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Abstract
Purpose
This article aims to develop Indonesia's economic infrastructure indices, including transportation,
telecommunications, education, and finances.
Design/methodology/approach
The index employs indicators from 2018 at the regency level using Principal Component Analysis
(PCA) to aggregate the index for each infrastructure component.
Findings
The result shows that using PCA to reduce the data dimensions is quite effective in producing
indices because the principal components represent the data set as a whole.
Research limitations/implications
The limitation of this study is the use of cross-sectional data and involves only four types of
infrastructure.
Originality/value
This study uses regency-level data compared to other studies that use state-level data. In addition,
the indicators vary for each type of infrastructure.
Keywords:
PCA, infrastructure, indices
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INTRODUCTION
Infrastructure is crucial for the development of the economy. Economy-wide development is
aided by the physical capital availability, the quantity and quality of human resources, and the level
of economic productivity in a country. Meanwhile, as a component of essential capital
development, physical capital is derived in part from infrastructure development. Locations with
adequate infrastructure tend to have higher Economic growth. Numerous empirical research
corroborates this, including Prasetyo & Firdaus (2009), Pradhan & Bagchi (2013), and HerranzLoncán (2007), finding that productivity levels would increase due to infrastructural upgrades,
further contributing to long-term economic growth.
Due to the importance of infrastructure in the economy, it is crucial to understand better the
physical capital developments associated with infrastructure development in Indonesia.
Nonetheless, the documentation of infrastructure development in Indonesia is poor, making it
difficult to assess its economic impact. Certain metrics relating to specific infrastructure published
by several institutions may vary. Additionally, some critical data points on infrastructure have been
absent for an extended period.
One approach for monitoring infrastructure development is the infrastructure index, employed
in several countries. Pradhan, Arvin, and Bahmani (2018) develop three composite indices of
financial development, which include the development of banking sectors, the development of
stock markets, and the thorough development of financials, and estimate the causalities of these
indices on the economic development of 49 European countries.
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Pradhan (2019), in another study, creates composites indices using PCA for transportation and
financial infrastructure and found their positive impact on G20 countries’ economic growth.
Donaubauer et al. (2016) compiled a comprehensive global infrastructure index from 1990 to 2010.
The index employs 30 indicators of infrastructure quantity and quality from 193 developing and
developed nations. Along with an overall infrastructure index, their study develops indices for four
major infrastructure components: transportation, information and communication technology,
energy, and finance. Its existence is critical to economic development conditions justify the
inclusion of financial infrastructure.
World Bank (2015) seeks to measure the evolution of Indonesia's infrastructure stock capital
between the mid-1990s and 2012. The data set includes significant infrastructure components such
as transportation, energy, telecommunications, irrigation, and water. The infrastructure's capital
stock value was determined using trend analysis of infrastructure investment and the factors that
drive it. The World Bank calculates the capital stock of infrastructure by examining the value of
assets rather than the physical dimensions of infrastructures such as mobility, energy, and
connectivity.
Sahminan et al. (2019) use national-level data from 1970 to 2015 to create indices of
Indonesia's economic infrastructure, including transportation, communications, and electricity.
Using PCA weights to aggregate the index for each infrastructure component linearly, they
discovered that Indonesia's infrastructure index has been improving steadily since 1970, mainly
by increasing electricity and telecommunications infrastructure indices. Meanwhile, the
transportation infrastructure index has remained reasonably constant. The infrastructure index
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developed demonstrates a good correlation with Indonesia's Gross Domestic Product (GDP)
growth and per capita GDP.
With the development of an infrastructure index for a developing country that incorporates
the most recent metrics and lower levels of data regency, this paper contributes to the existing
research on the design of infrastructure indexes. Indonesia's infrastructure index, developed by the
World Bank, is focused on the value of infrastructure investments rather than on the quantity of
infrastructure.
It is becoming increasingly vital to provide fast, easy-to-use, and reliable statistics and
information on infrastructure in this setting, given the critical role that infrastructure plays in
supporting economic growth. In order to conduct more effective policy analysis, creation, and
assessment, it is necessary to collect and organize this information. This article aims to build an
infrastructure index for Indonesia to assess the quantity and quality of infrastructure in the country
during 2018. For both the government and the business sector, the infrastructure index created in
this study represents Indonesia's infrastructure and is an essential source of information when
drafting policy decisions.
The created index account for infrastructure in the transportation, telecommunications,
financial, and educational sectors. Infrastructure indicators are chosen based on their availability
and utilization. The infrastructure index uses 17 indicators connected to infrastructure based on
these parameters. The PCA uses its weight to aggregate the infrastructure indices.
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LITERATURE REVIEW
A statistical technique for data reduction, PCA is typically considered as a tool. In an analysis,
it aids in the reduction of the number of variables by denoting a sequence of variables that their
combination is linearly uncorrelated that account for the most of the variance. Beside reducing
data, the PCA eigenvectors are frequently examined to gain a better understanding of the data's
underlying structure.
Pearson (1901) and Hotelling (1933) were the first to propose PCA This technique seeks to
find lengt of unit linear combinations of the variables who have greater variance than a given
threshold. The first main component is the most significant in terms of total variance. The second
principal component has the largest variance among all linear combinations that are not associated
to the first principal component, and so on and so forth. The variance of the final principal
component is the lowest of all unit-length linear combinations of the variables. Each component
is orthogonal and contains a distinct amount of data.
There are some literatures that employs PCA to create some infrastructure indices to help
analizing the indicator impact on growth or investigates causalities in several countries (Akanbi,
2015; Kumar, 2006; Pradhan, 2019; Pradhan, Arvin, & Hall, 2016; Pradhan, Arvin, Hall, &
Bahmani, 2014; Pradhan & Bagchi, 2013, 2019; Tram, Lai, & Nguyen, 2021). However, their level
of data is usually in the bigger scope such as national level data. This resulting index being
unusable for smaller sub-national areas.

