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Abstract

People’s quality of life, such as population growth rate and life expectancy, is influenced by
various interrelated socio-economic factors. The objective of this study was to investigate the bidi-
rectional relationship between population growth rate and life expectancy with economic growth
rate, labor force participation rate, proportion of poor, and population density. Canonical correlation
analysis, which is one of the multivariate analysis, was used to assess the simultaneous relationship
between two groups of variables. The results show that there is a statistically significant canonical
function with a very strong relationship between the combination of socio-economic variables with
population growth rate and life expectancy. The study also provides results for bidirectional rela-
tionships between the two groups of variables. The use of the canonical correlation approach for
this analysis captures bidirectional relationships between dimensions of development that are rarely
considered simultaneously in a regional context. This study provides a theoretical and empirical
basis for formulating policies in improving community welfare such as population growth rate, life
expectancy and socioeconomic indicators in Jambi Province.
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1 Introduction

Canonical correlation analysis is one of the multivariate analyses used to identify and measure the re-
lationship between two groups of variables, each consisting of more than one variable [1]. Canonical
correlation aims to find linear combinations of each group that have maximum correlation with each
other. This method has the advantage of revealing simultaneous, complex and not always linear relation-
ships between groups of variables [2]. Canonical correlation analysis is used to examine the relationship
between two sets of variables, where human development indicators such as population growth rate and
life expectancy can be used as Y variables and socio-economic factors as X variables.

Human development is a multidimensional process that involves improving the quality of life through
better health, education and a decent standard of living. The Human Development Index (HDI) of the
United Nations Development Program (UNDP) measures human development in three main dimensions:
long and healthy life, knowledge, and a decent standard of living [3]. In this context, life expectancy
and population growth rate are important indicators that reflect the quality of health and demographic
dynamics of a region.

Population growth rate is a number that shows the rate of population growth in numbers over a period
of time [4]. The population growth rate reflects changes in population numbers that can affect resource
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availability, development policies, and environmental management. According to data from the Cen-
tral Bureau of Statistics, the population growth rate in Jambi Province gradually decreased from 2010 to
2023, and reached a maximum of 0.78% in 2021 [5]. At the same time, life expectancy provides informa-
tion about general health conditions, access to health services and general quality of life [6].From 2010
to 2023, the life expectancy of the population in Jambi Province has increased every year [5]. Population
growth rate and life expectancy are the main indicators for assessing the quality and dynamics of popula-
tion welfare, while socio-economic factors such as economic growth rate, labor force participation rate,
poverty rate, and population density play an important role in shaping these conditions. By combining
these two sets of variables using canonical correlation modeling, complex multidimensional patterns of
relationships can be identified, leading to a more comprehensive understanding of how socio-economic
conditions affect aspects of population and public health

research on the welfare index and economic growth using canonical correlation. The results show
that the human development index has the strongest contribution to economic growth, with a canonical
correlation of 73% and the variation explained by the first canonical function of 88% [7]. Another
study that discussed canonical correlation analysis on health behavior and socioeconomic characteristics
showed that there was a significant correlation between the two groups of variables, with education and
expenditure as the main contributors from the socioeconomic side [8].

The main focus of this study is to identify and analyze the multivariate relationship between a number
of socioeconomic variables and two key human development indicators, namely population growth rate
and life expectancy, in Jambi Province. The canonical correlation analysis method was used not only
to explore the interrelationships between groups of variables, but also to form a canonical model that
is able to explain the extent to which linear combinations of socioeconomic variables are significantly
correlated with linear combinations of human development indicators.

Unlike previous studies such as which focused on the relationship between the aggregate Human
Development Index and economic growth, and which emphasized health behavior and socio economic
characteristics, this study offers novelty in two main aspects. First, it specifically examines the relation-
ship between two key indicators of human development population growth rate and life expectancy as a
unified set of dependent variables (Y), and a more segmented group of socio economic variables, namely
economic growth rate, labor force participation rate, poverty rate, and population density as the set of in-
dependent variables (X). Second, this study is geographically focused on the context of Jambi Province,
utilizing time series data covering the period from 2010 to 2023, which has been rarely explored in previ-
ous research. Through this approach, the study provides a new contribution to multivariate modeling that
is both simultaneous and contextual, and can serve as an empirical basis for formulating more targeted
regional development policies.

