International Journal of Religion

2024

Volume: 5| Number 12 | pp. 121 — 134

ISSN: 2633-352X (Print) | ISSN: 2633-3538 (Online)

jor.co.uk
DOI: https://doi.org/10.61707 /3eyngq73

Measuring A Composite Financial Inclusion Index in Lower-Middle Income
Countries

Nguyen Cao Anh' and Thai Hong Thuy Khanh*

Abstract

This study suggests a composite index of financial inclusion (F1) for financial development, based on three key dimensions: penetration,
availability, and usage in lower-middle income countries. The methodology uses principal component analysis PCA to exploit a composite index
of financial inclusion and test its impact of new components on financial development. On the secondary data of financial access from the sources
of EAS-IMFE and WB-Findex, the research result is found that there are two new components of overall financial inclusion: the traditional
financial inclusive index (T'F1) includes three traditional dimensions: traditional penetration (I'P), traditional availability (T'A), and traditional
usage (TU); and the digital financial inclusive index (DFI) includes three digital dimensions: digital penetration (DP), digital availability
(DA), and digital nsage (DU). The research findings give the empirical evidence that the digitalized level of financial inclusion is quite weafk in
lower-middle income conntries. The research contributes to the methodology of building a composite index of financial inclusion with optimal
weights of dimensions and traditional-digital financial inclusive indexes.
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INTRODUCTION

Financial inclusion is a keyword for exploit much in recent studies related to individual or institutional financial
access with usefulness and affordability in providing financial products and services from traditional facilities
to digital facilities, such as transactions, payments, savings, credit and insurance that meet their needs. These
financial inclusive activities contribute to economic growth [5; 14], and how to build a composite index of
financial inclusion for supporting financial system in lower-middle income countries is the main heart of this
research.

In some recent reviews of financial inclusion, financial access facilities have been developed by the FinTech,
defined as new technology that secks to improve and automate the delivery and use of financial services as well
as the provision of financial products, such as the comparison of traditional and digital financial inclusion [6;
12; 17; 24]; the impact of financial inclusion on economic growth [13; 22; 23] to unlock new business
opportunities for the individuals and companies when they had easy financial access, especially the development
of digital technologies in the users’ mobile apps. Therefore, there are two main assumptions in constructing a
composite index of financial inclusion:

Assumption 1: Evaluating Digitized Level of Financial Inclusion in Lower-Middle Income
Countries.

Beyond the pressure of competitiveness, commercial banks and securities use digital technologies to enhance
the usage of digital financial products and services [24]. The construction of digital financial inclusion includes
three dimensions: coverage breadth, usage depth, and digitization level. The first dimension describes the
number of people using electronic accounts to reflect the financial environment that people could approach;
the second dimension reveals the regional-level usage of digital financial inclusion to reflect the provision ability
of financial products and services; and the third dimension evaluates efficiency of digital financial inclusion
with a reasonable cost. Though this approach is quite attractive in financial innovation, investment cost of
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digital financial facilities is quite high because the digital financial access has still been barriers of financial
efficiency in ASEAN countries. Therefore, seeking a composite index of financial inclusion is based on a
combination of the traditional financial inclusion (TFI) and the digital financial inclusion (DFI).

Assumption 2: Determining optimal weights of financial inclusion.

The research of Banik & Roy [6] provides weights of the traditional financial inclusion (TFI) and the digital
tinancial inclusion (DFI) for the overall financial inclusion (FI) by the method of a three-stage principal
component analysis PCA. However, a PCA equation of component with 02 dimensions TFI and DFI always
finds out the equal loading scores in all cases. In fact, the weights of financial inclusion are different between
TFI and DFI because the transformative ability from TFI to DFI has increased in lower-middle income
countries. Therefore, this research suggests an alternative measure of optimal weights between TFI and DFI
by a Sharpe ratio to form an allocation line of financial inclusion (FIAL).

The remainders of this research include the contents as follows: literature reviews of financial inclusion, a
proposed model, research methodology, research results and discussions, and conclusions.

