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Geographically weighted polynomial regression (GWPoIR) is a spatial model
with varying coefficients and polynomial relationships between response and

its predictors. It is a generalisation of geographically weighted regression
(GWR) models. By this generalisation, it has more parameters and better
goodness of fit measures than the GWR does. Nevertheless, it is important
to decide statistically whether the GWPoIR model describes a given data set
significantly better than a GWR model does. So, to carry out the work this
paper aims to derive an ANOVA type test statistic and provide a guideline for
performing the test in practice. Then, two simulated data sets were used to
evaluate test performance. Those examples have shown that the test
procedure has performed well and has provided a feasible way to choose an
appropriate model for a given data set. In Human Development Index
modelling, the GWPoIR model was not significantly better than GWR model.
Pages 1106 to 1126
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The aim of this study is to explore the pattern of student’s period of study by
predicting it based on some variables related to students and other variables
associated with the study period. The data in this work was from the Faculty
of Science and Technology (FST) undergraduate students starting from 2008
- 2018 from 8 subjects. Those are Mathematics, Physics, Chemistry, Biology,
Statistics, Information System, Biomedical Engineering, and Environmental
Engineering. The attributes in this study consist of subject, gender, address,
high school status, national exam score, admission method, subject
selection order, parents' income, ELPT, and GPA. The dependent variable
(study period) is divided as on-time and not on-time. The method used in
prediction is the Decision Tree with C4.5 algorithm. The results of this study
gives information that address and ELPT are not associated with the study
period while the most dominant attribute for the prediction is GPA, followed
by gender. Pages 1127 to 1150

2/24/2020, 2:36 PM



IJICC - Vol 5 Iss 3 Part 3

23 of 24

Pdf (/images/Vol_5_lss_3
/Part_2_2020
/5319_Mardianto_2019_E_R.pdf)

Pdf (/images/Vol_5_Iss_3
/Part_2_2020
/5320_Fatmawati_2019_E_R.pdf)

https://www.ijicc.net/index.php/volume-5-2019/50-volume-5-issue-3-...

Prediction of National Strategic Commodities Production based on
Multi - Response Nonparametric Regression with Fourier Series
Estimator

M. Fariz Fadillah Mardianto*, Siti Maghfirotul Ulyah, Eko Tjahjono

Study Program of Statistics, Department of Mathematics, Airlangga
University, Surabaya, Indonesia.

"Email: m.fariz.fadillah.m@fst.unair.ac.id
(mailto:m.fariz.fadillah.m@fst.unair.ac.id)

The Ministry of Agriculture in Indonesia stated that there are 11 strategic
commodities that have the largest contribution to food security and the
formation of inflation rates in Indonesia. There are rice, corn, shallot, garlic,
red chili, cayenne pepper, beef, chicken, broiler eggs, sugar, and cooking oil.
The supply of strategic commodities that are suitable to the needs of the

Indonesian people can maintain the stability of national food security.
Indonesia’s Government depends on provinces that become the main
producer of most commodities, like East Java. However, a prediction can be
made to determine the availability of these commodities in the coming
period, based on data from the previous period. Because the data has an
oscillation pattern, Fourier series estimators in multi-response case is used
to forecast. Fourier series have the flexibility to approach the data pattern
smoothly. The data from the East Java Province Government in Indonesia is
taken for 11 commodities. The result is an optimal model based on the
parsimony model with the small Mean Square Error (MSE), a Generalised
Cross Validation (GCV) and the big determination coefficient value. The
model that has been selected has a small goodness of fit criteria to forecast.
So, Fourier series estimators with a multi-response case is suitable to
predict national strategic commodity production in East Java, that give high
contributions to Indonesia’s achievement for food security. Pages 1151 to
1176
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The functions, namely regression functions, which describe the relationship
of more than one response variable observed at several values of the
predictor variables in which there are correlations between responses can
be estimated by using both smoothing spline and truncated spline estimators
in multi-response non-parametric regression model that is as development of
a uni-response non-parametric regression model. In this paper, we discuss
estimating regression function of the multi-response non-parametric
regression model by using both smoothing spline and truncated spline
estimators with application to the association between blood pressures
affected by body mass index. Results show that by comparing their mean
squared error values, smoothing spline estimators give a better estimate of
results than truncated spline estimators. It means that for a prediction need,
smoothing spline estimators are better than truncated spline estimators.
Pages 1177 to 1199
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The basic idea of non-parametric regression is to let the data decide which
regression function fits best without imposing any specific form on it.
Consequently, non-parametric regression methods are in general more
flexible. They can uncover structure in the data that might otherwise be
missed. Bi-response non-parametric regression model provides powerful
tools for modeling the regression function which represents association
between blood pressures and stress score. Spline estimator has powerful
and flexible properties for estimating the regression function. In this paper
we discuss methods to estimate blood pressure affected by a stress score
using least squared spline estimator. The results show that the estimated
regression function is linear in observation and biased estimator. Also, we
obtain the minimum GCV value of 389.9907, and optimal smoothing
parameter values of 0.5255788 and 2.544688. Pages 1200 to 1216
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Abpstract