2 Methods

This research uses non-experimental quantitative analytics, with a multivariate approach through the
canonical correlation method. This research relies on observational data from secondary sources that are
already available, making it suitable for application in the socio-economic context of the region. The
research data was sourced from the website of the Jambi Provincial Statistics Agency 1 and have been
published. The data used are data on population growth rate, life expectancy, economic growth rate,
labor force participation rate, percentage of poor people, and population density. The data taken is from
2010 to 2023 and consists of 9 regencies and 2 cities in Jambi province.

Canonical correlation modeling is carried out using the help of R software. The steps of the canonical
correlation are as follows:

1. Determine the variable
The variables used in this study are population growth rate (Y1) and life expectancy (Y2) as de-
pendent variables, while economic growth rate (X1), labor force participation rate (X2), poor pop-

1https://jambi.bps.go.id
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ulation (X3), and population density (X4) as independent variables. All variables used are ratio
scaled.

2. Conducting Assumption Tests
a. The linearity test aims to determine whether there is a linear relationship between the depen-

dent variable and each independent variable to be tested [9]. This test is generally used as a
requirement in correlation or linear regression analysis.

b. The normality test is carried out to determine the certainty of the distribution of the data
obtained [10]. The normality test method on multivariate is very difficult to do, so testing
will be done by checking the normality of each variable. The method that can be done is to
use the Kolmogorov Smirnov Test. The hypothesis is as follows:
H0 : Normally distributed data
H1 : Data is not normally distributed Statistical test:

D = maksimum|F0(X)−SN(X)| (1)

with:
D : The statistical value of the Kolmogorov-Smirnov test
F0(X) : The predetermined cumulative frequency distribution function
SN(X) : The observed cumulative frequency distribution function

The decision making criteria are if Dmax < Dtabel or value p-value > α at a significance level
of 5%, so accept H0. This means that the data is normally distributed.

c. Multicollinearity test is conducted to test whether in a model there is a correlation between in-
dependent variables or between dependent variables. [11]. The assessment of multicollinear-
ity testing is seen from the V IF value where the hypothesis, test statistics and decision criteria
are as follows:
H0 : There is multicollinearity between variables
H1 : There is no multicollinearity between variables Staistical Test:

V IF i =
1

1−R2
i
, i = 1,2, . . . ,k (2)

with:
VIF : Variance Inflation Factor value
R2

i : The coefficient of determination of the i independent variable with
other variables

The decision criteria is if the value of V IF < 10 so that H0 is rejected. This means that there
is no multicollinearity between the independent variables and the dependent variables.

3. Determining Canonical Coefficients
Suppose there are two random variables, namely random variable X consisting of the set of vari-
ables X1,X2, . . . ,Xq, and random variable Y consisting of the set of variables Y1,Y2, . . . ,Yp. Canon-
ical correlation is based on linear indices, namely linear combinations as shown in the following
equation:

aT X and bTY (3)

Canonical correlation analysis is used to find the values of the vectors a and b that maximize the
correlation ρ(a,b) between the two linear combinations, namely:

ρ(a,b) = ρ(aT X ,bTY ) (4)

The correlation in equation (4) between these two projections is further defined as follows. Sup-
pose, (

X
Y

)
∼
(

µ

v

)
,

(
ΣXX ΣXY

ΣY X ΣYY

)
(5)
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where the submatrix of this covariance structure is given as:
• Var(X) = ΣXX berukuran q×q

• Var(Y ) = ΣYY size p× p

• Cov(X ,Y ) = E[(X −µ)(Y − v)T ] = ΣXY = ΣT
Y X size q× p

The correlation between two variables X and Y can be defined from the covariance as:

ρ(X ,Y ) =
Cov(X ,Y )√

Var(X)Var(Y )
(6)

The eigenvalues are obtained from the characteristic equation, so that the coefficient vectors ak and
bk obtained in the canonical functions aT

k X and bT
k Y are the eigenvectors of the same two matrices.

4. Conduct significance tests
(a) Overall significance test

This test aims to test whether there is a significant relationship between the set of variables
X and the set of variables Y as a whole. The hypotheses, test statistics, and decision criteria
are as follows:

H0: There is no significant relationship between variables X and Y
H1: There is at least one significant relationship between variables X and Y

Statistical test:

F =
(1−Λ1/t)

Λ1/t · db2

db1
(7)

with:
Λ = ∏

k
i=1(1−ρ2

i )
db1 = pq
db2 =

[
n− 1

2 (p+q+3)
]

t − 1
2 pq+1

t =
√

p2q2−4
p2q2−5

n : Number of observations
p : Number of variables in the set Y
q : The number of variables in the set X
k = min(p,q)

Decision Criteria is if F > Fα;db1;db2 or p-value<α with a significance level 5% (α = 0,05),
so reject H0. This means that there is a significant relationship between the set of variables
X and Y as a whole.

