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1. INTRODUCTION

The Indonesian capital market has experienced rapid growth in recent years. This is shown by the
increase in the number of investors and transaction value on the Indonesian Stock Exchange (BEI). Based on
data from the Indonesian Central Securities Depository (KSEI), in 2023 the number of capital market
investors in Indonesia will reach 11.4 million, up 10.75% from the previous year.

One of the investment instruments that is popular is shares. Shares provide high profit opportunities
for investors, but are also accompanied by high risks [2]. Shares can be measured by Stock Return, the level
of profit from an investment. Stock Return can be calculated by dividing the current stock price by the
previous price [3]. The risk of stock investment can be minimized by fundamental analysis |3 ]. Fundamental
analysis seeks to assess the intrinsic value of a company using various financial indicators, [4] and [5]. One
indicator that is often used is relative valuation.

According to [6], [7], [8], [9], [10], and [11], relative valuation is a method of assessing shares by
comparing them with other similar companies. In this method, investors compare financial ratios such as
PER, PBV, and PSR of a company with other companies in the same industry or with companies which have
similar characteristics. According to Damodaran [7], the aim of the relative valuation method are finding
undervalued stocks, by comparing a company's financial metrics to industry averages or competitors,
investors can identify stocks that are undervalued relative to their potential. Undervalued stocks may have a
higher chance of returning in the future. Next is comparing different companies, relative valuation allows
investors to compare companies from different industries with different sizes and capital structures. Lastly,
assessing company performance. Financial metrics used in relative valuation can help investors to monitor a
company's performance compared to its competitors and identify trends.

Some researchers, such as [ 7], [8], [9], [10], and [ 11] explain that by using relative valuation, investors
can find out whether a stock is undervalued (has a price that is cheaper than its intrinsic value) or overvalued
(has a price that is more expensive than its intrinsic value). Although some sources as [6], [7], [8], [9], [10],
and [11]) mentioned that the use of relative valuation has several problems, such as comparisons that are too
simple so they do not take into account all existing factors, industry differences that will have different
interpretations and financial metrics that can change significantly in the short term, Saputra et al. [12] has
stated several advantages of the relative valuation method. The advantages are comparing different
companies, finding undervalued/overvalued stocks, stock screening, monitoring company performance, and
simplicity. Therefore, it can be seen that relative valuation is a useful tool for investors to compare companies,
find undervalued shares, and monitor company performance.

Previous studies and practices in portfolio construction have predominantly relied on Modern Portfolio
Theory based on Markowitz in 1952, which focuses on optimizing risk and return through diversification
using historical variance and covariance of returns. However, this approach often overlooks the consistency
of fundamental valuation metrics within a portfolio and faces practical limitations due to changing market
dynamics and data instability. Recent studies have introduced clustering techniques as an alternative method
for portfolio formation. For example, Issakainen [13]| demonstrated that k-means clustering based on
valuation metrics such as P/E, P/B, and P/CF on the Helsinki Stock Exchange produced portfolios with
superior annual returns and risk-adjusted performance compared to traditional benchmarks. Similarly, Aslam
et al. [ 14] showed that portfolios constructed through clustering based on three fundamental factors achieved
higher Sharpe ratios, outperforming conventional optimization methods. In addition, Zhang [15] critically
reviewed the weaknesses of Markowitz's model, especially in emerging markets, and highlighted the potential
of machine learning-based clustering as a more adaptable and robust alternative for portfolio construction.
However, research applying valuation-based clustering techniques remains scarce in Indonesia, particularly
as a substitute for Markowitz’s approach. This study addresses this gap by constructing portfolios through
clustering companies based on relative valuation metrics and testing their performance against benchmark
portfolios both in Indonesia and globally.

This research focuses on unifying the value (valuation) of different companies through clustering
techniques by grouping companies with similar valuation levels and profiling each group, using R/RStudio
for computation. The research specifically addresses the gap where most investors and investment managers
rely on Markowitz’s modern portfolio theory, while this study offers a new approach by constructing
portfolios based on valuation clusters. The best valuation cluster will be used to form a portfolio and tested
against real-world benchmark portfolios in Indonesia and globally to assess its performance.
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2. RESEARCH METHODS

2.1 Research Design

This study is a quantitative research approach, utilizing the secondary dataset to perform valuation and
portfolio analysis clustering-based. Initial exploration was performed using descriptive statistics to
understand the general characteristics of the dataset. To identify the inherent grouping in the dataset, the k-
means clustering was applied. The optimal number of clusters was determined using the silhouette scores.
The computational was done with RStudio statistical software.

