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Effects of Janani Suraksha Yojana on Antenatal Care and
Institutional Delivery

Abstract
Janani Suraksha Yojana (JSY) is a conditional cash transfer program in India. It provides conditional cash
incentives to eligible pregnant women so that they are able to take at least three antenatal care services including
tetanus injection and iron folic acid, to deliver their babies in health institutions, and to take at least one postnatal
service for them and their neonatal babies. We examine its effects on antenatal care and the institutional delivery.
We also decompose effects into direct and indirect categories, deriving parameters from the theoretical model,
then estimating them using several regression methods including the propensity score matching. We use the fourth
round of District Level Household Survey (DLHS), which has an advantage over the previous waves of DLHS.
JEL Classification: I12, I15, I18
Key words: Janani Suraksha Yojana; Demand-side financing, Propensity score matching;
India

I.

Introduction

Every year globally, on average 303,000 women die at the time of pregnancy and childbirth, around 2.7
million babies die within the first 28 days of their life, and stillbirths are around 2.6 million (WHO, 2016).
Pregnant women's lack of access to quality skilled care before, during and after childbirth, is identified as the main
reason for these deaths (WHO, 2017). If uptakes of maternal and child health care services increase, these deaths
are expected to reduce significantly.
For many years, by increasing facilities of maternal and child health care services, policymakers were
trying to reduce maternal and child mortality. However, day by day, they were also realizing that an increase in
the supply of health care facilities, such as medical staff, medicines and machines, alone cannot increase uptakes
of maternal and child health care services at an expected level, especially in a setting where health care facilities
are not free and prices of such facilities are not attainable for poorer people (Bhatia et al., 2006; Bhatia and Gorter,
2007; Ensor and Cooper, 2004; Koblinsky et al., 2006; Thaddeus and Maine, 1994).
The success of conditional cash transfer programs (for example, Progressa in Mexico), in the case of
human capital and general health in the 1990s, motivated many policy makers of public health. In the spirit of
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Progressa, since the late 1990s, many developing countries have started conditional cash transfer programs to
increase the uptakes of maternal and child health care services (Ensor et al., 2017; Yang et al., 2016;
Kuwawenaruwa et al., 2016; Kingkaew et al., 2016; Engineer et al., 2016; Skiles et al., 2015).
Such programs are commonly called Demand Side Financing (DSF) program, as they are meant to
increase the demand for maternal and child health care services by reducing the relative prices of them (Gertler
and Van der Gaag, 1990). Besides the supply side improvement policy, a DSF program has been found effective
in increasing the uptakes of desired maternal and child health care services in most of the cases (Anwar et al.,
2008, Behrman and Knowles, 1998, Bhatia et al., 2006, Bhatia and Gorter, 2007, Van de Poel et al., 2014).
In the context of high rates of maternal and neonatal death, India launched the world’s largest DSF
program, named as Janani Suraksha Yojana (JSY or safe motherhood scheme in English), in 2005. The ultimate
goal of JSY is to reduce maternal and neonatal death through increasing the institutional delivery. It covers more
than 10 million women a year (MoHFW, 2017) and provides conditional cash transfers to eligible pregnant women
so that they can give birth in public or accredited private healthcare facilities, they receive at least three antenatal
care (ANC) services including tetanus (TT) injection and iron folic acid (IFA), and at least one postnatal care
(PNC) service for them and their neonatal babies (Yojana, 2006).
A number of studies have previously discussed JSY’s effects on intended and unintended maternal and
child health care outcomes (Nandi and Laxminarayan, 2016; Powell-Jackson et al., 2015; Carvalho et al., 2014;
Gopalan and Durairaj, 2012; Gupta et al., 2011; Gupta et al., 2012; Lim et al., 2010; Modugu et al., 2012). All of
these studies, which focused on the institutional delivery, have established high positive effects of JSY on the
institutional delivery. However, findings of the effects of JSY on ANC and PNC are varied, as statistically
insignificant effects have also been found on these intended outcomes (Powell-Jackson et al., 2015). On the other
hand, significant effects have been found on some unintended outcomes (Powell-Jackson et al., 2015). For
example, JSY significantly increases the probability of pregnancy, and JSY women start breastfeeding their
neonatal babies earlier than non-JSY women.
Previous prominent studies (Nandi and Laxminarayan, 2016; Powell-Jackson et al., 2015; Carvalho et
al., 2014; Lim et al., 2010) used data from second and third rounds of a repeated cross section, District Level
Household Survey (DLHS), surveyed in 2002-2004 and 2007-2008 respectively. The second round was surveyed
before JSY, and the third round was surveyed when JSY was in its early stages when many women were not aware
of it. There is a potential for the selection bias in that early round. The chance is high because JSY’s operation
has actually been running since 2007 (Das et al., 2011). Additionally, many women responded as JSY
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beneficiaries when they in fact were not (Das et al., 2011). This implies that the treatment group included control
women. Because of this and the possible selection bias, previous results are likely to have substantial downward
biases.
We use the fourth round of DLHS (DLHS-4), which was surveyed in 2013-2014 when JSY was a mature
program. It is unlikely that DLHS-4 has such extensive problems. We expect statistically significant effects on all
intended outcomes. However, the objective of our paper is not only estimating JSY’s effects on the intended
outcomes but also to decompose those effects into the direct and indirect effects. We do attempt these
decompositions because policymakers will understand how JSY affects the intended outcomes, and then they will
be able to take necessary actions to improve them further.
An indirect effect can be considered as the unintended effect. There is no question that being a part of
JSY’s cash incentive an intended outcome can be affected by JSY directly. JSY can also affect it indirectly through
affecting another intended outcome if two outcomes are connected. We shall capture here both direct and indirect
effects on the intended outcomes, and shall see which effects are stronger than the others.
In this study, we consider two main intended outcomes – ANC and institutional delivery. We assume
that both are connected, and in addition to the direct effect, JSY may have an indirect effect on each through each
other. To capture both direct and indirect effects, we initially derive mathematical equations from raw differentials
and then develop econometric models to estimate parameters in mathematical equations.
After this introductory section, we briefly discuss the program, JSY, in Section II. Section III formulates
both theoretical and econometric models. Section IV describes data, and Section V presents results. Finally,
Section VI contains discussion and conclusion of the study.

II.

