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ABSTRACT: Stunting is a condition where a child fails to grow properly in height for their age caused by long term chronic malnutrition,
repeated infection and insufficient of psychosocial stimulation. Children with stunting are prone to poor of cognitive development and
intelligent, metabolic disease, and lack of immune systems to prevent chronic diseases such as diabetes and cancer. Java is one of the most
populous island in Indonesia with high prevalent of stunting in 2021. The high population density results in less access to the right to a
healthy life, triggering the problem of stunting. Therefore, it is important to conduct research to determine the factors that influence stunting
toddlers in districts/cities on the island of Java. The different percentage of stunted toddlers in each district/city on the island of Java shows
that there are differences in the characteristics of each region due to the factors behind it, causing spatial heterogeneity. Therefore, the
appropriate method used in this study is Geographically Weighted Regression (GWR). GWR is one of the developments of multiple linear
regression models that take into account the location of the region. Spatial influence is considered in the construction of GWR model. The
results showed that there were six groups of districts/cities based on predictor variables that had a significant effect on stunting toddlers,
then exclusive breastfeeding and proper sanitation became the dominant predictor variables that had a significant effect on stunting toddlers
in all districts/cities in Java Island.
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I. INTRODUCTION

The proper growth and development of infants and toddlers are closely related to the quality of nutrition intake. Undernutrition
and malnutrition occur due to inadequate intake of nutrients needed by the body. The content of foods such as carbohydrates,
proteins, vitamins, and fats are examples of nutrients that play an important role in the growth process in toddlers [1]. The growth
of toddlers will be disrupted if they get poor food quality [2]. A condition where a person is malnourished due to past nutritional
status problems (chronic nutritional problems) is called stunting [3]. Malnutrition is an effect that occurs due to nutritional problems
in the short or long term [4]. The growth and development of toddlers who experience stunting will be different from children in
general. The impact of stunting is more visible in adulthood, such as reduced immunity (easily infected with diseases), decreased
intellect, and decreased productivity which causes poor economic conditions [5]. The height-for-age index (TB/U) is the basis for
measuring stunting in toddlers [6]. Stunted toddlers are rarely recognised due to negligence in monitoring growth such as measuring
the height or length of toddlers [7].

The Ministry of Health of the Republic of Indonesia explained that the stunting rate in Indonesia is still ranked second in
Southeast Asia. According to the World Health Organization (WHO), the global target for stunting prevalence is below 20% [8].
While the Indonesian government targets a reduction in the number of stunting cases in Indonesia to reach 14% by 2024 [9]. Based
on the Indonesian Nutrition Status Study Report 2021, West Java and Banten (24.5%) were declared as provinces with the highest
stunting rates in Java Island while DKI Jakarta (16.8%) had the lowest stunting cases. Seeing these conditions, cases of stunting in
Java Island show that there are differences in each region due to the factors behind it, so the appropriate method used to analyse
these cases is Spatial Regression Analysis [9]. Geographically Weighted Regression (GWR) is part of spatial regression analysis
with weights based on geographic location and has the assumption of spatial diversity [10].

Previous research on stunting cases is [5] with the research title Determinants of stunting among under-five children in Ethiopia:
a multilevel mixed effects analysis of 2016 Ethiopian demographic and health survey data. The results of research using different
methods, namely A multilevel logistic regression model, show that factors at the individual and community levels determine stunting
toddlers in Ethiopia. Next is Modelling of Risk Factors of Childhood Stunting Cases in Malang Regency using Geographically
Weighted Regression (GWR) [11]. The difference with this study lies in the predictor variables used.
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Il. RESEARCH METHOD

The data used in this study are secondary data obtained from the Indonesian Nutrition Status Study (SSGI) 2021, the 2021 Health
Profile for each province in Java Island, and the 2021-2022 District/City Stunting Special Index Report (IKPS). The response
(dependent) variable in this study is the percentage of stunted toddlers and the variables that are thought to have an effect (predictor
variables) include the percentage of vitamin A administration (X;), the percentage of complete basic immunisation (X,), the
percentage of exclusive breastfeeding (X5), the percentage of LBW (Low Birth Weight Babies) (X,), the percentage of proper
sanitation (X;), the percentage of complementary foods (X,), the percentage of proper drinking water (X,), and the percentage of
delivery assistance by health workers in health facilities (Xg). The coverage area in this study includes the Java Island region with
a total of 85 districts and 34 cities.
In this study, GWR4 software and R software were used for data processing. The data analysis steps are as follows:
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Figure 1. Flowchart of Data Analysis Steps

11l. RESULTS AND DISCUSSION
A. Descriptive Analysis

Descriptive analysis was conducted to describe the condition of stunting toddlers in Java Island in 2021. The data presented in
the table includes the highest and lowest percentages of stunting toddlers and suspected influencing factors.