2.2 Data set

The data set we used in this study is the Kompas 100 stocks index. The data were obtained from [1].
The data set can be found in this link. It consists of 100 stocks but for further analysis the only 88 stocks are
used due to incomplete data for 12 companies in 2018-2022 and excluded two shariah companies to make
sure that all data sets have the same business principles.

2.3 Data Analysis

2.3.1 Descriptive Analysis

Descriptive analysis is an important first step in exploring and understanding the characteristics of a
dataset. In this context, we explore data regarding Price Earnings Ratio (PER), Price Book Value (PBV), and
Price Sales (PSR) from a sample. According to Kemp, Ng and Hollowood [ 16] descriptive analysis provides
a framework for understanding several statistics that describe the distribution and patterns of observed data.

Standard deviation and variance provide information about the distribution of data. A very high
standard deviation of PER indicates great variability in the price-to-earnings ratio, while PSR has a lower
standard deviation, indicating greater consistency in the price-to-sales ratio [17]. Skewness and kurtosis
describe the shape of the data distribution. Large positive skewness in all variables indicates the presence of
a long tail on the right side of the distribution, indicating the presence of outliers with very high values [18].
The range shows the difference between the maximum and minimum values in the dataset.

2.3.2 Clustering Analysis

Suppose you have data observation where the characteristics (X) of each object have been measured.
If we want to know whether there are certain groups based on the characteristics of these objects, then we
can perform cluster analysis. Cluster analysis is used to group similar objects in one particular cluster and
dissimilar objects in another cluster, [19]-[20] There are several similarity measurement, one of which is
distance. In the similarity measure based on distance, two objects cluster differently or are not similar if the
distance between them is greater [21].

There are two types of clustering methods, namely hierarchical and non-hierarchical. The K-means,
K-medoid and FCM methods are included in the non-hierarchical type (partition-based method). Cluster
analysis is an inter-dependency analysis. Therefore, in cluster analysis the dependent and independent
variables are not known and the final result is not a model or functional relationship.

The steps in cluster analysis in general are formulate the problem (through defining the variables used
in grouping) and choose the right distance measure. The function of the distance measure is to see the degree
of similarity/dissimilarity of the research objects to be grouped [21]. In this research, the Euclidean distance
similarity measure is used based on the scale of the available data are ratio (metrics), where there is no
categorical and or nominal scales.

In this research, the k-means clustering method is used. The method is choosen based on some
consideration: it is computationally efficient, easy to implement and best suited for continuous numerical
variables. The steps in the k-means method with the Euclidean distance similarity measure are:

1. Determine the initial cluster, k, and obtain the initial centroids m}, m%, v m,lc
2. For each object (data) calculate the distance to each centroid using the distance similarity measure

5t = (i [ty = méll” < 1y = wi, 1<) <k M
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Allocate the data to the cluster with the closest distance to the centroid.
3. Calculate the centroid of each cluster, as a new centroid with the formula

1
mit== ) % @)

4. Calculate the total deviation (D) by calculating the value of the new total distance — the old total
distance. If D <0, then swap objects with cluster data to form a new set of k objects as centroids.

5. Repeat steps 1 to 4 until there are no changes in the centroid, such that you get the clusters and
their respective cluster members.

To see whether the clustering we have done is good or not, we can assess it through two things as follows:
within cluster the members have a high level of similarity (high homogeneity) and between clusters it is very
heterogeneous (high heterogeneity), [21].

The research method in this study are statistical descriptive and clustering. The data set used in this
research is the Kompas 100 stocks index which consists of 100 shares, but only 66 companies are used. First
there is no data for 12 companies in the 2018-2022 and second, there are some companies have negative PER.
Therefore, we eliminate further of these 88 to become 66. The elimination is based on Beidleman [22], which
stated that if a company experiences a loss it will also cause a negative PER which cannot be compared and
represent the ambiguous result. Subsequently, the researcher will create several clusters for each year to
identify the optimal cluster that can be formed into a portfolio. Following this, the portfolio consisting of the
best-performing clusters will be compared to the performance of several top portfolios in the real world. The
best clusters are selected based on having the lowest average valuation ratios, namely PER, PBV, and PSR.
Lower valuation ratios indicate that the stocks within the cluster are, on average, undervalued, making them
fundamentally more attractive for portfolio formation compared to other clusters.

