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Abstract:

Life expectancy is the average number of years a newborn is anticipated to live, assuming that the
pattern of mortality by age at birth is the same throughout the baby's life. Life expectancy serves as one of
the indicators that can be seen to determine the degree of public health in a country. This research focuses
on identifying factors influencing life expectancy in Indonesia using the Multivariate Adaptive Regression
Spline (MARS) method. This research utilizes secondary data from 2023, sourced from the Indonesian
Central Bureau of Statistics, encompassing observations from 34 provinces. The optimal MARS model
was established with BF 12, MI 2, and MO 1. The model achieved a Generalized Cross Validation (GCV)
score of 2.86, an R-Square value of 0.82, and a Mean Square Error (MSE) of 1.18. The R-Square value

indicates that 82% of the variability in life expectancy can be accounted for by the predictor variables.
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I. INTRODUCTION

Health development plays a crucial role in
enhancing community well-being, with one key
measure being life expectancy. Life expectancy
represents the average number of years a newborn
is expected to live, assuming consistent mortality
patterns throughout life [1]. A high life expectancy
signifies successful health development -efforts,
whereas a low life expectancy highlights the
necessity for improvements in environmental
conditions, nutritional levels, and poverty reduction
initiatives. [2]. The government has made various
efforts, such as research, strengthening services,
and developing health resources, which are in line
with the 3rd goal of the SDGs on healthy and
prosperous living [3]. According to [4], BPS data
showing life expectancy in 2023 of 72.13 years, an
increase of 1.73 years in the last decade. DIY
province has the highest life expectancy (75.12

years) and West Sulawesi the lowest (66.01 years).
Analysis of factors affecting life expectancy using
the MARS method is needed to formulate effective
policies to increase life expectancy in Indonesia.
Identifying factors that influence life expectancy
is an important step to support the government in
formulating policies aimed at improving people's
quality of life. One approach that can be used is
regression analysis. This approach seeks to explore
the connection between response variables and
predictor variables. Regression analysis can be
categorized into two primary methods, parametric,
which assumes a certain model shape, and
nonparametric, which is more flexible because it
does not require prior information about the model
shape [5]. A nonparametric method relevant for life
expectancy analysis i1s MARS, which is designed to
handle high-dimensional data with predictor
variables between 3 and 20. One of the strengths of
MARS is its capability to detect interactions
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between predictor variables as well as its flexibility
in handling non-linear or specific relationships.
This approach employs a blend of recursive
splitting and truncated spline techniques during the
regression process [6]. The best model can be
obtained by adjusting the Maximum Basis Function
(BF), Maximum Interaction (MI), and Minimum
Observation (MO) parameters through experiments,
by selecting model that has the lowest GCV value
[7].

Studies regarding life expectancy have been
carried out by [8] using panel data regression
analysis. It was found that the decent housing
access variable had a notable impact on life
expectancy was analyzed using the Common Effect
Model (CEM) regression approach. [9] examined
life expectancy in Papua using the Geographically
Weighted Regression (GWR) approach, it was
found that the variables that had a significant effect
were access to decent drinking water sources,
projected schooling years, breastfeeding duration,
and the midwife-to-population ratio per 10,000
individuals.

The novelty of this study compared to previous
studies lies in its ability to analyze interactions
between predictor variables. Some variables are
known to be interrelated, such as access to safe
drinking water and per capita expenditure. [10] It
was found that per capita spending influences the
accessibility of sanitation and clean water across
different household categories. In addition, there is
a relationship between access to decent housing and
access to safe drinking water. Individuals who live
in decent housing tend to care more about access to
clean water, as these two aspects support each other
in improving quality of life and health [11].

Based on the findings from previous research,
some of the factors that are thought to influence life
expectancy include access to adequate housing,
access to adequate drinking water, gini ratio, and
per capita expenditure. The MARS method is
considered suitable for analyzing this data due to its
flexibility in exploring the relationship between
variables  without requiring certain model
assumptions. In addition, this method is also able to
identify interactions between predictor variables
visualized through basis functions [12]. Based on
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this background, this study focuses on modeling life
expectancy in Indonesia using the MARS approach.
It is expected The findings of this study may offer
suggestions to the government in designing
effective policies to increase life expectancy, so that
it has a positive impact on the degree of public
health in Indonesia.

II. RESEARCH METODOLOGY

This research utilizes secondary data for 2023
sourced from the publication of Indonesian Central
Bureau of Statistics. The unit of observation
analyzed includes 34 provinces in Indonesia. The
variables examined in this research include life
expectancy (Y), access to adequate housing (X;),
access to adequate drinking water (X,), gini ratio
(X53), and per capita expenditure (X,).

