (0.024)
Dummy for age 11 0.3527%# 0.3083*
(0.031) (0.032)
Sample size 2020 2020
R® within 0.209 0.170
R® between 0.025 0.016
R® overall 0.089 0.065
Post estimation
Predicted probability, y=1 (min.) 0.339 0.287
Predicted probability, y=1 (max.) 0.733 0.649

Notes (1). For reading, y=1 if the child can read a paragraph or a short story, 0 otherwise; For
mathematics, y=1 if the child can perform subtraction or division, 0 otherwise.
(2). ***significant at 1%. **significant at 5%
(3). Figures in parentheses are robust standard errors. Since the model is linear
probability model, robust option has been used to take care of heteroskedasticity.

It can be observed that for both the reading as well as mathematics skills, the coefficients
are negative and highly significant. It shows that the probability of reading a paragraph or a short
story (and the probability of performing mathematical operation of subtraction or division) for a
female child is significantly lower than the male child from the same household. Also the
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probability of achieving the above mentioned scores increases with the age of a child. It makes
sense because the same set of tests were administered to the children of all ages.

It may be noted (post estimation in Table 2) that the predicted probability of reading
score (or mathematics score) = 1 is never below 0 or above 1 (that is, it lies in the interval O-1).
This shows that the model used in the analysis is robust as the probabilities can be linearly
related to the independent variables for all their possible values.

The primary focus of this study is to estimate the extent of gender based intra-household
inequality of opportunity in reading and mathematics skills. To this end, the study uses a simple
but innovative technique whose basic intuition lies in the fact that the difference between the
academic skills of male and female siblings (within a household) is due to either gender of the
children or their age. If the scores can be corrected for age, then the sole difference in academic
skills of children within household can be attributed to the gender of children. The other
household factors are same for both the children of the household. One implicit assumption here
is that a child at such a tender age cannot be held responsible for putting efforts by
himself/herself. If a child of a particular gender in a particular household is investing more
efforts (in terms of doing homework), then it is taken as an indication that the parents are
motivating (investing in) him/her more than the other child. Similarly, if parents are selectively
sending a child of a particular gender to a better school, then it is also taken as a consequence of
the gender of the child itself. So, if the academic score in a particular skill is corrected for the age
of the children and then the overall inequality in the corrected academic scores (reading or
mathematics) can be decomposed into within household and between household components,
then the within household component can be attributed to the gender based (intra-household)
inequality of opportunity in that particular academic skill (reading or mathematics). A ratio of
within household inequality to the overall inequality will give the inequality of opportunity in the
particular academic skill as a fraction of total inequality in the same academic skill. It is deemed
inequality of opportunity because it can be associated to the gender of children which is clearly a
circumstance beyond the control of a child.

As the academic skills of a child within a household vary according to his/her age, that
needs to be controlled, I have regressed actual observed scores on age of the child and have taken
the residuals from this regression. This variable represents the scores obtained by a child of an
“average” age. The details have been presented subsequently. These corrected scores have been
used in the inequality decomposition exercise. The exact mechanism for carrying out the
decomposition is discussed below:

The decomposition of overall inequality into within household (intra-household) and
between household (inter-household) has been carried out separately for the two academic skills
(reading and mathematics). For ease of explaining, I will take one of them as example and
elaborate the decomposition procedure followed in this analysis. Let us take the example of
reading skills. First, the total sample is partitioned into groups based on household itself. That is
each household is considered as a group in itself. So, there are totally 1010 groups (as there are
1010 households). Each group (household) contains the reading scores (corrected) of the male-
female pair of children present in the group (household). With such a partitioning, the difference
in the reading scores within a group (household) can be considered as the result of gender of the
children in the household. Now, the overall inequality in reading scores is decomposed into
within-group (within-household) and between-group (between-household) components. The
resulting within-group component in this decomposition is nothing but the gender based intra-
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household (or within-household) inequality of opportunity (IOp) in reading scores (i.e. reading
skills). The same procedure has been carried out for mathematics skills as well.