Sahminan et al. ., (2019). measure infrastructure development in Indonesia over a reasonably
long period from 1970 to 2015 using PCA. However, similar to the research previously mentioned,
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his research cannot describe the state of infrastructure at the sub-national level. This article
attempts to provide measurements using PCA of several types of infrastructure at a relatively small
sub-national observation level, at regency and city levels. However, small observations cause
limitations in data availability. Hence, this article employs data for one period in 2018.
RESEARCH METHODS
PCA transforms indicators in table 1 into infrastructure indices. PCA is a statistical method
used for minimizing data dimensions. In addition to simplifying the data, the PCA vector's
eigenvalues are frequent tin understanding the data structure (Jollife, 2002). Therefore, the
resulting single index would still represent the markers of development but with a better
presentation and clear understanding.
The steps of PCA are as follows. The indicators for particular infrastructure, for instance,
education, were collected from 514 regencies, and each region was measured using three
indicators. As a result, there are 514 three-dimensional data samples for education infrastructure.
For the 𝑖-th region, the indicators' measurement is stored as the vector 𝑥⃗𝑖 which belongs to ℝ3
space. For example, the education indicators of the first regency are the percentage of villages with
primary school, percentage of villages with secondary school, and percentage of villages with
Senior/Vocational High School are arranged as follows:
60.41
𝑥⃗1 = [56.32]
24.62

(1)

Furthermore, the measurement results of education infrastructure indicators from other
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regencies are denoted as 𝑥⃗2 , … , 𝑥⃗514 , where all those vectors can be plotted in the ℝ3 space. Then
the average of all vectors is calculated as one vector in ℝ3 , suppose the vector 𝜇⃗, where

𝜇⃗ =

1
(𝑥⃗ , 𝑥⃗ , … , 𝑥⃗514 )
514 1 2

(2)

