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Abstract. Regression analysis in which the response variable is categorical can be
processed using the probit model. The probit model is based on the normal distri-
bution, in addition to its interpretation based on marginal effect values. A probit
model consisting of two response variables is called the bivariate probit model, in
which the response variables each consist of two categories. The predictor vari-
ables in bivariate probit model can be either categorical and also continuous data.
Bivariate probit model both response variables have a relationship. One of the
developments of the bivariate probit model is the semiparametric bivariate probit
model, where the bivariate probit model in which there is a parametric and a non-
parametric model in this case in the form of a continuous covariate smooth function.
Semiparametric bivariate probit model have the advantage of being able to address
the problem of nonlinearity of undetected continuous predictor variables that can
cause modeling inaccuracies that can effect the results of estimation accuracy. Pa-
rameter estimation of semiparametric bivariate probit model uses the Penalized
Maximum Likelihood Estimation approach, but the equation obtained is not closed
form so iteration are needed to solve it. The iteration used is Fisher Scoring. The
semiparametric bivariate probit model was applied to data on early breastfeeding
initiation and exclusive breastfeeding in East Java Province in 2021 with variables
that affect early breastfeeding initiation being birth attendants while those affecting
exclusive breastfeeding are maternal age and maternal education level.
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1. INTRODUCTION

A probit model consisting of two response variables is called the probit bivarit
model, in which the response variables each consist of two categories. The predictor
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variables in bivariate probit models can be both categorical and continuous, and
the response variables has a relationship. In a probit model, the probability of
an event is calculated using the cumulative distribution function of the standard
normal distribution [I]. Many bivariate probit models have been developed, [2]
developed a bivariate probit model with a semiparametric version and introduced
a fitting procedure that allows to model binary result systems as a function of
parametric terms and a continuous covariate smooth function, in other words a
semiparametric bivariate probit model is a bivariate probit model in which there
is a parametric model and a nonparamteric model which is a smooth function of
continuous covariates. The smooth function in the semiparametric bivariate probit
model uses a spline regression approach to anticipate nonlinearity [3]. Parameter
estimation in bivariate probit models generally uses maximum likelihood but in
semiparametric bivariate probit models parameter estimation uses penalized max-
imum likelihood estimation. [2] said the semiparametric bivariate probit model in
the parameter estimation process can also use maximum likelihood, but to prevent
overfitting, penalized maximum likelihood is used instead. In the parameter estima-
tion process, the semiparameteric bivariate probit model produces equations that
are not closed so that they require an iteration process, therefore the Fisher Scor-
ing iteration method is used. Fisher Scoring method is a method developed from
Newton Raphson in which the Hessian matrix is replaced with Fisher’s information
matrix. Iteration using fisher scoring is considered to have better performance in
overcoming the possibility of non-convergence [4].

Early breastfeeding initiation is a breastfeeding process starting immediately
after the baby is born, early breastfeeding initiation can be done by skin-to-skin
contact between the baby and the mother that lasts for one hour. Early breast-
feeding initiation has many benefits, namely being able to increase the success rate
of breastfeeding, stimulate milk production, increase bonding between mother and
baby to prevent infant death. Early breastfeeding initiation can also help the conti-
nuity of exclusive breastfeeding and the duration of breastfeeding. According to the
Ministry of Health, exclusive breastfeeding is breastfeeding in the absence of food
supplements or other additional drinks other than drugs. The benefits of exclusive
breastfeeding in infants are not only as nutritional fulfillment but also help the in-
ner bond between mother and baby and also increase intelligence in children. The
World Health Organization recommends exclusive breastfeeding starting from the
beginning of birth to six months of age and breastfeeding until the age of two with
complementary foods. Early breastfeeding initiation and exclusive breastfeeding
can be approached using a semiparametric bivariate probit model because both are
categorical data where it is in accordance with the modeling requirements using a
semiparametric bivariate probit model, namely the response variable is categori-
cal and another condition, each response variable consists of two categories and is
interrelated where in fact if early breastfeeding initiation is carried out then the
potential for Exclusively breastfeeding is very large and also strengthened by the
results of the independence test, namely early breastfeeding initiation and exclusive
breastfeeding have a relationship.