The overall inequality in reading (and mathematics) scores is decomposed into the above
mentioned components using mean log deviation (for similar decompositions, refer to Checchi
and Peragine 2010, Singh 2010a and Singh 2011b). Mean log deviation is chosen because it is
the only measure which satisfies six axioms or properties which comprise of the four standard
axioms of (i) anonymity or symmetry; (ii) population replication or replication invariance; (iii)
mean independence or scale invariance; (iv) Pigou-Dalton principle of transfers and the
additional axioms of (v) additive subgroup decomposability and (vi) path independence.' The
additional properties of additive subgroup decomposability and path independence are
particularly important for the present study. The additive subgroup decomposability is important
because the study primarily decomposes the total reading (and mathematics) scores inequality
into within-group and between-group components. Since the interest is in within-group
component, the property of path independence is also required in the sense that the
decomposition must yield the same result or the decomposition is invariant to whether between
group inequality is eliminated first and the within group component computed second, or the
reverse. The results of the decomposition of the overall reading (and mathematics) scores
inequality into within-group component (gender based intra-household inequality of opportunity)
and between-group component have been presented in Table 3.

Table 3 Gender Based Intrahousehold inequality of opportunity in academic skills

Within group Between group ~ Total inequality Gender based

inequality inequality © Intrahousehold
(A) (B) 10p (%)
D) = AI(©)
Reading Scores 0.059 0.106 0.165 35.7
Mathematics
Scores 0.067 0.146 0.214 31.5

Notes: 1. Groups are based on households, every household is a group in itself; Mean Log

Deviation has been used for carrying out the inequality decompositions.

2. The inequality has been estimated on academic scores corrected for age of children.
That is, the residuals from the following regressions:

(a) Reading = 2.021 + 0.502.dummy,gc 9 + 0.811.dummy,ge 10+ 1.033.dummy,ge 11
Since the residuals are centered around zero, they have been added a constant (2.591)
in order to match the actual series.

(b) Mathematics = 1.161 + 0.266.dummy;gc 9 + 0.551.dummy;ge 10 + 0.760.dummy;ge 11
Since the residuals are centered around zero, they have been added a constant (1.547)
in order to match the actual series.

! These properties have been described in Appendix I. Since these properties are standard
properties generally associated with commonly used inequality measures, the description has
been kept to a minimum. Readers may refer to Shorrocks (1980), Foster and Shneyerov (1999,
2000), Shorrocks and Wan (2005), and Ferreira and Gignoux (2008) for a detailed discussion.

? For interested readers, the decomposition procedure using mean log deviation as the inequality
measure has been presented in Appendix II.
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It can be noted form Table 3 that when it comes to reading skills, nearly 36% of overall
inequality can be attributed to gender based intra-household inequality of opportunity. The same
figure for mathematics skills stand at approximately 32%. The estimates are substantial as almost
one-third of the overall inequality can be associated to the difference in gender of the children
within the households. These results have been discussed further in the next section which
concludes the present study.

4. Discussion and Conclusion

The study was initiated with a primary objective of enquiring into within household gender based
differences in academic skills of children. The analysis provides compelling evidence that within
households, it is the female child which is at a disadvantaged position compared to the male
child. The study also finds substantial level of gender based intra-household opportunity share in
the overall inequality in academic skills. To further explore the possible reasons for the lower
level of academic scores (skills) of the female children compared to their male counterparts, I
examine the expenses incurred by the households on the education of their children. Table 4
reports the mean annual expenditure by households on various aspects of their children’s
education.

Table 4 Mean annual expenditure by households on children’s education

Age| School Fees Books, Uniform, Private Tuition
(INR) Transportation and other (INR)
material
(INR)

Male Female Diff. Male Female Diff. Male Female Diff.

Overall 526.23 478.02 4821  682.26 657.34 2492 149.62 97.11 52.51**

8 450.78 425.35 25.43  585.73 50429 81.44 121.34 7194  49.4%*

9 521.22 457.38 63.84  679.28 666.55 12.73 111.92 67.46 44.46

10 502.66 47544  27.22 72431 65096 7335 170.63 103.58  67.05

11 676.25 546.69 129.56  782.66 805.73 -23.07 205.26 13443  70.83

Note: 1. INR stands for Indian Rupees

2. Diff. stands for the difference between the mean expenditures on male and female
children.

3. **Significant at 5%; based on two-sample t test with unequal variances.