2.3.3 Portfolio Analysis

A portfolio comprises various investment assets, such as stocks and bonds, owned by an investor or
institution to achieve capital appreciation or income through dividends, [23]. Diversification is a crucial
strategy within a portfolio, involving investments in stocks across different companies, sectors, or industries
to minimize overall risk. The aim of a stock portfolio is to enhance investment returns in alignment with the
investor's risk tolerance, while taking into account factors like market volatility, company growth prospects,
and global economic stability.

The portfolio derived from the best cluster will be equally weighted across all stocks within that cluster.
For comparison in this study, the following portfolios will be used:

1. Jakarta Composite Index (JCI): The primary stock market index of the Indonesia Stock Exchange
(IDX), including all listed companies on the IDX, and serving as a measure of overall performance
for Indonesian stocks.

2. LQA45: Comprising the 45 most liquid and well-capitalized stocks on the Indonesia Stock
Exchange, representing the leading companies in terms of market capitalization and trading
volume.

3. KOMPAS 100: A selection of 100 stocks listed on the Indonesia Stock Exchange, chosen based
on liquidity and market capitalization, offering a more comprehensive view of the Indonesian
stock market compared to LQ45.

4. Sam Indonesian Equity Fund: An actively managed mutual fund investing primarily in Indonesian
stocks, targeting long-term capital growth by selecting high-potential equities. As of 2023, it is
recognized as the top mutual fund in Indonesia.

5. Vanguard Total Stock Market Index Fund: An index fund that aims to track the CRSP US Total
Market Index, providing exposure to the entire U.S. stock market, including large-, mid-, small-,
and micro-cap stocks across various sectors.

6. Fidelity 500 Index Fund: An index fund designed to mirror the performance of the S&P 500 Index,
which includes 500 of the largest publicly traded U.S. companies, reflecting a broad spectrum of
the American economy.

A portfolio performance is evaluated by calculating the annual returns of the portfolio formed from the
best cluster [24]. This portfolio's performance will then be compared with the top 6 real-world portfolios to
provide a thorough analysis of how the cluster-based portfolio measures up against established market
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portfolios. This evaluation seeks to demonstrate the effectiveness and competitiveness of the best cluster
portfolio in achieving superior returns. In this paper, the performance valuation of each cluster will be
compared based on the PER, PBV and PSR aspects. The best cluster for each year will be compared to the
Indonesia and global portfolios, in order to see whether clustering is the best strategy for the buyer before
doing investment to some certain companies.

2.4 Dunn Index

Dunn index is one of the internal validation indexes in determining the optimal number of clusters. It
calculates the ratio of the minimum value of inter-cluster dissimilarity and the maximum value of intra-cluster
diameter. The higher the index the more optimal cluster has been formed. The Dunn index (DI) formula [25]
is

min d(cp'cq)

R N o Vi 3
max diam(c,) ®
with
mind(c, c,) = . N dey )
max diam(c,) = ergﬁéxcr d(Zz,Zj) (5)
where
min d(cp,cq) : distance between cluster p and cluster q
diam(c,) : diameter of the cluster r
X; : i-th object in cluster p
Vi : i-th object in cluster p
Zj, Zj : i-th and j-th objects in cluster r

2.5 Some Concepts

2.5.1 Valuation

Valuation is the process of determining the fair or intrinsic value of a stock. Valuation can help
investors decide whether a stock is overvalued, fairly valued, or undervalued compared to its market price,
[26]. Stock valuation is a key aspect of fundamental analysis, and various methods can be used to assess the
fair value of a stock. According to Damodaran [7], several commonly used valuation methods include:

1. Real Option Valuation, developed by Black and Scholes in 1973, is a method for assessing the
value of strategic flexibility in investment decisions using financial option principles. However,
this method is not yet applicable in Indonesia due to the absence of options (Call and Put) in the
stock trading market in Indonesia, and it is one of the most complex valuation methods in terms
of calculation, [27].