2. METHODS AND DATA

This section discusses theories related to the semiparametric bivariate probit
model

2.1. Bivariate Probit Model.

Bivariate probit models consisting of response variables Y7 and Ys where both
are unobserved response variables ¢ and y35 with equations can generally be written

in equations (1)) and [5].

yi =x" B +el (1)
ys = X' By + 2 (2)
where,
x=[1 = .. xk]T, sized (k+1)x1
Bo=[B20 B2 ... ﬁQk]T, sized (k+1) x 1

k = the multiplicity of predictor variables

2.2. Semiparametric Bivariate Probit Model.

The semiparametric bivariate probit model is a bivariate probit model that
contains a parametric model and a nonparamteric model in this case a continuous
covariate smooth function [6]. The semiparametric bivariate probit model has the
advantage of being able to handle the problem of nonlinearity of undetected contin-
uous predictor variables because it is able to cause modeling inaccuracies that affect
the results of estimation accuracy [7]. Here is the equation of the semiparametric
bivariate probit model.

Py
yii = X1, + Z fipy (21pyi) + €14 (3)
p1=1
Py
Ysi = Xg;02 + Z fops (21pyi) + €2 (4)
p2=1
y7 and y5 is a latent variable, with ¢ = 1,2, ..., n where n is the number of samples.

To determine categories y1; and y2; based on criteria.

0,y5, <0

;= = =1,2

Ywi { 1,y;” >0 , W 9 (5)
xﬂ- = ( 1 210 ... Tipy ) where 7 is the vector of X = ( X11 ... X% )T

the model matrix n x P; containing parametric model components P; with corre-
sponding parameter vectors 31. fip,; is an unknown smooth function of continuous
covariates z1p,; and P; is the number of regressors z1,,;. For identification pur-
poses, smooth components are sensitive to constraints such as Yy ; fup,, (Zwp,i) = 0.
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The error (e1;,€2;) is assumed to follow a bivariate distribution.

(2 )~uon([§]-15 1)) o

With p is a correlation coefficient and error variance is normalized into a unity to
identify parameters in the model. Errors are assumed to correlate with each other,
so parameter estimation is done together and the semiparametric bivariate probit
regression model is written as follows.

P (Y1, =1,Ys; = 1|21, 22;) = Po (14,724, p) (7)

®, shows a normal bivariate distribution function with zero mean, variance and
correlation p. Parameter estimation method of semiparameteric bivariate probit
model using Penalized Maximum Likelihood Estimation (PMLE). The penalized
likelihood function used is [8].

14 (57) =InL(5) ~ 267S,6 (8)

with,

InL (5*) =1In (H¢:1 P (Yni = Y114, Y10i = Y104, Y01; = you))

n
= Z [11i Inp11; + y10i Inp1oi + Yori Inpori+ (9)
i=1

114 10 014
Yoo In (1 -l = pgllOil - pgul)}

Because the equation obtained is not closed form, the solution uses an itera-
tion method, namely Fishser Scoring. In Fisher’s Scoring method, a gradient vector
g (B*) is needed, which is the first derivative of the likelihood function, and a Fisher
Information Matrix & which is the second derivative of the likelihood function.




and,
?1g(B)  PLg(BY)  D%Ug(BY)  Ug(BT)  9%1g(BY)
0p10BT  0P20BT 96,1087 00,987  9pdpT
?1g(87)  2lg(B7)  %Ug(BT)  %Ug(BT)  9%lg(B7)
05108;  0p:06]  00:98]  00:08;  0p0p]
S—_p| 2B 2B 22,(B7)  L(B7)  9%l(BY) (11)
96100  9B200T 90,007  90,00T 9pdoT
?1(BY)  PUg(BT)  D%Ug(BT)  Ug(BT)  9%1g(BY)
86100 982007  90:007  90,00T apdoT
21g(B7) 2y (B7)  Ug(BT)  21(BT)  92le(B7)
9p10pT  9B20pT  90:0pT  09020pT  9pdpT