II. Literature Reviews

Measuring overall financial inclusion (FI) relies on the conditions of social economics in countries which their
financial access has some barriers of financial-system development. In the scope of this research, we gather
some definitions, determinants, research methodology to measure a composite index of financial inclusion in
theoretical framework.

Definition of traditional and digital financial inclusion

In the most basic definition, financial inclusion refers to the fact that a person owns such an account at a formal
financial institution that allows to save and borrow money, to contract insurance or to use payment services in
the traditional way [28].

According to AFI [2], financial inclusion refers to a state that all working age adults have effective access to
credit, savings, payments, and insurance from formal service providers, and effective access involves convenient
and responsible service delivery, at a cost affordable to the customer and sustainable for the provider, with the
result that financially excluded customers use formal financial services rather than existing informal options.

On the development of financial technology, financial inclusion is divided into two groups: traditional financial
inclusion (TFI) and digital financial inclusion (DFI). Therefore, Ozili [19] gives a definition of digital financial
inclusion that involves bringing unbanked adults into the formal financial sector by offering financial services
to unbanked adults using devices that have a digital interface such as a mobile phone or other digital devices.

In the lower-middle income countries, evaluating digitized level of financial inclusion has been limited on the
financial infrastructure, and the combination of traditional and digital financial inclusion is a priority condition
to construct a composite index of financial inclusion.

Determinants of Financial Inclusion

Many previous studies have attempted to seck the determinants of financial inclusion by using the methods of
principal component analysis (PCA) to exploit a composite index of financial inclusion, and the most focus on
the following dimensions of financial inclusion [21; 24].

Dimensions of Financial Inclusion

Dimensions of financial inclusion are developed by the study of Sarma [25], based on three key dimensions:
penetration, availability, and usage. On the modification of financial inclusion, these dimensions are found on
the principal component analysis PCA for a composite index of financial inclusion [4; 6; 7; 13; 16; 18; 24; 27].

Financial Penetration (FP)
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Financial penetration (FP) is a dimension of financial inclusion to reflect the coverage breadth or the depth of
outreach that people could access to financial products and services in the whole social economics. The
keywords of the coverage breadth and the outreach depth represent the financial access that people in a region
ot a country could catch up convenient investment/business opportunities in financial transactions.

Financial Availability (FA)

Financial availability (FA) is a dimension of financial inclusion to reflect the conditions of financial resources
or infrastructure that financial institutions are willing to provide financial products and services.

Financial Usage (FU)

Financial usage (FU) is a dimension of financial inclusion to imply how clients use financial services, such as
the regularity and duration of the financial product/setvice over time (e.g. average savings balances, number of
transactions per account, number of electronic payments made).

Classification of Traditional and Digital Financial Inclusive Indicators

Numerous indicators are used for the construction of financial inclusion. Table 1 shows items used by previous
researchers for the description of proxy variables in designing a composite index of financial inclusion. Based
on three dimensions of financial inclusion, the classification of traditional and digital financial inclusive
indicators is throughout the transactions of traditional facilities and modern facilities (Khera et al., 2021). Some
characteristics of digital transactions use financial technologies on mobile devices in digital payments, mobile
banking, mobile money, and others, different from some characteristics of traditional transactions that use
registered accounts, cards and automated teller machines ATM in financial system. The studies of Banik & Roy
[6], Florian [8], and Khera et al. [13] classify some traditional and digital financial inclusive indicators as follows:

Table 1. The classification of traditional and digital financial inclusive indicators

Dimensions Traditional FI indicators Digital FI indicators
Indicators (Variables) Sources Indicators (Variables) Sources

Penetration (FP) Number of deposit accounts with IMF-FAS | Number of registered mobile money IMF-FAS
commercial banks per 1,000 adults (TPDA) accounts per 1,000 adults (DPNA)
Number of loan accounts with commercial IMF-FAS | Number of registered mobile money agent IMF-FAS
banks per 1,000 adults (TPLA) outlets per 100,000 adults (DPAO)
Number of credit cards per 1,000 adults IMF-FAS | Number of registered mobile money agent IMF-FAS
(TPNC) outlets (DPAK)
Number of debit cards per 1,000 adults IMF-FAS
(TPND)

