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Article Info ABSTRACT

Probit regression model is a non-linear model used in the process of analyzing the
relationship between a response variable that has categorical properties. The
problem that is very often experienced in probit regression when the predictor
variable consists of one or more is that there is a very high correlation between
predictor variables called multicollinearity. To overcome this, the Newton Raphson
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Keywords: method and the Rigde method are used. So this research was conducted to compare
Newton Raphson Method, the Newton Raphson method and the Ridge method in the estimation of the Probit
Parameter Estimation, Probit  Regression parameter. The data used in this research is 1000 data generation that
Regression, Ridge Method contains multicollinearity. Based on this research, the estimated mean square error

of the Probit Regression model using the Newton Raphson method is 0.488. The
estimation result of the mean square error of the Probit Regression model using the
Ridge method is 0.488. The results of this study indicate that the estimation of the
Probit Regression parameter using the Newton Raphson method is as good as the
Ridge method. This can be seen from the estimated value of MSE using the Newton
Raphson method and the Ridge method.
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INTRODUCTION

The Newton Raphson method is a good form of numerical method in determining the roots of an
equation. This method will always converge if the initial point selection is within the settlement area. The
drawback of this method is that The calculation process requires the derivative functionf’(x) of a
function f (x)whose roots are to be determined. Regression analysis is a statistical method that is most
often used in our daily lives. Regression analysis is a technique used in model development that connects
response variables (Y ) with predictor variables (X ) and is used to predict future values. Estimation is
made to see the impact that will occur if a change in one variable affects another variable, so that
anticipatory handling can be carried out in overcoming the impact of this change.

According to Imam Ghozali (2011), the process of testing the classical assumptions on the form of
the linear regression model used is done in order to know whether the regression model is a very good
model or not. The purpose of testing the classical assumptions is to provide certainty that the regression
equation which can be based on the model has a value of accuracy in estimation, is not biased, and is
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consistent. In carrying out the regression analysis process, it is necessary to first test the assumptions.
Some of the assumptions that must be fulfilled in the regression analysis process include: Assumption of
normality, Assumption of homoscedasticity, Assumption of non-autocorrelation, Assumption of non-
multicollinearity, and Assumption of linearity.

The Probit Regression Model is a non-linear model that is used in the process of analyzing the
relationship between a response variable that has categorical properties, that is, a value of 1 for the
presence of a characteristic and 0 for the absence of a characteristic, with one or several predictor
variables that have numerical, categorical properties. or a combination of both.

The problem that is very often experienced in probit regression when the predictor variable consists
of one or more is that there is a very high correlation between the predictor variables which is called
multicollinearity. If multicollinearity occurs, then the classical assumption is not fulfilled. This has an
impact on the estimator obtained is not efficient, causing the variance of a regression coefficient to be
large and not minimum (Gujarati, 2006). Multicollinearity can produce regression coefficient values,
intervals and standard error which is large and the variable relationship is not significant. The use of ridge
regression is better when used to solve multicollinearity assumption problems because the resulting
coefficient estimators tend to be more stable than the least squares method (Chatterjee and Hadi, 2006).

Ridge regression has an advantage over other methods because it can reduce the effect of
multicollinearity by finding a biased estimator that has a smaller variance than the variance of the
multiple linear regression estimator (Pratiwi, 2016). The process of the Ridge regression method is
carried out in a way similar to the least squares method. Ridge regression uses the bias constant in the
least squares equation so that the coefficient results are reduced and tend to be close to zero (Hestie,
2008).

It is difficult to estimate the parameters of the probit regression model using the maximum
likelihood method to obtain the maximum point. This is because the form of the likelihood function is
complex so it cannot be differentiated. To overcome these problems, the Newton Raphson method is
used. The Newton Raphson method can solve complex function problems with its approach. Therefore,
forecasting with loglikelihood is a very good approximation and close to its maximum point (Storvik,
2011). Parameter estimation is the estimation of population characteristic values (parameters) based on
the sample characteristic values. The parameter estimation is classified into two, namely the first is point
estimation and the second is interval estimation.

Regression Analysis

Linear regression analysis has two types, namely simple linear regression or multiple linear
regression. In simple linear regression analysis, the predictor variable used is one. Whereas in multiple
linear regression analysis, the predictor variable used is more than one (Wasilane, 2014).