Geographically weighted polynomial regression (GWPoIR) is a spatial model with varying
coefficients and polynomial relationships between response and its predictors. It is a generalisation
of geographically weighted regression (GWR) models. By this generalisation, it has more
parameters and better goodness of fit measures than the GWR does. Nevertheless, it is important
to decide statistically whether the GWPoIR model describes a given data set significantly better
than a GWR model does. So, to carry out the work this paper aims to derive an ANOVA type test
statistic and provide a guideline for performing the test in practice. Then, two simulated data sets
were used to evaluate test performance. Those examples have shown that the test procedure has
performed well and has provided a feasible way to choose an appropriate model for a given data
set. In Human Development Index modelling, the GWPoIR model was not significantly better
than GWR model.

Keywords: Geographically weighted polynomial regression, Goodness of fit test, Human

Development Index

Introduction

The ordinary linear regression (OLR) model has been one of the useful methods in analysing the
relationships among variables. However, its uniformity assumption over observations may be
unrealistic in spatial data sets (Fotheringham et al., 1996; Fotheringham, 1997). Some approaches
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have been proposed. One of them is the Geographically Weighted Regression (GWR) model
(Brunsdon et al., 1996; Fotheringham et al., 1997). In the GWR model, the parameters are assumed

to be functions of the locations.

The GWR model has been one of the useful methods in spatial analysis (Fotheringham et
al., 2002) and many authors have studied the scope of its theory (Brunsdon et al., 1999;
Fotheringham et al., 1998 and 2002). In application, it has been also widely applied to different
areas, for example: in climatology (Al-Ahmadi & Al-Ahmadi, 2013; Brunsdon et al., 2001; and
Wang et al., 2012), in econometrics (Mittal et al., 2004; Lu et al., 2014), and in the social field
(Fotheringham et al., 2001; Han & Gorman, 2013). The GWR model is robust from

multicollinearity (Fotheringham and Oshan, 2016).

The GWR model is an extension of the OLR model. Even though the GWR coefficients are
spatially varying, the response variable in each location is modeled as a linear function of a set of
explanatory variables. However, not all explanatory variables have a linear relationship with the
response. Non-linearity in the relationships of variables commonly exists in many real-life
situations. In spatial research, some of them are suspected to need non-linear relationships
(Chamidah et al., 2014; Chiang et al., 2015). As the nonlinear relationships are present in the real
situation, the model based on the linear approach may be unrealistic. Therefore, some approach
models which accommodate the real data pattern are required to improve the basic GWR model.

To overcome the problem, a generalisation of the GWR model using a polynomial function
approach has proposed (Saifudin et al., 2017; 2018; 2019). The model was called geographically
weighted polynomial regression (GWPoIR). In those studies, the GWPoIR model was compared
with the GWR model through a sample data set based on residual sum of squares (RSS) and
determination coefficients (R%). Based on the sample used, the GWPoIR model yielded better

goodness of fit indicators than the GWR model did. However, it could not be ascertained
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statistically whether GWPoIR was significantly better than GWR in that case. Thus, for regression
problems, a goodness of fit test is needed (Saifudin et al., 2018; 2019). It was an open problem to
follow up.

As a generalisation of the GWR model, the GWPoIR model has larger number of parameters
than the GWR model does. The models with more parameters commonly have higher goodness
of fit indicator values. Conversely, models with fewer parameters have greater ease in use and
interpretation. As the improvement of the GWPolIR model is significant, the model should be
selected to use. On the other hand, the GWR is still reasonable to use when the improvement is
not significant. So, we need to make sure the GWPoIR model describes a data set significantly
better than the basic GWR model does. It seems that there has not been a formal way to do this
work. Therefore, this paper aims to derive a goodness of fit test and provide a guideline for
performing the test in practice. Furthermore, we evaluate the performance of the test procedure

based on some simulated data sets.