It can be observed from the Table that, barring an exception of educational expenditure
on books, uniforms and other material on the children aged 11 years, the mean expenses on every
other category at every age is more for the male children compared to the female counterparts. It
may also be noted that the difference in expenses on private tuition between male and female
children is starker than the other educational heads. For the overall sample, the expenditure on
private tuitions on male children is significantly higher than that of female children. This should
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be seen in the light of the fact that, private tuitions are optional and households can decide to
choose which children they want to provide this facility and to whom not. Unlike expenses on
other items, for example, school fees, which are relatively fixed, the expenses on private tuitions
are discretionary which the households are using more in favor of male children.

As a concluding remark it can be said that inequality of opportunity is fast becoming the
centre of debate among the researchers and policy makers working in areas related to the welfare
of the population. An increasing part of academia is feeling the need for policies which can
reduce circumstances based inequality in various economic and non-economic outcomes in a
society. Special mention can be made to World Development Report 2006 (World Bank, 2006),
which suggests that, on the day of their birth, children cannot be held responsible for their
circumstances, despite the fact that these circumstances such as race, gender, parent’s income
and education, and urban or rural location will make major differences in the lives they lead.
Given this context, focusing on children helps put inequality of opportunity at the centre of the
policy debate. Governments world-wide are focusing on eradicating any sort of circumstance
based discrimination in access to governmental and non-governmental services among the
populace but the major challenge lies in countering the discrimination based on gender within the
households as there is always a high chance that it remains undetected. Observing the scenario in
India, where there is substantial evidence of discrimination against the female children within the
households, it is high time for Government of India to start programmes which can tackle this
social evil.

2341



Economics Bulletin, 2011, Vol. 31 no.3 pp. 2333-2346

References

Asadullah, N. and Yalonetzky, G. (2010) “Inequality of educational opportunity in India:
Changes over time and across states” IZA discussion paper number 5146.

Barros, R. P., F.H.G. Ferreira, J.JR.M. Vega and J.S. Chanduvi (2009) Measuring Inequality of
Opportunities in Latin America and the Caribbean, Palgrave MacMillian and The World Bank:
Washington DC.

Basu, A.M. (1989) “Is discrimination in food really necessary for explaining sex differentials in
childhood mortality?” Population Studies 43(2), 193-210.

Borooah, V. (2004) “Gender bias among children in India in their diet and immunization against
disease” Social Science and Medicine 58, 1719- 1731

Bourguignon, F., Ferreira, FH.G. and M. Menéndez (2007) “Inequality of Opportunity in
Brazil” Review of Income and Wealth 53(4), 585-618.

Checchi, D. and V. Peragine (2010) “Inequality of Opportunity in Italy” Journal of Economic
Inequality 8, 429-450.

Checchi, D., Peragine, V. and Serlenga, L. (2010) “Fair and Unfair Income Inequalities in
Europe” ECINEQ working paper number 174.

Chudgar, A. (2011) “Female Headship and Schooling Outcomes in Rural India” World
Development 39(4), 550-560.

Cogneau, D., T. Bossuroy, P. Vreyer, C. Guenard, et al. (2006) “Inequalities and equity in
Africa” DIAL paper number DT/2006-11.

Das Gupta, M. (1987) “Selective discrimination against female children in rural Punjab, India”
Population and Development Review 13(1), 77-100

Desai, S., Dubey, A., Joshi, B., Sen, M., Shariff, A., and Vanneman, R.D. (2010) Human
development in India: challenges for a society in transition, Oxford University Press: New
Delhi.

Dias, P.R. (2009) “Inequality of Opportunity in Health: Evidence from a UK Cohort Study”
Health Economics 18, 1057-1074.

Ferreira, F. and J. Gignoux (2008) “The Measurement of Inequality of Opportunity: Theory and
Application to Latin America” Policy Research working paper number 4659.

Foster, J. and A. Shneyerov (1999) “A General Class of Additively Decomposable Inequality
Measures” Economic Theory 14, 89-111.

Foster, J. and A. Shneyerov (2000) “Path Independent Inequality Measures” Journal of
Economic Theory 91, 199-222.