The model of simple linear regression is:
Yi=Bo+f1Xi+e, i=12..,n (1)
The model of multiple linear regression is:
Vi = Bo + B1x1; + Baxai + -+ Brxp + & (2)
Probit regression

Probit regression is a form of nonlinear regression that is used to analyze the relationship between one
response variable and its predictor variable, where the response variable is qualitatively dichotomous,
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which means it has a value of 1 which indicates the presence and value 0 denotes absence (Candra,
2009:3). Probit regression namely the development of a logistic regression model by making the logistic
regression equation have a normal distribution (Widhiarso, 2012).

Probit regression is expressed in the form @ (Z). The ® symbol describes the function of the standard
deviation of the normal distribution.

[¢s) 1 — ﬁ
P(Y=1) = f_mﬁe 2dZ = ®(Z) (3)
The probit regression model is
Vi =xB + e (4)

Multicollinearity

Multicollinearity shows that there is a linear relationship with a perfect level between the predictor
variables in the regression model. Multicollinearity is a condition where there is a very strong correlation
between the predictor variables (X) involved in the development of the linear regression model.
Collinearity means a single linear relationship, while multicollinearity means there is more than one
almost perfect linear relationship. In its application, it is often not distinguished by either one relationship
or more, the name multicollinearity is used (Supranto, 2005).

Multicollinearity or poor conditioning can lead to inaccurate estimates of the regression coefficients,
inflate the standard errors of the regression coefficients, deflate the partial t test for the regression
coefficients, give incorrect and insignificant p-values, and decrease the predictability of the model. It also
causes a change in the direction of the estimated coefficient signs (Saleh, et al 2019).

One measure to test the effect of multicollinearity (Setiawan and Kusrini, 2010) isVariance Inflation
Factors (VIF). The VIF value is calculated by the equation, namely:

1

VIF = diag(X X) = —

(5)
Another way to determine multicollinearity with valueTolerance (TOL) with the equation

TOL = T (6)

Parameter Estimation

Estimation is a value for estimating the relationship regarding the value of a population parameter whose
value is unknown using a sample (statistics), thus a random variable is obtained from a population in
question.Y = XB + eestimate parametersg isf = (X7 X)L (XTY).

Mean Square Error (MSE)
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Mean Square Error (MSE) is another method for evaluating estimation methods (Suryaningrum & W,
2015). MSE is a way to measure the overall estimation error.This method can be used to see the error
rate of a model estimated from existing data.

Tl y—
Msg = & ?)n(y 7

Metode Ridge

Ridge regression is a method that can be used in dealing with multicollinearity cases. Hoerl and Kennard
(1970) formulated the Ridge estimator for the first time to deal with multicollinearity problems in a linear
regression by displaying the results of multiple linear regression values which produce matrix values XA'X
having a determinant close to zero resulting in an unstable parameter estimator. The Estimator of the
Ridge regression parameter (K') utilizes the Least Squares (OLS) method, namely by adding a small
positive number (€) to the diagonal value of the matrix X*' X, so that bias can be overcome. The € value is
between 0 and 1, so that the Ridge regression estimator will still be biased towards the B parameter, but
tends to be stable (Sunyoto, 2009).

The Ridge estimator value is obtained by minimizing the sum of squareserror using the OLS method:

g =Y, —Xp
Ner=>0-xp) @)

Estimator ﬁobtained by using the OLS method, namely by minimizing the sum of squareserror and equate
it to zero as follows:

n
Z gl =g+ 2+ +¢,?
i=1

T

=c'¢
So that residue is:
, & =Y~V
% 812 =2is1(y —y)
Temporary:
ele = =XP)T(Y —XpB)
For:

S=YTY —YTXB — BTXTY + BTXTXB
To determine the linear regression estimator, it can be calculated from the first derivative of equation (8)
partially to and equated with zero results.

a(S) a(YTY —Y"XB - BTX"Y + BTXTXP)

B apr
98 _ -XTY + XTXp
ap
a(s) _
g "

—XTY + XX =0
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XTxp = XTY
B=&XNTETY) )

By using the Lagrange multiplier denoted by the Lagrange function G is defined as:

G = Eiz +k
> g 10)

with limited conditions

for
G=TY —YTXE —BTXTY + BTXTXB) + k(BT — c?)
that meet the requirements

oG

ﬁ=0

Where k the Lagrange multiplier is not affected byﬁand k which is a finite positive constant.