The Program
India is steadily improving in the terms of reducing maternal and child mortality (Tandon, 2016;

Registrar General of India, 2013). In spite of the steady progress, it still suffers from the highest under-five child
mortality rate in the world (Tandon, 2016). The number of maternal deaths in India is higher than such numbers
in its close competitors such as Indonesia and Malaysia (UNICEF, 2017). Moreover, the national figures hide the
situation at the state level. In general, the northern states have very high maternal and child mortality rates in
comparison to the southern states (Registrar General of India, 2013).
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In the above setting, on 12th April 2005, the world’s largest DSF program, JSY, was launched under the
National Rural Health Mission (NRHM) by the prime minister of India. The main objective of JSY is to increase
the institutional delivery, but the ultimate goal of it is reducing maternal and neonatal mortality through increasing
the institutional delivery. Along with the financial support of increasing the institutional delivery, JSY also gives
financial incentives to increase the uptakes of at least three ANC services including a TT injection and IFA, and
at least one PNC service for a mother and her child.
JSY is a universal program in 10 Low Performing States (LPS) – Uttar Pradesh, Uttaranchal, Bihar,
Jharkhand, Madhya Pradesh, Chhattisgarh, Assam, Rajasthan, Orissa, and Jammu and Kashmir – where the rates
of institutional delivery are very low. † In LPS, every pregnant woman who wants to deliver her child in a public
or an accredited private hospital, is eligible for JSY cash incentives. In other states, which are called High
Performing States (HPS), the program gives financial incentives to only socio-economically disadvantaged
women. Table (1) lists all eligibility criteria by state type. First three criteria in HPS are the key criteria which
determine whether a woman falls into the socio-economically disadvantaged group. A woman will be selected for
JSY if she fulfils any one or all criteria in addition to fulfilling the other criteria. Criteria (4) and (6) in HPS are
set to discourage baby boom, and (5) is a cost-effective criterion. It should be noted that the age criterion has been
withdrawn recently. However, at the time of our data, the criterion remained and so was keep in this study.
Table 1: Eligibility Criteria of JSY
State Type
Eligibility Criteria
LPS
All pregnant women delivering in public or accredited private institutions.
HPS
(1) Household of the pregnant woman has below poverty line card, or/and
(2) Household of the pregnant woman is scheduled caste, or/and
(3) Household of the pregnant woman is tribe, and
(4) The pregnant woman aged 19 years and above, and
(5) Give birth in public or accredited private institutions, and
(6) In every above case, receive program benefit up to the second birth.
Source: Ministry of Health and Family Welfare, India (Yojana, 2006).

There are many field workers in the program who are appointed to work as intermediaries between
the program administrators and the pregnant women. A field worker is called an accredited social health
activist (ASHA). ASHAs identify the eligible pregnant women for JSY, and they help them from birth
registration to the PNC service. They also prompt women to use the institutional delivery service. An ASHA
receives cash incentives for his/her activities. Table 2 provides the information of cash incentives of JSY (in

†

If institutional delivery is less than 25% in a state, that is called low-performing state, otherwise, that is called high-forming state.
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Indian Rupees) for both an eligible woman and an ASHA. LPS mothers receive a higher amount of cash than
HPS mothers, in both rural and urban areas. ASHA’s cash incentives do not vary by state type, but vary by
rural and urban areas. For both mothers and ASHAs, cash incentives are higher in the rural area than that in
the urban area. This is probably the reason that the poorer women live in the rural area, and the rural
transportation is costly.
Table 2: Scale of Cash Assistance of JSY (in Indian Rupees (INR), and 64 INR=1 USD)
Rural Area
State Type
LPS
HPS

Mother
1,400
700

ASHA
600
600

Urban Area
Total
2,000
1,300

Mother
1,000
600

ASHA
400
400

Total
1,400
1,000

Source: Ministry of Health and Family Welfare Annual Report 2016–2017, Government of India (MoHFW, 2017).

An eligible pregnant woman aiming to deliver her baby in the public health institute receives her entire cash
entitlement in one go at the health institution. An accredited private health institute reimburses the third-fourth of
the cash incentive in the first visit of an eligible woman who aims to deliver her baby there. An eligible woman
also receives at least 250 rupees for transportation costs, which may vary by location and state. Up to an additional
1,500 rupees is given to her in the case of caesarian section or obstetric complications. If she wants to deliver at
home, she only receives 500 rupees. An ASHA’s cash payment is made in two instalments. The first part of the
payment is given when he/she goes to the health institute with the pregnant women for the first time, and the
second part of the payment is given after the PNC services taken by a mother.

III.

Methods
A. Mathematical Models

Let 𝑡 and 𝑑 denote dummies for JSY and institutional delivery respectively. 𝑡 contains 1 if a mother is JSY
recipient, or 0 if she is a non-recipient of JSY and other similar cash incentives. 𝑑 has 1 if a mother gave her last
birth in a health institute (e.g. hospital), or 0 if she gave her last birth at home. 𝐴(𝑡, 𝑑) denotes a dummy for
antenatal care (ANC) given the status of 𝑡 and 𝑑. 1 in 𝐴(𝑡, 𝑑) implies that at least one ANC is taken by a mother,
and 0 implies that no ANC is taken by her. 𝑁(𝑡, 𝑑) is the number of mothers given the status of 𝑡 and 𝑑. We can
write 𝑁(𝑡) = 𝑁(𝑡, 𝑑 = 1) + 𝑁(𝑡, 𝑑 = 0) and 𝑁(𝑑) = 𝑁(𝑡 = 1, 𝑑) + 𝑁(𝑡 = 0, 𝑑). We can also write 𝐴(𝑡 =
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1, 𝑑 = 1) = 𝐴(1,1), 𝐴(𝑡 = 1, 𝑑 = 0) = 𝐴(1,0), 𝐴(𝑡 = 0, 𝑑 = 1) = 𝐴(0,1), and 𝐴(𝑡 = 0, 𝑑 = 0) = 𝐴(0,0). In
a similar way, we can write the notations of the different combinations of 𝑁(𝑡, 𝑑).

Case 1: The overall or total effect of JSY on ANC
Say, 𝜌𝑎 is the parameter of the effect of JSY on ANC, and we can write it, as 𝜌𝑎 = ̅̅̅̅̅̅̅̅̅̅̅
𝐴(𝑡 = 1) − ̅̅̅̅̅̅̅̅̅̅̅
𝐴(𝑡 = 0) as a raw
differential. After some manipulation (see proof 1 in Appendix A), we can write it as

𝜌𝑎 =

̅̅̅̅̅̅̅̅̅−(1+𝑘1 )𝐴(0,1)
̅̅̅̅̅̅̅̅̅
(1+𝑘0 )𝐴(1,1)
(1+𝑘1 )(1+𝑘0 )

+

̅̅̅̅̅̅̅̅̅−𝑘0 (1+𝑘1 )𝐴(0,0)
̅̅̅̅̅̅̅̅̅
𝑘1 (1+𝑘0 )𝐴(1,0)
(1+𝑘1 )(1+𝑘0 )

,

(1)