Then, recenter data so that the average is zero. In other words, move the cluster point from the
data point in ℝ3 , so that the data center is the same as the center point of the axis. Subtracting 𝜇⃗
for each sample vector 𝑥⃗𝑖 can achieve this goal. Suppose 𝐵 is a matrix of size 3 × 514 whose
column 𝑖 is 𝑥⃗𝑖 − 𝜇⃗ :
𝐵 = [ 𝑥⃗1 − 𝜇⃗| … |𝑥⃗34 − 𝜇⃗]

(3)

Suppose 𝑆 is a 3 × 3 covariance matrix as follows

𝑆=

1
𝐵𝐵 𝑇
514 − 1

(4)

Where 𝐵 𝑇 is the transpose of matrix 𝐵. Then 𝑆 is the symmetry matrix because 𝐵𝐵 𝑇 is the
symmetry matrix.
The next step is to investigate the entries of 𝑆 matrix. Since there are 514 regencies, then we
have
𝑎1
𝑐1
𝜏1
𝑏1
𝑥⃗1 = [𝑎2 ] , 𝑥⃗2 = [𝑏2 ] , 𝑥⃗3 = [𝑐2 ] , … , 𝑥⃗514 = [𝜏2 ] ,
𝜏3
𝑎3
𝑐3
𝑏3
𝜇1
𝜇
𝜇⃗ = [ 2 ]
𝜇3
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Hence,
𝑎1 − 𝜇1
𝐵 = [𝑎 2 − 𝜇 2
𝑎 3 − 𝜇3

𝑏1 − 𝜇1
𝑏2 − 𝜇2
𝑏3 − 𝜇3

⋯ 𝜏1 − 𝜇1
⋯ 𝜏2 − 𝜇 2 ]
⋯ 𝜏3 − 𝜇 3

(6)

and
𝑎1 − 𝜇1
1
𝑆=
[𝑎 2 − 𝜇 2
514 − 1
𝑎 3 − 𝜇3

𝑏1 − 𝜇1
𝑏2 − 𝜇2
𝑏3 − 𝜇3

⋯ 𝜏1 − 𝜇1
⋯ 𝜏2 − 𝜇 2 ]
⋯ 𝜏3 − 𝜇 3

𝑎1 − 𝜇1 𝑎2 − 𝜇2 𝑎3 − 𝜇3
𝑏1 − 𝜇1 𝑏2 − 𝜇2 𝑏3 − 𝜇3
[
]
⋮
⋮
⋮
𝜏1 − 𝜇1 𝜏2 − 𝜇2 𝜏3 − 𝜇3
𝑆11
1
𝑆=
[𝑆21
514 − 1 𝑆
31

𝑆12
𝑆22
𝑆32

𝑆13
𝑆23 ]
𝑆33

(7)

With the diagonal entries of the 𝑆 matrix is:

𝑆11 =

1
((𝑎1 − 𝜇1 )2 + (𝑏1 − 𝜇1 )2 + ⋯ + (𝜏1 − 𝜇1 )2 )
514 − 1

𝑆22 =

1
((𝑎2 − 𝜇2 )2 + (𝑏2 − 𝜇2 )2 + ⋯ + (𝜏2 − 𝜇2 )2 )
514 − 1

𝑆33 =

1
((𝑎3 − 𝜇3 )2 + (𝑏3 − 𝜇3 )2 + ⋯ + (𝜏3 − 𝜇3 )2 )
514 − 1
1
514 − 1
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𝑆11, 𝑆22 , 𝑆33 are the variance of the first, second, and third indicators for 514 regencies,
respectively. As for entries other than diagonals are as follows:

𝑆12 =

1
((𝑎1 − 𝜇1 )(𝑎2 − 𝜇2 ) + (𝑏1 − 𝜇1 )(𝑏2 − 𝜇2 ) + ⋯ + (𝜏1 − 𝜇1 )(𝜏2 − 𝜇2 ))
3−1

𝑆13 =

1
((𝑎1 − 𝜇1 )(𝑎3 − 𝜇3 ) + (𝑏1 − 𝜇1 )(𝑏3 − 𝜇3 ) + ⋯ + (𝜏1 − 𝜇1 )(𝜏3 − 𝜇3 ))
3−1

𝑆21 =

1
((𝑎2 − 𝜇2 )(𝑎1 − 𝜇1 ) + (𝑏2 − 𝜇2 )(𝑏1 − 𝜇1 ) + ⋯ + (𝜏2 − 𝜇2 )(𝜏1 − 𝜇1 ))
3−1

𝑆23 =

1
((𝑎2 − 𝜇2 )(𝑎3 − 𝜇3 ) + (𝑏2 − 𝜇2 )(𝑏3 − 𝜇3 ) + ⋯ + (𝜏2 − 𝜇2 )(𝜏3 − 𝜇3 ))
3−1

𝑆31 =

1
((𝑎3 − 𝜇3 )(𝑎1 − 𝜇1 ) + (𝑏3 − 𝜇3 )(𝑏1 − 𝜇1 ) + ⋯ + (𝜏3 − 𝜇3 )(𝑔𝑔1 − 𝜇1 ))
3−1

𝑆32 =

1
((𝑎3 − 𝜇3 )(𝑎2 − 𝜇2 ) + (𝑏3 − 𝜇3 )(𝑏2 − 𝜇2 ) + ⋯ + (𝜏3 − 𝜇3 )(𝜏2 − 𝜇2 ))
3−1
1
514 − 1

(9)

𝑆12, 𝑆21 are the covariance between the first and second indicators. 𝑆13, 𝑆31 are the covariance
between the first and third indicators. Meanwhile, 𝑆23 dan 𝑆32 are the covariance between the
second and third indicators.
Because 𝑆 is a symmetrical matrix, it can be orthogonally diagonalized based Spectral
Theorem (Jauregui, 2012). Suppose 𝜆1 ≥ 𝜆2 ≥ 𝜆3 ≥ 0 is the eigenvalue of the matrix, that
correspond to orthonormal eigenvector ⃗⃗⃗⃗⃗,
𝑢1 … , ⃗⃗⃗⃗⃗.
𝑢3 Those eigenvector act as the principal
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component of the data set.
The sum of the diagonal entries of the matrix is the trace of 𝑆, which is the total of all variances
of each 𝑚 variables. This sum is called the total variance, 𝑇 of the data. Because the trace matrix
is equal to the sum of all eigenvalues, so 𝑇 = 𝜆1 + ⋯ + 𝜆3 .
The following interpretations are the basis of PCA. The direction in ℝ3 space is determined
by ⃗⃗⃗⃗⃗
𝑢1 (direction of the first principal component or PC1), describing the amount of 𝜆1 over the
total variance of 𝑇. While the fraction of the total variance is
component ⃗⃗⃗⃗⃗
𝑢2 or PC2 explains the fraction

𝜆2
𝑇

𝜆1
𝑇

. Likewise, the second principal

of the total variance and so on.

So, the vector ⃗⃗⃗⃗⃗
𝑢1 ∈ ℝ𝑚 leads to the most significant direction of the data set. Meanwhile,
mong the orthogonal directions towards ⃗⃗⃗⃗⃗,
𝑢1 vector ⃗⃗⃗⃗⃗
𝑢2 leads to the most significant direction of
the data set. Among the orthogonal directions toward ⃗⃗⃗⃗⃗
𝑢1 and ⃗⃗⃗⃗⃗,
𝑢2 ⃗⃗⃗⃗⃗
𝑢3 leads to the most significant
direction.
The general form of the PCA equation for the infrastructure indices to be built is as follows.