Looking for the value of Sby breaking upZ—;:O

0(X e’ +kg) 0
apT B
oYY —YTXB — BTXTY + BTXTXB) + k(BB — ) 0
dpT a
f=XX+kDXY (11)
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Wheref = (X'X + kI)_lX'Y and0 < k < oo,the form of the equation is called the Ridge
regression estimator.

Calculate the value of k based on the following HKB formula

~2
kiwp = e 12
HKB = 3o (12)

Maximum Likelihood Method

For example x1, x;, -+, x,is a random sample of population with densityf(x, 8) where 8(6,,
6,, --+, 8))is an unknown parameter function probability written:

L(61'92' ) ek) = nf(xi! 0)
i=1

Newton Raphson Method

The Newton Raphson approach is a very powerful and most widely applied numerical method
for solving the problem of finding the roots of an equation f(x) = 0. This method have formulas,
namely:

F(Xn)

Xnt1 =Xy TF&)
n

RESEARCH METHOD

Comparing the Newton Raphson method and the Ridge method in estimating the Probit
regression parameters. The first step is to study the literature by searching for literature such as
theories from books, journals, previous research articles that are relevant to cases or parameter
estimation problems. The next steps are to determine the appropriate problem, estimate the
probit regression parameters using the Ridge method, estimate the probit regression parameters
using the Newton Raphson method, generate data that contains multicollinearity, estimate
parameters in the probit regression model using the ridge method on the data, perform
parameter estimation in the probit regression model using the newton raphson method on the
data and comparing the estimation results of the Ridge method and the Newton Raphson method.

RESULTS AND DISCUSSION
Research data

In this study, 1000 data were generated with one response variable (Y)and 2 predictor variables
(X1,X3). Response variables(Y) are generated 0 and 1. Variables X; are generated from 1 to 1000 and
to produce a very high correlation between variables X;and X;, variables X, are generated by multiples
of 2 of X;added value is € . € generated 1000 data distributed N~(0,1).
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Tabel 1 Awakening Data

Z
o

y X1 X2
1 0 1 3.043829
2 1 2 5.637644
3 0 3 9.586139
4 0 4 12.88854
5 0 5 13.81167
6 1 6 18.2067
7 0 7 21.26554
8 1 8 24.33165
999 0 999 2998.228
1000 0 1000 2999.617
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Estimation of Probit Regression Model Parameters with the Newton Raphson Method

A probit regression model can be written

o~ (m) = X;B
Estimation of the parameters of the probit regression model can be obtained using the methodMaximum

Likelihood Estimation (MLE). Parameter estimation using this method starts with defining the
functionprobabilityand functionslog likelihood as follows:

n

1@ = [ [[(ecxi)) (1 - ox;8)) ]

i=1

L=t l(B) = ) (illn @K + (1 = y) In[1 - *X,B)])
i=1

Then, by optimizing the functionlog-likelihood, find the first partial derivative of the function/og-likelihood
and equated to zero.

OLL _ 0(X (i [In @ X;B)] + (1 —y) In[1 — d(X; 1)
B B B

Z [ql b(X; ﬁ) _o
P(XB)

=14 X; =0

The numerical method that can be used is the Newton-Raphson method. This method requires a second
partial derivative of the functionlog-likelihood with respect to the parametersestimated:

oL i L+ X.B) X; X,
Y XY —AilA i i i
9B B i=1

The equation used to obtain the parameter estimator using the Newton-Raphson method is:

B(n) = E(n—l) +1 [ﬁ(n)]g[ﬁ(n)]

Estimation of the Probit Regression Model Parameters with the Ridge Method

The equation used to obtain the parameter estimator with the Maximum methodprobabilitywith the help
of Newton Raphson
1] _E[ 0%LL ]
7 |9B; 9B«

N N
=1 yi—mi o 0m Y — M on;
1] = Ll md ) <a(x;ﬂ)) L@y (6(x}B)>]
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N 2
_ Xji Xki ( om; >
- Ln(l—ﬂi) 0(x;8) ]

i

In matrix form it can be written as follows:

1[B] = x'wx

maximum estimate is obtainedprobabilitywith the Newton Raphson approach
Bnr = X'WX) ' (X'W2)

When the explanatory variable iscollinear, some eigenvalues will be small, which inflates the MSE value. In
this situation, the probit regression estimator with the Ridge method is a better alternative.The estimators
using the probit method are as follows:

Brr = (X WX + k)" (X'WXBnyg)
Data Multicollinearity Test

The results of the multicollinearity test between variables X;and X,

2 _ (n(E X:1X;) — (XX, X X3))?
mE X)) - CXDHME XD - B X2)?)