Griffiths, P. Mathews, Z. Hinde, A. (2002) “Gender, Family and the Nutritional Status of
Children in three Culturally Contrasting States of India” Social Science and Medicine 55(5), 775-
790

Jha, P., Kumar, R., Vasa, P., Dhingra, N., Thiruchelvam, D., and Moineddin, R. (2006) “Low
Male-to-Female Sex Ratio of Children Born in India: National Survey of 1.1 Million
Households” Lancet 367, 211-218

Kishor, S. (1993) “May God give Sons to all: Gender and Child Mortality in India” American
Sociological Review 58, 247-265

Lefranc, A., N. Pistolesi and A. Trannoy (2008) “Inequality of Opportunities vs. Inequality of
Outcomes: Are Western Societies All Alike” Review of Income and Wealth 54(2), 513-546.
Mishra, V., Roy, T.K. and Retherford, R. (2004) “Sex Differentials in Childhood Feeding,
Health Care and Nutritional Status in India” Population and Development Review 30(2), 269-295

2342



Economics Bulletin, 2011, Vol. 31 no.3 pp. 2333-2346

Motiram, S. and Osberg, L. (2010) “Gender Inequalities in Tasks and Instruction Opportunities
within Indian Families” Feminist Economics 16(3), 141-167.

Pande, R. (2003) “Selective Gender Differences in Childhood Nutrition and Immunization in
Rural India: The role of siblings” Demography 40(3), 395-418

Pistolesi, N. (2009) “Inequality of Opportunity in the Land of Opportunities” Journal of
Economic Inequality 7, 411- 433.

Sen, A. (1988) “Family and Food: Sex Bias in Poverty” in Srinivasan, T.N., Bardhan, P.K.
(eds.), Rural Poverty in South Asia, Ithaca: New York.

Sen, A. (1992) “Missing Women” British Medical Journal 304, 587-588

Shorrocks, Anthony F. (1980) “The Class of Additively Decomposable Inequality Measures”
Econometrica 48(3), 613-625.

Shorrocks, A.F. and G. Wan (2005) “Spatial Decomposition of Inequality” Journal of Economic
Geography S, 59-81.

Singh, A. (2010a) “Effect of Family Background on Individual Wages and an Examination of
Inequality of Opportunity in India” Journal of Labor Research 31(3), 230-246.

Singh, A. (2010b) “Inequality of Opportunity in Indian Children: the case of Immunization and
Nutrition” MPRA paper number 32505.

Singh, A. (2011a) “Inequality of Opportunity in Access to Primary Education: Case of Indian
Children” Paper presented at Population Association of America’s annual conference, 2011,
Washington DC.

Singh, A. (2011b) “Family Background, Academic Ability and Associated Inequality of Opportunity in
India” Economics Bulletin 31(2), 1463-1473.

Singh A., Hazra A. and Ram F. (2008) “Women’s Autonomy and Sex Differential in Child
Mortality in India” Genus LXIII (3-4), 55-75.

Trannoy, A., S. Tubeuf, F. Jusot and M. Devaux (2010) “Inequality of Opportunities in Health in
France: A First Pass” Health Economics 19, 921-938.

World Bank (2006) World Development Report 2006: Equity and Development, World Bank:
Washington, DC.

Zhang, Y. and T. Eriksson (2009) “Inequality of Opportunity and Income Inequality in Nine
Chinese Provinces, 1986-2006 Beijing Jiaotong University working paper number 09-18.

2343



Economics Bulletin, 2011, Vol. 31 no.3 pp. 2333-2346

Appendix I Details of the properties satisfied by mean log deviation as listed in section 3
(Empirical Analysis and Results).

The description of the properties has been provided in a generalized form in the context of
income for which mean log deviation (MLD) and other common inequality measures are
generally used. The same properties can be thought of in the context of academic scores by
replacing incomes with academic scores. Since these are standard properties which have been
fairly developed and described in the literature related to inequality measures, only an intuitive
description has been provided here. For greater details please refer to Shorrocks (1980), Foster
and Shneyerov (1999, 2000), Shorrocks and Wan (2005), and Ferreira and Gignoux (2008).T

Consider a population of individuals represented by N = (1, 2, ..., n), withy = (y; ..., y»)
as the income vector. The mean income is denoted by p . Inequality in income distribution is
captured by an index, I(y).

Property 1. Anonymity (Symmetry)

I (y1, ¥2, ..., Yn) 1s Invariant to permutations of (y;, y2, ..., y»). That is, I(y) = I(x) whenever x is
obtained from y by a permutation. In simple terms only the income distribution matters and not
the individuals who are earning them.

Property 2. Population Replication (Replication Invariance)

I (v, Y2, «eoy Vo) =1 (Y1, Y2, «oy Yus Y1, V2, ..., Yu) OF in general I(y) = I(x) whenever x is obtained
from y by a replication, that is, incomes in x are simply the incomes in y repeated a finite number
of times. Simply put, cloning the whole income distribution doesn’t affect the inequality
measure.

