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The paper discusses the relationship between economic growth and the unemployment rate
in Indonesia in each province in 2021. Both variables are considered as the dependent
variables, and there are 5 independent variables used in this research, such as human index
development, wage minimum region, poor citizens percentage, investment, and farmer rate
value in each province. The method used to analyze is canonical correlation analysis, which
is one of the dependent methods that are used for multivariate analysis. This method was
used to determine which variable had the most significant relationship between dependent
and independent variables. The data was taken from the Center of Statistics Bureau
Indonesia in 2021. The result shows that among independent variables, the human index
development had the strongest relation at 79%, while the correlation between the dependent
and independent variables, the unemployment rate gives the strongest influence at 68%.
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1. INTRODUCTION

There are three main components that affect economic growth; the first is capital accumulation,
obtained from savings and investments set aside from current income to increase production and income in
the future. The second is population growth and workforce, traditionally population growth is considered a
positive factor in encouraging economic growth, and the third is technological progress, which is a new way
and improvement of operating, where there are three main groups of technological progress, namely neutral,
labor saving, and capital saving [1].

Economic growth and unemployment rate are essential problems, especially during the post-pandemic
COVID-19. Every province in Indonesia tries its best to restore it to make it more stable, controllable, and
even better. The low per capita investment level is caused by the low per capita domestic demand as well and
this happens because of the high level of poverty and so on, thus forming a circle of poverty as a cause-and-
effect relationship [2]. Research on economic growth investment was done in 2022 by Cili; the result shows
that inflation give a significant impact [3].

Canonical correlation analysis (CCA) is one of the interdependence techniques in multivariate
statistics, which deals with analysis for the discovery and quantification of associations between two sets of
variables [4] [5] [6] [7]. CCA aims to maximize the association (measured by correlation) between the low-
dimensional projections of the two data sets. Research has been done by [8]. They use CCA to analyze the
relationship between egg production traits and body weight, egg weight, and age at sexual maturity in layers,
and the result gives a nice interpretation. In the year 2021, the overview of the CCA is used in multi-view
classification, and the idea is to map data from different views onto a common space with maximum
correlation [9].

In other research in CCA under a mild condition, which tends to hold for high-dimensional data, CCA
in the multilabel case can be formulated as a least-squares problem [10]. CCA model with extension is
considered, with three or more sets of variables [11]. The method is also extended to handle non-linear
relations via kernel trick (this increases the complexity to quadratic complexity). The scalability is
demonstrated on a large-scale cross-lingual information retrieval task [12]. The stochastic algorithm
converges to the stationarity equations for the determination of the canonical variables and the canonical
correlations in 1998 using the neural network algorithm [13]. General method on CCA using kernel function
already done, they study about to learn a semantic representation of web images and their associated text
[14]. The sparse CCA to an important genome-wide association study problem, mapping was done in 2012
by Chen et al., the empirical results in their research show that the proposed optimization algorithm is more
efficient than existing state-of-the-art methods [15].

In determining the economic growth and the unemployment rate, there are several factors to be
considered, such as human index development, wage minimum region, poor citizens percentage, investment,
and farmer rate value in each province. The purpose of this research is to determine the correlation between
each factor and how significant those factors are using the CCA methods.

2. RESEARCH METHODS
2.1 Canonical Correlation Analysis

Canonical correlation analysis focuses on the correlations between linear combinations of sets of the
dependent variables with a linear combination of the set of variable independent. The idea of this analysis is
to determine the pair of this linear combination has the greatest correlation. Then, look for pairs of linear
combinations among pairs that are uncorrelated in the pair of sections at the start of the selection. The pairs
of these linear combinations are called canonical functions, and the correlations are called Canonical
Correlations [5].
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2.2 Determination of Canonical Correlation Coefficient Estimators and Canonical Functions

Suppose they want to measure a linear relationship between a set of dependent variables which is
denoted by a random vector y , with a set of independent variables x;, x,,...,x_ which is denoted by a random

vector x, Where p<q. For each sample on n vectors observation, then the average vector and its
covariance matrix:
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The linear combination of the two sets of variables can be written as:
U=a'y=ay+ay+--+ay
V =b'x=bXx+b, x+---+b X
For:

var(U)=a' cov(y)a=a's a

var(V) =b" cov(x)a=b's_b

cov(U,V)=a' cov(x,y)b=a'S b.
So, the canonical correlation:

