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Abstract. Infant Mortality Rate (IMR) reflects the level of health development of a country, as well as the quality of life
of its people. This rate is used to monitor and evaluate the population and health policies of countries around the world.
The infant mortality rate in Kalimantan in 2020 reached an average of 23 deaths per 1000 births, which was quite high
when compared to the infant mortality rate in Indonesia: 21 deaths per 1000 births. The research objective was lodelanine
the factors that influence the causes of increased infant mortality in Kalimantan by using nonparametric truncated spline
regression model. The results showed that the best model was nonparametric truncated spline regression with a polynomial
order of 2 and a number of knot points of 2. The criteria for the best model had an R* value of 88% and AIC of 0.056. The
faclon‘.aal influence the increase in infant mortality in Kalimantan were the rate of economic growth, the households that
do not have a clean and healthy lifestyle, the intensity of exclusive breastfeeding, and the childbirth process that was not
assisted by medical personnel. This research is useful for developing health and quality of life for people in Kalimantan,
as well as increasing knowledge innovation in statistical methods.
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INTRODUCTION

Regression analysis is used to determine the pattern of the relationship between the predictor variables and
the response variables. Regression analysis consists of three approaches in estimating the model, namely parametric
regression, nonparametric regression, and semiparametric regression. Parametric regression is used when the pattern
of the relationship between the predictor variable and the response variable (the shape of the regression curve) is
known, while semiparametric regression is used when the relationship pattern between the predictor variable and the
response variable is partially known. If the pattern of the relationship between the predictor variable and the response
variable is unknown, then the nonparametric regression approach is a solution to solve this problem|[1].

Infant Mortality Rate (IMR) reflects the level of health development of a country, as well as the quality of
life of its people. The infant mortality rate in Kalimantan in 2020 reached 23 deaths per 1000 births which was quite
high when compared to the infant mortality rate in Indonesia, which was 21 deaths per 1000 births[2]. The government
has always made efforts to reduce the number of infant deaths on the island of Kalimantan every year. In order for the
right efforts, it is necessary to identify the factors causing infant mortality.

Based on the description on this background, we applied nonparametric truncated spline regression to the data on
infant mortality rate in Kalimantan. The model is used to identify the factors that lead to an increase in infant mortality
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rates in Kalimantan. This research is expected to be useful for the development of health and quality of life for people
in Kalimantan as well as to increase knowledge innovation in statistical methods.

LITERATURE REVIEW

Nonparametric Regression

Nonparametric regression is a technique used to overcome difficulties in parametric regression where the
function form of the regression curve /' must be known[1][2]. The nonparametric regression approach to estimate
regression curves has the objective of providing a method that can be used to explore the relationship between two
variables and providing predictions for observations that cannot be made without a reference to a particular parametric
model. The nonparametric regression approach is used if the pattern is not known for the shape of the regression curve
or there is no complete past information about the shape of the data pattern[4]. Visually, this type of regression takes
the form of an unidentifiable pattern. The nonparametric regression approach has high flexibility because the data is
expected to find its own form of regression curve estimation without being influenced by the researcher's subjectivity
factors[1].

Given data (x;, ;) where the relationship between x; and y; is assumed to follow a nonparametric regression
model as follows:

y=fix, J+e,,i=12,....n (1)

Where &; is assumed independent and normally distributed with mean zero and variance o~. Furthermore, f{x) is a
regression curve which is assumed to be smooth in the sense that it is a member of a certain function space (2). The

n

shape of regression curve f{x;) is assumed to be unknown and is contained in the Sobolev space w)" jab] especially

" .
f(x,) e Wy fab) with

Wia,b] = {f: £ O, F@ . fm=Uapsolute continues on [a, b], f:[f(m)(x)]zdx < oé (2)
for a segmented m, this provides better flexibility properties than ordinary polynomials and this property
allows the model to adapt more effectively to the local characteristics of the data.