2. Discounted Cash Flow (DCF) is a valuation method that calculates the present value of future
cash flows expected to be generated by an asset or company. This method is widely used by
professionals in the capital markets, but its calculations can be complex for laypersons, [28].

3. Dividend Discount Model (DDM) is a valuation method that calculates the intrinsic value of a
stock based on the present value of all future dividends expected to be paid to shareholders. This
method has a significant drawback as many stocks in Indonesia do not pay dividends regularly,
making this calculation difficult, [29].

4. Relative Valuation [6], is a valuation method that assesses an asset or company by comparing it
to similar assets or companies, typically using financial ratios such as Price-to-Earnings Ratio
(PER), Price-to-Book Value (PBV), and Price-to-Sales Ratio (PSR). This method is most used by
investors due to the ease of obtaining data and relatively simple calculations, [30].

2.5.2 Price to Earnings Ratio (PER)

The Price-Earnings Ratio (PER) is defined as a ratio used to measure the value of a share based on
earnings per share, [31] and [32]. PER is calculated by dividing the share market price by earnings per share
(EPS). A high PER shows that investors are willing to pay more for every rupiah of profit the company
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generates, [33] and [34]. A high PER can also indicate that the stock is overvalued . (because the price is high
relative to earnings, reflecting investor expectations that may not align with the company’s actual
performance). Therefore, it is important to consider PER along with other factors, such as profit growth,
dividends and company risk. The following is the formula used to calculate the price to earnings ratio:

End of year closing stock price n
Net Profitn

Price to Earnings (PER) = (6)

2.5.3 Price to Book Value Ratio (PBV)

According to Damodaran [7] Price-Book Value Ratio (PBV) is a ratio used to measure the value of a
share based on its book value. PBV is calculated by dividing the stock market price by the book value per
share (BVPS). A low PBV indicates that investors buy shares at a price that is cheaper than the asset value,
[35]. This could reflect potential undervaluation. However, a low PBV can also indicate that the company
has financial problems or low growth prospects. The following is the formula that will be used to calculate
Price to Book Value:

End of year closing stock price n
Total Equity n

Price to Book Value (PBV) = (7

2.5.4 Price to Sales Ratio (PSR)

Reilly & Brown [36] argue that the Price-Sales Ratio (PSR) is a ratio used to measure the value of a
share based on its earnings per share. PSR is calculated by dividing the stock market price by earnings per
share (Sales per Share). Tanius and Widjojo [37] explained that a high PSR shows that investors are willing
to pay more for every rupiah of revenue generated by the company. A high PSR can also indicate that the
stock is overvalued. Therefore, it is important to consider PSR along with other factors, such as revenue
growth, profitability and Company risk. The following is the formula that will be used to calculate Price to
Sales:

End of year closing stock price n

Price to Sales = Total Sales (8)

3. RESULTS AND DISCUSSION

Based on data from the Indonesian Central Securities Depository (KSEI), in 2023 the number of capital
market investors in Indonesia will reach 11.4 million, up 10.75% from the previous year, see Table 1.

Table 1. Indonesia Investor Growth [ 1]
Indonesian Investor Growth

Products

2021 2022 May 2023  June 2023 July 2023 2023 -YTD
Capital Market 92.99%  37.68% 7.28% 1.50% 1.71% 10.75%
Mutual Fund 15.41% 40.41% 7.71% 1.56% 1.78% 11.35%
Shares and Other Securities 103.60%  28.64% 7.12% 1.19% 1.58% 10.11%
Government Securities (SBN) 32.75%  36.05% 8.57% 0.91% 2.00% 11.75%

Table 2 shows the numerical description of Kompas 100 stock index data, where the average (mean)
of PER, PBV, and PSR is as follows: PER 30.15, PBV 6.28, and PSR 4.22. This average value provides a
rough idea of the price level an investor might accept in relation to a company's earnings, book value, and
sales. The ranges of PER, PBV, and PSR are 2409.9959, 670.6523, and 232.6774, respectively, reflecting
significant variations in these three variables.

In addition, the standard deviation values for PER, PBV, and PSR are 137.79, 40.16, and 15.58,
respectively, indicating high variability, especially for PER, which reflects greater fluctuations and
inconsistent investor expectations. Skewness values of 15.97 (PER), 14.39 (PBV), and 11.17 (PSR) indicate
a long right tail, showing the presence of a few companies with extremely high valuations. The kurtosis values
0f273.30,231.01, and 148.56 further confirm the existence of extreme outliers and heavy-tailed distributions.