Availability (FA) Number of commercial bank branches per IMF-FAS | Mobile money agent outlets: active per IMF-FAS
1,000 km?2 (TANB) 100,000 adults (DAAO)

Number of ATMs per 1,000 km2 (TANK) IMF-FAS | Number of active mobile money accounts IMF-FAS
per 1,000 adults (DAAA)

Usage (FU) Outstanding deposits with commercial IMF-FAS | Value of mobile money transactions on IMF-FAS
banks on percent of GDP (TUOD) percent of GDP, during the reference year
(DUVM)
Outstanding loans from commercial banks IMF-FAS | Number of mobile money transactions per IMF-FAS
on percent of GDP (TUOL) 1,000 adults, during the reference year
(DUNT)

Table 1 shows that the advances of financial technologies changed from traditional financial inclusion (TFI) to
digital financial inclusion (DFI) in the processes of financial development, which financial institutions expect
to exploit the utilization of three dimensions: penetration (FP), availability (FA) and usage (FU) in the
measurement of overall financial inclusion for the purpose of their competitive advantages.
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Measurement of Distance-Based Financial Inclusive Index

The measurement of distance-based financial inclusive index is derived from the multi-dimensional Euclidean
distance to coordinate points by using Pythagorean theorem, so-called Pythagorean distance, shown in Figure

1.

v

Figure 1 indicates that the measurement of Euclidean distance is based on the distance between two points p
and g on each dimension estimated by Pythagorean theorem. However, the measures of financial inclusive

index based on multi-dimensional Euclidean distance are various methods [21]. According to studies of Sarma
[26]:

dz +dj +d?

2
P A T U 1 _ (Wp - dp) + (WA - dA)Z + (WU - du)z (1)
wi +wi +w} Wi +wi+wg

’

1 1
FI =E(X1 +X2) =§

in which FI is overall financial index, dp, is dimension of penetration with the weight w;,, d4 is dimension of
availability with the weight wy, and dy is dimension of usage with the weight wy;. The formula (1) is only based
on a simple average of normalized Euclidian distance X; and normalized inverse Euclidian distance X, with

the formula of each dimension i with the weight w;:

dy = w, ™ @)
M; —m;

where d; is it" dimension value with {i = P, 4, U}, A; is actual indicator value of dimension i, m; is lower
bound on dimension i, and M; is upper bound on dimension i, and the weight w; is known coefficient in which
importance of penetration dp is higher than the ones of availability d, and usage dy, hence the research of
Sarma [20] sets three known weights of financial inclusive index {Wp, Wy, wy = 1,.5, .5} under the importance
of dimensions. In the research of Ren et al. [24], weights of financial inclusive index are measured by the
dimensional variation:

CV; Si/A; 3)
w; = ==,
2LCV XSi/A

where CV; is variation of dimension i, S; is standard deviation of dimension i, and A; is mean value of
dimension I. Due to the disunity of the dimensions of different indicators, the variation coefficient CV; is
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employed to determine the weight of dimension I, and value of dimension d; is coefficient with the range from
0 to 1 to reduce biasness among various indicators. In addition, categorizing the overall FI index in sample data
is determined by 3 levels of FI index [9; 25].

Table 2. Categories of financial inclusive index

Author (Year) Level Categories

Sarma [25] 0<FI=03 Low financial inclusion
03<FI<05 Medium financial inclusion

05<FI<1 High financial inclusion

Goel & Sharma [9] 0<FI=04 Low financial inclusion
04 <FI<0.6 Medium financial inclusion

0.6<FI<1 High financial inclusion

Out of the Euclidean-distance measurement of distance-based financial inclusion index in the formula (1), there
is another measurement of correlation-based financial inclusion index by the principal component analysis PCA
[6; 11; 15; 20; 24], finding out a composite index of financial inclusion. In the context, we use a combination
of traditional financial inclusion and digital financial inclusion among three dimensions: penetration,
availability and usage.