(b) Partial significance test
A partial significance test is carried out when at least one canonical correlation is found to be
significant in the overall canonical correlation analysis [12]. This test is then applied sequen-
tially to the second and subsequent canonical correlations up to the kth. The corresponding
hypotheses, test statistics, and decision criteria are outlined as follows:

H0: There is no significant k canonical correlation
H1: There is a significant k canonical correlation

Statistical test:

F =
(1−Λ1/t)

Λ1/t · db2

db1
(8)

with:
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Λ =
k
∏
i=1

(1−ρ2
i )

db2 =

[
n− 1

2
(p+q+3)

]
t − 1

2
(p− r+1)(q− r+1)+1

t =

√
(p− r+1)2(q− r+1)2 −4
(p− r+1)2(q− r+1)2 −5

n : number of observations
p : many sets of variables Y
q : many sets of variables X
k : min(p,q)

Decision criteria is if F > Fα;db1;db2 or p-value < α with a significance level 5% (α = 0,05),
so reject H0. This means that there is a significant k canonical correlation.

5. Performing Canonical Correlation Interpretation
(a) Canonical weights describe the contribution of each original variable in constructing the

canonical variate that has the strongest association with the canonical variate from the op-
posite set of variables [13]. Canonical weights indicate how much an original variable con-
tributes to the formation of the canonical variate [14].

(b) Canonical loadings represent the extent to which each original variable contributes to the con-
structed canonical variate, and are conceptually similar to factor loadings in factor analysis
[1].

(c) Cross-loadings indicate the correlation between an original variable and the canonical vari-
ate from the opposite set. These can be obtained by multiplying the canonical correlation
coefficient by the corresponding canonical loading [15].

6. Performing Redundancy Analysis
Redundancy analysis provides a measure of the proportion of variance in the dependent and inde-
pendent variables that can be explained through their correlation with the corresponding canonical
variates [16].

3 Results and Discussion

The data used in this study were obtained from the official website of the Jambi Province Statistics Office
(Badan Pusat Statistik Provinsi Jambi) for the period 2010 to 2023. The dataset covers 9 regencies and
2 cities within the province. The variables analyzed include population growth rate (Y1), life expectancy
(Y2), economic growth rate (X1), labor force participation rate (X2), percentage of poor population (X3),
and population density (X4). These variables were examined using canonical correlation analysis to
construct a model that comprehensively captures the relationships between the two sets of variables. The
results of the canonical correlation modeling, from the initial to the final stages, are presented as follows:

3.1 Test Assumptions

Before conducting the canonical correlation analysis, the data underwent a series of assumption tests to
ensure its suitability for analysis. The first test performed was the normality test using the Kolmogorov-
Smirnov Test, as presented in Table 1:
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Table 1: Normality Test

Variable p− value

Population Growth Rate 0,832
Life Expectancy 0,999
Economic Growth Rate 0,599
Labor Force Participation Rate 0,821
Percentage of Poor Population 0,841
Population density 0,995

Table 1 shows that at a significance level of α = 0.05, all p-values are greater than 0.05, leading to a
failure to reject H0. This indicates that the data distribution for all variables does not significantly deviate
from normality.

The next assumption test is the multicollinearity test, the results of which are presented in Table 2
and Table 3 below:

Table 2: Multicollinearity Test of set Y

Variable Y V IF

Population Growth Rate 2,866
Life Expectancy 2,866

Table 2 shows that the VIF values for the dependent variables are all less than 10, which leads to
the rejection of H0. This indicates that the two variables in the Y set do not exhibit multicollinearity,
meaning they are not highly linearly correlated with each other.

Table 3: Multicollinearity Test of Variables X

Variable X V IF

Economic Growth Rate 1,517
Tingkat Partisipasi Angkatan Kerja 1,95
Percentage of Poor Population 1,441
Population density 1,473

Table 3 shows that the VIF values for the independent variables are all below 10, which leads to
the rejection of H0. This suggests that the four variables in the X set do not exhibit multicollinearity,
meaning they are not highly linearly correlated with one another.