Research Method

The GWR model has explored in the form of

Vi = Bo(uy, v) + X0_ 1 Bi(uy vdxij + &, i =1,2,..,m, ey
where f;(u;, v;),j = 0,1, 2, ..., p are unknown parameters at location (u;, v;), and &; is normally
distributed error with a zero mean and variance a2 foralli = 1,2, ...,n (Brunsdon et al., 1996 and
1999; Fotheringham et al., 1998 and 2002). The weighted least square (WLS) estimator for the
GWR coefficients at location (u;, v;) is

B(u;, vy) = [X"W(u;, v)X] ' XTW (u;, 1)y, ey

where
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1 x4 - Xip Vi
1 . X

x=| "= Tly={"2) andWeu,v) =
1 xnl vee xnp yn

diag[K} (di1), Kn(diz), ..., Kn(din)]. ©)

Furthermore, K,(*) = K (E) with K(+) is a kernel function, 4 is the bandwidth, and d;; is the

distance between location (u;, v;) and (u]-, v]-) (Fotheringham et al., 2002). Then, the RSS of
GWR model is

RSS,ur = 8T8 = yT(1-L)T(1 - L)y, 4)
where

x] [XTW (uy, v)X] XTW (uy, v1)

L = | X2 [XTW(uz, ) X] ' XTW (12, v,) ©)
KXW Gty )X X W ot v,)
is called a hat matrix, I is an identity matrix of order 7, and x;r = (1, xi1, Xi2) ) Xjp) is the /*-row
of the matrix X (Fotheringham et al., 2002).
A generalisation of model (1) has proposed, namely GWPolR model in the form of
yi = Bo(uy, vy) + Xy Z?ﬁl Br,; (u;, v)xu + ;. (©)
The WLS estimator for the GWPoIR model at a given location (u;, V;) can be expressed as
Bpoi(ui,v) = [X3o W (u;, Ui)Xpol]_lxgon(ui' v)y )
where
Txggx?y o x8  xppxl, xf;
Xy = Txpxdy - x3 o XopXZy - x;; ’ ®
DXy Xy - Xpp o XnpXnp x:llpp

and W (u;, v;) and y are defined as in equation(3) (Saifudin et al., 2018; 2019). Then, the RSS of

GWPolR model is
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RSSp, = Y11 &% = 81,8p0 =y - G) T - G)y. )

where

[T (XEo W (s, v1)Xpor) XEo W, v1) |
G = sz(XgolW(uz' UZ)X.POZ)_lxgolW(uZJ ;) (10)
lx;T (XvaolW(un» Un)xpol)_l)(;olw(un; Un)J
is an n X nhat matrix of the GWPoIR model, I is an identity matrix of order 7, and x}7 is the /-
row of the matrix X},4[18, 19].

In this research, we will construct a goodness of fit test of the GWPoIR model. This test
evaluates the improvement of GWPoIR from GWR. Suppose that RSS,,, and RSSp,, are RSS of
GWR and GWPoIR model, respectively. Then, the improvement of GWPoIR from GWR is
notated by ARSS = RSS,,. — RSSp,. Here, a test statistic will be constructed by comparing the
ARSS with the RSS of initial model, i.e., RSSgy. To conclude whether the improvement is

significant or not, the distribution of the test statistic will be searched. Furthermore, the
performance of the test procedure will be evaluated by using some simulated datasets based on

the test guidelines.

Results and Discussion

A Goodness of Fit Test Statistic

We assume that the following two assumptions hold on the GWR and GWPoIR models:

Assumption 1. The error terms &;, &, ..., &, are distributed as a Normal distribution with zero
means and constant variance g2,

Assumption 2. Suppose that §; and P/ is the fitted value of y; at location for GWR and GWPoIR

models, respectively. For all i = 1,2, ...,n, ; and J; are unbiased estimates of
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E(y;) based on GWR and GWPoIR models, respectively, i.e., E(J;) = E(y;)
and E(J;) = E(y;) forall i
Then, we state the following hypothesis:
Ho: A GWPoIR model is not significantly better than a basic GWR model in describing the
given data set
Hi: A GWPoIR model is significantly better than a basic GWR model in describing the
given data set
To test the hypothesis, a test statistic and its approximated distribution is constructed in the

following theorem.

Theorem 1. Let RSS,,, = yT(l - LTI - L)y be the residual sum of squares of GWR model,

where L is the hat matrix of the GWR model. Let RSSp, = yT(I — G)T(I — G)y be the residual
sum of squares of GWPoIR model, where G is the hat matrix of the GWPoIR model. Let ARSS be
the difference between the residual sum of squares of the GWR model and that of the GWPolR

model, i.e., ARSS = RSS,,, — RSSp,,, then the goodness of fit test statistic

ARSS/(p
— 1
For= w5,,7 1D
81
‘ ‘ o o oi . 81
is approximately distributed F with P degrees of freedom in the numerator and 5. degrees of
2 2

. i
freedom in the denominator, where @; = tT(Al) and §; = tr (((I - LTI - L)) ) fori=1,2

andA=(0-L)TU-L)-I-&)T1-0G).

