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This paper examines the dependency of stocks in the Nigerian stock market from 2022 to
2023, focusing on the impact of currency note changes in government policy. The study
employs the forest of all minimum-spanning trees derived from the correlation matrix
of the top 40 stocks across various sectors and four traditional centrality measures to
identify the most influential stocks within the network. The network analysis results
reveal that the sectors dominating the market before the policy change differed from those
dominating after the policy change. Additionally, the analysis indicates shifts in dominance
and dependency relationships among the stocks. These findings provide valuable insights
for policymakers and market participants, offering a clearer understanding of inter-sector
stock relationships and facilitating the identification of stocks with positive or negative
correlations.

Keywords: network analysis; forest of all minimum spanning trees; centrality measures;
stock market.
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1. Introduction

The stock exchange is a marketplace where those who wish to purchase or sell shares, stocks, gov-
ernment bonds, debentures, and other approved securities can be sold, though only through stock
exchange members [1]. It is a market where large and small investors buy and sell through stockbro-
kers. The stock exchange provides essential facilities for companies and the government to raise money
for business expansion and development projects through investors who own company shares for the
ultimate economic benefit of all members of society.

The stock market comprises investors buying, selling, and trading shares of companies, reflecting
their collective value and performance [2]. The stock price reflects the corresponding companies in the
stock markets. However, the company’s fundamentals do not merely constrain its day-to-day behaviour.
They are influenced by the other companies traded in the market and by economic factors [3]. Stock
markets are usually divided into sectors by industry classification. Each sector or combination of
sectors has an index reflecting the general sector(s) movement. A stock market index is considered a
barometer to judge market sentiment and usually monitored by different stock market stakeholders,
such as financial market researchers and analysts for accurate analysis, investors to purchase or sell
financial assets, and policymakers for future policy formulation [4].

A prospective investor’s demand is satisfied when the information they need to decide which stocks
to buy or invest in is readily available, intelligible, and logically reasonable [5]. Scholars and profes-
sionals studying finance have long recognized that data on stock market sectors enables investors and
scholars to track a particular stock’s performance against other stocks and stock indices. Campello [6]
shows that the market’s state significantly impacts individual equities’ values.
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The money market is the market for short-fund or short-term credits. The securities traded here
are money instruments, including treasury bills, certificates, promissory notes, and commercial papers.
The capital market is the market for long-term financial claims and obligations [7]. Here, the mone-
tary securities traded have long-term and medium-term maturities ranging from three years to more.
Therefore, this means that the capital market is the market for mobilizing and utilizing long-term
funds for economic development. Anyanwu [8] states that the capital market is a mechanism whereby
economic units desirous to invest their funds interact directly with financial intermediaries and those
who wish to procure funds for their business. These securities, whether equities or bonds are raised
and procured in an organized market called the Nigerian Stock Exchange (NSE). The NSE is a crucial
participant in the capital market. The market float in Nigeria, determined by the ratio of stocks in the
market to the total number of outstanding listed securities, is primarily to blame for the market’s rep-
utation as being shallow. The task involves attracting foreign investors to the Nigerian Capital Market
while also trying to grow and retain our current domestic individual and institutional investor base.
The task can be accomplished by being inventive, energetic, and open-minded to receive and apply
new ideas helpfully. The market should offer various investment options, innovative trading tools that
allow investors to manage risk, a trustworthy environment, ample frameworks, and flexible rules to
meet different investment needs. Asymmetric information, or the circumstance when one participant
in a transaction has less information than the other, is one of the market failures that have also been
associated with the capital market.

The NSE created and maintained 11 indices, which are the All-share Index, Banking Index, Con-
sumer Goods Index, Oil and Gas Index, NSE 30 Index, Insurance Index, Industrial Goods Index,
Pension Index, Premium Index, Lotus Islamic Index, and Alternative Securities Market Index. Topo-
logical analysis of the NSE sector’s indices will give investors an idea of how well a group of companies
is expected to perform. Thus, there is a need to analyze the sectors of the NSE. According to Okoro-
Okoro [9], the Nigerian financial system consists of financial intermediaries, financial markets, financial
institutions, rules, conventions, and norms that facilitate and regulate the flow of funds through the
macroeconomy. In Nigeria, the federal government, through statutory regulatory agencies such as the
Central Bank of Nigeria, the Nigerian Deposit Insurance Corporation, and the Securities and Exchange
Commission, as well as defector regulatory ones such as the National Board for Community Banks and
the Nigerian Stock exchange manages the financial system in the country. The Nigerian financial
system comprises two main financial markets: money and capital [10].