S <V CA') N a's,b

c(UV) T T :
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Eigenvalues can be obtained from the characteristic equation:
S,/S,,S.S,, — 1| =0

yy Syx Txx Sxy

S's sl —11| -0

x Txy Tyy Yyx

Vector coefficient a,_and b, obtained in the canonical function U, =a/yand V, =b/x is a vector
eigen of the same two matrices:

S,8,.8.S,, —Alla=0

y S yx Sxx Sxy

S?s s’ —/11|b -0

xx Sxy Syy Syx

up to two matrices S;SWSX’:SXy and SX’:SXYS);/l S,, have non-zero eigenvalues and are different.

Eigenvectors (2)
For the k-th canonical function pair:

U, = a1T y V.= blTX
: and :
U =ay V, =b/x
where y and x are the values of the set of dependent and independent variables for the unit special
observation [5].
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2.3 Canonical Correlation Assumptions

2.3.1 Linearity

Linearity, namely the relationship between the set of independent variables x and variables the
dependent y is linear. Linearity can be said to be important for canonical correlation analysis and affect two

aspects of canonical correlation results. First, the canonical correlation coefficient between a pair of canonical
variables is based on a linear relationship. If the variables is not linear, then the relationship will not be
explained by the canonical correlation coefficient. Second, canonical correlation analysis maximizes the
linear relationship between sets of variables [5].

2.3.2 Independent and Dependent Variables with Multivariate Normal Distribution

There are two ways to check the multivariate normal assumptions. Check the assumption of normality
by making a Chi Square plot (for p > 2). The steps are as follows:

a. First, calculate value df:(xj—;()T S‘l(xj—;<),j:1,2,...,n and then Sort dfaccording to

ascending order d <d’ <..-<d?, Couple Plots,

qc_p((j—%j/n,dfj,withqc‘p(j—%j/nileO/(j—%j/nquantiles of the Chi square

distribution with degrees of freedom p, if the results of the plot are linear, then it can be assumed to
be multivariate normal distribution.
b. Then the second is to look at the number of values dfwhich is less than the quantile value Chi square.

The first thing to do is calculate the value dj2 , J=1,2,---,nand then compare it to the quantile value

#° . If there are half or more values d} <q_(0,50), then it can be said that the data is normally
distributed multivariate [5].

2.3.3 NonMulticollinearity

Multicollinearity relates to situations where there is a definite linear relationship or close to certain
among the independent variables. Multicollinearity occurs when several independent variables have a high
correlation with other independent variables [16]. The multicollinearity is determined by the Variation of
Inflation Factor (VIF); the VIF formula is as follows:

1

1-R?’

where R’ is the coefficient of determinant. If the VIF result exceed 10 indicate that there is multicollinearity.

VIF =

2.4 Canonical Correlation Significance Test

There are two hypotheses to be tested in the canonical correlation analysis, namely, the correlation test
canonical as a whole and the test in part.
2.4.1 Overall Canonical Correlation Test

The hypothesis for overall used in this paper will decide it is significant or insignificant is the canonical
correlation. The hypotheses are as follow:

Hypothesis:
H,:r,=r,=--=r, =0 (all canonical correlations are not significant)
H:r, =0 (at least one significant canonical correlation, with i=1,2,---,k)
- 1-A)'df,
Test Statistics: F =———
A df

1 1

with:
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A, =1‘I:‘:1(1—r12);df1 = pq; df, =Wt—% pg+1
1 p'a’ -4
wW=n-—=(p+q+3);t=,|———

where:
n = number of observations
p = number of sets of variables y

q = number of sets of variables x

rejection area: H, rejected if F>F , orA, <A

df,;df, a;p,q.n-1-q *

2.4.2 Partial Test

There are several tests can be used in CCA, after the overall test done, one of them is the partial test
for CCA Hypothesis as follow:

H, :r; =0 (non-significant canonical correlation)
H, :r; # 0 (at least one significant canonical correlation)