The data analysis method used in this study is
nonparametric regression, using MARS.
Nonparametric regression model for n observations
can be expressed as follows:

yi:f(xi)+£i;i:1121---rn (1)

The selection of the best model in MARS
analysis is done through a trial and error process by
trying various combinations of parameters, namely
BF, MI, and MO. The main criterion for
determining the best model is the smallest GCV
value. The general MARS model can be formulated
as follows:

f(x) =ay+ Z am H[Skm(xv(k,m) - tkm)L_ (2)
m=1 k=1

with,
a,, 1s the m basis function coefficient
M is the number of basis functions
K., 1s the interaction degree
Xy(k,m) 1S the v predictor variable with the k degree
of interaction and the m basis function
tim 1s the knots
Sim 15 the sign at the knot
The steps in this research are as follows
1. Input data on life expectancy and the factors
believed to influence it.
2. Create descriptive statistics.
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3. Create a scatterplot for the response variable
(Y) against each predictor variable (X).
Perform MARS modeling.

Selecting the best MARS model.

Testing the significance of parameters
simultaneously and partially.

7. Testing residual assumptions.

SR

8. Interpreting the model results and
concluding the research findings.
III. RESULT AND DISCUSSION
A. Descriptive Statistics
This research presents descriptive statistical

analysis using bar charts and scatterplots. The bar
chart is used to provide an overview of life
expectancy in Indonesia. On the other hand,
scatterplots are used to observe the distribution
pattern of the research data and serve as an initial
step in identifying the potential for applying
nonparametric approach methods. The following is
a bar chart of life expectancy in Indonesia.

Life Expectancy
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Fig. 1 Life Expectancy Diagram

As show in Fig. 1 West Sulawesi Province has
the lowest life expectancy in Indonesia, at 66.01
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years, while Yogyakarta Province has the highest,
at 75.12 years. In addition, the average life
expectancy is 70.69 years and variance of 5.78.
This study finds no clear distribution pattern
between the response variable and the predictor
variables, making it appropriate to apply a
nonparametric regression approach.

B. MARS Model Parameter Estimation

The calculation is done using MARS by
combining BF, MI, and MO. The best model was
derived from a combination of BF 12, MI 2, and
MO 1. The GCV result is 2.86; R? is 0.82; and
MSE is 1.18. The R? indicates that 82% of the
variation in the response variable can be explained
by the predictor variables.

The estimated value of the basis function can be
calculated after determining best model. The
estimation results for the best model in modeling
life expectancy in Indonesia are as follows.

BF2 = max(0,11835 — X,)

BF3 = max(0,X; — 59.28)

BF5 = max(0,X, — 94.8) X BF2
BF7 = max(0,X, — 66.49) X BF3
BF8 = max(0,X; — 0.354)

MARS model is as follows:

Y = 70.54 — 0.001BF2 + 0.697BF3 — 0.004BF5
—0.02BF7 + 37.501BF8 3)

From equation (3), the complete MARS model
estimation is obtained as follows:

Y = 70.54 — 0.001(11835 — X,) + 0.697
(X, —59.28) — 0.004(X, — 94.8)
(11835 — X,) — 0.02(X, — 66.49)
(X, — 59.28) + 37.501(X; — 0.354)

C. Significance Test of MARS Model

Significance test of MARS model is conducted
using two approaches: simultaneous and partial.
Simultaneous testing aims to evaluate if all the
basis function coefficients in the MARS model
have a combined effect on the response variable.
The results of the simultaneous test for the model's
basis function coefficients are as follows.

(4)

ISSN : 2581-7175

©IJSRED: All Rights are Reserved

Page 205



International Journal of Scientific Research and Engineering Development-— Volume 8 Issue 1, Jan-Feb 2025

TABLEI
SIMULTANEOUS TEST OF MARS

Test Statistics
P —Value

Value
0.768 x 10~°

According to Table 1, the p-value is 0.768 X
107°, smaller than significance level of @ = 0.05.
So the decision rejects Hy and the conclusion is that
there is at least one a,,, # 0.

Then, partial testing is carried out to determine
whether any of the basis function coefficient in the
MARS model significantly impacts the response
variable. The results of the partial test for the
model's basis function coefficients are as follows.