BAREKENG: J. Math. & App., vol. 20(1), pp. 0381 - 0396, Mar, 2026. 387

Table 2. Kompas 100 Stocks Index Description

PER PBV PSR
Mean 30.15 6.28 4.22
Standard Error 7.59 2.21 0.86
Median 13.69 1.21 1.62
Standard Deviation 137.79 40.16 15.58
Sample Variance 18,986.97 1,612.50 242.84
Kurtosis 273.30 231.01 148.56
Skewness 15.97 14.39 11.17
Range 2,410.00 670.65 232.68
Minimum 0.38 0.00 0.03
Maximum 2,410.37 670.65 232.71

3.1 Clustering Results

In the analysis, researchers have chosen to form 4 clusters each year. This is based on cluster validation
using the c/Valid package in RStudio. The recommendations from the package, based on the Connectivity,
Dunn and Silhouette indexes are 2, 3, 4 or 6 clusters. Then, the number of clusters chosen by the researchers
was four (4), because we wanted to see the variability in the characteristics of the clusters in the Kompas 100
stocks index data and the Dunn index suggest in 4 clusters. If only two clusters were selected, the researchers
would only characterize the shares of good and bad companies, where the distribution of cluster members is
very extreme contains only one member. In the formation of these 4 clusters, the members of each cluster in
2018-2022 can be seen in Table 3.

Table 3. Members for Each Cluster
Member of Cluster

Year

1 2 3 4
2018 44 20 1 1
2019 4 60 1 1
2020 57 2 1 6
2021 59 5 1 1
2022 63 1 1 1

Each cluster in Tables 4 - 8 show the average value of each valuation variable, namely Price to Earnings
Ratio (PER), Price to Book Value Ratio (PBV) and Price to Sales ratio (PSR), unless when the member is
only one. A high PER indicates that a company's share price tends to be high compared to the profits it makes.
A high PBV means that a company's share price tends to be high when compared to the book value or equity
of the company. A high PSR means that a company's share price tends to be higher than the income earned
by the company. Therefore, if PER, PBV and PSR have a high value, it means the share price is overvalued
and not worth buying.

In this research we found something interesting, namely the Adi Sarana Armada (ASSA) company,
from 2018-2022 is a company that is always self-clustered, see Figs. | - 5. If we examine further, ASSA's
valuation variables (PER, PBV and PSR) are higher than average, especially for PBV which is already worth
hundreds, see Tables 4 - 8. ASSA company is in cluster 3 at Tables 4-7 and in cluster 2 in Table 8. The tables
show that the ASSA company shares are very overvalued, in comparison to others.

Next is a discussion of cluster profiling related to valuation variables for each year. To assess the
portfolio performance, clusters that only consist of 1 or 2 shares cannot be used for comparison, a minimum
of 3 shares are required.
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3.1.1 Cluster Profiling Based on Valuation Variables and Year

Table 4. Average Stock Index per Cluster, 2018
Cluster Member  PER PBV PSR

1 44 7.692 1.320  1.407
2 20  28.163 3409 3.123
3 1 11.2  108.633 66.384
4 1 112.818 2390  2.621

In 2018, Table 4 shows that the first cluster group was the cluster containing the best companies
because all the valuation variables (PER, PBV and PSR) in it had the lowest value. This shows that cluster
1 consists of undervalued companies. The second cluster is still classified as a good company but PER, PBV
and PSR get the second highest value but only PER has a value quite far from the lowest PER value which
means the companies in this cluster are still classified as in value. Clusters 3 and 4 only have 1 share in the
cluster so further cluster analysis cannot be carried out.

Table 5. Average Stock Index per Cluster, 2019
Cluster Member  PER PBV PSR

1 4 133.371 1.704 1.753
2 60 15.428 2.861 2.375
3 1 28.850 187.882 107.708
4 1 562.602 1.628 2.011

In 2019, Table 5 shows that the first cluster had a high PER value with a value of 133 which made the
shares of companies in this group appear quite overvalued even though the PBV and PSR were quite low.
Cluster 2 can be said to be a cluster containing undervalued companies based on all valuation variables, even
though the PBV and PSR values are not the lowest but are still in the low category. Clusters 3 and 4 only
have 1 share in the cluster so further cluster analysis cannot be carried out. Cluster 4 has a very high PER,
which means that if you look at the profit obtained by the issuer, the price of the shares being traded is 562
higher than the 1-year profit of the shares.