A PROPOSED MODEL

A proposed model is derived from three main studies of Banik & Roy [6], Khera et al. [13] to measure the
overall financial inclusion (FI) based on three dimensions of penetration (FP), availability (FA) and usage (FU)
in a combination of traditional financial inclusion (TFI) and digital financial inclusion (DFI) in ASEAN
counttries:

FI = WTFITFI + WDFIDFI (4)
= wrpTP +wpyTA+wryTU + wppDP + wp DA + wpy DU + €y,

in which TP is dimension of traditional financial penetration with weight score Wrp, TA is dimension of
traditional financial availability with weight score Wry, TU is dimension of traditional financial usage with
weight score Wy, DP is dimension of digital financial penetration with weight score Wpp, DA is dimension of
digital financial availability with weight score wp 4, DU is dimension of digital financial usage with weight score
Wpy, and &g; is the modelling error. The equation (4) is a combination of traditional financial inclusion (TFI)
and digital financial inclusion (DFI) to explore a composite index of financial inclusion in lower-middle income
countries by a two-stage principal component analysis (two-stage PCA).

Research Methodology

The construction of a composite financial inclusion index is derived from the studies related to the method of
principal component analysis PCA [6; 11; 15; 20; 24], and using the eigenvalue coefficient of component 4;
represents the standard deviation of the component for estimating the component weight w; on overall
financial inclusion:
W, = f—l ©)
i=174

with n dimensions. The different point of this research is to use a Sharpe ratio, defined as a ratio between
expected distance and standard deviation of 06 dimensions in the equation (4) to find out their optimal
combination through the following Lagrange function L:
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L(w,v,p) = %wTZda) +v[1 - wT[1]] + u[EFD) — w"E(d)], (6)

in which X; is variance-covariance matrix of 06 dimensions, E(d) is expected distance matrix of 06
dimensions, E (FI) is expected distance for overall financial inclusion, [1] is matrix of vector 1 with total
weights [1]7w = 1, w is weight matrix of 06 dimensions, v is Lagrange multiplier of the dimensional
weights, p is Lagrange multiplier of the dimensional expected distances, and symbol [...]7 is transpose
matrix. Finding out optimal-weights of 06 dimensions in overall financial inclusion is based on the
maximized Sharpe-ratio between the expected distance E (FI) and the standard deviation Sp; = JwTZ 0
through the allocation line of dimensions for overall financial inclusion (ALD):

E(FD)* =ag+ wg X [E(FI) —ag4], (7)

where E(FI)* is optimal expected distance of dimensions for overall financial inclusion, a,; is stable
distance of dimensions for overall financial inclusion, Sg; is standard deviation of dimensions for overall
financial inclusion, and w, is the weight of dimensions for overall financial inclusion in the combination
between expected distance and standard deviation of dimensions.

E(FI)
A

E(FI)”

a4

SF'I
Sk
Figure 2. Frontier FD and allocation line ALD of dimensions
The Process of Research Designment
The research designment includes five basic steps to measure a composite index of financial inclusion.

In the first step, the theoretical framework of financial inclusion and the proposed model depend on the
research target of digitalized level for financial inclusion in lower-middle income countries based on the
classification of traditional financial inclusion TFI and digital financial inclusion DFI; and suggest an alternative
measure of optimal weights for overall financial inclusion FI.

In the second step, the collection of secondary data for indicators of financial inclusion in Table 1 is from the
source of FAS-IMF. And processing the raw data of indicators into the research data of normalized indicators
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with the range from 0 to 1, then putting these research data into the proposed model to support the two-stage
principal component analysis (two-stage PCA).

In the third step, 06 proxy variables of dimensions in the equation (4) estimated in the first-stage PCA atre used
in estimating optimal weights for overall financial inclusion, based on the combination between expected
distance and standard deviation of 06 dimensions to evaluate the importance of dimensions for overall financial
inclusion.

In the fourth step, the composite components estimated in the second-stage PCA are used in estimating optimal
weights for overall financial inclusion, based on the combination between expected distance and standard
deviation of composite components to evaluate the importance of composite components for overall financial
inclusion.