Table 1. Descriptive Analysis

Variables Minimum Maximum Mean

Y 6.90 (Mojokerto City) 38.90 (Bangkalan District) 21.2983
X4 56.4 (Bangkalan District) 114.5 (Kep. Seribu District) 93.3467
X, 24.3 (Sampang District) 100 76.3168
X 42.1 (Blitar District) 100 70.9688
X4 0.3 (Jaksel, Jaktim, Jakbar City) 66.4 (Tuban District) 5.4233
Xs 39.4 (Bangkalan District) 98.8 (Tangsel City) 81.4588
Xe 50.5 (Surabaya City) 100 85.8647
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X 73.3 (Lebak District) 100 94.4597
Xg 60.2 (Garut District) 100 94.5017

Table 1 shows that the highest percentage of stunting toddlers in Java in 2021 was 38.9% while the lowest percentage of stunting
toddlers was 6.9%. Cases of stunting toddlers were highest in Bangkalan District and lowest in Mojokerto City. The high percentage
of stunting toddlers in Bangkalan District is related to the low provision of vitamin A and the lack of access to proper sanitation.
This is consistent with previous research which states that vitamin A supplements help the growth process in toddlers such as bone
formation so as to reduce the incidence of stunting [12] and families who have problems with access to environmental sanitation
such as inadequate latrines have a higher tendency to experience stunting [13].

B. Multicollinearity Test

Multicollinearity testing is important to determine whether the predictor variables have a high correlation. Multicollinearity test
can be done using the VIF (Variance Inflation Factor) value criterion. If the VIF value is > 5, it indicates multicollinearity between
the predictor variables [14]. VIF value according to [15]:

VIF = ——
1 —-R?

with R? is the coefficient of determination between predictor variables.

Table 2. VIF Values
Predictor Variables (X) X, X, X3 X, Xz Xe X, Xg

VIF 12251  2.1334 1.1468 1.0297 15346 1.1142 1.6301 2.4399

Table 2 shows the VIF values of the predictor variables are < 5, which indicates the absence of multicollinearity among the predictor
variables.

C. Multiple Linear Regression Modelling
Multiple linear regression models are used when there are more than one predictor variables. The following is a multiple linear

regression model [16].

Vi = Bo + X1 Bixij + & with,
y; : the response variable at observation-i (i=1,2,...,n)
B, :intercept
B; : regression coefficient of the-j predictor variable
x;; - value of the-j predictor variable at the-i observation
g : error with IIDN assumption (identical, independent, normal) ~N(0, %)
n : the number of observations.

The estimated multiple linear regression model for stunting toddlers in Java Island with a coefficient of determination of 49.25%
is as follows.

¥ = 34.58321 + 0.05169X, + 0.09546X, + 0.09853X; + 0.04921X, + 0.22105X; + 0.04297X, + 0.09595X, + 0.05768X4

D. Heteroscedasticity Test

The situation when one predictor variable responds differently at different locations in a research area is called spatial
heterogeneity [17]. The difference in data characteristics allows the data to have a variety of variances. This diverse variance
condition is called heteroscedasticity. The Breusch-Pagan test statistic is used to test for heteroscedasticity [18].
The test hypothesis is:

Hy:0? = 0% = 03 = -+ = 64 = o2 (equal variance, homoskedasticity)
H,:at least one 0% # o2 (diverse variances, heteroscedasticity)

Test Statistics [18]:
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BP = G) RVAVAYARRYAS} with, the vector element fis f; = (i—i - 1) where,
f :isannx 1 matrix
e? : the square of error for observation-i
o : the residual variance e;
e; 'y; — ¥; is the least square residual for observation-i
g; . error with IIDN assumption (identical, independent, normal) ~N(0, 62)
Z is a matrix of size (nx(p+1)) containing the normalised vector for each
observation.