One of the main factors influencing the Nigerian financial system is the stock exchange. The
NSE offers the necessary infrastructure for businesses and the government to generate capital through
shareholders who own stock in companies for the long-term economic benefit of all members of society.
Much more significant domestic savings and investment and an effective financial system required to
preserve macroeconomic stability are the keys to faster economic expansion and productivity gains.
Nigeria and other slow-growing countries must increase their savings and investment rates from the
current low levels to at least 20% to 25%, and Nigeria’s GDP now stands at 12% to 16%, less than
required for long-term, sustainable growth [11].

The Nigerian government launched new currency notes at the start of November 2022 [11], which led
to a spike in the price of petroleum and other goods and an impact on the high exchange rate between
the country’s currency and international currencies, mainly the USD. The idea to redesign the Naira
was hatched in 2022 by the Central Bank of Nigeria (CBN) with the approval of the President [12].
The policy was born to enable the CBN to control the circulation of Naira, manage inflation, combat
counterfeiting, and halt Naira’s stockpiling. Since then, there have been significant changes in the
economy and stock’s dependency on the Nigerian stock market.

Iwedi [13] studied the economic implications of the Naira redesign and concluded that it is not
the best solution. Despite the well-intentioned government initiative during the Naira redesign, this
policy posed significant challenges to Small and Medium Enterprises (SMEs) in Nigeria, resulting in
decreased sales and productivity [14]. At the same time, a study by [15] underscores the significant
role of Nigeria’s monetary policy and currency redesign in enhancing financial stability and economic
growth.

Mathematical Modeling and Computing, Vol. 12, No. 2, pp. 650-660 (2025)



652 Murtala A., Asrah N. M., Djauhari M. A.

In this study, a network analysis approach is used to analyze the behaviour of the top 40 equities
traded on the NSE before and after the currency note change in the country. Interestingly, the network
among stocks constitutes a complex system [16]. Their complex interrelationships are in terms of price
fluctuations. Usually, those interrelationships can be represented by the correlation analysis among
the logarithmic of the stock’s open price returns. To filter the vital information in such a complex
system, Mantegna [17] introduced the MST in 1999. Based on MST, a filtered network topology that
contains important information can be constructed.

Furthermore, the role of importance of each stock can be expressed using centrality measures. The
network approach is used to visualize the interconnection between the entities in the stock market.
The findings provide a basis for the review of poorly performing sector indices in the NSE. Therefore,
the regulators could formulate policies to enhance the performance of such market sectors.

This study aims to analyze the behaviour of the NSE’s sector indices. Specifically, the banking
index, consumer goods index, oil and gas index, industrial goods index, and communication index
were evaluated for evidence of returns correlation, forest of all minimum spanning trees (MSTs), and
centrality measures. The study is also helpful to researchers as it contributes to knowledge on sector
indices performance in Nigeria and serves as reference material for future studies.

The rest of the paper is organized as follows. In the next section, the methodology of stock network
analysis is discussed by constructing the forest of all the minimum spanning trees and the centrality
measures. Later, the study’s results are highlighted. Finally, the conclusion of the study is presented.

2. Methodology

This section is the technical part of the paper, which presents the dataset of the stocks, the approach of
the forest of all minimum spanning trees (MSTs), and the centrality measures. The methods involve the
computation of the rate of return, correlation matrix, and distance matrix, where the distance matrix is
then used as the input for MST, which employs Kruskal’s algorithm. The correlations between equities
are widely recognized [18] and can be measured using the Pearson correlation coefficient [19,20]. Four
traditional centrality measures were used to identify the network’s central and most important stock.

2.1. Dataset

This study uses the Nigerian Stock Exchange (NSE), representing the top 40 companies based on
market capitalization. The data was collected from [21], and the study used an adjusted closing price
for each stock. The adjusted closing price is used because it reflects the impact of cash dividends, stock
dividends, or stock splits that ensure the accuracy of the data. The government issued the change in
the country’s currency note, enacted on 23 November, 2020. Then, the duration of the exchange note
is continued until 31st January, 2023 as a deadline by which old naira banknotes would stop being
legal tender. This study applies the data to two durations, before and after the currency note change.