In the last step, research results and discussions give contributions to measuring a composite index of financial
inclusion and supporting further research.

Two-Stage Principal Component Analysis (Two-Stage PCA)

The measurement of a composite financial inclusive index in this research is designed with two-stage principal
component analysis as follows:

The first-stage PCA

Based on 06 dimensions designed in the equation (4), the research indicators designed in Table 1 are used in
the first stage principal component analysis.

Table 3. The first-stage principal component analysis of dimensions for financial inclusion

Classification Dimension Equation of principal component
Traditional financial Penetration (TP) TP =brppsTPDA + byp 4TPLA + brpycTPNC + brpypy TPND + ep
inclusion (TFI) Auvailability (TA) TA = by ngTANB + by sy TANK + €1,
Usage (TU) TU = bryopTUOD + bryo, TUOL + €7y
Digital financial Penetration (DP) DP = bppnyrDPNT + bppaoDPAO + bppx DPAK + €pp
inclusion (DFT) Availability (DA) DA = bpasoDAAO + bp s DAAA + €y
Usage (DU) DU = bpynyrDUNT + bpyyyu DUVM + €5y

The second-stage PCA

Based on the determinants of financial inclusion through the first-stage principal component analysis, these 06
dimensions are used in the second stage principal component analysis.

Table 4. The second-stage principal component analysis of dimensions for financial inclusion

Component Equation of principal component, with k components < 06 dimensions
Traditional financial TFI; TFl; = by7pTP +by7sTA+ by 7y TU + &gy,
inclusion (TFT) TFI, TFl, = byrpTP +byraTA + byryTU + &gy,
TFI, TFl3 = by 7pTP + by TA + by ry TU + erpy,
Digital financial DFI, DFI; = by ppDP + by p4DA + by 5y DU + £ppy,
inclusion (DFI) DFI, DFI, = b, ,pDP + by p,DA + by 5y DU + £ppy,
DFI, DFl; = by ,pDP + by ;sDA + by 5, DU + 5y,

Testing PCA

KMO coefficient > 0.5. This is a general coefficient to test reliability of PCA; if KMO0<O0.5, the PCA findings are not
reliable in exploring new component, which is a proxy variable for initial indicators.

Eigenvalue > 1. This is a standard deviation of component; If Eigenvalue<1, the component cannot be a proxy
variable for initial indicators.
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Total Variance Explained, TVE > 50%. This is a summative coefficient of eigenvalue on total initial indicators
that explain the amount of information replaced for total initial indicators; if TVE<50%, the under-components
are quite weak in the explanation of total initial indicators.

Factor Loading, FL > 0.35. This is a correlative coefficient between component and indicator; if significance
of FL. > 0.05, the component and the indicator are uncorrelated.

The Estimation of Optimal Weights

The measurement of optimal weights is based on a combination between the expected distance and the standard
deviation of 06 dimensions designed in the equation (4) throughout the Lagrange function in the equation (6)
for evaluating overall financial inclusion. By taking differentials of parameters w, v, i in the equation (6), we
have the following equational system:

o wTr -1 - B@ =0, @)
dw
3—5 =1-w"[1] =0, (8b)
oL _ E(FI) — wTE(d) = 0, (8<)
ou

and solving equational system to find out weights of 06 dimensions in the equation (4). However, secking
optimal weights of 06 dimensions is combined with the Sharpe-ratio in the equation (7) which the Sharpe ratio
reaches at the maximized combination between the expected distance and standard deviation of overall financial
inclusion.