Truncated Spline In Nonparametric Regression

In nonparametric regression modeling, one of the approaches used to estimate the regression curve is the
truncated spline approach. Truncated spline in nonparametric regression is a model that has good statistical and visual
interpretations. In addition, truncated spline has high flexibility. Truncd spline is a segmented polynomial model
that provides better flexibility properties than ordinary polynomials and this property allows the model to adapt more
effectively to the local characteristics of the data[1][4].

Truncated spline of order m (3) with knots point K, Ko, ..., K- with a < K; < ... < K- < b is a function as
follows:

FO) = Zito Bt + Zhet Bmen (i — KDY, )

which By, fep are real constants with k = 0,1,2, ...,m and h = 1,2, ..., r then the truncated function:

o m =
O e )
Based on the definition of a truncated spline, it is obtained::
(i) The function f'is the slice of polynomial with degree m on the subinterval [Kp, K11 |-
(ii) The function f has a continuous derivative of the level m - 1

(iii) f™ is a ladder function with jump points K, K>, ..., K.
The nonparametric regression model given in Equation (5) with f{x) is a regression curve which is
approximated by a truncated spline function.

m r
yi= Zﬁkxik + Z Brsn(xi— K + &, i=12,..,n (%)
i=o =1

where y; is the i-th response variable, x; is the i-th predictor variable, B}, By, p are real contants, K;, Ko, ..., K, are knot
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points and & is random error assumed to be identical, independent, and normally distributed with mean zero and

Estimation of Nonparametric Truncated Spline Regression Model

variance o’ [1][3].

The estimation of nonparametric truncated spline regression model can be performed by using the
Maximum Likelihood Estimator (MLE). Given Equation (6) is assumed &£~N (0, g?) and Y; is normally distributed:

yi~N (Z Bixt + Z Bman(xi — KT, 62) (6)
k=0 h=1

The first step in the MLE method is to form the probability density function (7) from yy, ya, ..., v» as follows:
n

FOL Y2, e v = _ fGilB.o%)
i=1
2 (7

n m r
_1 1
= l_[ (2ma*)Zexp| - Spz| Vi~ (Z Bixt + Z Boen(xi — Kh)T)
i=1 k=0 h=1

Next, the likelihood function is given in Equation (8)

L(B a?ly) = (2310'2)"; exp (— 27:-2 T) (8)

m T 2
Yi— (Z Bixt + Z BmanCei — Kh)T) (9)
ic=0 h=1

Then the natural logarithmic operation is performed to facilitate mathematical operations and to obtain the parameter
estimators f# and o> obtained from the results of the partial derivatives in Equation (7). Furthermore, the optimal knot

point is determined to obtain the best nonparametric truncated spline regression model.
The spline estimator in nonparametric regression can handle smooth functions[5]. The estimation of the

nonparametric truncated spline regression is obtained using the maximum likelihood estimation.

e | (y=Fx))’ .
fyB.o )_af?m:r! exp{ o }.p\)o. o’ >0 (10)

with the component T (9)

T =
i

2

The joint density function is given in Equation (11).

fOyaey) =[] ]B.0Y !

. exr{— ! -, —f(x,-))z}

- 200 (11)
= (27c?)?
=(270") %exp{— 2(13-2 g(}-‘; - flx ))2]

As aresult, the likelihood function is obtained in Equation (12).

2 2 o 1 - 2
L(B,07|y)=(27c") 36Xp[— > Z(}',-—f(x,-))‘} (12)

20

The point estimate for the function fis obtained by solving the likelihood optimization in Equation (13).

MaxL(ﬁ,0'3|_v)=:’t{5a{(2fm'3)_36xr{— l ; i(_v,- —f(xf))zJ} (13)

20

If a logarithmic transformation is taken, Equation (14) is obtained.
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LnL(B,0"

n 2
——Ln(2me”)—
> n( )

n 2
——Ln(2mc”)—
g 7o)

1

1

20

2 - 1 S 2
y) =Ln{(2fm") 2exp[— = Z(y]. —f(_tj.jj']}

P20 f ()

i=l k=i

L ${u-{San$acour)

(14)

1
20
Therefore, the likelihood estimation ,5’ (k) for nonparametric truncated spline regression is shown in Equation (15).