Proof. Based on equations (4) and (9), the ARSS can be expressed as

ARSS = RSS,,, — RSS,, = yTAy, (12)
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where A= (I—L)TA— L) = (I — G)T(I — G) is a positive semidefinite matrix since ARSS > 0
for any y. Under GWR model and assumptions 1 and 2,we have

E(&) =E(y)—E®) =0, and E(ge") = oI (13)
Then, RSS,,,, can be expressed as

RSS,, = (8- E®) (8- E(®)=¢"0-1)T0-DLe (14)
So

E(RSS,,) = E(tr(sT(I — )T - L)s)) = tr((l —L)TU - L)E(ssT)) = 026,

(15)
where 8; = tr((l —L)Ta - L)).
On the other hand, under GWPoIR model and assumptions 1 and 2, we have
E(2po) = E(Y) — E(Wpo) = 0,2and E(e€") = oI (10)
Then, RSSp,, can also be expressed as
2 2 Tra 2 T T
RSSpy = (8por — E(Epor)) (8por — E(8po)) = €T - G)T(I1 - G)e. (17

Therefore, by following equation (15) then E(RSSp,) = o%y;where y; = tr((l -6)Ta- G))
According to equations (14) and (17), the ARSS can also be elaborated as
ARSS =RSS,, — RSSp, = €TA €. (18)

qwr

Hence, we have
E(ARSS) = E(eTA &) = E(tr(sTA s)) = E(tr(A ££T)) = tr(A)E[e€"] = 029,  (19)
where @, = tr(A).

From equation (18), we know that the ARSS can be expressed as a quadratic form of normal

variable with a symmetric and positive semidefinite matrix A. From the distribution theory, a

quadratic form of standardised normal variables, i.e., ETAfwherefNN(O,I) and A is symmetric, is
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distributed as y? distribution if and only if A is idempotent (Rencher & Schaalje, 2008; Hogg et

al., 2013). For the random variable

=S (9) a9, 20

we know that i ~N(0,I), but the matrix A is generally not idempotent due to the complexity of

ARSS .
518
g

the weighted matrix W(u;, v;) which is different at each location (u;, v;). So, the quantity
generally not distributed as an exact y? distribution. But, there are several approximation for the
distribution of the quadratic form (Yuan & Bentler, 2010). A simpler method has proposed to
approximate the distribution of this quadratic form by multiplying a constant ¢ with a y# variable
with 7 degrees of freedom, i.e., writed as cx2, if the matrix A is symmetric and positive semidefinite

(Leung et al.,2000). Then, the constant ¢ and rare choosen in such a way so the mean and variance

are made to match each other. For the random

. ARSS
of cx7 and those of the quadratic form —
g

variable yZ, we know that its mean and variance are r and 27, respectively. So, the mean and

variance of cyZ are orand 27, respectively.

. ARSS . . . . .
For the quadratic form we know from equation (19) that its mean is ¢4. Its variance is

oz >
derived by the following explanation. Since the matrix A is symmetric and positive semidefinite,
there is an orthogonal matrix P of order 7 such that

PTAP = A = diag(14,1,,---,1,) , (21)

where A is a diagonal matrix which have the eigenvalues 41, 45, --+, A, of the matrix A in its main

diagonal. Suppose that

n=(unz,m)" =P (22)
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According to the properties of multivariate normal distribution, then 1q,7,,-:+,1, are
independent and identically distributed (iid) N(0,1). On the other hand, from equation (22), we
havei = Pn. So, we obtain

ARSS
— =n"PTAPy =73"An = L, A} 23)

Because of the fact n;~iid N(0,1) then n?~iid X%l) for i =1, 2, -+, n. Therefore, var(n?) = 2

and
var (53) = Ty A2 var(n?) = 230, 22, (24)
If A4, A5, -+, Ay, are eigenvalues of A then A2, 23, -, A2 are eigenvalues of the matrix AZ. So,
art (Aifs) = 2 tr(A%) = 2¢,, 25)

where @, = tr(A2?).

ARSS

Based on the approach rule above, by equalising each mean and variance of cy2 and 2 it
can be written the following equation system
cr = @4,
{2021‘ = 2¢,. (26)
2
By solving the equation system (26), it is obtained ¢= % ,and r = %. So, the distribution of
1 2

ARSS ARSS . o . i
7 = q:;T can be approximated by a y2 distribution with r = % degrees of freedom, where
2 2

pi=tr(A"), i=12withA=(I-L)TA-L) - (I-6)"1-G).

If a basic GWR is used to fit the data and satisfies assumptions 1 and 2, the residual sum of

squares can be expressed as RSS,,, = eT(I - L)T(I — L)&, whete L is the hat matrix of the basic
81RSS,,, . T
GWR model as stated in equation (5) [25]. Approximated distribution of :SR_af is a y? distribution
2

2 i
with % degrees of freedom, where 6; = tr (((l - LTI - L)) ) for/;=1,2.
2
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Let the statistic Fg,,f be defined as

©1ARSS
@202
o1
®2

For = smsspr - 27)
8p02
51
&2
2
Then, the distribution of F,,, may reasonably be approximated by an F-distribution with % degrees
2

: 5% . ‘ T
of freedom in the numerator and 6_1 degrees of freedom in the denominator. If we simplify
2

equation (27), we obtain equation (11).m

No significant difference between GWR and GWPolR models for the given data leads to the
fact that the quantity ARSS is close to zero. It means that the quantity F,,is sufficiently small.
Intuitively, a small value of F, supports the null hypothesis. Otherwise, a large value of Fy,

indicates that the null hypothesis should be rejected. Hence, we reject the null hypothesis and

conclude that the GWPoIR describes a given data set significantly better than the basic GWR does
if F,,>F, (p2/@,,8%/8,), where F,(p%/@,,8%/8,) is the upper 100a percentage point of

the F-distribution for a given a.