̅̅̅̅̅̅̅̅̅ − (1 + 𝑘1 )𝐴(0,1)
̅̅̅̅̅̅̅̅̅) ≥ 0 and (𝑘1 (1 + 𝑘0 )𝐴(1,0)
̅̅̅̅̅̅̅̅̅ − 𝑘0 (1 + 𝑘1 )𝐴(0,0)
̅̅̅̅̅̅̅̅̅) ≥ 0.
where 𝜌𝑎 ≥ 0, if ((1 + 𝑘0 )𝐴(1,1)
𝜌𝑎 ≥ 0 even if one part is negative, but the positive part should be at least equal to the absolute value of the
negative part. However, our main issue is that equation (1) captures the total effect of JSY on ANC, where JSY
̅̅̅̅̅̅̅̅̅ > 𝐴(0,1)
̅̅̅̅̅̅̅̅̅ and 𝐴(1,0)
̅̅̅̅̅̅̅̅̅ > 𝐴(0,0)
̅̅̅̅̅̅̅̅̅, and also in an indirect way via increasing
affects ANC in a direct way if 𝐴(1,1)
the institutional delivery if 𝑘0 > 𝑘1 . One may argue that if JSY increases the institutional delivery,
̅̅̅̅̅̅̅̅̅ − 𝑘0 (1 + 𝑘1 )𝐴(0,0)
̅̅̅̅̅̅̅̅̅ will decrease though (1 + 𝑘0 )𝐴(1,1)
̅̅̅̅̅̅̅̅̅ − (1 + 𝑘1 )𝐴(0,1)
̅̅̅̅̅̅̅̅̅ will increase,
𝑘1 (1 + 𝑘0 )𝐴(1,0)
but the total effect, 𝜌𝑎 , will increase, as the rate of increasing part is stronger than the rate of decreasing part (see
proof 2 in Appendix A). In the next two cases, we shall decompose the total effect into two effects.

Case 2: The effect of JSY on ANC, when JSY has no direct effect on ANC, but has a direct effect on the institutional
delivery.

We can now show that 𝜌𝑎 > 0 even if ̅̅̅̅̅̅̅̅̅
𝐴(1,1) = ̅̅̅̅̅̅̅̅̅
𝐴(0,1) and ̅̅̅̅̅̅̅̅̅
𝐴(1,0) = ̅̅̅̅̅̅̅̅̅
𝐴(0,0). It means that the effect of JSY on
ANC can be positive even if there are no mean differences of the uptakes of ANC between JSY and non-JSY
mothers in both institutional and home delivery cases. In other words, there is no direct effect of JSY on ANC in
the case of both institutional delivery and home delivery. The effect of JSY can still be seen on ANC because of
an increase in the institutional delivery, which is the main objective JSY. If the institutional delivery increases,
𝑘0 > 𝑘1 , which means that the ratio of the home delivery to the institutional delivery is higher in non-JSY mothers
than that in JSY mothers, and in other words, the proportion of mothers with the institutional delivery is higher in
JSY recipients than that in non-JSY recipients. We can now write (see proof 3, 4 and 5 in Appendix A),
𝜌𝑎 = 𝛿𝑎 𝜌𝑑 ,

(2)
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where the indirect effect of JSY on ANC is the multiplication of the effect of JSY on the institutional delivery
(𝜌𝑑 ) and the effect of institutional delivery on ANC (𝛿𝑎 ). That means that JSY indirectly affects ANC through
increasing the institutional delivery. It should be noted that 𝜌𝑎 will be statistically significant, if 𝛿𝑎 or 𝜌𝑑 are
statistically significant, as we can express the null hypothesis as, 𝐻0 : 𝛿𝑎 𝜌𝑑 = 0 or 𝛿𝑎 = 0 or 𝜌𝑑 = 0.

Case 3: The direct effect of JSY on ANC, when JSY has no effect on the institutional delivery.

Now, we assume that JSY cannot increase the institutional delivery, and therefore, 𝑘0 − 𝑘1 = 0, 𝑜𝑟 𝑘0 = 𝑘1 .
However, JSY may have a direct effect on ANC in the following way (see the proof 6 in Appendix A),
𝜌𝑎 = 𝑤1 𝜌𝑎1 + 𝑤0 𝜌𝑎0 ,
where 𝑤1 =

1
(1+𝑘0 )

=

𝑁(0,1)

, 𝑤0 =

𝑁(𝑡=0)

𝑘0
(1+𝑘0 )

=

𝑁(0,0)
𝑁(𝑡=0)

(3)

̅̅̅̅̅̅̅̅̅ − ̅̅̅̅̅̅̅̅̅
̅̅̅̅̅̅̅̅̅ − ̅̅̅̅̅̅̅̅̅
, 𝜌𝑎1 = (𝐴(1,1)
𝐴(0,1)), and 𝜌𝑎0 = (𝐴(1,0)
𝐴(0,0)). 𝜌𝑎

is the weighted average of 𝜌𝑎1 , which is the parameter of the direct effect of JSY on ANC among mothers who
delivered at the health institution, and 𝜌𝑎0 , which is the parameter of the direct effect of JSY on ANC among
mothers who delivered at home. The weight, 𝑤1 , is the proportion of non-JSY mothers delivered at the health
institution, and the weight, 𝑤0 , is the proportion of non-JSY mothers delivered at home. In our data, 𝑤1 > 𝑤0 ,
because most of the mothers delivered at health institutions. Here, 𝜌𝑎 ≥ 0, if 𝜌𝑎1 ≥ 0 and 𝜌𝑎0 ≥ 0. 𝜌𝑎 can be
positive even if anyone of 𝜌𝑎1 and 𝜌𝑎0 is negative, but the positive part should outweigh the negative part.

B. Econometric Models
Antenatal care
We shall estimate 𝜌𝑎 , the parameter of the effect of JSY on ANC, in three cases, as mentioned in the
previous subsection. In the first case, we can estimate it directly from a regression. In the other two cases, we have
to estimate it from other parameters estimated from regressions. In the second case, we shall estimate 𝜌𝑑 and 𝛿𝑎
from regressions, and their multiplication will give us the estimated value of 𝜌𝑎 . We shall estimate 𝜌𝑎1 and 𝜌𝑎0
from regressions in the third case, and their weighted average will be the estimated value of 𝜌𝑎 . We shall consider
the following regression models in three cases.
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In the following regressions, 𝐴𝑖 is a dummy of ANC of mother 𝑖, 𝑑𝑖 is a dummy of institutional delivery
of mother 𝑖, 𝑡𝑖 is a JSY dummy of mother 𝑖, and 𝑋𝑖 is a vector of covariates (also called control variables, or
explanatory variables, or predictors) of mother 𝑖; 𝛼0 , 𝛼1 , 𝛼2 , 𝛼3 , and 𝛼4 are constant terms in relevant regressions;
and 𝜌𝑎 , 𝜌𝑑 , 𝛿𝑎 , 𝜌𝑎1 , and 𝜌𝑎0 are relevant coefficients of the key variables; and 𝛽́0 , 𝛽́1 , 𝛽́2 , 𝛽́3 , and 𝛽́4 are column
vectors of parameters of 𝑋𝑖 ; and 𝜀0𝑖 , 𝜀1𝑖 , 𝜀2𝑖 , 𝜀3𝑖 , and 𝜀4𝑖 are error terms of mother 𝑖.
Case 1:
𝐴𝑖 = 𝛼0 + 𝜌𝑎 𝑡𝑖 + 𝑋𝑖 𝛽́0 + 𝜀0𝑖 ,

(4)