Bk) = (X(k) X (k) "' X(k)"y (15)
Where ¥ =[y, .V .....yn]T is the response variable, B=[8,,5 '“-'»8.“»8.-»! ,...,,b’l,,m]r 15 a vector of the known

LnL(f.°|y)= _g [n(275°) — — [(y ~-X®)B) (y —X(k)ﬁ)]

parameters, X[k|= X[k .k, .....k,] is a matrix sized nx(p+m+1) with [k, .k,....k,].

Selection of Optimal Knot Points
Nonparametric truncated spline regression has the advantage of having knot points in the model. With the
existence of knot points, the model will follow the relationship pattern according to the data behavior. However, the
number of knot points also affects the complexity of the model with the number of parameters used, therefore, a
precise method is needed to determine the optimal knot point. One method that is widely used in selecting optimal
knot points is Generalized Cross Validation (16). The optimal knot point is indicated by the smallest GCV value[3][6].

_ MSE(Ky Kz2,...Kr) 16
GCV(Ky, Ky, - Kp) = (n~ltrace[I—A(Ky Ky, ... K02 o)

where
n

MSE (Ky Ky K) =00 (v = f)) (17)

i=1
Simultaneous and Partial Significance Test of Parameters

The hypothesis used in the simultaneous significance test[7]:
Hy:B=..=f,=6=..=8=0 |
H| : There is at leastone f, =4, #0:k=12,....p
and the test statistics used are given by:

MS;‘ ression
F., =—lc8ression (18)

vale

Ms residual
The solution to Equation (18) is obtained by completing the table of analysis of variance.

TABLE 1. Analysis of Variance (ANOVA)

Source of  degree of Sum of Mean Frae
Variation freedom Squares Squares

(df) (SS) (MS)
Regression p(1+r) X SSpegression MSpogression

>G-¥

dfpe gression
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n

Residual n-(p+r))-1 Z (v~ ¥ SS,.,,_.,-,;M;
= ) df;v.u’dm!
Total n-1 =

Partial significance test of parameters are as follows[8]:
Hy:p.=6,=0
Hy: There is atleast one 8, =8, #0;k=1,2,....p
Test statistics for partial significance of parameters:

valie

ﬁ—ﬁ (19)
se(f)

where: L

B, - the regression coefficient of the k-th independent variable (k=1 2,....p)

.s'e{ﬁk): standard error of Bk » se( ){}&) = r’var( ){}&) I

METHODOLOGY

Data Sources and Research Variables

Data was taken from the Central Bureau of Statistics and the Health Office in East Kalimantan [9][13], West
Kalimantan [10][14], North Kalimantan [11][15], and Central Kea‘mnlem [12][16]. The research variables used were
the infant mortality rate (), the rate of economic growth (x1), the household with a clean and healthy lifestyle (x2), the
exclusive breastfeeding, (x3) and the childbirth that wasn’t assisted by medical personnel (xs).

Data Analysis Stages

The data analysis steps in applying the nonparametric truncated spline regression model in this study are as
follows:

Analyzing the pattern of relationships between variables using scatter plot.

Delerminilahe optimal knot point using the GCV method given in Equation (16).

Estimating the nonparametric truncated spline regression model using Equation (15). |

Testing the simultaneous hypothesis for the parameters of nonparametric truncated spline regression using

Equation (18).

5. Testing the partial hypothesis on each predictor variable of the nonparametric truncated spline regression
model usingaquelli()n (19).