𝐼𝑛𝑑𝑒𝑥𝑗 = ∑ 𝛼𝑖 𝐼𝑖𝑡

(10)

𝑖

Where 𝐼𝑛𝑑𝑒𝑥𝑗 is the index for infrastructure −𝑗 which are transportation, telecommunications,
education, and financial infrastrcuture. Meanwhile, 𝛼 is the eigenvector / weight of PCA, 𝐼𝑖𝑡 is the
𝑖 −th indicator in the 𝑡 −th period.
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DATA AND INDICATORS
This paper uses cross-section data of 514 Indonesian regencies retrieved from Statistics
Indonesia’s Surveys: The National Social and Economic Survey (SUSENAS) 2018, Village
Potential Statistics (PODES) 2018, and dynamic tables. Based on previous research, the formation
of an infrastructure index uses the data in Table 1.
The indicators for transportation infrastructure are created based on land and sea
infrastructure, as in the study of (Donaubauer et al. (2016) and Qi et al. (2020). Land transportation
consists of the road length divided by the population to show the entire road network. Another
indicator is the ratio of villages with inter-village roads that facilitate four-wheeled vehicles
indicates inter-village connectivity and the percentage of villages traversed by public
transportation. Instead of water carrier departures, the rate of residents who own boats and
motorboats is used for sea transportation. Unfortunately, indicators to describe air transportation
are unavailable at the regency level.
Furthermore, the financial infrastructure index uses the following indicators: the ratio of
the village with bank branch offices, ATMs, and bank agents; the ratio of individuals who have
accounts at banks, and the proportion of individuals receiving loans from financial institutions, as
in (Pradhan, Arvin, Bahmani, Hall, & Norman (2017) and Tram, Lai, & Nguyen (2021). In
addition, the ratio of villages with Pegadaian branch offices and the ratio of individuals who have
accounts with cooperatives is added, considering that the service users of the two institutions are
high. From 2018 to 2019 alone, there was a growth in pawnshop customers from 10.64 million
customers to 13.86 million customers (Pegadaian, 2020).
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Previous research proxy the education infrastructure using a multidimensional approach
such as primary school coverage, facilities inside a school, teacher-student ratio, and enrollment
rate (Jhingran & Sankar, 2010). However, this study only focuses on the availability of school
buildings at the village level from elementary to senior high school, including vocational high
school. The reason behind this decision is that school building is essential for education. However,
the availability of school buildings is still scarce in some regions, especially in eastern Indonesia
(Statistics Indonesia, 2018) .
Teledensity, connection capacity, internet access ratio, total real investment, total revenue,
value-added, and total telecommunication employment are some indicators used in
telecommunication studies (David, 2019; Pradhan et al., 2016). Thus, to cover the activities of
telecommunication services provided by appropriate infrastructures, this study builds a composite
index of telecommunication that includes mobile phone access, internet access, and post-activity.
Mobile phone access consists of a ratio of cell phone users and cell phone owners. Internet access
consists of a percentage of internet users and a percentage of internet-covered villages. At the same
time, post activities include the ratio of a village with an active post office, active mobile post
office, and active private courier. All the indicators used to construct infrastructure indices are
obtained from Statistics Indonesia surveys, as in Table 1.
FINDINGS
Result
When we perform PCA, one of the critical outputs is a set of eigenvectors referred to as
components. The components are held in a structure known as a loading, which stands for loading
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matrix. Assuming that p indicators were utilized in the PCA and the f components were not
changed, the final loading matrix will have rows with p times f. The columns of the loading matrix
are labeled with numbers corresponding to their importance. A loading matrix represents it, with
the first column indicating which component accounts for the highest amount of variance and the
second column indicating which component accounts for the most significant amount of variance
repeatedly.
Comparing one loading matrix column's values to other columns may provide the plotting of
a load-related graph. The loading plot automatically generates an intriguing plot of the first and
second columns or the first and second components. The rows of the loading matrix contain the
plotted data points. Saving time is possible by automatically using the indicator names as the
marker labels for this location. After deciding on several components and their rotation, component
scores are estimated for all observations. An infrastructure index is included on maps to help
people visualize the score.
Discussion
Transportation Infrastructure
Table 2 shows the principal components of transportation indicators. The first column (PC)
lists the principal components representing the number of indicators, namely PC1, PC2, PC3, and
PC4. The second column (EV) shows the eigenvalues of each principal component. PC1 and PC2
both have bigger eigenvalues of 1.87107 and 1.00336 among others, with a difference of 0.867705
shown in column 3 (Diff). Thus, both PC1 and PC2 can be retained because they have eigenvalues
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greater than 1 (Kaiser, 1960). Additionally, PC1 explained 46.78 percent of the data variation,
whereas PC2 explained 25.08 percent, as shown in column 4 proportion (Prop). It suggests PC1
and PC2 can account for up to 71.86 percent of the transportation data set, as indicated in column
4 (Cum), representing the cumulative proportion of each principal.
The transportation infrastructure is represented by several indicators, including the percentage
of households with a boat or motorboat, the length of a road per population, the percentage of
villages with four-wheeled roads, and the percentage of villages with public transportation on
established routes. These indicators are represented by the variables kendaraan_air, rpop,
road_utility, and pub_trans, respectively.
The graphs of these four variables on the plane defined by PC1 and PC2 are shown in Figure
1. PC1 shows that kendaraan_air and rpop are distinct from the other two variables: road_utility
and pub_trans. The difference in rpop is immediately noticeable in the second component.
Additionally, as illustrated in Figure 1, road_utility, pub_trans and kendaraan_air have a high
correlation with PC1, but rpop has a low correlation with PC1. On the other hand, the correlation
between PC2 and rpop is strong, whereas the correlation between pub_trans and road_utility is
low.
By using PC1 and PC2 as axes to project transportation indicators, and after rotating the axes,
scores are obtained for all observations which are transportation infrastructure indices plotted in
Figure 2.
The color in Figure 2 represents the high and low scores for each observation, with the darker
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the color indicating a higher score and better infrastructure provision. As illustrated in Figure 2,
Java, Kalimantan, and Sulawesi districts have nearly identical scores, which means that
transportation infrastructure provision is reasonably evenly dispersed across the region. On the
other side, while the majority of districts in Sumatra and Papua have good scores, several districts
have low scores, indicating that infrastructure supply in these areas is not uniformly spread among
regencies.