_ 1/t
Test Statistics: F=%
AVdf,
with:
A, =T, (1= )idf = (p— j+1) (g - j+1)
1 ) .
df, =wt—2[(p-i+1)(a-j+1)]
— i+’ (q-j+1)° -4
P (p J+)2(q J+)2
2 (p-j+1) (q-j+1) -5
where:

n = number of observations
p = number of sets of variables y

g = number of sets of variables x

rejection area: H, rejected if F>F orA <A

df;;df, a;p-j+Lg-j+Ln-j—q

2.5 Interpretation of Canonical Functions

2.5.1 Canonical Weight

Canonical weights, which are standardized canonical coefficients, can be interpreted as the magnitude
of the closeness of the original variable to the canonical variable. The greater the coefficient value this states
the higher the level of closeness of the variable concerned to the variable canonical and conversely the smaller
the canonical weight value, the lower the level of closeness variable. Canonical weights are unstable due to
multicollinearity in optimizing the results of canonical correlation calculations. It is more appropriate to use
canonical payloads and canonical cross-loads to interpret the results of the canonical correlation analysis [6].

2.5.2 Canonical Load

Canonical loadings have been widely used for interpretation because of the lack of the nature of
canonical weight. The canonical load can be called the correlation of the canonical structure, the canonical
load is a simple linear correlation between the original variables and each variable it’s canonical, describes
the diversity of shared variables observed with the canonical variables, and can be interpreted like a factor
loading in assessing the relative contribution of each variable to its canonical function [5].
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2.5.3 Canonical Crossload

Canonical cross-load was suggested as an alternative to canonical load. Canonical cross-load provides
a more precise measure of the relationship of dependent and independent variables, which can be calculated
from the multiplication of the canonical correlation value with the payload value canonical. This calculation
includes the correlation of each set of dependent variables with variables canonical of the set of independent
variables and vice versa. The greater the cross-load canonical reflects the closer the relationship of canonical
variables [6].

3. RESULTS AND DISCUSSION

This paper uses data from the Center of Statistics Bureau Indonesia in 2021. The data is the compilation
of multiple data collected from https://www.bps.go.id/ and jointly together as a dataset named
dataproject.xslx. The dataset contains variable dependent y, and y, respectively for economics growth and
unemployment rate, whereas the variable independent x; (human index development), x, (wage minimum
region), x3 (poor citizens percentage), x, (investment) and xz (farmer rate). The first thing to do with the
dataset is check the normality assumption, by using the plot normal Q-Q plot which can be seen in Figure
1:

QQ-Plot Data

20

Mahalanobis Distance
10

0 5

5 10 15 20

qchisq(ppoints(n), df = p)
Figure 1. Plot Normality Data

From Figure 1, it can be concluded that the data spread normally because the data is spreading between
the lines. The second assumption is multicollinearity, the test uses the VIF test to determine if there is any
multicollinearity or not. The multicollinearity result can be seen in Table 1 as follows.

Table 1. VIF Score

X1 X2 X3 X4 Xs
1.296574 1.516801 1.274773 1.523834 1.443105

From Table 1, it can be concluded that there is no multicollinearity among the independent variables
as the result shows that it is less than 10. However, the visualization correlation by using the R software can
be shown in the figure below.
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Figure 2. Coefficient Correlation Visualization

X correlation

From Figure 2, it can be concluded that the correlation between the independent and the dependent
variable each shows different relation. After the assumption checking on normality and multicollinearity, the
next step is to determine the canonical correlation and the result is as follows.

Table 2. Canonical Correlation Analysis

CanR CanRSQ Eigen percent cum Pr(>F)
1t 0.7309 0.5343 1.1471 88.32 88.32 0.003536
2nd 0.3629 0.1317 0.1517 11.68 100.00 0.393692

15t : first canonical Function ; 2": first canonical Function

Based on Table 2, the Canonical correlation analysis of dependent variables y for y; (economic
growth), y, (unemployment rate), and the independent variables x for x; (human index development), x,
(wage minimum region), x5 (poor citizens percentage), x, (investment) and x5 (farmer rate). The first
correlation between canonic pairs is 0.7309 and the squared canonical correlation is 0.5343, which means
that the highest canonical correlation might happen between the combination linear from the dependent
variables (y; and y,) and some of the combination linear from the dependent variables (x;, x,, x3, X4, X5).