6. Interpreting the nonparametric truncated spline regression model.

PR

RESULT AND DISCUSSION

Data Explﬁaﬁon

Data exploration was carried out by looking at the pattern of the relationship between each predictor
variable and response variable using scatter plot. If the pattern of the relationship does not follow a parametric curve
then for parameter estimation a nonparametric regression approach is used[1][17]. Figure 1 shows the relationship
pattern of each predictor variable to infant mortality rate.
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FIGURE 1. Pattern of the relationship between response variables and predictor variables

3

Figure 1 (a) shows the pattem of the relationship between IMR and the rate of economic growth,&un: 1
(b) shows the pattern of the relationship between IMR and the household with a clean and heea]y lifestyle, Figure 1
(c) shows the pattern of the relationship between IMR and the exclusive breastfeeding, and Figure 1(d) shows the
pattern of the relationship between IMR and the childbirth that wasn’t assisted by medical personnel. It can be seen
that the the relationship between the infant mortality rate and each predictor variable does not show a tendency for the
pattern or the pattern of the regression curve is unknown., hence we used nonparametric regression approach in
estimating.

Nonparametric Truncated Spline Regression

Nonparametric truncated spline regression modeling includes knot point selection, regression model
estimation, simultaneous test, and partial test. The first step in the analysis is the selection of knot points obtained
from the smallest GCV value.

Selection of Knot Point
The selection of the optimal knot point used the GCV method in Equation (16). The calculation results are
presented in Table 1.

TABLE 1. Selection of Optimal Knot Point with Two Knot Points
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Based on Table 1 the optimal knot points using the minimum GCV are:
k,=3,151 k,=25736 k;, = 28,862 k, =71,864
k, =9,506 kﬁSl.ZSS ky, = 86,846 k,, =95,128

After obtaining the optimal knot points, the second step in the analysis is to estimate the parameters so that
nonparametric truncated spline regression with geographically weighting is obtained.
Parameter Estimation of Nonparametric Truncated Spline Regression Model

The estimation of nonparametric truncated spline regression using 2 point knots and order of 2 is as follows:
§ = 526,7461 + 9,0515x, + 1,5775x% + 0,7868(x; — 3,151) — 15,1201(x, — 9,506)
—1,9431x, — 0,0382x% — 0,0197(x, — 25,736)
+0,106(x; — 81,288) + 2,5174x3 — 15,8224 x2 (20)
+0,0458(x; — 28,862) — 0,3982(x; — 86,846) + 0,0246x, |
—0,1719x% — 0,1021(x, — 71,864) — 0,7886(x, — 95,128) '

Furthermore, to determine whether the variables have an effect on infant mortality, it is necessary to test the
significance of the parameters simultaneously and partially.

Simultaneous Test

The hypothesis of simultaneous parameter test:
H,:p=.=p=6=.=8=0

HI . There is at least one IBA- = 51_ 20 k=12...,4

TABLE 2. Simultaneous Test
P-value Decision

0,00001 Reject H,

030004-7




Table 2 states that the rate of economic growth, the household with a clean and healthy lifestyle, the exclusive
breastfeeding and the childbirth process that wasn’t assisted by medical personnel simultaneously affect the infant

mortality rate.
Partial Test

The hypothesis of the partial parameter test:
H:p=.=8=06=.=8=0

H:f =6 #0k=12,.,4

TABLE 3. Partial Test

Variable Parameter P-Value Decision

B, 0,2046 Significant
B 0,0745
5, 0,0123

X, . Significant
d, 0,1693
0, 0.2046
Ji2 0,0569
B, 0,0087

X, . Significant

’ J, 0,1079 )

0, 0,2095
B 0,0538
B 0,2748

Xy 55 0.,0064 Significant
O 0,0006
s 0,0538
B 0,1017

. By 0,1751 Not

4 5, 02741 significant

0y 0,1324

Table 3 shows that there are 3 significant variables, namely the rate of economic growth, the household with a
clean and healthy lifestyle, and the exclusive breastfeeding, while the childbirth process that wasn’t assisted by

medical personnel is not significant.