Education Infrastructure
As shown in Table 3, the results of the PCA estimation for education infrastructure indicators
demonstrate that only PC1 has an eigenvalue greater than 1. In contrast, the other PCs have
significantly lower eigenvalues than 1. The eigenvalue PC1 is also quite significant, accounting
for 75.43 percent of data variation, and the other eigenvalues can be ignored because PC1 accounts
for such a large fraction of the variation. To build the loading plot in Figure 3, we will utilize PC1
and PC2 as our reference points.
Four indicators are used in education infrastructure: the percent of villages with primary
schools, the percent of villages with secondary schools, the percent of villages with seniors, and
the percent of villages with vocational high schools. These four indicators are represented by the
variables sd, smp, sma, and smk, respectively.
Figure 3 depicts the plots of these four variables on the plane formed by PC1 and PC2.
According to the PC1, sd is separated from the other three variables, which are smp, sma, and smk.
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Those four indicators, on the other hand, have a substantial connection with PC1. Variable sd,
which is part of the second component, is similarly in a similar predicament, although being
isolated from the other three variables. In contrast to the variables smp, sma, and smk, the variable
sd shows a very strong association with PC2, compared to the other variables. The variable smp,
on the other hand, exhibits the smallest correlation.
Fig. 4 illustrates the gap in the provision of education infrastructure between west and east
Indonesia, as measured by the education infrastructure index plotted in the figure. In general, when
compared to the provinces of Kalimantan, Sulawesi, and Papua, the regencies of Sumatra and Java
Island have a stronger educational endowment. A lower score corresponds to a brighter color in
East Indonesia; however, a higher score corresponds to a darker color in West Indonesia, which
corresponds to better infrastructure provision.