The contribution of variation can be explained by the first canonical function as big as 88.32%, and the
second canonical function gives 11.68%. Based on the proportion of both variation contributions, it is
sufficient to use the first canonical function with 88% variation to explain the canonical correlation. From
Table 2, the p-value 0.003536 (< 0.05) from the first canonical function is significant which means that the
first canonical correlation can be used to describe the correlation between the dependent variable and the
dependent variable. The graph for the best canonical correlation that can be seen from the figure as follows.

07
1

06

res.ce$cor

04

Index

Figure 3. Percentage variation explained
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Based on Figure 3, there is only one canonical function that can be used, that is the first canonical
function. The next step is to determine the canonic coefficient from the canonical function, the result is seen
in Table 3 as follows.

Table 3. Canonic Coefficient for Independent Variable x

[.1] [.2]
X1 -1.466253e-01 1.901077e-01
Xy 1.027571e-01 -1.289701e+00
X3 1.415788e-01 -4.526317e-02
Xy -1.494413e-03 1.056959¢e-02
X5 -3.041503e-05 -3.847616e-05

From Table 2, it can be seen that the variable that gives the highest contribution is the x5 (farmer
rate), followed by x, (Investment), x; (human index development), x, (poor citizen percentages) and x5
(wage minimum region).

Table 4. Canonic Coefficient for Independent Variable y

[ll] [12]
V1 0.1569006 -0.4191974
Y2 -0.4497501 -0.4150017

From Table 4, the dependent variable that gives more contribution is y; (unemployment rate) and
followed by y, (economic growth).

For further detailed correlation between the independent variables (y) and independent variables (x),
the correlation result is as follows.

Table 5. Coefficient Correlation between y and x

[71] [12]
V1 0.4956755 -0.2667336
Y2 -0.6845489 -0.1272241

Table 6. Coefficient Correlation between x and y

[.1] [.2]
X1 0.5807001 -0.1270811
Xy -0.1126921 -0.2324510
X3 0.3402458 0.0755985
X4 0.3124059 0.1641024
Xs -0.5400955 -0.1208970

Table 7. Coefficient Correlation between x and x

[.1] [.2]
X1 -0.7944700 0.3501449
Xy -0.1541768 -0.6404691
X3 0.4654987 0.2082955
Xy 0.4274101 0.4521491
Xs -0.7389179 -0.3331059

Table 8. Coefficient Correlation between y and y

[7 1] [l 2]
Y1 0.6781458 -0.73449274
Yo -0.9365482 -0.350538

From Table 8, it can be concluded that the dependent variable y in the first canonical function, which
had a close relation is y, which is the unemployment rate at 93%. The independent variable x which has a
close relation is x4, the human index development at 79%, and x5 (farmer rate) at 73%. The cross correlation
between variables x and y can be seen in Table 5 gives the y, (Unemployment rate) at 68%, and Table 6
gives x; (human index development) at 58% as the variable that had the strong relation.
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For further discussion, the research wishes to know if the province had the same canonical correlation
among the dependent and independent variables, then the canonical correlation figure can be represented as
follows.

DKIJAKARTA
o~
KALTIM JABAR
= A JATIM BANTEN
— RIAU BALI KEP.RIA
i o _| KA
KATENG SUMUT
KALTARA
GRRARYATENCGARA KALBAR
LAMPUNG acpy UKV
@ TJLTENG SUMEL,
BENGKULU  PAPUABARAT
SHLBAR
© - PAPUA
[ [ [ [ [
1 2 3 4 5

Eta 1

Figure 4. Canonical Correlation by Province

From Figure 4, the canonical correlation between provinces shows that DKI Jakarta had the weakest
canonical correlation based on the variable used. It had the farthest distance among other provinces, and the
other province that had the closest distance among others had a similarity to the canonical correlation between
variable dependent y and variable independent x.

4. CONCLUSIONS

The result in the analysis of economic growth and employment rate using the canonical correlation
shows that among independent variables, the human index development had the strongest relation at 73%,
while the correlation between the dependent and independent variables the unemployment rate, gives the
strongest influence it is 68%. and only the first canonical function that can be used to describe the variation
percentage which can describe 88% variation. The canonical visualization shows that only one province had
a different correlation with the other province. Almost all provinces had the same character as they had a
close distance from each other.
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