Table 6. Average Stock Index per Cluster, 2020
Cluster Member PER PBV PSR

1 57 17.059 2.893  2.897
2 2 210.209 1.729  1.825
3 1 24.756 149.891 71.029
4 6 80.935 1.882  3.695

In 2020, it can be seen from Table 6 that the first cluster can be categorized as the cluster with the best
stocks because even though PBV and PSR are not the lowest, they are still in the stable category and have
the lowest PER value. Clusters 2 and 3 only have 2 and 1 shares in the cluster so further analysis cannot be
carried out. Cluster 4 can be said to be a cluster with in value stocks because all PER PBV and PSR are not
at the highest or lowest positions. 2020 is where the pandemic has just hit the world and caused the economy
to slow down or even decline, so if you pay attention to the valuation variables in 2020 it tends to be higher
than other years.

Table 7. Average Stock Index per Cluster, 2021
Cluster Member PER PBV PSR

1 59 13.965 2.405 2.375
2 5 51.080 2.648 2.998
3 1 80.563  670.653 232.709
4 1 170.196 7.921 16.203

In the 2021, Table 7 shows that cluster 1 has the best PER, PBV and PSR values, namely having the
lowest values compared to other clusters. Cluster 2 has quite good PER, PBV and PSR values and can be
categorized as in value. If you look closely, the PER of cluster 2 is quite high although it is still within
reasonable limits when compared to other clusters, PBV and PSR have the second lowest values so that the
company shares can be categorized as quite cheap. Clusters 3 and 4 cannot be analysed further because there
is only 1 share in this cluster so it cannot be categorized as a cluster.
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Table 8. Average Stock Index per Cluster, 2022

Cluster Member PER PBV PSR
1 63 17.890 2.928 2.643
2 1 26.733 111.862 47.085
3 1 2410.371 1.212 1.523
4 1 74915 4.774 59.051

In 2022, Table 8, cluster 1 has the best undervalued valuation because it has the lowest PER, PBV and
PSR values. This means that cluster 1 contains shares of cheap companies that are worth buying. Clusters 2,
3 and 4 only have 1 member so in 2022 there will only be 1 cluster so it cannot be analysed further clusters
like the previous cluster which had 2 clusters which can analyse comparisons between clusters in the same
year. The clustering also reveals that concerning the stability of companies which their stocks are worth
buying over the years, there are 52 companies where their valuation are high. This result come based on the
cluster member where their clusters are the best valuation in 2018-2022.
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Figure 1. Dendrogram Cluster of Kompas 100 Stocks Index in 2018
(Source: RStudio Output)

The visualization of cluster for each year from 2018 till 2022, can be seen in Figs, | - 5. Clusters 1- 4
are represented by red, grey, blue and yellow colors respectively.
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Figure 2. Dendrogram Cluster of Kompas 100 Stocks Index in 2019
(Source: RStudio Output)

Before the COVID-19, in 2028-2019, the Adi Sarana Armada and Sawit Sumbermas Sarana
independently are in different clusters and a solely member (Figs. 1 and 2). This means that both of them are
behaving differently in comparison to other companies and being consistent.

BEHK}IRWWB Qlegara (Persero)

Dharma Sat¥a Nusantara

Astra Jpigaaiosals

20 Mitra Pmaslhlka M I\ka
Indo Tamband®ya Medah
\nd h Kiat Pulpf& Paper

BRABQERER b nesia
APFA Comfeed donesia

ndofood CBP Sukses Makmur

Sawit Surfermas Sarana ingSudang Garam,

. Pabrik Kepfis Tjiwi Kimia Elnusg
Bank Rakyal/pongsia (Persero) Telkom Indnesia (Pgr€eTd
" MNC Syhdios International
;’gﬁ %eerr?sa.ru"alnfxﬁasuu al Syarlah HM Sampocdfa Tambaylg Egibara Bukit Asam
Summarecon Agung
y A
) sarana Menar®N$af éaMe Q Mitra Kgluarpa Karyasehat Bank Mandiri (Faisiieg 2 Asi2
Jamu dan F#mss o
Ap -
anin fgnae = nancedndRiiandonesi
edrarwigsMhara Citr
Parfyvest

ondon Sugatra donesia
Aneka Tambang (Persero) dgqum Enoray
Ace Hardware¥sdonesia Nrajaya’ embada