3.2 Significance Test

After all assumption tests were satisfied, the next step was to perform both overall and partial significance
tests. The results of the overall significance test are presented in Table 4 below:

Table 4: Overall Significance Test

Test p− value

Pillais 0,050
Hotelling 0,00
Wilks 0,003

Based on Table 4, all three multivariate tests, Pillai’s Trace, Hotelling’s Trace, and Wilks’ Lambda,
indicate statistically significant results, as all significance values are less than 0.05. Therefore, H0 is
rejected, meaning that the sets of independent and dependent variables are simultaneously correlated.
This provides strong evidence that, overall, there is a significant relationship between the combination of
variables in set X and the combination in set Y within the constructed canonical model.
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The results of the partial significance tests are presented in Table 5 below:

Table 5: Partial Significance Test

Canonical Functions Canonical Coefficients F-statistics p-value

1 0,948 4,886 0,003
2 0,394 0,552 0,659

Based on the results of the partial significance tests for each canonical function, it was found that
only the first canonical function shows a significant relationship between the two variable sets, namely
the socioeconomic indicators (X) and the population quality of life indicators (Y ). The first function has
a canonical correlation value of 0.9487, which is considered very high, with an F-statistic of 4.886 and
a significance value (p-value) of 0.003. Since the p-value is less than 0.05, H0 is rejected. This indicates
a strong and statistically significant linear relationship between the combination of X1˘X4 and Y1˘Y2.

The strength of the first canonical correlation indicates that approximately 90% (0.94872 ≈ 0.9) of
the shared variance between the two sets of variables can be explained by the first canonical function.
This suggests that, in the first canonical function, the combination of socioeconomic variables such as
economic growth rate (X1), labor force participation rate (X2), percentage of poor population (X3), and
population density (X4) is strongly associated with quality of life, as represented by population growth
rate (Y1) and life expectancy (Y2).

The second canonical function shows a much weaker correlation of 0.3944, with an F-statistic of
0.552 and a significance value of 0.659, which is far above the 5% significance threshold. Therefore, H0
is accepted, indicating that there is no statistically significant partial relationship between the X and Y
variable sets in the second canonical function. As a result, interpretation and discussion in this study are
focused solely on the first canonical function.

3.3 Interpretation of Canonical Functions

Once it is known that the pair of canonical functions formed shows partial significance, the next step is
to interpret the canonical function, namely with the following explanation:

Canonical Weight

The calculation of the canonical weights is divided into 2, namely the calculation for the variable set X
and the variable set Y . The results of the canonical weight calculation are as follows.

Table 6: Canonical Weight of Dependent Variable in Canonical Function 1

Variable Weight Kanonik

Y1 0,0558
Y2 -0,9543

Table 6 shows that the large canonical weight for Y2, which is −0.9543, indicates that the first canon-
ical function is heavily influenced by the life expectancy variable. This means that changes in the canon-
ical function are more reflective of variations in life expectancy than in population growth rate.

Based on the canonical weights of the Y set, the canonical function model for U1 can be constructed
as follows:

U1 = 0,0558Y1 −0,9543Y2 (9)

The negative weight on life expectancy (−0.9543) indicates the opposite direction of the relation-
ship with the first canonical function. If the canonical function increases, then life expectancy tends to
decrease, or vice versa.

Then the result of the canonical weight calculation for the set X is:
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Table 7: Canonical Weights of Independent Variables in Canonical Function 1

Variable Weight Kanonik

X1 0,347
X2 -0,105
X3 0,221
X4 -0,614

Table 7 indicates that the highest canonical weight is observed for X4, with a value of −0.614,
suggesting that the first canonical function is strongly influenced by the population density variable.
This implies that changes in the canonical function are more reflective of variations in population density
than in the other variables within the X set.

Based on the canonical weights of the X set, the canonical function model for V1 can be constructed
as follows:

V1 = 0,347X1 −0,105X2 +0,221X3 −0,614X4 (10)

The negative weights for labor force participation rate and population density indicate an inverse
relationship with the first canonical function. This means that as the canonical function increases, life
expectancy tends to decrease, or vice versa. On the other hand, the positive weights for economic growth
rate and percentage of poor population suggest that the canonical function increases along with higher
economic growth and a greater proportion of the poor population.

Canonical loading

The calculation of the canonical load is divided into 2, namely for the variable set X and the variable set
Y . The results of the canonical load calculation are as follows:

Table 8: Canonical Load of Dependent Variable on Canonical Function 1

Variable Canonical Loading

Y1 0,826
Y2 -0,999

Table 8 presents the canonical loadings, which represent the correlations between the original vari-
ables and their respective canonical functions. The canonical loading for life expectancy is notably high,
indicating that the first canonical function captures nearly all of the variance in life expectancy. This
suggests that Y2 is the most dominant structural contributor to the canonical variate.