2.3. Data.

The semiparametric bivariate probit method will be applied to data on early
breastfeeding initiation and exclusive breastfeeding in East Java in 2021 and factors
suspected of influencing, where the data is obtained from a National Socioeconomic
Survey (SUSENAS) conducted by Badan Pusat Statistik (BPS).Here are the vari-
ables used variables used (Table [I)).

TABLE 1. Research Variable

Variable Deskription/Information Category

Y1 Early Breastfeeding Initiation 0 : No
1: Yes
Yo Exclusive Breastfeeding 0: No
1: Yes

Z Mother’s Age
Zs First Age of Marriage
X1 Mother’s Education Level

: No Diploma

: Elementary/Junior
: Senior

: College

: Working

: Not Working

: Health Workers

: Not Health Worker

X Mother’s Employment Status

X3 Birth Attendant

— O Ok WwN = !

3. RESULTS AND DISCUSSION

The semiparametric bivariate probit model of the two response variables cor-
relates with each other, therefore it is necessary to check it first using an indepen-
dence test.

3.1. Independence Test.

The results of the independence test show that x* of 18,076 is more than x ;.
of 2,706 and is reinforced with a p-value of 0,000 less than « of 0.05. So it was
decided to reject Hy, which means that there is a significant relationship between
early breastfeeding initiation and exclusive breastfeeding.
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3.2. Semiparametric Bivariate Probit Model.

Modeling data on early initiation of breastfeeding and exclusive breastfeed-
ing using semiparametric bivariate probit model. Modeling data on early initiation
of breastfeeding and exclusive breastfeeding using semiparametric bivariate probit
model.

Ui = —0,46522 + 0,13130 x19; + 0,09661213; + 0,06848214; — 0, 05452291+
0,64920x31; + 0,0431721, — 0,00649z1;, — 0,0160121, — 0,00734z1;, +
0,01710z1,, 4 0,006262, + 0,01607z;, — 0,0148321_ + 0,10334z;, —
0,0187521},, — 0,00000z2;, + 0,0000022;, + 0,00000z2, + 0,0000022, +
0,00000z3,_ + 0,0000022, — 0,00000z2; — 0,0124525) —
0,03412z5;, — 0,0256722y,,

U5 = —0,73726 + 0, 30547 19; + 0, 23719213; + 0, 277012145 — 0, 04681291+
0,42926x31; + —0,02123z;, — 0,0032821, + 0,01216z1;, — 0,0045321 5, —
0,01292z1;_ — 0,0049721, + —0,0131221; + 0,10254;;_ + 0,082572, —
0,1092521;,, — 0,41991z05, — 0,1143622}, — 0,10927z5;, — 0,0629322;, —
0,09429z5) — 0,07607225, + 0,08859z5; + 0,0748925 — 0,04092z0;, —
0,0518422f,

Test the significance of parameters on the early breastfeeding initiation vari-
able (Table [2).

TABLE 2. Parameter Significance early breastfeeding initiation

7 p-value Decision

intercept -1,860 0,06287 Reject Hy
X12 0,918 0,35874 Fail to Reject Hy
Xi3 0,658 0,51063 Fail to Reject Hy
X14 0,437 0,66190 Fail to Reject Hyp
Xo1 -1,011 0,31202 Fail to Reject Hy

X3 2,875 0,00404 Reject Hy

p-value Decision
f(Zy) 0,207  Fail to Reject Hy
f(Zs) 0,196  Fail to Reject Hy

Based on the table above, it is partially known that the variable that has a
significant effect on early breastfeeding initiation with a significant level is birth
support.