Similarly, finding out the optimal weights of k components for overall financial inclusion, variance-
covatiance matrix of 06 dimensions X; in the equation (6) is replaced into variance-covatiance matrix of k

components Xpc, determined by the following Lagrange function:

1
L(wpc, Upe, Hpc) = Ea’gczpcwpc + vpc [1 - wgc[l]] + upc[E(FI) — wpcE(PC)], ©)

in which Zp¢ is variance-covariance matrix of new components, E(PC) is expected distance matrix of new
components, E(FI) is expected distance of overall financial inclusion, [1] is matrix of vector 1 with total
weights [1]7w = 1, w is weight matrix of new components, Up¢ is Lagrange multiplier of the component

weights, p¢ is Lagrange multiplier of the component expected distances, and symbol [... ] is transpose matrix.
Research Results

The secondary data is collected unstructured data and the analysis of financial inclusion depends on the pooled-
data of 55 lower-middle income countries in the period 2004-2022, and the descriptions of actual indicators to
give a statistical report as follows:

Descriptions

In Table 5, the proposed model has 06 main dimensions, including traditional penetration TP (4 indicators), digital
penetration DP (3 indicators), traditional availability TA (2 indicators), digital availability DA (2 indicators),
traditional usage TU (2 indicators), digital availability DU (2 indicators), described as follows:

Table 5. Summary statistics of actual indicators
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Dimensions Indicators Observations Minimum Maximum Average Standard
value value value deviation
Penetration P Traditional TP
TPDA 658 1.23 4984.81 676.35 661.16
TPLA 570 0.40 853.15 121.19 126.89
TPNC 308 0.03 470.13 44.35 67.28
TPND 423 0.69 4945.66 427.11 544.71
Digital DP
DPAK 228 5.00 1275860.00 121526.16 223033.14
DPAO 228 0.17 4355.25 460.01 738.88
DPNT 274 0.06 4029.08 565.12 704.29
Availability A Traditional TA
TANB 964 0.02 86.04 8.96 13.83
TANK 865 0.01 122.32 14.30 21.70
Digital DA
DAAA 187 0.07 1649.36 255.38 324.71
DAAO 172 0.17 2750.70 341.63 545.96
Usage U Traditional TU
TUOD 941 4.67 304.40 43.93 30.85
TUOL 936 0.06 245.23 32.81 26.18
Digital DU
DUNT 264 0.07 239972.45 18873.23 38999.08
DUVM 251 0.01 180.56 17.43 33.50

Table 1 shows that observations of digital indicators are fewer than the ones of traditional indicators,
this also indicates that digitalized level of financial inclusion in lower-middle income countries has
happened for 10 years, periods 2015-2024.

Penetration Avallability Usage
e
/ \\. N
[ 027 \ \
[ \ \
— e |
0.73 / :
\ /t / 0.78
N 3 /
O _-// N _ >
[ R a o 0l o i1 a3

Figure 3. Frequency of traditional and digital financial inclusion in lower-medium income countries

Based on formulas (1), (2) and (3), the distance-based financial inclusive dimensional indexes with the weight
on each dimension in lower-middle income countries are estimated are shown in Table 6. Among 06
dimensions, two dimensional indexes of digital availability DA and traditional usage TU reach higher than the
others, in which the dimensional index of digital availability is:

1 1 (10)
DA =5 (X, +X,) = 5 (137 +.136) ~ 137,
Table 6. Average dimensional sub-indexes in the period 2004-2022
Dimensions Indicators Variation Weight Point X Distance {O, X} Distance {X, W} Sub-index
V) W) @ X1 X2 1a(X14X2)
Penetration P Traditional TP
TPDA 0.98 0.203 0.028 0.111 0.108 0.110
TPLA 1.05 0.217 0.031
TPNC 1.52 0.315 0.030
TPND 1.28 0.265 0.023
Digital DP
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DPAK 1.84 0.392 0.037 0.109 0.107 0.108
DPAO 1.61 0.343 0.036
DPNT 1.25 0.266 0.037
Availability A Traditional TA
TANB 1.54 0.504 0.052 0.110 0.110 0.110
TANK 1.52 0.496 0.058
Digital DA
DAAA 1.27 0.443 0.069 0.137 0.136 0.137
DAAO 1.60 0.557 0.069
Usage U Traditional TU
TUOD 0.70 0.468 0.061 0.132 0.132 0.132
TUOL 0.80 0.532 0.071
Digital DU
DUNT 2.07 0.518 0.041 0.088 0.088 0.088
DUVM 1.92 0.482 0.047

Because of normalized weights by the formula (3), the weights of normalized dimensional indexes are the
same average in the distance-based measures, that is, dimensional indexes are lack of a combination between
the average and the standard deviation for seeking the optimal weights of financial inclusion. Next, the values
of normalized indicators for each dimension are used to analyse principal components.