Property 3. Mean Independence (Scale Invariance)

I (Y1, Y2, . Yu) = 1 (01, Oz, ..., Oyn) V9> 0; that is I(y) = I(x) whenever x is obtained from y by
a scalar multiple. The inequality measure doesn’t change if income of every individual in the
population is scaled up or down by the same multiple.

Property 4. Pigou-Dalton Transfer Principle

T Yo o Yie Aoy Vit Ao, V) STV Y2 oo Vi ooes Yjp ooey Yu) if A > 0 and y; < y;. In simple
terms, if income is transferred from a poorer individual to a richer individual (regressive
transfer), the inequality measure increases. Analogous definition can be mentioned for
progressive transfers also, where the inequality measure should decrease, in case income is
transferred from a richer individual to a poorer individual.

" The details presented in this appendix have been derived from the referred studies. Also, some
standard notations are retained in order to maintain coherence.
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Property 5. Additive Decomposability

Consider that the individuals, A, are partitioned into m proper subgroups Ny (k = 1,2, ...,m) based
on some criteria, with respective income vectors y*, mean incomes p,, population sizes n; , and
population shares v}, = % Also, let ¥*denote the distribution obtained by replacing each income

in the vector y*with the subgroup mean, ;. Then (following Shorrocks and Wan 2005), for
MLD as the inequality index,

1) =13y y") = — sz“

N=rien, Y

m

Y7,
_z ZzeNkln_k-i_ ZZEN‘

k=1 T 1y Yi M=
=ka1(y’<)+2vk1nﬁ

k=1 k=1 k
=W+B

where W is the within-group inequality and B represents the between-group component. W is
nothing but a weighted average of subgroup inequality values and B is the between-group
contribution to inequality, representing the level of inequality obtained by replacing the income
of each individual with the mean income of their respective subgroup.

Therefore for MLD, the overall level of inequality for the population can be expressed in
an intuitively appealing manner as an exact sum of the average inequality within groups and the
inequality due purely to differences in average incomes between groups (Shorrocks 1980;
Shorrocks and Wan 2005). Any inequality measure is said to be additively decomposable when it
can be decomposed in this way.

Property 6. Path Independence

Consider an inequality measure which satisfies the above decomposability property and that we
are interested in obtaining W, which is the within-group component. It can be directly obtained

as follows: replace the individual incomes, y[, in every group with yl (Where u is the overall

mean for the population). This operation will suppress all between- group inequality, leaving only
inequality within groups. If the considered inequality measure is now applied on this
“standardized” distribution, it will give the within-group component directly.

Instead, if we replace the individual incomes, y¥, in every group with the group-specific
mean (), then all the within-group inequality will be eliminated, and the resulting “smoothed”
distribution will have only the between-group component. The within-group component W can
now be obtained (indirectly) from subtracting the inequality (using the considered inequality
measure) in above “smoothed” distribution from the overall inequality (using the same inequality
measure) in the actual distribution. If the within-group component obtained from the two

processes is same, then the inequality measure is considered to be path independent (Ferreira and
Gignoux 2008, p.9).
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Appendix II Details of decomposition method used for analysis in section 3 (Empirical Analysis
and Results)

The decomposition of overall academic skills (reading and mathematics) inequality into within-
group and between-group (each household is taken as a group) has been carried out separately
for each skill using mean-log deviation. The exact decomposition procedure is as follows:

Let the index (mean log deviation) be represented by M, and suppose that the children, N,
are partitioned into m (=1010) proper subgroups Ny (k = 1,2, ...,m) based on their household,

with respective academic score vectors y*, mean scores py, population sizes n; (in the present
case there are two children in every group), and population shares v, = % Also, let y*denote
the distribution obtained by replacing each score in the vector y*with the subgroup mean, p.

Then,
1.2 m RS M
M) =M,y ey ==Y T

N=tien, Y

“n, 1 M 1T U
=) ——>» In—/+— _In—
z ZzeNk y n kZ:; ZzeNk ;uk

k=1 T 1y i
= > VvMOH+D v, In—
=1 =1 M,
=W+B

where W is the within group inequality (intra-household inequality of opportunity) and B
represents the between group component (refer to Shorrocks and Wan 2005 for greater details).
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