The significance test of smoothing parameters on early breastfeeding initi-
ation showed that the maternal age and first age of marriage variables did not
significantly affect the early breastfeeding initiation variables.
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Test the significance of parameters on exclusive breastfeeding variables (Ta-

ble .

TABLE 3. Parameter Significance exclusive breastfeeding

7 p-value Decision

intercept -2,901  0,00372 Reject Hy

X9 2,115 0,03447 Reject Hy
Xi3 1,600  0,10951  Fail to Reject Hy

X4 1,759  0,07850 Reject Hy
X -0,875  0,38156  Fail to Reject Hy

X3 1,867  0,06189 Reject Hy

p-value Decision

f(Z1) 1,05x10-5 Reject Hy
f(Z9) 0,32 Fail to Reject Hy

Based on the table above, it is partially known that the variables that have
a significant effect on exclusive breastfeeding with a significant level are the level
of education of mothers and birth attendants.

The significance test of smoothing parameters on exclusive breastfeeding
showed that maternal age variables had a significant effect on exclusive breast-
feeding variables.

To interpret early breastfeeding initiation and exclusive breastfeeding, for
example, there are individuals in households where in this study mothers aged
15-49 years and have babies aged 0-23 months with the last college education,
the mother’s employment status is work and at the time of childbirth assisted by
medical personnel, then.

Ut = —0,46522 + 0, 13130 (0) 4 0,09661 (0) 4 0,06848 (1) — 0, 05452 (1) + 0, 64920 (1)

=0,19794
s, = —0,73726 + 0, 30547 (0) 4 0, 23719 (0) 4 0, 27701 (1) — 0, 04681 (1) + 0, 42926 (1)
= —0,0778

So that the probability of each is obtained pi1, P10, Po1, Poo

P11 = Do (143243 p) = 0,2712912

Pio = P (1s) — P2 (M43 25 p) = 0, 3071628

Po1 = ® (M2;) — P2 (M14; 7245 p) = 0, 1977024

Poo =1—® (M) — @ (M2;) + Pa (M14; 7245 p) = 0, 2238436



Based on the probability value that can be known, individuals in the house-
hold have a probability of 0.2712912 who initiate early breastfeeding and provide
exclusive breastfeeding.

The calculation of marginal effects in a semiparametric bivariate probit model
is useful to find out how much influence the change in predictor variables has on
response variables where other variables are assumed to be constant. The following
is a calculation of marginal effects for each predictor variable, namely the education
level of the mother and birth attendant.

8§11 _ a(I)Z (7/7\117 7/7\21'; ﬁ) _ O, 1369666

(’)xl 6301
From the calculation of the marginal effect for the variable level of maternal edu-
cation is known to be 0.1369666, so it can be interpreted that individuals in the
household, namely mothers with a college education level, are able to initiate early
breastfeeding and provide exclusive breastfeeding by 13.69 percent themselves to
mothers with non-college education levels.

Ip11  OPg (M1i; M2is p)

8%3 N 8333
From the calculation of the marginal effect for the birth attendant variable, it is
known to be 0.4247015, so it can be interpreted that individuals in the household,
namely mothers with childbirth assisted by medical officers, are able to initiate early
breastfeeding and provide exclusive breastfeeding by 42.47 percent of themselves
to mothers whose labor process is not assisted by medical workers (non-medical).

= 0,4247015

4. CONCLUSION

Data modeling of early breastfeeding initiation and exclusive breastfeeding
using a semiparametric bivariate probit model found that variables that affect
early breastfeeding initiation are birth attendants while those that affect exclusive
breastfeeding are maternal age and maternal education level. Continuous variables,
namely maternal age and first age of marriage, did not significantly affect the vari-
able of early breastfeeding initiation, but for the variable of exclusive breastfeeding,
it was known that only the age variable had a significant effect.
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