Reject H, if BP > X3 or if p-value < a with p being the number of predictors, which means that heteroscedasticity occurs in the
model. The following are the test results using Breusch-pagan.

Table 3. Breusch-pagan Test
Breusch-pagan P-Value Description
17.244 0.02767 Reject H,

Based on Table 3, it is shown that the P-value = 0.02767 < a. = 0.05 so it is concluded that the data has a diverse variance which
means it contains spatial heterogeneity. This results in the assumption of homogeneous error variance in multiple linear regression
models not being met so that modelling using the Geographically Weighted Regression (GWR) method is required [19].

E. Creating a Geographically Weighted Regression (GWR) Model

One of the developments of multiple linear regression models is the Geographically Weighted Regression (GWR) model. It's just
that the regression parameters of one location are different from the regression parameters of other locations because they consider
spatial effects The following is the formulation of the GWR model [20].

vi = Bo(uy, vi) + Xh_; Br (i, vdxix + & 5 with,
i=12,..,n Vi : the observation value of the response variable for the-i location
Xik : the observation value of the-k predictor variable at the-i

observation locationk = 1,2, ..., p

Bo (u;, v;) : the intercept of GWR regression model

Bk (u;, v;) : the regression coefficient of the-k predictor variable at the-i
observation location

& : the error of the-i observation location (violating the assumption
of homogeneous error).

In creating a GWR model, the first step is to calculate the euclidiean distance in each district/city-i to district/city-j in the
coordinates (uj, v;) and (u;, v;) in Java Island. Then determine the optimum bandwidth value which will be used to calculate the
weight matrix for each district/city. In determining the weighting value, this study uses the Adaptive Bisquare, Adaptive Gaussian,
Fixed Bisquare, and Fixed Gaussian kernel weighting functions. After obtaining each model, the next step is to select the best GWR
model by comparing the coefficient of determination (R2) and Akaike Information Criterion (AIC).

Table 4. Comparison of GWR Model Weighting Function Results

Weighting Function R? AlIC

Adaptive Bisquare 56.17% 678.3197
Adaptive Gaussian 52.30% 684.7111
Fixed Bisquare 53.21% 683.2077
Fixed Gaussian 52.68% 684.0518

Table 4 shows that the Adaptive Bisquare weighting function produces the smallest AIC value followed by the largest coefficient
of determination. Therefore, the GWR model with the Adaptive Bisquare weighting function is the best in modelling stunting
toddlers in Java in 2021.
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F. Godness of Fit GWR Model

This test aims to see if there is a significant difference between multiple linear regression and GWR. The test hypothesis is:
Hy: Bx(u;, vi) = B k= 1,2, ...,p,i = 1,2, ..., n (has no significant difference)
H;: there is at least one By (u;, v;) # By (has a significant difference)

Test Statistics [21]:
F __ SSE (Hp)/dfy

count — gop (Hy)/df, Wlth,

SSE (Ho) :y"(I—H)y
SSE (Hy) :y"(I1—-L)T(1 - L)y

H CX(XTX)"1XT

df; :n — p — 1 is the least square residual for observation-i

df, :(n = 2tr(S) + tr(STS))

I : identity matrix of sizen X n

L . projection of GWR model value y into y'at location (u;, v;)

Reject Hy if Feount > Frable(waf, af,)- Based on the results of the calculation of the best GWR model with Adaptive Bisquare
weighting function, the value of F-Count = 2.04 > F-Table = 1.38 is obtained, so it is concluded that there is a significant difference
between multiple linear regression models and GWR models.

G. Partial Test of GWR Model
This test aims to identify which parameters have a significant influence on stunting toddlers in Java Island.

The test hypothesis is:

Hy: Bk (u;, v;) = 0 (parameter By (u;, v;) is not significant to the GWR model)

Hy: Bx(u,vi) = 0;i=1,2,...,n; k= 1,2, ..., p (at least one parameter By (u;, v;) is significant to the GWR model)

Test Statistics [20]:

T, _ Brluivy)

ount —

with,

C  X"W(u;, vi)X) T XTW(u;, v;)

~ . ’SSE (Hy)

o .