Two-Stage Principal Component Analysis

In this first-stage PCA, we measure the sub-indices for traditional penetration (TP), digital penetration (DP), traditional
availability (TA), digital availability (DA), traditional usage (TU) and digital usage (DU), described in Table 3. The
method of PCA find out two key indexes to exploit new components: eigenvalue and eigenvector, in which the
eigenvalue, higher than one, represents the standard deviation of new component, and the eigenvector represents the
close-coordinated points of normalized multi-indicators.

The results of 06 sub-components in the first-stage PCA is shown that the first principal component on each dimension
reaches the conditions of testing PCA: KMO > .5 with significance < .05; eigenvalue > 1; total variance explained >
50%. The first-stage PCA finds out 06 component equations in Table 7, and the expected financial inclusive distance
on the sub-indexes of 06 dimensions is SFI = 0.279, where the weight of traditional penetration is the highest ratio
wrp = 22.4% with its expected distance d;p = 0.419; the weight of digital penetration reaches wpp = 17.8% with
its expected distance dpp = 0.291; the weight of digital availability reaches wy, = 16.1% with its expected distance
dps = 0.261.

In the second-stage PCA, we measure two traditional and digital financial inclusive indexes for estimating the
expected distance of overall financial inclusion, where the traditional financial inclusive index (TFI) includes three
traditional dimensions: traditional penetration (TP), traditional availability (TA), and traditional usage (TU); and the
digital financial inclusive index (DFI) includes three digital dimensions: digital penetration (DP), digital availability
(DA), and digital usage (DU), shown in Table 7. The results in the second-stage PCA are shown that the expected
distance of overall financial inclusive index is FI = 0.361, in which the weight of traditional financial inclusion
occupies 31.7% with its expected distance drr; = 0.254 and the weight of digital financial inclusion is 68.3% with
its expected distance drp; = 0.410. These results are shown that the combination between traditional and digital
financial inclusion increases the expected distance of overall financial inclusion.

Table 7. Results of two-stage principal component analysis (two-stage PCA)

Comp. Eigen. Diff. Prop. Cum. Component Equation

First-stage PCA

Penetration | Traditional TP: KMO = 0.640

P TP, 2.660 1.872 66.50 66.50 TP =.291TPDA + .355TPLA + .252TPNC + .319TPND
TP, 0.788 0.376 19.69 80.19
TP, 0.412 0.271 10.29 96.48
TP, 0.141 3.52 100.00
Digital DP: KMO = 0.572
DP, 2.122 1.406 70.73 70.73 DP = .313DPAK + 441DPAO + 422DPNT
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DP, 0.716 0.554 23.88 94.61

DP; 0.162 5.40 100.00
Auvailability | Traditional TA: KMO = 0.500
A TA, 1.730 1.460 86.48 86.48 | TA =.538TANB + .538TANK

TA, 0.270 13.52 100.00

Digital DA: KMO = .500

DA, 1.907 1.814 95.37 95.37 | DA =.512DAAA +.512DAA0

DA, 0.093 4.63 100.00
Usage U Traditional TU: KMO = .500

TU, 1.864 1.728 93.22 93.22 | TU =.518TUOD +.518TUOL

TU, 0.136 6.78 100.00

Digital DU: KMO = .500

DU, 1.580 1.160 79.01 79.01 | DU =.563DUNT +.563DUVM

DU, 0.420 20.99 100.00
Financial Current average index of 06 dimensions for lower-middle income countries in period 2004-2022
Inclusion A 2.660 2.122 1.580
Indexes

Second-stage PCA

Traditional | KMO =.503
Financial TFL, 1.229 0.235 40.97 40.97 | TFI, = .632TP +.626TA —.153TU
Index TFI TFI, 0.994 0.217 33.13 74.10