Vale Infopdsia Baram@GiPSRNadiaréna

Unilever INdonesia
Charoen Pokphand Indonesia

MayorA

edikmida ddm niFer@gal Prakarsa
Kalb®F3 Sumber Afaria Trijaya
-20

Adi Saraya Armaea
Merdeka CgfRer Gol

Semen NEaRg 7 ’;ﬁ@i &ntiistri

vea Marga
Ruku\le@arja

Bumi Serpgg Daai

Bank Sh&R{tRexseneksia

-20 0 20

Figure 3. Dendrogram Cluster of Kompas 100 Stocks Index in 2020
(Source: RStudio Output)
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Figure 4. Dendrogram Cluster of Kompas 100 Stocks Index in 2021
(Source: RStudio Output)

During the COVID-19, in 2020-2021, it was only Adi Sarana Armada and two others (Barito Pacific
and Adhi Karya in 2020 and Merdeka Copper Gold in 2021), in different clusters, which have different
performances. Sawit Sumbermas Sarana moved to another cluster both in 2020 and 2021. See Figure 3 and

Figure 4.
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Figure 5. Dendrogram Cluster of Kompas 100 Stocks Index in 2022
(Source: RStudio Output)
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After the COVID-19, in 2022, the Sawit Sumbermas Sarana still in a majority cluster together with
Adhi Karya and Merdeka Copper Gold, but Adi Sarana Armada behaves the same as the previous years. In
2022, Medikaloka Hermina and Barito Pacific have similar performance as Adi Sarana Armada.

The dendrogram clusters in Figures 2-6 revealed which companies’ stock are possibly become together
in the same cluster. These results can be used by a buyer as a consideration which company stock should be
buy in future. Furthermore, in further studies on how to form an optimal portfolio among these companies.

3.1. 2 Portfolio Analysis

After analyzing clusters and dividing them into 4 different clusters, the researcher will obtain the best
cluster that will form the basis of which stocks to include in the portfolio. This portfolio is created under the
assumption of equal weights among the stocks, as shown in Table 9. Next, the researcher will compare the
performance of the portfolio formed from the best cluster with the best real-world portfolios in Indonesia and
the world. In Indonesia, it will be compared with the Indonesia Composite Index (IDX), which includes all
stocks in Indonesia, Liquid 45 (LQ45), which consists of the 45 most liquid stocks on the Indonesia Stock
Exchange, Kompas 100, which includes the 100 best stocks based on liquidity and market capitalization, and
SAM Equity, which is the best mutual fund in Indonesia in 2023.

Globally, the comparison will be made with the Vanguard Total Stock Market Index Fund (VSMPX),
which is one of the best mutual funds in the world, and the Fidelity 500 Index Fund (FXAIX), which is one
of the best index mutual funds in the world. These two mutual funds will serve as global benchmarks in this
research.

Table 9. Portfolio Analysis

Cluster IDX Kompas 100 LQ45 SAM Equity VSMPX FXAIX
2018 10.94% -2.54% -6.26% -8.96% -9.85% -6.93% -6.80%
2019 9.99% 1.70% 1.51% 3.23% 3.37% 28.32% 28.61%
2020 16.90% -5.09% -5.56% -7.84% -10.70% 18.89% 16.20%
2021 34.29% 10.08% -3.40% -0.37% -4.19% 24.09% 27.00%
2022 21.83% 4.09% -0.86% 0.62% 4.07% -20.80% -19.48%

In 2018, the first cluster, consisting of 44 stocks, was formed into a portfolio that generated a return of
10.94%. This portfolio's performance far exceeded the benchmark portfolios in Indonesia, which returned
only -2.54% (IDX), -6.26% (Kompas 100), -8.96% (LQA45), and -9.85% (SAM Equity). Globally, the
portfolio from this cluster also outperformed, surpassing VSMPX with a return of -6.93% and FXAIX with
a return of -6.80%. In 2019, the second cluster, consisting of 60 stocks, was formed into a portfolio that
generated a return of 9.99%. This portfolio's performance was better than the portfolios in Indonesia, which
returned only 1.70% (IDX), 1.51% (Kompas 100), 3.23% (LQ45), and 3.37% (SAM Equity). However, the
portfolio's performance this year was still lower than the global portfolios, with VSMPX returning 28.32%
and FXAIX returning 28.51%.