A Guideline for Petforming the Test

The calculation of F, test statistic can be constructed by using Table 1. Suppose that
E,(9p%/@,,8%/8,) is the upper 100 percentage point of F-distribution with degree of freedom
%/, in the numerator and 8% /8,in the denominator for a given . Then, we reject the null

hypothesis if F,,, > F (9%/¢,,8%/8,). We can also use a p-value

p="Fp (Fg@f = f@f)> (28)
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where ]ig,,fis an observed value of the test statistic Fg,,f. If the p-value is less than a given significance

levela, we reject the null hypothesis. We accept it otherwise.

Table 1. An ANOVA table for performing the test

Source of Variation Degrees of Sum of Mean Fgaf
freedom squares Squares
GWPoIR Residuals Y1 RSSp,
GWPolR Improvement @1 ARSS ARSS ARSS /(p
'
P1 Rssw7
/s
GWR Residuals 01 RSS,,, RSS,,, '
(1
Application

Here, we used three data sets. The first two data sets were simulated data sets. Each data set
was used to see whether the test conclusion was suitable with the true model or not. The last, it
was applied to real data for modeling life expectancy based on human development index and per

capita expenditure.

The First Simulated Data Set
For the first example, we generated a data set according to the following GWR model

Vi = Br(uy, vi) + B2 (uy, vi)x; + €. (29)
Here, we used a sample size of 12. The spatial locations were randomly located on a cartesian
coordinate system with random points in the form of (u;, v;), i = 1,2, ...,12. An example of

generated data sets is listed in Table 2. Its scatter plot tends to follow linear trend (Figure 1).
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Number of observation y x u v
1 1593 1.90 4.76 0.68
2 19.97 3.70 4.06 0.92
3 10.60 2.48 0.57 1.86
4 10.38 1.34 141 1.35
5 1592 1.55 549 4.10
6 20.68 4.12 543 1.55
7 12.88 0.39 4.51 4.00
8 15.05 3.15 1.07 3.23
9 24.69 4.01 3.08 211
10 8.76  0.60 1.81 543
11 16.10 1.96 4.26 0.87
12 1498 0.78 597 1.49

25,0

22,5

20,01

17,5

Figure 1. Scatter plot of the first data
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The data set was firstly modeled by using equation (29). Then, it was also modeled by the

following GWPoIR model

Vi = By, vi) + o1 (i, vi)x; + Boa (Wi, vi)xf + & (30)
Based on Cross Validation with Gaussian kernel [5] we found that the optimal bandwidth for
GWR and GWPoIR were 1.632766 and 1.270955 units, respectively. The performance indicators

for both models are presented in Table 3.

Table 3. Performance indicators for the first example

Model RSS R?
GWR 21.30691 90.93%
GWPolR 2.838471 98.79%

From Table 3, the performance indicators of GWPoIR are better than those of GWR. It
seems that the GWPolIR gives improvement from GWR. However, we have not known whether
the improvement is statistically significant or not. Hence, the goodness of fit test procedure

described above was conducted. Its results are presented in Table 4. For this sample, we found

Lpf/npzz 536923 and &6%/8, = 6.94807. By using significance level of 0.05, the value of

F05(5.36923, 6.94807) was 3.94638. Furthermore, the p-value of this test was 0.29928. So, we can
not reject the null hypothesis. Here, the GWPoIR model is not significantly better than GWR
model in describing the given data set. It means that the conclusion is according to the data

condition which is generated by GWR model.
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Table 4. An ANOVA table for performing the test on the first example

Source of Variation Degrees of  Sumof  Mean Foy
freedom squares  Squares

GWPolR Residuals 2.21064 2.83847

GWPolR Improvement 296974  18.46844 06.21887

GWR Residuals 5.18038  21.30691 4.11300  1.512

The Second Simulated Data Set

Here, a data set based on the GWPoIR model in equation (30) was generated. The sample size and
the determination of spatial coordinates are similar to those in the first data set. The data set is
listed in Table 5. Its scatter plot tends to follow nonlinear trend (Figure 2). Then, the data set is
modeled by using both models (29) and (30). Based on the CV criterion with Gaussian kernel
weighting function, we found that the optimal bandwidth for GWR and GWPolIR were 0.9156273

and 1.100645, respectively. The goodness of fit indicators for both models are presented in Table

6.