TFI, 0.777 25.90 100.00
Digital KMO = .682
Financial DFI, 2.646 2.352 88.19 88.19 | DFI, =.358DP +.368DA + .338DU
Index DFI DFI, 0.294 0.234 9.80 97.99

DFI; 0.060 2.01 100.00
Overall Current average index of overall financial for lower-middle income countries in period 2004-2022
Financial | gy Arenqgy y o gy o 1229 o0, 28 0= 0361
gclusion T e, ¥ Apr, - App +Ape, 0 122942646 1.229 +2.646

The Sharpe Ratio And Optimal Weight

Finding out an optimal weight for overall financial inclusion is based on the combination between the expected
distance and standard deviation to exploit the optimal frontier with tangential point at the maximized Sharpe
ratio, shown in the equation (7). In the context of this research, we find out optimal weight on two aspects of
dimensions, and traditional-digital inclusive indexes.

Optimal weight of dimensions

Based on the equational system (8a), (8b), (8c) we find out the expected distance and the standard deviation of
6 dimensions. Then, the maximized Sharpe-ratio Ry is determined by the following formula:

R(,; = lim [SFI—-aq4] — [.240-.012] ~ 1194’ (11)
Ra-max SSFI 191
whete ag is stable coefficient of 6 dimensions, calculated by ag = l-6=1 Wi{[l + E(di)]l/T - 1}, to represent

the yeatly stability of 6 dimensions evaluated in the research sample of lower-middle income countries. At the

optimal point of Ry, six optimal weights of dimensions are determined as follows:

W} = (Wip, Whp, Wi g, Wi, Wiy, Why ) = {.224.179.146.161.157.133}, (12)

in which the weight of digital usage is the weakest among six weights of dimensions. Moreover, the stability of
digital usage is lower than the stable coefficient of 6 dimensions, thatis,ag = .012 > apy = .007. Therefore,
the digitalized level of dimensional usage is quite low in lower-middle income counttries.
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In Figure 4, the current average distance of dimensions reaches E (d) = .279, higher than the optimal expected distance
E(d)" = .240, this indicates that the financial systems in lower-middle income countties only pay more attention to the
dimension of penetration, rather than the dimensions of availability and usage in overall financial inclusion.

Optimal Weight of Traditional-Digital Financial Indexes

on the modification of the equational system (8a), (8b), (8¢), combined with the equation (9), we find out the
expected distance and the standard deviation of two traditional-digital financial indexes. Then, the maximized
Sharpe-ratio Rg; is determined by the following formula:
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Figure 5. The combination between expected distance and standard deviation of traditional-digital FI indexes

Riy = lim [F2rd S 129229350 g 49, (13)

RFl>max SSFI 636

where ag; is stable coefficient of traditional-digital FI indexes, calculated by ag; = Y&, Wi{[l + E(FIDIVT -

1}, to represent the yearly stability of 2 traditional-digital FI indexes in the research sample of lower-middle

income countries. At the optimal point of Rg;, two optimal weights of traditional-digital FI indexes are
determined as follows:

W = {wipwhe} = {.822.178}, (14)

in which the weight of digital financial inclusion occupies Wpgp; = .178, to reflect the digitalized level of overall
tinancial inclusion in lower-middle income countries.

Discussion and Conclusion

This study is based on the methodology of principal component analysis PCA, derived from the recent studies
[6; 115 15; 205 24] to exploit a new approach of finding out optimal weight in the combination between expected
distance and standard deviation, for evaluating the digitalized level of financial inclusion in lower-middle income
counttries.

The research provides some empirical evidence that the digitalized level of financial inclusion in lower-middle
income countries is quite weaker because of the conditions of economic resources and people habitants in
access of traditional financial inclusion, rather than digital financial inclusion.

Despite the limitation of composite financial inclusive indexes through the normalized indicators, this leads to
biasness of expected distance between indicators, dimensions, traditional-digital FI indexes, the further research
needs to develop new indexes that coordinate together in the measurement of overall financial inclusion.
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