The estimated value of 𝜌𝑎 in equation (4) will give us the total effect of JSY on ANC.
Case 2:
𝑑𝑖 = 𝛼1 + 𝜌𝑑 𝑡𝑖 + 𝑋𝑖 𝛽́1 + 𝜀1𝑖 ,
𝐴𝑖 = 𝛼2 + 𝛿𝑎 𝑑𝑖 + 𝑋𝑖 𝛽́2 + 𝜀2𝑖 𝑖𝑓 𝑡𝑖 = 0,

(5)
(6)

where 𝜌𝑎 = 𝛿𝑎 𝜌𝑑 , and the estimated value of 𝜌𝑎 will give us the indirect effect of JSY on ANC.
Case 3:
𝐴𝑖 = 𝛼3 + 𝜌𝑎1 𝑡𝑖 + 𝑋𝑖 𝛽́3 + 𝜀3𝑖 𝑖𝑓 𝑑𝑖 = 1,

(7)

𝐴𝑖 = 𝛼4 + 𝜌𝑎0 𝑡𝑖 + 𝑋𝑖 𝛽́4 + 𝜀4𝑖 𝑖𝑓 𝑑𝑖 = 0,

(8)

where 𝜌𝑎 = 𝑤1 𝜌𝑎1 + 𝑤0 𝜌𝑎0 , the estimated value of 𝜌𝑎 will give us the direct effect of JSY on ANC.

Institutional delivery
We can do the similar analyses for the institutional delivery. In the case of antenatal care, we have
analyzed that JSY can increase at least one ANC directly and also indirectly through increasing the institutional
delivery as it has an effect on ANC. In that case, we have assumed that an increase in the demand for the final or
intermediary product such as the institutional delivery can increase the demand for the primary product such as
ANC. Now, we also assume that ANC and institutional delivery are mutually related, which means that an increase
in demand for ANC can also increase the demand for the institutional delivery. In a similar way, we can also
estimate the total effect, the indirect effect, and the direct effect of JSY on the institutional delivery. We run
regressions in three cases as follows. Two regression equations will be same as in the previous case. Three
additional equations will be here with additional constant terms (𝛼5 , 𝛼6 , 𝛼7 ), parameters (𝛿𝑑 , 𝜌𝑑1 , 𝜌𝑑2 ), and error
terms (𝜀5𝑖 , 𝜀6𝑖 , 𝜀7𝑖 ).
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Case 1:
𝑑𝑖 = 𝛼1 + 𝜌𝑑 𝑡𝑖 + 𝑋𝑖 𝛽́1 + 𝜀1𝑖 ,

(5)

The estimated value of 𝜌𝑑 in equation (5) will give us the total effect of JSY on the institutional delivery.
Case 2:
𝐴𝑖 = 𝛼0 + 𝜌𝑎 𝑡𝑖 + 𝑋𝑖 𝛽́0 + 𝜀0𝑖 ,
𝑑𝑖 = 𝛼5 + 𝛿𝑑 𝐴𝑖 + 𝑋𝑖 𝛽́5 + 𝜀5𝑖 𝑖𝑓 𝑡𝑖 = 0,

(4)
(9)

where 𝜌𝑑 = 𝛿𝑑 𝜌𝑎 , and the estimated value of 𝜌𝑑 will give us indirect effect of JSY on institutional delivery.
Case 3:
𝑑𝑖 = 𝛼6 + 𝜌𝑑1 𝑡𝑖 + 𝑋𝑖 𝛽́6 + 𝜀6𝑖 𝑖𝑓 𝐴𝑖 = 1,

(10)

𝑑𝑖 = 𝛼7 + 𝜌𝑑0 𝑡𝑖 + 𝑋𝑖 𝛽́7 + 𝜀7𝑖 𝑖𝑓 𝐴 = 0,

(11)

where 𝜌𝑑 = 𝑘1 𝜌𝑑1 + 𝑘0 𝜌𝑑0 , the estimated value of 𝜌𝑑 will give us the direct effect of JSY on the institutional
delivery. Here, the weight, 𝑘1 , is the proportion of non-JSY mothers having at least one ANC, and the weight,
𝑘0 , is the proportion of non-JSY mothers having no ANC.

IV.

Data
Data from the fourth round of District Level Household Survey (DLHS-4) was used, which was surveyed

in 2013-14. Because of surveying different households in different waves, DLHS is considered as a repeated cross
section. We do not use other previous waves of it. DLHS-1 and DLHS-2 were surveyed before the implementation
of JSY, and DLHS-3 was surveyed immediately after the implementation of JSY. DLHS-3 misclassified many
non-JSY beneficiaries as JSY beneficiaries (Das et al., 2011) and therefore, it is likely to produce biased results.
DLHS-4 collected data from 378,487 households located in 18 high-performing states and 3 high
performing territories. However, for the data on the maternal and child health care, the latest wave surveyed only
86,000 women who gave their last births from 2008. The information of maternal and child health care was
collected from only their last births. So, the times of all last births surveyed by DLHS-4 fell within the period of
JSY’s proper implementation (2007-present). Therefore, as opposed to DLHS-3, DLHS-4 has a less chance of
misclassifying untreated women as treated.
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Among 86,000 women, about 22% responded as JSY beneficiaries and about 4% were the beneficiaries
of other schemes. We dropped other schemes’ recipients from our data, as the study’s focus is JSY’s evaluation.
Besides, they may make our results biased, as those schemes might have different cash incentives. In this way, a
significant amount of data has been dropped. Moreover, many women have been dropped automatically from the
data, as they did not respond to the questions on variables used in this study (e.g. missing value problem).
In Table 3, we present means of both outcome variables (𝐴 and 𝑑) and covariates by the JSY treatment
status (𝑡). It should be noted that covariates include both the program eligibility criteria such as poverty dummy,
scheduled caste dummy and tribe dummy, and the self selction criteria such as wealth index, age, education,
religion and residence. Among these covariates, education and age are individual characteristics and all others are
women’s household characterics. Other than wealth index, all variables are generated in a straight way from the
data. Using the principal component analysis, wealth index is generated from the availability of a household’s
assets, which inlude cooking fuel, house type, number of dwelling rooms, electricity, house ownership,
landholding, radio, television, computer, internet, telephone, mobile phone, washing machine, refrigerator, sewing
machine, watch, bicycle, motor cycle, car, tractor, tube well, cart and air cooler.
However, Table 3 also presents the number of observations with each mean. Differences of means
between JSY and non-JSY women are also shown with their p values. Combining JSY and non-JSY women, there
are around 73,000 women in most of the cases. Among them, around 22% are treated by JSY. We see that almost
all variables have significantly different means between JSY and non-JSY women, as p values are approximately
zero. We expect such results in the case of 𝐴 and 𝑑, but not in covariates. Otherwise, our results are supposed to
be biased due to the non-randomization. As almost all covariates are statistically and significantly different
between JSY and non-JSY women, the non-randomization exists in our data. However, we expect that the
propensity score matching (PSM) will remove the non-randomization.