2.2. Correlation network construction

Correlation matrix. Assume that N stocks are to be examined. Let p;(t) be the closing price for the
stock i, where ¢ = 1,2,..., N. The daily data is applied to quantify the synchronization between the
stocks. The closing price for each stock is converted to a logarithmic return [22]. Logarithm return,
r;(t), of price return of stock i at time t each period is in Eq. (1), where p;(t) is the open-price stock,

ri(t) = Inp;(t) — lnp;(t — 1). (1)
The correlation coefficient was computed between all the possible pairs of stocks in the network in each
period [22]. Correlation matrix C of size N x N was constructed to represent the interrelationships of

the complex system of the stocks. Equation (2) gives the correlation coefficient between stock i and
stock j, where r; is the statistical average of r;(t) for all values of t,

(rirj) — (ra)(rj)
VD) — )2 (%) — (r3)?)
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Distance matrix. To analyze those interpretations, Mantegna [20] suggested the transformation
of the correlation matrix C' into distance matrix D, where the coefficient ¢;; forms the distance d;; as
in Eq. (3),

dij = 2(1 — Cij) (3)
forall ij =1,2,..., N, where d;; is the distance between each pair of stocks ¢ and j. The edge distance

satisfies the following axioms of Euclidean distance: (i) dj; = 0 if and only if i = j, (ii) dij; = dj; and
(ili) dij < dik + dij, while ¢;; does not satisfy the above axioms [23].

2.3. Minimum spanning tree

After constructing the correlation network, the topological characteristics of the stocks were investi-
gated by building an MST in D. MST graph theory is applied to filter data in a weighted connected
graph of n objects (stocks). It is a tree that minimizes the sum of the weights and has (n — 1) edges
or linkages. MST is constructed by connecting each element in a set of n in a graph defined by a
small distance between the stocks. The Kruskal and Prim algorithm is the most used technique for
creating an MST [24]. The MST and forest of all MSTs were utilized to filter the data by considering
the distance matrix D, and the advantages of the forest of all MSTs as a robust filter [24] compared
to the MST were monitored.

Since the construction of the MST has been well explained by Mantegna [19], the methodology is
briefly presented here. Let d(i,j) be the i-th row and j-th column element of D; i, = 1,2,..., N.
This refers to the number of stocks studied, which are 40 stocks. The function d on N x N satisfies:

(i) 0<<d(i,j) < oo and d(i,j) = 0 if and only if (i = j);

(if) d(i,j) = d(j,1); and

(iii) d(i,75) < d(i, k) +d(k,j) for all i,j and k in N x N.
The matrix D = d(i, j) of size (N x N) summarizes the dissimilarities among the stocks. It is symmetric
and used to determine the MST, a connected subgraph of D consisting of N nodes with N — 1 shortest
edge. The MST can be found by using Kruskal’s or Prim’s algorithm. Both techniques are usually

used in stock network analysis [25]. In this study, Kruskal’s algorithm is used to find MST as described
below [26]:

Step 1: Sort the edges according to their weight in ascending order.

Step 2: Select the edge with minimum weight. If there is more than one edge with minimum
weight, select one of them. Let e; be the edge with the smallest weight, then choose es,
the smallest among the rest. If {e1, e} creates a circuit, change es with the next smallest
one until no circuit is formed. Otherwise, choose the next smallest es.

Step 3: Next, choose the edge with minimum weight from the remaining edges and make sure that
it does not form any loops.

Step 4: Repeat Step 1 until Step 3 as often as possible until the {e1,es,...,en_1} does not contain
a circuit. The result is the desired MST.

2.4. Forest of all minimum spanning tree

If there are many MSTs in the network, they may define distinct topological properties from one
another, which could lead to misleading information when used as an information filter [24]. This
demonstrates how using MST could result in false information being provided. Put differently, the
data filtered using MST is not reliable. This justifies using the forest of all MSTs as an information
filter rather than a single MST. The forest is unique even though MST might not be. The forest
guarantees the robustness of filtered information because it offers a singular source of filtered data [25]
as in Eq. (4),

4
0 dli,j) —d*(ig) £ 0 or i = @
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where d*(i,7) is the ultrametric distance between each pair of stock ¢ and stock j. Ultrametric
distance is a specific type of metric (a function that defines a distance between pairs of objects) that
satisfies a stronger triangle inequality than the usual one. It is a handy filtering technique to find the
relevant economic information stored in a complicated system of correlation structures among stocks
in a financial market [17]. If A is a fuzzy relation where its membership function is given as in Eq. (4),
hence, the A corresponds to the forest of all MSTs in D [24].