RZ

_ (1000(1001490258) — (751484419422))?
~ (1000(333833500) — (500500)2)(1000(300441067) — (1501467)2)

R? =0.9999993

The value of the coefficient ofdetermination(R?)of 0.9999993

VIF =

1—R?
1

VIF =1"09999993

VIF =1428571,4

TOl= 1185714

TOL =0.0000007

In the generated data, values are obtained VIF > 10 and TOL < 0.1 which indicates multicollinearity between
predictor variables. From the results of the above calculations, the values VIF =1428571,4 and
TOL =0.0000007 .

Estimation of Probit Regression Model Parameters with the Newton Raphson Method on Generation
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Data

The parameter estimation results obtained by the newton Raphson method with the help of the R
program with the number of iterations of four iterations are as follows:

Bnr = XWX) " (X'W2)

—0.07668
BNR = [ 0,16221 ]
—0,05402

So that the estimation results of the probit regression model are as follows:

yi =— 0.07668 + 0,16221x; — 0,05402x;,

Based on the identification results of the Probit Regression model, a comparison was made between the
data and the estimation results. From these results, the MSE calculation was carried out. The results of the
comparison between the data and the estimation results of the Newton Raphson method

Table 2 Comparison Data with Newton Raphson Method Estimation Results

No Data (v) Estimasi () (-9'0—9)
0 0 0

© oo~ U~ WNBR
P OOORFrR OO O
OO0OFroooooo
P PP OPFP OOOPR

(BN
o

1000 0 1 1
Jumlah 488

Based on the estimated parameters and models obtained, the value is then calculatedMean Square Error-
his. The results of estimating the MSE value are as follows:

MSE =n"Y(y -9 (v - 9)
MSE = 0.488

Estimation of Probit Regression Model Parameters with the Ridge Method on Generation Data

The first step is to define the ridge (kyxp) method's lagrange multiplier. So that the value is obtained
(knks)-
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p6?
kukp = =

a3

Kuks = 0,001000667

the results obtained from the estimation of the parameters of the Ridge method and the value W obtained

with the help of the R program are as follows:
Bre = (X' WX + kD)™ (X'WXPyr)

—0.07667598
0,1622049
—0,05401504

BRR =

So that the estimation results of the probit regression model are as follows:
yi =— 0.07667598 + 0,1622049x; — 0,05401504x,
Based on the identification results of the probit regression model, a comparison was made between

the data and the estimation results. From these results, the MSE calculation was carried out. The results of

the comparison between the data and the estimation results of the Ridge method are as follows:

Table 3 Comparison Data with Ridge Method Estimation Results

No Data (y) Estimasi () -9 —9)
0 0 0

© oo ~NOO U~ WNER
P OO ORKr OO0OOo R
OO RFr OO0 OO OO
P PP ORFRr OOOLR

(BN
o

1000 0 1 1
Jumlah 488

Based on the estimated parameters and models obtained, the value is then calculatedMean Square Error-
his. The results of estimating the MSE value are as follows:

MSE =n"'(y =) (y — 9)
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MSE = 0.488

Comparison of the Newton Raphson Estimation Method and the Ridge Method

Parameter estimation values and mean square error Probit regression using the Newton Raphson method
and the Ridge method can be presented in tabular form as follows:

Table 4Parameter Estimation andMean Square Error Using Newton's Method Raphson and the Ridge
Method Parameter Metode Newton Raphson Metode Ridge

Parameter Metode Newton Raphson Metode Ridge
Bo —0.07668 —0.07667598
B: 0,16221 0,1622049
2 —0,05402 —0,05401504
MSE 0,488 0,488

From Table 4 after the simulation with the R program, the estimation results are obtained MSE using the
Newton Rapson method is 0.488. While estimationMSE using the Ridge method is 0.488. It can be seen
that the valueMSE in both methods have the same value

CONCLUSION

In data simulation using the Probit Regression model, the estimation results are obtainedmean square
error using the Newton Raphson method is 0.488.In the data simulation using the Probit Regression
model, the estimation results are obtainedmean square error using the Ridge method is 0.488.The
results of this study indicate that the estimation of the Probit Regression parameter using the Newton
Raphson method is as good as the Ridge method. This can be seen from the estimated value MSE using
the Newton Raphson method is the same as the Ridge Method which is equal to 0.488
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