Table 3: Summary statistics
JSY (𝑡 =1)

𝑡
𝐴
𝑑

Mean
1
0.949
0.935
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𝑁
15,849
15,849
15,848

Non-JSY (𝑡 =0)
Mean
0
0.826
0.773

𝑁 Difference
57,265
57,263
0.122
57,262
0.162

p value
0.000
0.000

Socio-economic conditions
(covariates into 𝑋)
Wealth index
Age of mother (in year)
Years of education completed by mother
Years of education completed by husband
Hindu (yes=1, otherwise=0)
Scheduled caste (yes=1, otherwise=0)
Tribe (yes=1, otherwise=0)
Poor (yes=1, otherwise=0)
Birth order
Rural (yes=1, otherwise=0)

-0.655
26.106
8.674
8.812
0.698
0.310
0.177
0.469
1.842
0.683

15,843
15,849
13,669
14,036
15,847
15,149
15,841
15,846
15,793
15,849

-0.016
27.440
9.563
9.821
0.653
0.221
0.176
0.318
2.162
0.593

57,230
57,265
47,641
50,457
57,249
53,951
57,185
57,246
56,822
57,265

-0.639
-1.334
-0.889
-1.009
0.045
0.089
0.001
0.151
-0.320
0.090

0.000
0.000
0.000
0.000
0.000
0.000
0.587
0.000
0.000
0.000

Note: In column 6, diferences of means of variables between JSY (JSY recipients) and non-JSY (non-JSY recipients) are reported, and
column 7 shows p values of these differences.

Unmatched
Matched
-40

-20
0
20
Standardized % bias across covariates

40

Figure 1: Biases of covariates between JSY and non-JSY women
Note: Data are from DLHS-4. Biases of covariates give a better indication of the randomization than means differences of covariates. In a
bias calculation, a mean difference of a covariate between the treatment and control group is standardized by the standard errors. Bias
calculation is slightly different for a continuous covariate and a dummy covariate (Thomas, 2003). Say, 𝑥 is a continuous covariate, 𝑥1 is the
mean of it in the treatment group (JSY recipients), 𝑥0 is the mean of it in the control group (non-JSY recipients), 𝑠12 is the variance of it in the
(𝑥1 −𝑥0 )
treatment group (JSY recipients), and 𝑠02 is the variance of it in the control group (non-JSY recipients). So, 𝐵𝑖𝑎𝑠𝑥 =
. Say, 𝑑 is the
√(𝑠12 +𝑠02 )⁄2

dummy variable, 𝑝̂1 is the mean of it in the treatment group (JSY recipients), which can also be said as the probability of 𝑑 = 1 in the treatment
(𝑝̂1 −𝑝̂0 )
group. Similarly, 𝑝̂0 is the probability of 𝑑 = 1 in the control group. So, 𝐵𝑖𝑎𝑠𝑑 = ̂ (1−𝑝̂ )+𝑝
. In the figure, biases are estimated
̂
̂ ⁄
√{𝑝1

1

0 (1−𝑝0 )}

2

before and after running the propensity score matching. Dots are biases without matching, and crosses are biases with matching. There is a
criterion that if biases remain between -10 and 10, the randomization exists in data (Thomas, 2003). In the figure, the green reference line is
at -10 and the orange reference line is at 10. All biases with matching fall between these two lines, which indicate the randomization with
matching. So, our PSM produces unbiased results in the case of randomization issue.

In Figure 1, we show biases of covariates with PSM and without PSM. Biases are standardized means’
differences between the treatment and the control groups, and are better indicators of the randomization. If biases
are within the range of -10 and 10, the randomization exists (Thomas, 2003). We see in the figure that after
matching, all biases fall within this range. Thus, our PSM produces unbiased results converting the data into the
randomization.
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V.

Results
For three different cases, we estimate the effects of JSY on ANC and the institutional delivery. As we

know, the first case shows the overall effects, the second case shows the indirect effects, and the third case shows
the direct effects. For comparisons, in every case, we run linear probability models (OLS regressions) and logit
regressions in addition to the PSM regressions and raw estimates. To maintain the overlapping assumption, we
also run PSM regressions for subsamples identified when the propensity score is between 0.10 and 0.90 (Crump
et al.; 2009). Thus, PSM with overlapping produces the most reliable estimates here. In the case of PSM, we use
the default options in Stata’s psmatch2 command meaning that we run the nearest neighbour PSM.
Table 4: Main results of antenatal care and institutional delivery in three cases
Antenatal Care
Case 1

Raw
OLS
Logit
Matching
Matching with
overlapping

𝜌
̂𝑎
(1)
0.122***
(0.002)
0.079***
(0.003)
0.052***
(0.002)
0.079***
(0.004)
0.074***
(0.005)

𝜌
̂𝑑
(2)
0.162***
(0.003)
0.124***
(0.003)
0.059***
(0.002)
0.127***
(0.005)
0.123***
(0.005)

Case 1

Raw
OLS
Logit
Matching
Matching with
overlapping

𝜌
̂𝑑
(1)
0.162***
(0.003)
0.124***
(0.003)
0.059***
(0.002)
0.127***
(0.005)
0.123***
(0.005)

𝜌
̂𝑎
(2)
0.122***
(0.002)
0.079***
(0.003)
0.052***
(0.002)
0.079***
(0.004)
0.074***
(0.005)

Case 2

Case 3

̂𝑎
𝜌
̂𝑎
𝜌̂
𝛿
𝑎1
(4)
(5)
(3)
0.377***
0.061***
0.042***
(0.005)
(0.002)
0.223***
0.028***
0.037***
(0.006)
(0.003)
0.145***
0.009***
0.026***
(0.000)
(0.002)
0.177***
0.021***
0.041***
(0.015)
(0.004)
0.195***
0.024***
0.042***
(0.012)
(0.004)
Institutional Delivery

𝜌̂
𝑎0
(6)
0.336***
(0.011)
0.167***
(0.015)
0.221***
(0.018)
0.135***
(0.022)
0.077***
(0.027)

Case 2

Case 3

̂𝑑
𝛿
(3)
0.461***
(0.005)
0.233***
(0.006)
0.146***
(0.007)
0.143***
(0.011)
0.263***
(0.019)

𝜌
̂𝑑
(4)
0.056***
0.018***
0.008***
0.012***
0.019***

𝜌̂
𝑑1
(5)
0.087***
(0.003)
0.091***
(0.003)
0.046***
(0.002)
0.098***
(0.005)
0.104***
(0.005)

𝜌̂
𝑑0
(6)
0.443***
(0.014)
0.261***
(0.017)
0.375***
(0.019)
0.258***
(0.029)
0.214***
(0.034)

𝜌
̂𝑎
(7)
0.109***
0.067***
0.070***
0.069***
0.050***

𝜌
̂𝑑
(7)
0.149***
0.121***
0.103***
0.126***
0.123***

Note: In all regressions, state dummies and (last) birth year dummies are also included as covariates. Standard errors are in parentheses.
* **
, , and *** imply that estimates are statistically significant at 10%, 5%, and 1% significance levels respectively.