Model Interpretation

The final step performed is interpreting the results of the model formed. For x|, the areas that have a percentage
of economic growth rate of less than 3.151%, namely West Kutai, Kutai Kartanegara, East Kutai, Berau, North
Penajam Paser, Samarinda, Bontang, Malinau, Nunukan, Tarakan , and Bulungan, The areas that have a percentage
of the economic growth rate between 3.151% and 9.506% are Tana Tidung, East Kotawaringin, Kapuas, Katingan,
West Kotawaringin, Murung Raya, Seruyan, Lamandau, Sukamara, Gunung Mas, Pulang Pisau, North Barito, South
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Barito, Palangka Raya, East Barito, Balikpapan, Paser, Singkawang, Pontianak, Kubu Raya, Kayong Utara, Melawi,
Sekadau, Sintang, Ketapang, Mempawah, Porcupine, Bengkayang and Sambas. Meanwhile, the area that has a
percentage of the economic growth rate of more than 9.506% iﬁemggelu.

For x», the areas that have a percentage of the household with a clean and healthy lifestyle of less than 25@6%
are Mempawah, Singkawang, Kapuas, and Tana Tidung. The areas that have a percentage of the household with a
clean and healthy lifestyle between 25.736% and 81.288% are Sambas, Landak, Ketapang, Sintang, Sekadau, Melawi,
North Kayong, Kubu Raya, Pontianak, Paser, West Kutai, Kutai Kartanegara, East Kutai, Berau, North Penajam Paser,
Samarinda, West Barito, South Barito, North Barito, Pulang Pisau, Sukamara, Seruyan, Murung Raya, West
Kotawaringin, Katingan, East K()lelwelagin, Malinau, Nunukan, Tarakan, and Bulungan. Meanwhile, the areas that
have a percentage of the household with a clean and healthy lifestyle of more than 81.288% are Bengkayang,
Balikpapan, Bontang, and Palangka Raya.

For x3, the areas that have a percentage of exclusive breastfeeding less than 28.862% are West Kutai, East
Kutai, Palangka Raya, North Barito, Gunung Mas, Murung Raya, Katingan, and East Waringin City. The areas that
have a percentage of exclusive breastfeeding between 28.862% and 86.846% are Tana Tidung, Bulungan, Tarakan,
Nunukan, Malinau, Kapuas, West Kotawaingin, Seruyan, Lamandau, Pulang Pisau, East Barito, Samarinda,
Balikpapan, North Penajam Paser, Berau, Kutai Kartanegara, Paser, Singkawang, Pontianak, Kubu Raya, North
Kayong, Melawi, Sekadau, Sintang, Ketapang, Sanggau, Mempawah, Landak, Bengkayang, Sambas. Meanwhile, the
area that has a percentage of exclusive breastfeeding of more than 86.846% is Bontang.

For x4, the areas that have a percentage of the childbirth process that wasn’t assisted by medical personnel of
less than 71.864% are Ketapang, Melawi, North Kayong, South Barito, Seruyan, Kapuas and Murung Raya. The
areas with a percentage of the childbirth process that wasn’t assisted by medical personnel between 71.864% and
95.128% are Bulungan, Tarakan, Nunukan, Malinau, East Kotawaringin, Katingan, West Kotawaringin, Lamandau,
Sukamara, Gunung Mas, Pulang Pisau, North Barito, Palangka Raya, Bontang. , Samarinda, Balikpapan, North
Penajam Paser, Berau, East Kutai, Kutai Kartanegara, West Kutai, Paser, Singkawang, Kubu Raya, Sekadau, Sintang,
Sanggau, Mempawah, Bengkayang, and Sambas. Meanwhile the areas that have a percentage of the childbirth process
that wasn.t assisted by medical personnel of more than 86.846% are Pontianak, Landak, and Tana Tidung.

CONCLUSION
Based on the optimal nonparametric truncated spline regression model at order of 2 and 2 knot points, the
R-square value was 88% and RMSE was 4.1076 and the assumptions had been fulfilled hence it was indicated as a
good m()d And the variables that affected the infant mortality rate were the rate of economic growth (xi1), the
household with a clean and healthy lifestyle (x2) and the exclusive breastfeeding (x3).
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