1804

160+

140

1204

1004

80+

60

404

204

Figure 2. Scatter plot of the second data
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Table 5. The second data set

Number of observation y x u v
1 3451 2.67 212 1.24
2 89.42 425 338 1.76
3 165.35 4.85 5.68 4.67
4 2250 1.51 2.02 3.88
5 4132 250 3.55 1.04
6 81.95 3.34 5.61 3.72
7 9439 3.83 5.51 2.59
8 4373 240 475 1.97
9 1255 0.54 3.03 448
10 19.35 0.94 459 447
11 2774 218 1.65 2.02
12 120.29 4.87 3.59 2.19

From Table 6, the performance indicators of GWPoIR model are better than those of
GWR model. It means that the GWPoIR gives goodness improvement from GWR model.
However, we have not known whether the improvement is statistically significant or not. Hence,
the goodness of fit test procedure described above was performed and presented in Table 7. For
this sample, we found @? /¢, =0.01525and 67 /8, = 5.52262. For a significance level of 0.05,
the value of Fyy ¢5(0.01525, 5.52262) was 0.10741. The p-value of this test was 0.00896. Hence, we
reject the null hypothesis and conclude that GWPoIR model is significantly better than GWR
model in describing the given data set. This conclusion is according to the true data set which is

generated from GWPoIR model.
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Table 6. Performance indicators for the second example

Model RSS R?
GWR 259.16520 98.95%
GWPolR 42.39748 99.83%

Table 7. An ANOVA table for performing the test on the second example

Source of Variation Degrees of Sum of Mean F@f

freedom squares Squares

GWPolR Residuals 3.27040 42.39748
GWPolR Improvement 0.07975 216.76772  2,718.09053

GWR Residuals 3.35015 259.16520 77.35928  35.135

The Real Data: Life Expectancy Data

Life Expectancy data in this research were obtained from The Statistics of Fast Java, Indonesia.
The data involved 38 observation units consisting of 29 districts and 9 cities in East Java in 2017.
The observed attributes of each district or city are Life Expectancy Rate (LER) in years, Human
Development Index (HDI) without units, and Percapita Expenditure (PE) in thousands of Rupiah.
In this study, the dependent variable is LER. Whereas, the independent variables are HDI and PE.
The trend of relationships between LER and each independent variable can be seen on Figure 3.

It seems that there are nonlinear trends.
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Figure 3. Scatter plot of LER versus (a) HDI and (b) PE

Table 8. Performance indicators for the Life Expectancy data

Model RSS R?
GWR 30.3514 80.31%
GWPolR 21.7375 85.90%

Based on the CV criterion with Gaussian kernel weighting function, we found that the optimal
bandwidth for GWR and GWPoIR were 0.8702024 and 0.7367324, respectively. The goodness of
fit indicators for both models are presented in Table 8. From Table 8, the GWPoIR model gave
better performance than GWR model. In addition, the GWPoIR model has reduced the RSS value
by 8.6139 from GWR. Also, it increases R* by 5.59% from GWR. Furthermore, the goodness of

fit test procedure described above was performed and presented in Table 9. For this sample, we

found cpf/cpzz 3.21623 and §%/8, = 4.51826. By using a significance level of 0.05, the value of

Fy05(3.21623, 4.518206) was 5.82602. Furthermore, the p-value of this test was 0.07538. Hence, we
couldn’t reject the null hypothesis and conclude that the GWPolIR model was not significantly

better than the GWR model in describing the real data.
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Table 9. An ANOVA table for performing the test on the Life Expectancy data

Source of Variation Degtrees of ~ Sum of Mean Fiy
freedom squares Squares
GWPolR Residuals 4.51465 21.7375
GWPolR Improvement 0.29890 8.6139 28.81867
GWR Residuals 4.81355 30.3514 6.30541 4.57047
Conclusion

A test statistic of an ANOVA type can be built on the residual sum of squares of the
models. The test statistic approximately follows F-distribution. Based on the generated data sets,
the goodness of fit test procedure empirically performs well for testing the related models. In other

words, the test can correctly support the true models.

Acknowledgments
The authors thank to Airlangga University for the financial support of this publication.
Then the authors thank to Statistics of East Java, Indonesia for kindly providing the data. The

authors also give high appreciation for all people who contributed to the completion of this paper.

1123


http://www.ijicc.net/

International Journal of Innovation, Creativity and Change. www.ijicc.net
Volume 5, Issue 3, 2019 Special Edition: Science, Applied Science, Teaching and Education

References

Al-Ahmadi, K., and Al-Ahmadji, S. (2013). Rainfall-Altidude Relationship in Saudi Arabia. Adpances
in Meteorology. doi: 10.1155/2013/363029 (accesed: January 25", 2018).