In Table 4, we show the values of the key parameters, which are estimated using equations (2-11). In the
̂𝑎 in case 2, and 𝜌̂
first panel (under ANC), 𝜌
̂𝑎 in case 1, 𝜌
̂𝑑 and 𝛿
𝑎1 and 𝜌̂
𝑎0 in case 3 are estimated from regressions
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of equations (4-8), which are run using the regression methods mentioned above. Similarly, in the second panel
̂𝑑 in case 2, and 𝜌̂
(under institutional delivery), 𝜌
̂𝑑 in case 1, 𝜌
̂𝑎 and 𝛿
𝑑1 and 𝜌̂
𝑑0 in case 3 are estimated from
regressions of equations (4, 5, 9-11) which are run using those regression methods. All regressions have used
covariates listed in Table 3 plus state dummies and birth year dummies. Standard errors of those parameters
estimated from regressions are reported in parentheses. All other parameters are estimated without regressions but
following equations (2) and (3), and therefore, they do not have any standard errors. For example, 𝜌
̂𝑎 in case 2
under ANC is estimated using equation (2). This is a measure of indirect effects of JSY on ANC. 𝜌
̂𝑎 in case 3
under ANC is estimated using equation (3). This is a measure of direct effects of JSY on ANC. Similarly, 𝜌
̂𝑑 in
case 2 under institutional delivery is estimated following equation (2) (meaning similar to equation (2)). This is a
measure of indirect effects of JSY on the institutional delivery. 𝜌
̂𝑑 in case 3 under institutional delivery is
estimated following equation (3) (that means as the similar way of equation (3)). This is a measure of direct effects
of JSY on the institutional delivery. Each regression type shows that the direct effects of JSY are stronger than
the indirect effects, in both ANC and institutional delivery.

VI.

Discussion and Conclusion
JSY provides cash incentives to eligible pregnant women to increase both ANC and the institutional

delivery. Both of these maternal outcomes fall under the continuum of maternal care, and therefore, they are
connected with each other. JSY effects each indirectly through the other. If their connections become stronger,
the indirect effects will be stronger. Indirect effects also depend on the direct effects of JSY. If we see the numbers
in the case of PSM with overlapping in column (3) of Table 4, we understand that the effect of ANC on the
institutional delivery is stronger than the reverse effect. The direct effect of JSY on the institutional delivery is
much stronger than the direct effect of JSY on ANC (see column (7) of Table (4)). Therefore, the overall effect
of JSY on the institutional delivery is much stronger than the overall effect of JSY on ANC (see columns (1) and
(2) in Table (4)). Correspondingly, the indirect effect of JSY on the institutional delivery is weaker than the
indirect effect of JSY on ANC (see column (4) of Table (4)), in spite of a higher effect of ANC on the institutional
delivery than the reverse effect.
From a policy perspective, we can say that policymakers should work first to increase the uptake of ANC,
and then the institutional delivery will automatically increase as a result of their connections. In Table (3), we can
see that the uptake of ANC is 0.949 or 94.9% amongst the JSY women. In other words, we can say that 5.1% of
JSY women do not take any ANC service. Policymakers should identify why some of JSY women do not take
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any ANC service, in spite of cash incentives they receive. If cash incentives are insufficient for them, that should
be increased so that the uptake of ANC becomes 100%. When women go to health institutions for any ANC
service, health professionals should strongly recommend them to have the institutional delivery. In this way, the
effect of ANC on the institutional delivery will increase, and thus, the indirect effect and then the overall effect
of JSY on the institutional delivery will increase. Policymakers should also identify why 6.5% of JSY women do
not go to health institutions for the institutional delivery (see Table (3)). The uptake of the institutional delivery
among JSY women should be 100% too, as it is the JSY’s main objective.
In this paper, we decompose the effects of JSY on ANC and the institutional delivery. In addition to the
methodological contribution, we consider this as an important contribution. After this decomposition,
policymakers will now understand how JSY affects ANC and the institutional delivery and how much efforts
should be taken to improve them.
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Appendix A

Proof 1: 𝜌𝑎 = ̅̅̅̅̅̅̅̅̅̅̅
𝐴(𝑡 = 1) − ̅̅̅̅̅̅̅̅̅̅̅
𝐴(𝑡 = 0)
=

=

=

=

∑ 𝐴(𝑡=1)
𝑁(𝑡=1)

−

∑ 𝐴(𝑡=0)
𝑁(𝑡=0)

∑(𝐴(𝑡=1,𝑑=1)+𝐴(𝑡=1,𝑑=0))
𝑁(𝑡=1,𝑑=1)+𝑁(𝑡=1,𝑑=0)

∑ 𝐴(1,1)
𝑁(1,1)+𝑁(1,0)

+

∑ 𝐴(1,1)⁄𝑁(1,1)
1+𝑁(1,0)⁄𝑁(1,1)

∑(𝐴(𝑡=0,𝑑=1)+𝐴(𝑡=0,𝑑=0))

−

𝑁(𝑡=0,𝑑=1)+𝑁(𝑡=0,𝑑=0)

∑ 𝐴(1,0)
𝑁(1,1)+𝑁(1,0)

+

−

∑ 𝐴(0,1)
𝑁(0,1)+𝑁(0,0)

∑ 𝐴(1,0)⁄𝑁(1,0)
𝑁(1,1)⁄𝑁(1,0)+1

−

−

∑ 𝐴(𝑡=0,𝑑=0)
𝑁(0,1)+𝑁(0,0)

∑ 𝐴(0,1)⁄𝑁(0,1)
1+𝑁(0,0)⁄𝑁(0,1)

−

∑ 𝐴(𝑡=0,𝑑=0)⁄𝑁(0,0)
𝑁(0,1)⁄𝑁(0,0)+1

.

Let, 𝑘1 = 𝑁(1,0)⁄𝑁(1,1) , 𝑘0 = 𝑁(0,0)⁄𝑁(0,1). We then can write,

𝜌𝑎 =

=

=

̅̅̅̅̅̅̅̅̅
̅̅̅̅̅̅̅̅̅
̅̅̅̅̅̅̅̅̅
̅̅̅̅̅̅̅̅̅
𝐴(1,1)
𝐴(1,0)
𝐴(0,1)
𝐴(0,0)
+
−
−
1⁄ + 1
1 + 𝑘1 1⁄ + 1 1 + 𝑘0
𝑘1
𝑘0

̅̅̅̅̅̅̅̅̅−(1+𝑘1 )𝐴(0,1)
̅̅̅̅̅̅̅̅̅
(1+𝑘0 )𝐴(1,1)
(1+𝑘1 )(1+𝑘0 )

̅̅̅̅̅̅̅̅̅−(1+𝑘1 )𝐴(0,1)
̅̅̅̅̅̅̅̅̅
(1+𝑘0 )𝐴(1,1)
(1+𝑘1 )(1+𝑘0 )

+

+

̅̅̅̅̅̅̅̅̅−(1+1⁄𝑘1 )𝐴(0,0)
̅̅̅̅̅̅̅̅̅
(1+1⁄𝑘0 )𝐴(1,0)
(1+1⁄𝑘1 )(1+1⁄𝑘0 )

̅̅̅̅̅̅̅̅̅−𝑘0 (1+𝑘1 )𝐴(0,0)
̅̅̅̅̅̅̅̅̅
𝑘1 (1+𝑘0 )𝐴(1,0)
(1+𝑘1 )(1+𝑘0 )

.