8 tr([U—-L)TI-L)]Li=12

df : 5

Cxx : the-k diagonal element of the matrix CCT

G Ckk

Reject Hy if |Teoune| = ta 4 The groups of districts/cities based on variables that have a significant effect on each district/city in
>

Java Island with the Adaptive Bisquare weighting function are divided into six groups. The results show that geographical distance
affects the grouping of districts/cities which are mostly in the same province, such as East Java Province which is in one group. The
following is the parameter significance test for Tulungagung District which is included in the first group.

Table 5. Parameter Significance Test for Tulungagung District

Variables B SEB teable teount Description
X, 0.062483 0.058257  1.658697 1.07253 Not Significant
X, -0.14124 0.033815  1.658697 4.17679 Significant
)& 0.093544 0.037663  1.658697 2.483719 Significant
X4 0.010121 0.065686 1.658697 0.154083 Not Significant
Xs -0.243755 0.03877 1.658697 6.28714 Significant
Xe -0.03777 0.041659  1.658697 0.9066 Not Significant
X, 0.113227 0.086891  1.658697 1.303082 Not Significant
Xg 0.046633 0.083748  1.658697 0.55682 Not Significant

Table 5 shows that the variables that significantly affect stunting toddlers in Tulungagung District are complete basic immunisation
(X,), exclusive breastfeeding (X3), and proper sanitation (Xs).
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H. Best Model Selection (Multiple Linear Regression Model or GWR Model)

In determining the best model between the Multiple Linear Regression model and the GWR model with the best weighting,
namely Adaptive Bisquare for stunting toddlers in Java Island, it can be seen from the coefficient of determination and AIC value
of each model [22]. The following is a comparison table of the coefficient of determination and AIC values.

Table 6. Coefficient of Determination and AIC Values

Model R? AlC
Multiple Linear Regression 49.25% 701.2861
GWR (Adaptive Bisquare) 56.17% 678.3197

Based on Table 6, it can be seen that the coefficient of determination in the GWR (Adaptive Bisquare) model is greater than the
Multiple Linear Regression model. Likewise, the AIC value shows the error rate of the GWR maodel is lower than the Multiple
Linear Regression model. Thus the GWR model with the Adaptive Bisquare weighting function is the best model that can be used
in modelling stunting toddlers in Java Island compared to the Multiple Linear Regression model.

1. Interpretation of Results

Based on the results of the best model in modelling stunting toddlers in Java Island, namely the GWR model with the Adaptive
Bisquare weighting function, the next step is to interpret the GWR model. The following is an example of GWR model estimation
in Tulungagung District which is in the first group.

Y110 = 27.28116 — 0.14124X, + 0.093544X; — 0.243755X,

The interpretation of the GWR model in Tulungagung District is that if complete basic immunisation (X,) in Tulungagung District
increases by one unit, the number of stunting toddlers will decrease by 0.14124 events with other variables considered constant.
Then if exclusive breastfeeding (X3) in Tulungagung District increases by one unit, the number of stunting toddlers will increase by
0.093544 events with other variables held constant. According to [23] it is often found that the relationship between exclusive
breastfeeding and stunting is inconsistent because it is influenced by the quantity and quality of breast milk. In addition, it is
necessary to ensure that infants six months and older get additional nutrition from complementary foods to complete a balanced
nutritional intake. Furthermore, if proper sanitation (Xs) in Tulungagung District increases by one unit, the number of stunting
toddlers will decrease by 0.243755 events with other variables held constant.

IV. CONCLUSIONS

Based on the analysis and discussion of the GWR model of stunting toddlers in Java Island, each district/city in Java Island has
a different model, but there are similarities in predictor variables that have a significant effect on most of the adjacent districts/cities,
such as districts/cities in East Java Province where the variables of complete basic immunization (X,), exclusive breastfeeding (X;),
and proper sanitation (Xs) have a significant effect on stunting toddlers.

Furthermore, groups of districts/cities based on predictor variables that significantly affect stunting children under five in the
GWR model with Adaptive Bisquare weights are divided into six groups. Exclusive breastfeeding and access to proper sanitation
are the dominant variables that have a significant effect on stunting in all districts/cities in Java.
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