In 2020, the first cluster, consisting of 57 stocks, was formed into a portfolio that generated a return of
16.90%. This portfolio's performance was better than the portfolios in Indonesia, which returned only -5.09%
(IDX), -5.56% (Kompas 100), -7.84% (LQ45), and -10.70% (SAM Equity). However, the portfolio's
performance appeared modest compared to the global portfolios, with VSMPX performing higher at 18.89%
and FXAIX slightly lower at 16.20%. In 2021, the first cluster, consisting of 59 stocks, was formed into a
portfolio that generated a return of 34.29%. This portfolio's performance far exceeded the benchmark
portfolios in Indonesia, which returned only 10.08% (IDX), -3.40% (Kompas 100), -0.37% (LQ45), and -
4.19% (SAM Equity). The performance also surpassed the global portfolios, with VSMPX returning 24.09%
and FXAIX returning 27%.

In 2022, the first cluster, consisting of 63 stocks, was formed into a portfolio that generated a return of
21.83%. This portfolio's performance far exceeded the benchmark portfolios in Indonesia, which returned
only 4.09% (IDX), -0.86% (Kompas 100), 0.62% (LQ45), and 4.07% (SAM Equity). The performance also
significantly outpaced the global portfolios, with VSMPX returning -20.80% and FXAIX returning -19.48%.

The strong outperformance of the clustering-based portfolios in this study aligns closely with recent
empirical findings in quantitative finance. For instance, Bolos et al. [37] demonstrated through k-means
clustering on profitability, liquidity, and solvency metrics that equally-weighted cluster portfolios not only
achieved higher returns but also offered superior risk-adjusted performance compared to traditional mean—
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variance optimized portfolios Their approach echoes our use of valuation ratios (PER, PBV, PSR) in forming
fundamentally driven clusters that consistently outperform conventional benchmarks. Additionally, Mattera
et al. [38] investigated time-series clustering in high-dimensional asset selection and found that clustering
offers significant out-of-sample gains over standard allocation methods, particularly in reducing estimation
errors and enhancing Sharpe ratios. These studies reinforce our results; our clustering method not only
captures undervalued stocks (as shown by lower valuation ratios) but also delivers tangible performance
benefits across both return and risk dimensions in an emerging market context.

4. CONCLUSION

The results of clustering the shares that are members of the Kompas 100 in 2018-2022 show quite
satisfactory results, researchers can divide shares into 4 clusters that have different characteristics and can
find clusters that have similar shares. In 2018, cluster 1 was the best cluster with 44 shares included in it. In
2019, cluster 2 was the best cluster with 60 shares in the cluster. In 2020-2022, cluster 1 is the best cluster
with 57 shares in 2020, 59 in 2021 and 63 in 2022. This cluster can be categorized as containing shares of the
best companies in the year concerned, taken from the Kompas 100 stocks index.

In general, the formation of portfolios using the best cluster demonstrates very promising performance.
Over the five-year testing period, in three years (2018, 2021, and 2022), the portfolio outperformed all other
portfolios in Indonesia and even globally. Although the portfolio's performance in 2019 and 2020 was slightly
lower than the global portfolios, it still managed to outperform the Indonesian portfolios.

The researcher believes that forming portfolios using clustering techniques is highly recommended, as
it has proven to deliver excellent performance and is more cost-effective compared to traditional portfolio
formation methods. Table 9 shows that the cluster-based portfolio consistently outperformed returns of IDX,
Kompas 100, LQ45, and global benchmarks such as SAM Equity, VSMPX, and FXAIX in 2018, 2021, and
2022. It also achieved the highest return in 2020 despite market downturns in IDX and Kompas 100 but
underperformed in 2019 compared to global indices such as VSMPX and FXAIX. Future research could
include assessing the risk of each portfolio formation. This would allow for a comprehensive evaluation of
not only the return performance but also the risk, providing a more complete basis for decision-making.
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