Telecommunication Infrastrcuture
PCA was performed on Telecommunication indicators, and the results are displayed in Table
4. There are seven main components in total. There are two principal components with eigenvalues
greater than one, PC1 and PC2, which have eigenvalues of 4.39427 and 1.09284, respectively, and
are both principal components. We can retrain both PC1 and PC2 based on the eigenvalues. PC1
explained 62.78 percent of the data variation, and PC2 explained 16.61 percent of the variation.
As a result, each of them can explain 78.39 percent of the volatility in the data set in aggregate.
We may express telecommunication indications using the two principal components because this
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value is high enough in comparison to the other principal components.
Telecommunication infrastructure is measured by seven indicators: the percentage of Internet
users, the percentage of cell phone users, the percentage of cell phone owners, the percentage of
Internet-covered villages, the percentage of villages having a functioning post office, and
percentage of villages having a functioning mobile post office, percentage village having an active
private courier service. Those indicators are represented by following variables
internet, use_phone, have_phone, sinyal_net, post, mob_post, and courier.
Plots of these seven variables are depicted in Figure 5 on a plane formed of the PC1 and PC2
coordinates. According to the PC1, mob_post has been segregated from the other six variables.
Furthermore, when compared to the other six variables, mob_post has the lowest corelation with
PC1. In contrast, the corelation between PC2 and mob_post and the internet variables are very low.
Post and courier have a strong corelation with PC2, followed by use phone, signal_net, and
have_phone, all of which are corelated to PC2.
Figure 6 presents a plot of the communications infrastructure index, which demonstrates that
the scores of most provinces and territories are fairly low. The figure demonstrates that the
provision of telecommunication infrastructure in Sumatra is less extensive than that in Java and
Kalimantan, respectively. Not only that, but the telecommunications score in more archipelagic
areas such as Maluku and Nusa Tenggara are also unfavorable. There are some regencies in larger
islands like as Kalimantan and Papua that have a higher score, but the rest of the islands are still
in a state of disparity in terms of telecommunications capacity.
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Financial Infrastructure
Table 5 shows the results of a PCA estimation on financial indicators, which yielded five main
components. There are two principal components with eigen values greater than 1, PC1 and PC2,
which had eigen values of 3.07943 and 1.03234, respectively, as shown in Table 5. We can retrain
both PC1 and PC2 based on the eigenvalues of their respective neural networks. PC1 was able to
explain 61.59 percent of the data variation, whereas PC2 was able to explain 20.65 percent of the
variation. Among the five principal components, PC2 was able to explain 20.65 percent of the
variation. They are able to explain 82.24 percent of the variation. We may express
telecommunication indications using the two principal components because this value is high
enough in comparison to the other principal components.
There are five indicators used to measure financial infrastructure, namely the percent of people
who have bank or Koperasi (credit union) accounts, the percent of people who have received credit
from financial institutions, the percent of villages with public or private bank offices, the percent
of villages with Pegadaian (pawn shops), and the percent of villages with ATMs or bank agents.
These indicators are represented by the variables bank_acc, kredit, bank, pegadaian, and atm,
respectively.
Figure 7 shows the plot of these five variables on the planes arranged by PC1 and PC2. From
the PC1, it shows that kredit is separated from the other four variables. In addition, kredit also has
the lowest correlation with PC1 compared to the other four variables. In contrast to PC2, kredit
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has the highest correlation but remains separate from the other four variables. bank_acc and atm
have a very low correlation to PC2 followed by bank and pegadaian which have a slightly higher
correlation but are still far below kredit.
The financial infrastructure index plot in Figure 8 reveals that the districts in Kalimantan,
Sumatra, and Java have a higher average score than the districts in Sulawesi, Nusa Tenggara, and
Papua, indicating that these three provinces have a more developed financial infrastructure.

CONLUSION(S)

Based on the findings, several things can be concluded as follows:
1. The use of PCA to reduce the dimensionality of the data set is quite effective in producing
an index because the principal components are very representative of the data set as a
whole.
2. The resulting score or index can provide an overview of several types of infrastructure at
the district level. However, limited indicators must be taken into account when using this
score or index.
3. In general, several types of infrastructure at the district level in Western Indonesia have
higher scores than those in Eastern Indonesia.
The results of this study are difficult to compare with similar studies such as Sahminan et al.
(2019) due to differences in the use of incomparable data levels. In addition, the analysis of
Sahminan et al. (2019) compares infrastructure development from year to year in one region. On
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the contrary, this study produces an index at one time but from many regions.
PCA results show that for each type of infrastructure, there are indicators that are more
dominant than other indicators. Although each indicator is necessary, the government can
strengthen aspects of these critical indicators. The indicators referred to as necessary describe the
condition of infrastructure in general or in PCA. These indicators have a strong correlation with
the first or second principal component.
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TABLE AND FIGURES