Brunsdon, C., Fotheringham A. S., and Charlton, M. (1996). Geographically Weighted Regression:
AMethod For Exploring Spatial Nonstationarity. Geographical Analysis, 28(4): 281-298.

Brunsdon, C., Fotheringham A. S., and Charlton, M. (1999). Some Notes on Parametric
Significance Tests for Geographically Weighted Regression. Journal of Regional Science, 38(3):
497-524.

Brunsdon, C., McClatchey, J., and Unwin, D. J. (2001). Spatial Variations In The Average Rainfall—
Altitude Relationship In Great Britain: An Approach Using Geographically Weighted
Regression. International Journal of Climatology, 21: 455—4066.

Chamidah, N., Saifuddin, T., and Rifada, M. (2014). The Vulnerability Modeling of Dengue
Hemorrhagic Fever Disease in Surabaya Based on Spatial Logistic Regression Approach.
Applied Mathematical Sciences, 8(28): 1369 — 1379.

Chiang, Y-H., Peng, T-C., and Chang, C-O. (2015). The nonlinear effect of convenience stores on
residential property prices: A case study of Taipei, Taiwan. Habitat International, 46: 82—90.

Fotheringham, A. S. (1997). Trends in quantitative methods I: stressing the local. Progress in Human
Geography, 21: 88-96.

Fotheringham, A. S., Charlton, M., and Brunsdon, C. (1996). The geography of parameter space:
an investigation into spatial non-stationarity. International Journal of Geographical Information
Systems, 10: 605 — 627.

Fotheringham, A. S., Charlton, M., and Brunsdon, C. (1997). Two techniques for exploring non-

stationarity in geographical data. Geographical Systems, 4: 59-82.

1124


http://www.ijicc.net/

International Journal of Innovation, Creativity and Change. www.ijicc.net
Volume 5, Issue 3, 2019 Special Edition: Science, Applied Science, Teaching and Education

Fotheringham, A. S., Charlton, M., and Brunsdon, C. (1998). Geographically Weighted Regression:
A natural evolution of the expansion method for spatial data analysis. Environment and Planning
A, 30: 1905-1927.

Fotheringham, A. S., Charlton, M., and Brunsdon, C. (2001). Spatial Variation in School
Performance: a Local Analysis Using Geographically Weighted Regression. Geographical &
Environmental Modelling, 5(1): 43—66.

Fotheringham, A. S., Brunsdon, C., and Chartlon, M. (2002). Geographically Weighted Regression: The
Analysis Of Spatially Varying Relationships. USA: John Wiley & Sons.

Han, D., and Gorman, D. M. (2013). Exploring Spatial Associations Between On-Sale Alcohol
Availability, Neighborhood Population Characteristic, and Violent Crime in a Geographically
Isolated City. Journal of Addiction. doi: 10.1155/2013/356152 (accessed May 20™, 2018).

Hogg, R.V., McKean, J.W., & Craig, A.T. 2013. Introduction to Mathematical Statistics, Seventh
Edition. Pearson Education, USA.

Leung, Y., Mei, C. L., and Zhang, W. X. (2000). Statistical Tests for Spatial Nonstationarity based
on The Geographically Weighted Regression Model. Environment and Planning A, 32: 9-32.

Lu, B., Charlton, M., Harris, P., and Fotheringham, A. S. (2014). Geographically weighted
regression with a non-Euclidean distance metric: a case study using hedonic house price data.
International journal of Geographical Information Science. doi: 10.1080/13658816.2013.865739
(accessed: May 30", 2018).

Mittal, V., Kamakura, W. A., and Govind, R. (2004). Geographic Pattern in Customer Service and
Satisfaction: An Empirical Investigation. Journal of Marketing, 68: 48—62.

Nakaya T, Fotheringham AS, Charlton, M., & Brunsdon C, 2005, Geographically weighted

Poisson regression for disease associative mapping, Szatistics in Medicine, 24, 2695-2717.

1125


http://www.ijicc.net/

International Journal of Innovation, Creativity and Change. www.ijicc.net
Volume 5, Issue 3, 2019 Special Edition: Science, Applied Science, Teaching and Education

Rencher, A. C., and Schaalje, G. G. (2008). Linear Models in Statistics (2" ed.). New York, USA: John
Willey & Sons.

Saifudin, T., Fatmawati, and Chamidah, N. (2017). Perluasan Geographically Weighted Regression
Menggunakan Fungsi Polinomial (Expansion of Geographically Weighted Regression Using
Polynomial Functions). Prosiding Seminar Nasional Integrasi Matematika Dan Nilai Islami, 1(1): 15
—20.

Saifudin, T., Fatmawati, & Chamidah, N. (2018). Geographically Weighted Polynomial Regression:
Application to Poverty Modeling in East Java Province, Indonesia. International Journal of
Academic and Applied Research, 2(11): 4 — 11.