TABLE 2
PARTIAL TEST OF MARS

Parameters P —Value Decision
Constant 0.999 x 10715 Reject H,
BF2 0.162x 107° Reject H,
BF3 0.272x 1073 Reject H,
BF5 0.104 x 1073 Reject H,
BF7 0.002 Reject Hy
BF8 0.443 x 1073 Reject H,

According to Table 2, the p-value for each basis
function is smaller than the significance level a =
0.05. So the decision taken is reject Hy, so it is
concluded that «,, is not equal to zero, with the
value of m = 2,3,5,7,8.

D. Interpretation of the Best MARS Model

Once the best model is identified, the significance
of the variables in the model is tested, and the
assumptions regarding the residuals are checked.
Additionally, the response variable and its predicted
values can be visualized through a plot to compare
the two. The resulting plot is presented below.

Y Estimated and Y Original
; A L
70 \—/\/J/ \f\/ \f\/\

1234567 8910111213141516171819202122232425262728293031323334

= Life Expectancy Y Estimated

Fig.2 Plot of Y with ¥

As shown in Fig. 2, the estimated value (17) 18
closely aligned with the actual value (Y). The
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results of the MARS model interpretation that has
been obtained in equation (4) can be described as
follows:

1. Basis Two Function (BF2)

(11835—X,) ;for X, < 11835

BFz = { 0 ; for the other X,

The coefficient of —0.001 on the second basis
function (BF2) indicates that for every one unit
increase in BF2 will reduce life expectancy by
0.001 years, assuming BF3, BF5, BF7, and BF8
remain constant. That is, if per capita expenditure
increases by 1 unit, while other predictor variables
do not change, then life expectancy in provinces
with per capita expenditure of less than 11835 will
decrease by 0.001 years. This indicates a negative
relationship between per capita expenditure and life
expectancy.

2. Basis Three Function (BF3)

(X; —59.28) ; for X; > 59.28
0 ; for the other X,

The coefficient of 0.697 on the basis function
three (BF3) indicates that for every-one unit
increase in BF3 will increase life expectancy by
0.697 years, assuming that BF2, BF5, BF7, and
BF8 remain constant. This means that if access to
decent housing increases by 1 unit, while other
predictor variables do not change, then life
expectancy in provinces with access to decent
housing of more than 59.28 will increase by 0.697
years.

3. Basis Five Function (BF5)
(X, —94.8)(11835 — X,);

for X, >94.8and X, < 11835
0 ;fortheother X, and X,

BF3={

BF5 =

The coefficient value of —0.004 on the base five
function (BF5) indicates that for every one unit
increase in BF5 will reduce life expectancy by
0.004 years, assuming that BF2,BF3,BF7, and
BF8 remain constant. In addition, another meaning
is that the province if it has a value on the variable
of access to decent drinking water of more than
94.8 and the value of per capita expenditure is less
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than 11835 will make a significant contribution,
namely reducing life expectancy by 0.004 years.

4. Basis Seven Function (BF7)
(X, — 66.49)(X; — 59.28);

for X, > 66.49 and X; > 59.28
0 ;fortheother X, and X;

BF7 =

The coefficient value of —0.02 on the base
function seven (BF7) indicates that for every one
unit increase in BF7 will reduce life expectancy by
0.02 years, assuming that BF2, BF3,BF5, and BF8
remain constant. In addition, another meaning is
that the province if it has a value on the decent
drinking water access variable of more than 66.49
and a decent housing access value of more than
59.28 will make a significant contribution, namely
reducing life expectancy by 0.02 years.

5. Basis Eight Function (BF8)

(X5 —0.354) ; for X3 > 0.354
0 ; for the other X,

The coefficient value of 37.501 on the basis
function eight (BF8) ) indicates that for every-one
unit increase in BF8 will increase life expectancy
by 37.501 years, assuming that BF2,BF3,BF5,
and BF7 remain constant. This means that if the
gini ratio increases by 1 unit, while other predictor
variables do not change, then life expectancy in
provinces with a gini ratio of more than 0.354 will
increase by 37.501 years. This shows that the gini
ratio has a positive effect on life expectancy.

IV.  CONCLUSIONS

Based on the findings of this research, it can be
inferred that the lowest life expectancy in Indonesia
is 66.01 years (West Sulawesi Province), while the
highest is 75.12 years (Yogyakarta Province). Then,
the best model was derived from a combination of
BF 12, MI 2, and MO 1. There are 5 significant
Basis Functions, namely BF2,BF3,BF5, BF7 and
BF8. The GCV result is 2.86; R? is 0.82; and MSE
is 1.18. The R? value of 0.82 indicates that 82% of
the variation in the response variable can be
explained by the predictor variables.

BF8={
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