Furthermore, the results of the canonical weights calculation for the X set are as follows:

Table 9: Canonical Load of Independent Variables on Canonical Function 1

Variable Canonical Loading

X1 0,677
X2 -0,732
X3 0,681
X4 -0,872

Table 9 shows that the canonical loading for Population Density (−0.872) is the largest among the
variables, indicating that the first canonical function from the X set strongly represents the variation in
population density. The negative sign implies that an increase in the canonical function is associated
with a decrease in both population density and labor force participation rate, whereas the positive signs
indicate that the canonical function increases along with higher economic growth rate and a greater
percentage of poor population.
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Canonical Cross Loading

The calculation of the canonical cross-load is divided into 2, namely the cross-load of the variable set X
against the set Y and the cross-load of the variable set Y against the set X . The results of the canonical
day load calculation are as follows:

Table 10: Canonical Cross-Loading of Set Y on Set X

Variable Canonical Cross Loading

Y1 0,783
Y2 -0,948

Table 10 illustrates how the Y variables—population growth rate and life expectancy—are correlated
with the canonical function derived from the X set (a combination of economic growth rate, labor force
participation rate, and percentage of poor population).

Life expectancy shows a very strong correlation with the canonical function of X , indicating that this
quality of life indicator is the most influenced by socioeconomic conditions. This high value reinforces
life expectancy as the primary variable within the Y set.

Population growth rate also demonstrates a strong correlation with the X function, suggesting that it
is fairly sensitive to variations in socioeconomic variables as well.

Table 11: Canonical Cross-Load of Set X on Set Y

Variable Canonical Cross Loading

X1 0,642
X2 -0,694
X3 0,646
X4 -0,827

Table 11 illustrates how the X variables—economic growth rate, labor force participation rate, and
percentage of poor population—correlate with the canonical function derived from the Y set (combining
population growth rate and life expectancy).

Population density shows a very strong correlation with the canonical function of Y at –0.827, in-
dicating that this socioeconomic indicator is most influenced by the variables in the Y set. This high
correlation confirms population density as the primary variable in the X set. Other variables such as eco-
nomic growth rate, labor force participation rate, and percentage of poor population also exhibit strong
correlations with the Y function, suggesting that they are quite sensitive to changes in the social and
quality of life indicators.

3.4 Redundancy Analysis

The redundancy index shows how much of the variance of the set Y can be explained by the canonical
function of the set X and vice versa. The calculation results for the redundancy analysis are as follows:

Table 12: Redundancy Analysis

Variable Redundancy Index

Set Y 0,797
Set X 0,526

Table 12 shows that the redundancy value for the Y variable set is 0.797. This result indicates that
approximately 79.7% of the variation in the Y variable set can be explained by the canonical functions
derived from the X variables. This demonstrates that the information contained in the socioeconomic
variables (X) is highly relevant and strongly explains the variation in the Y set.
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The redundancy value for the X variable set is 0.526, indicating that about 52.6% of the combined
variance of the X variables can be explained by the canonical functions formed from the Y variables.
This confirms a balanced and significant bidirectional relationship. The conditions of population growth
rate and life expectancy are not only influenced by socioeconomic factors but also exert feedback effects
on the socioeconomic structure. This reinforces that the relationship analyzed here is not unidirectional
causality but rather a reciprocal association, consistent with the canonical correlation approach.

4 Conclusion

This study examines the relationship between population growth rate and life expectancy with socioeco-
nomic factors using a canonical correlation approach. The analysis results indicate a strong and statisti-
cally significant relationship between the two sets of variables. Furthermore, the findings reveal that the
relationship between these groups is not unidirectional but reciprocal. In other words, socioeconomic
factors not only influence population growth rate and life expectancy but these demographic indicators
also exert feedback effects on socioeconomic conditions. This confirms that the canonical correlation
approach effectively captures the complex and simultaneous bidirectional dynamics.

The application of canonical correlation as an alternative method for analyzing multidimensional
relationships has been relatively underutilized in regional development studies. Nonetheless, this study
has limitations, particularly regarding the limited number of observations and the scope of data repre-
senting only a single time period. Therefore, future research is recommended to employ panel data and
consider more sophisticated structural approaches, such as StructuralEquationModeling(SEM), to ex-
plore causal relationships among variables more comprehensively. This study is expected to provide a
conceptual foundation for policymakers and researchers in formulating more integrative development
strategies.
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