Proof 2: We can proof it with differential calculus. If institutional delivery increases, either 𝑘0 increases or 𝑘1
decreases so that 𝑘0 − 𝑘1 increases. Now, say 𝑘0 increases and 𝑘1 remains constant, then the increasing rate of
̅̅̅̅̅̅̅̅̅ − (1 + 𝑘1 )𝐴(0,1)
̅̅̅̅̅̅̅̅̅ will be ̅̅̅̅̅̅̅̅̅
̅̅̅̅̅̅̅̅̅ − (1 + 𝑘1 )𝐴(0,1)
̅̅̅̅̅̅̅̅̅
(1 + 𝑘0 )𝐴(1,1)
𝐴(1,1) (we get it if we differentiate (1 + 𝑘0 )𝐴(1,1)
̅̅̅̅̅̅̅̅̅ − 𝑘0 (1 + 𝑘1 )𝐴(0,0)
̅̅̅̅̅̅̅̅̅ will be 𝑘1 ̅̅̅̅̅̅̅̅̅
̅̅̅̅̅̅̅̅̅
by 𝑘0 ), and the increasing rate of 𝑘1 (1 + 𝑘0 )𝐴(1,0)
𝐴(1,0) − (1 + 𝑘1 )𝐴(0,0)
̅̅̅̅̅̅̅̅̅ − 𝑘0 (1 + 𝑘1 )𝐴(0,0)
̅̅̅̅̅̅̅̅̅ by 𝑘0 ). It is likely that ̅̅̅̅̅̅̅̅̅
(we get it if we differentiate 𝑘1 (1 + 𝑘0 )𝐴(1,0)
𝐴(1,1) > 𝑘1 ̅̅̅̅̅̅̅̅̅
𝐴(1,0) −
̅̅̅̅̅̅̅̅̅, and thus, we can say that the total effect, 𝜌𝑎 , will increase if institutional delivery increases.
(1 + 𝑘1 )𝐴(0,0)

Proof 3: 𝜌𝑎 =

=

̅̅̅̅̅̅̅̅̅−(1+𝑘1 )𝐴(0,1)
̅̅̅̅̅̅̅̅̅
(1+𝑘0 )𝐴(1,1)
(1+𝑘1 )(1+𝑘0 )

̅̅̅̅̅̅̅̅̅−(1+𝑘1 )𝐴(0,1)
̅̅̅̅̅̅̅̅̅
(1+𝑘0 )𝐴(0,1)
(1+𝑘1 )(1+𝑘0 )

+

+

̅̅̅̅̅̅̅̅̅−𝑘0 (1+𝑘1 )𝐴(0,0)
̅̅̅̅̅̅̅̅̅
𝑘1 (1+𝑘0 )𝐴(1,0)
(1+𝑘1 )(1+𝑘0 )

̅̅̅̅̅̅̅̅̅−𝑘0 (1+𝑘1 )𝐴(0,0)
̅̅̅̅̅̅̅̅̅
𝑘1 (1+𝑘0 )𝐴(0,0)
(1+𝑘1 )(1+𝑘0 )
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=

̅̅̅̅̅̅̅̅̅
(𝑘0 −𝑘1 )𝐴(0,1)
(1+𝑘1 )(1+𝑘0 )

̅̅̅̅̅̅̅̅̅
(𝑘1 −𝑘0 )𝐴(0,0)

+

(1+𝑘1 )(1+𝑘0 )

̅̅̅̅̅̅̅̅̅ − ̅̅̅̅̅̅̅̅̅
= (𝐴(0,1)
𝐴(0,0))

(𝑘0 −𝑘1 )

.

(1+𝑘1 )(1+𝑘0 )

̅̅̅̅̅̅̅̅̅ − ̅̅̅̅̅̅̅̅̅
In the above case, we know that (𝑘0 − 𝑘1 ) > 0. Now, 𝜌𝑎 ≥ 0, if (𝐴(0,1)
𝐴(0,0)) ≥ 0, which implies that in
the case of non-JSY mothers, the uptakes of ANC must be higher in mothers with institutional delivery than that
in mothers who deliver at home. We know that (𝑘0 − 𝑘1 ) > 0 if JSY program has a positive effect on institutional
delivery, which means that mean difference of institutional delivery between JSY and non-JSY mothers is
positive, e.g. ̅̅̅̅̅̅̅̅̅̅̅
𝑑(𝑡 = 1) − ̅̅̅̅̅̅̅̅̅̅̅
𝑑(𝑡 = 0) > 0. We can show (𝑘0 − 𝑘1 ) as a function of ̅̅̅̅̅̅̅̅̅̅̅
𝑑(𝑡 = 1) − ̅̅̅̅̅̅̅̅̅̅̅
𝑑(𝑡 = 0), and that
is (𝑘0 − 𝑘1 ) =

𝑁(𝑡=1)𝑁(𝑡=0)
𝑁(1,1)𝑁(0,1)

𝑁(𝑡=1)𝑁(𝑡=0)
̅̅̅̅̅̅̅̅̅̅̅
(𝑑(𝑡
= 1) − ̅̅̅̅̅̅̅̅̅̅̅
𝑑(𝑡 = 0)) =
𝜌𝑑 where 𝜌𝑑 = ̅̅̅̅̅̅̅̅̅̅̅
𝑑(𝑡 = 1) − ̅̅̅̅̅̅̅̅̅̅̅
𝑑(𝑡 = 0) (see
𝑁(1,1)𝑁(0,1)

̅̅̅̅̅̅̅̅̅ − 𝐴(1,0)
̅̅̅̅̅̅̅̅̅) 𝜌𝑑 (see proof 5). By denoting
proof 4). If we go further, we can write, 𝜌𝑎 = (𝐴(1,1)
̅̅̅̅̅̅̅̅̅ − ̅̅̅̅̅̅̅̅̅
(𝐴(1,1)
𝐴(1,0)) = 𝛿𝑎 that means that the parameter of the effect of institutional delivery on ANC, we can
write, 𝜌𝑎 = 𝛿𝑎 𝜌𝑑 .