Table 1. Indicators for Infrastructures Indices Formation
Index
Indicators, Sources
telco % Internet users, SUSENAS 2018
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% Cell phone users, SUSENAS 2018
% Cell phone owners, PODES 2018
% Internet-covered villages, PODES
2018
% Villages with active post office,
PODES 2018
% Villages with active mobile post
office,
PODES 2018
% Villages with active private
courier, PODES 2018
% Bank or Koperasi (Credit Union)
account holder, SUSENAS 2018
% Households receiving credit from
financial
institutions, SUSENAS 2018
% Villages with public or private,
fin
bank offices,
PODES 2018
% Villages with Pegadaian (Pawn
Shop)
PODES 2018
% Villages with ATMSs or bank
agents. PODES 2018
% Village with primary school,
PODES 2018
% Village with secondary school,
edu PODES 2018
% Village with Senior/Vocational
High School,
PODES 2018
% Households owning a boat or
motorboat,
SUSENAS 2018
Road’s length per population
trans (km/person), BPS.GO.ID
% Village with inter-village roads for
four-wheeled, PODES 2018
% Village with public transit on
established routes, PODES 2018

Tabel 2. Pricipal Components for Transportation indicators
PC

EV

DIff
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Prop

Cum
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PC1

1.87107 .867705 0.4678

0.4678

PC2

1.00336 .198849 0.2508

0.7186

PC3

.804513 .483454

0.2011

0.9197

PC4

.321058

0.0803

1.0000

Source: Statistics Indonesia (processed)

Tabel 3. Pricipal Components for Education indicators

PC

EV

DIff

Prop

Cum

PC1

3.01731

2.312

0.7543 0.7543

PC2

.705311

.51799

0.1763 0.9307

PC3

.187321

.0972614 0.0468 0.9775

PC4 .0900591

0.0225 1.0000

Source: Statistics Indonesia (processed)

Tabel 4. Pricipal Components for Telecommunication indicators
PC

EV

DIff

PC1

4.39427

3.30143

0.6278 0.6278

PC2

1.09284

.247383

0.1561 0.7839

PC3

.845458

.454953

0.1208 0.9047

PC4

.390504

.250553

0.0558 0.9604

PC5

.139951

.0478613 0.0200 0.9804
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Prop

Cum
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PC6 .0920896 .0472078 0.0132 0.9936
PC7 .0448818

0

0.0064 1.0000

Source: Statistics Indonesia (processed)

Tabel 5. Pricipal Components for Financial indicators
PC

EV

DIff

PC1

3.07943

2.0471

0.6159 0.6159

PC2

1.03234

.531465

0.2065 0.8224

PC3

.50087

.269763

0.1002 0.9225

PC4

.231108

.0748551 0.0462 0.9687

PC5

.156252

0

Prop

0.0313

Cum

1

Source: Statistics Indonesia (processed)

Figure 1. Loading Plot of Transportation Indicators
Source: Statistics Indonesia (processed)
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Figure 2. Transportation Index Plot
Source: Statistics Indonesia (processed)

Figure 3. loading plot of education infrastrcuture
Source: Statistics Indonesia (processed)
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Figure 4. Education Index Plot
Source: Statistics Indonesia (processed)

Figure 5. Loading Plot of Telecommunication Infrastrcuture
Source: Statistics Indonesia (processed)

Figure 6. telecommunication Index Plot
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Source: Statistics Indonesia (processed)

Figure 7. Loading Plot of Financial Infrastrcuture
Source: Statistics Indonesia (processed)

Figure.8 Financial Index Plot
Source: Statistics Indonesia (processed)
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