Saifudin, T., Suliyanto, and Ana, E. Development of Geographically Weighted Regression Using
Polynomial Function Approach and Its Application on Life Expectancy Data. International
Journal of Innovation, Creativity and Change. 2019; 5(3): 271 — 289.

Wang, C., Zhang, J., and Yan, X. (2012). The Use of Geographically Weighted Regression for the
Relationship among Extreme Climate Indices in China. Mathematical Problems in Engineering.
doi: 10.1155/2012/369539 (accessed: May 25%, 2018).

Yuan, K. H., and Bentler, P. M. (2010). Two Simple Approximations to the Distribution of

Quadratic Forms. British Jonrnal of Mathematical and Statistical Psychology, 63(2): 273-291.

1126


http://www.ijicc.net/

International Journal of Innovation, Creativity and Change https://www.scimagojr.com/journalsearch.php?q=21100819610&tip=s...

also developed by scimago: ESCIMAGO INSTITUTIONS RANKINGS

Scimago Journal & Country Ran Enter Journal Title, ISSN or Publisher Name

Home Journal Rankings Country Rankings Viz Tools Help About Us

International Journal of Innovation,
Creativity and Change

Country  United Kingdom - [IT[ SIR Ranking of United Kingdom

Subject Areaand Arts and Humanities
Category Arts and Humanities (miscellaneous)

Social Sciences H Index

Education
Publisher Primrose Hall Publishing Group
Publication type  Journals
ISSN 22011323,22011315
Coverage 2013-ongoing
Scope The International Journal of Innovation, Creativity and Change publishes scholarly work
that promotes and fosters innovation, creativity and change in all fields of social
sciences. The focus is on papers that will be influential in their field or across fields and
will significantly advance understanding in the following topics: anthropology, sociology,
politics, culture, history, philosophy, economics, education, management, arts, laws,
linguistics and psychology. It provides an academic platform for professionals and

researchers to contribute innovative work in the field.

Homepage
How to publish in this journal

Contact

.~ Join the conversation about this journal

1 of21 2/24/2020, 2:38 PM



International Journal of Innovation, Creativity and Change https://www.scimagojr.com/journalsearch.php?q=21100819610&tip=s...

Publish with IEEE OJEMB

services from IEEE Engineering in Medicine & Biology for articles in biomedicine incluc

ojemb.embs.org OPEM}

Quartiles

Arts and Humanities (miscellaneous)

Education

=

2014 2015 2016 2017 2018

SJR -

0.21

2014 2015 2016 2017 2018

Citations per document +

0.24

0.12

2 of 21 2/24/2020, 2:38 PM



International Journal of Innovation, Creativity and Change https://www.scimagojr.com/journalsearch.php?q=21100819610&tip=s...

Total Cites Self-Cites -

14

2013 2014 2015 2016 2007 2018

External Cites per Doc Cites per Doc ==

0.4

0.2
0
veselnper £u iy,
% International Collaboration -
18

g A A gt R oy nncns gt n O gt
D ..........................................
SClmago Team
2013 2014 2015 2016 2017 2018
~a
Citable ¢ Dear Habihi,
thanl vatiuans mnch far vane ~ammment, unfortunately we cannot help you with your
BA tdirectly with Scopus support:
nswers/detail/a_id/14883/kw/scimago/supporthub

40

0

2013 2014 2015 2016 2017 2018

3 of 21 2/24/2020, 2:38 PM



International Journal of Innovation, Creativity and Change https://www.scimagojr.com/journalsearch.php?q=21100819610&tip=s...

Cit M uments Uncited documents

80
by Scopus?
40
0
2013 2014 2015 2016 2017 2018
\ g e g
2019 terindeks scopus, saat ini tidak lagi
International Journal of < Show this Wldget n
Innovation, Creativity and.. your own website
Arts and
Hu~ ~~ities Just copy the code below
! D ““*‘"“"? and paste within your html
oo code:
SJR 2018

0.19 - ' <a href="https://www.scim. 1100619610

: SClmago Team
n} Melanie Ortiz 3 weeks ago
- I

Dear Dan, thanks for your participation! Best Regards, SCImago Team

. SClmago Team
n} Melanie Ortiz 3 weeks ago
-t

Dear Muzani, thank you very much for your comment, unfortunately we cannot help you
with your request. We suggest you to consult the Scopus database directly. Keep in mind
that the SJR is a static image (the update is made one time per year) of a database
(Scopus) which is changing every day.

Best Regards, SClmago Team

" jamaluddin majid 1 month ago

regards,

Melania Ortiz

how do | get the Scopus ID, my paper was published on IJICC https://www.ijicc.net >images»
7918_Majid_201 ... indexed Q3 ... please help

Best regards
Jamaluddin Majid

4 of 21 2/24/2020, 2:38 PM