Proof 4: We have denoted 𝜌𝑑 as the effect of JSY on institutional delivery. For the time being, if we estimate it
by using mean difference or raw differential, we can write it as follows,
𝜌𝑑 = ̅̅̅̅̅̅̅̅̅̅̅
𝑑(𝑡 = 1) − ̅̅̅̅̅̅̅̅̅̅̅
𝑑(𝑡 = 0)
=

=

=

=

=

=

∑ 𝑑(𝑡=1)
𝑁(1,1)+𝑁(1,0)

𝑁(1,1)
𝑁(1,1)+𝑁(1,0)

−

−

∑ 𝑑(𝑡=0)
𝑁(0,1)+𝑁(0,0)

𝑁(0,1)
𝑁(0,1)+𝑁(0,0)

𝑁(1,1)(𝑁(0,1)+𝑁(0,0))−𝑁(0,1)(𝑁(1,1)+𝑁(1,0))
(𝑁(1,1)+𝑁(1,0))(𝑁(0,1)+𝑁(0,0))

𝑁(1,1)𝑁(0,1)+𝑁(1,1)𝑁(0,0)−𝑁(0,1)𝑁(1,1)−𝑁(0,1)𝑁(1,0)
𝑁(𝑡=1)𝑁(𝑡=0)

𝑁(1,1)𝑁(0,0)−𝑁(0,1)𝑁(1,0)
𝑁(𝑡=1)𝑁(𝑡=0)

𝑁(1,1)𝑁(0,0)−𝑁(0,1)𝑁(1,0) 𝑁(1,1)𝑁(0,1)

=(

𝑁(1,1)𝑁(0,1)

𝑁(1,1)𝑁(0,0)
𝑁(1,1)𝑁(0,1)

−

𝑁(𝑡=1)𝑁(𝑡=0)

𝑁(0,1)𝑁(1,0)

)

𝑁(1,1)𝑁(0,1)

𝑁(1,1)𝑁(0,1) 𝑁(𝑡=1)𝑁(𝑡=0)
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=(

𝑁(0,0)
𝑁(0,1)

−

𝑁(1,0)

)

𝑁(1,1)𝑁(0,1)

𝑁(1,1) 𝑁(𝑡=1)𝑁(𝑡=0)

= (𝑘0 − 𝑘1 )

𝑁(1,1)𝑁(0,1)
𝑁(𝑡=1)𝑁(𝑡=0)

= (𝑘0 − 𝑘1 )

𝑁(1,1)𝑁(0,1)

.

𝑁(𝑡=1)𝑁(𝑡=0)

From the above equation, we can write, (𝑘0 − 𝑘1 ) =

𝑁(𝑡=1)𝑁(𝑡=0)
𝑁(1,1)𝑁(0,1)

𝜌𝑑 .

̅̅̅̅̅̅̅̅̅ − 𝐴(0,0)
̅̅̅̅̅̅̅̅̅)
Proof 5: If we substitute the value of (𝑘0 − 𝑘1 ) from proof 4 into 𝜌𝑎 = (𝐴(0,1)

(𝑘0 −𝑘1 )
(1+𝑘1 )(1+𝑘0 )

3, we have the following expression.

̅̅̅̅̅̅̅̅̅ − ̅̅̅̅̅̅̅̅̅
𝜌𝑎 = (𝐴(1,1)
𝐴(1,0))

̅̅̅̅̅̅̅̅̅ − ̅̅̅̅̅̅̅̅̅
= (𝐴(1,1)
𝐴(1,0))

1
𝑁(𝑡 = 1)𝑁(𝑡 = 0)
𝜌𝑑
(1 + 𝑘1 )(1 + 𝑘0 ) 𝑁(1,1)𝑁(0,1)
1

𝑁(𝑡=1)𝑁(𝑡=0)

(1+𝑁(1,0)⁄𝑁(1,1))(1+𝑁(0,0)⁄𝑁(0,1)) 𝑁(1,1)𝑁(0,1)

̅̅̅̅̅̅̅̅̅ − ̅̅̅̅̅̅̅̅̅
= (𝐴(1,1)
𝐴(1,0))

̅̅̅̅̅̅̅̅̅ − ̅̅̅̅̅̅̅̅̅
= (𝐴(1,1)
𝐴(1,0))

1

𝑁(𝑡=1)𝑁(𝑡=0)

𝑁(1,1)+𝑁(1,0) 𝑁(0,1)+𝑁(0,0) 𝑁(1,1)𝑁(0,1)
(
)(
)
𝑁(1,1)
𝑁(0,1)

1
(

𝑁(𝑡=1)𝑁(𝑡=0)

𝑁(𝑡=1) 𝑁(𝑡=0) 𝑁(1,1)𝑁(0,1)
)(
)
𝑁(1,1)
𝑁(0,1)

𝜌𝑑

𝜌𝑑

𝜌𝑑

1
𝑁(𝑡=1)𝑁(𝑡=0)
̅̅̅̅̅̅̅̅̅ − ̅̅̅̅̅̅̅̅̅
= (𝐴(1,1)
𝐴(1,0)) 𝑁(𝑡=1)𝑁(𝑡=0)
𝜌𝑑
𝑁(1,1)𝑁(0,1)

̅̅̅̅̅̅̅̅̅ − 𝐴(1,0)
̅̅̅̅̅̅̅̅̅)
= (𝐴(1,1)

𝑁(1,1)𝑁(0,1)

𝑁(1,1)𝑁(0,1) 𝑁(𝑡=1)𝑁(𝑡=0)
𝑁(𝑡=1)𝑁(𝑡=0) 𝑁(1,1)𝑁(0,1)

𝜌𝑑

̅̅̅̅̅̅̅̅̅ − ̅̅̅̅̅̅̅̅̅
= (𝐴(1,1)
𝐴(1,0)) 𝜌𝑑.

Proof 6:
𝜌𝑎 =

=

=

̅̅̅̅̅̅̅̅̅ − (1 + 𝑘0 )𝐴(0,1)
̅̅̅̅̅̅̅̅̅ 𝑘0 (1 + 𝑘0 )𝐴(1,0)
̅̅̅̅̅̅̅̅̅ − 𝑘0 (1 + 𝑘0 )𝐴(0,0)
̅̅̅̅̅̅̅̅̅
(1 + 𝑘0 )𝐴(1,1)
+
(1 + 𝑘0 )(1 + 𝑘0 )
(1 + 𝑘0 )(1 + 𝑘0 )

̅̅̅̅̅̅̅̅̅−𝐴(0,1)
̅̅̅̅̅̅̅̅̅)
(1+𝑘0 )(𝐴(1,1)
(1+𝑘0 )(1+𝑘0 )

̅̅̅̅̅̅̅̅̅−𝐴(0,1)
̅̅̅̅̅̅̅̅̅)
(𝐴(1,1)
(1+𝑘0 )

+

+

̅̅̅̅̅̅̅̅̅−𝐴(0,0)
̅̅̅̅̅̅̅̅̅)
𝑘0 (1+𝑘0 )(𝐴(1,0)
(1+𝑘0 )(1+𝑘0 )

̅̅̅̅̅̅̅̅̅−𝐴(0,0)
̅̅̅̅̅̅̅̅̅)
𝑘0 (𝐴(1,0)
(1+𝑘0 )

= 𝑤1 𝜌𝑎1 + 𝑤0 𝜌𝑎0 .

22

in proof
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