2.5. Centrality measures

Degree centrality. A degree centrality can determine the total linkages to a stock ¢ [27] and be
computed as in Eq. (5),
N
Z- wk‘ij
D(i) ==L —, 5
(i) == (5)
where wk;; = 1 if there is a connection between stock ¢ and stock j and 0 otherwise. If a stock has the
highest degree of centrality value on a financial network, it is considered the most valuable stock and
has the most connections with other stocks.
Betweenness centrality. Betweenness centrality examines the tendency of a node to act as a
mediator or bridge in a network [28]. Betweenness centrality can be computed by using Eq. (6),
. Tn(7)
B - Y L ©)

m<n 0

where T, (1) is the total shortest path from stock m to stock n that goes through stock i and T, is
the total minimum distance from m to n.

Closeness centrality. The proximity of vertices to other vertices on a network is determined by
closeness centrality. The minimum distance between each vertex and all other vertices is defined [28].
The closeness centrality of stock 7 is signified as in Eq. (7), where h(%, j) is the shortest path from stock
1 to stock 7, )

N
C(i)= | _h(i,j)| - (7)
j=1

Eigenvector centrality. FEigenvector centrality considers a prominent node, which is a node
connected to other significant nodes [29]. Since the node is connected to other crucial nodes, a node
with the smallest number of neighbouring nodes can be called an essential node. Eigenvector centrality
is expressed in Eq. (8):

N
Eig(i) = A7) ki, (8)
j=1

fori=1,2,...,N, where A — 1 is the largest eigenvalue of the adjacency matrix k;; and the weighted
average scores of x; of all stocks connected to stock i. Eig(i)) is the eigenvector of eigenvalue A.

3. Results and discussion

This section discusses the analysis results on the stock market’s dependency between the time before
the note change (1st January 2022 to 31st December 2022) and the time after the note change (1st
January 2023 to 31st August 2023) in Nigeria. With 40 stocks serving as nodes, it has been constructed
using the minimum spanning tree (MST) approach. This simple approach, which provides a linked,
cycle-free, and planar tree, has the complexity of N — 1 edges, where N is the number of nodes. A
typical graph image, as in Figures 1 and 2, with each node coloured by its industry sector, depicts the
tree.

The MST of the market sector is presented in Figures 1 and 2, which displays the network of 40
stocks resulting from the forest of all possible MSTs. The node is denoted as a stock, and the link
between two stocks is based on the correlation. As there is only one MST in the analysis, the MST
obtained from the forest of all possible MSTs is unique and robust. It was observed that the stocks are
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clustered into four clusters and coloured according to the economic sectors, which are the consumer
services (blue), banking services (yellow), oil and gas (red), industries (pink), and communication

(green).

3.1. Before the currency note change

As in Figure 1, Dangote Sugar (DAS) is a central node connected to five nodes, which are Sterling
Bank (STE), Guinness Drink (GUI), Spero Oil and Gas (SEP), Nigeria Brewery (NBR), and Conoil
(CON). The second highest connectivity on the network belongs to CAD, which has four connections:
the United Bank for Africa (UBA), Unilever (UNI), NBR, and Trans oil (TRA). Meanwhile, WAP
communication (WAP) is the third highest with three connections: TRA, Oando International (OAN),
and Flour Mill (FLO). There was a severe dependence on consumer products before the currency note
change, where most stocks were linked to consumer products, which were the central stocks. Hence,
before the currency note change, consumer products dominated the market and had the strongest
correlation with two centrally traded equities: DAS and CAD.
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Fig.1. The forest of all minimum spanning trees for 40 stocks on the Nigerian Stock Exchange
before the note change from 1st January, 2022 to 31st December, 2022.

O

Centrality measures are essential for understanding the network behaviour. A stock’s ability to
transfer risks to other stocks depends on the degree score, which indicates how many connections it
has with other equities. This study uses centrality measures to quantify the relationships between
related stocks. Table 1 displays the stocks’ degree, betweenness, closeness, and eigenvector centrality
measures for the stock’s return before the currency note changes.

Table 1. The centrality measures of the top five stocks in NSE from
1st January 2022 to 31st December 2022 before the note changes.

Rank | Degree | Betweenness Closeness Eigenvector
1 DAS(5) | CAD (0.6815) | CAD (0.2582) | NBR (0.4280)
2 CAD(4) | NBR (0.5614) | NBR (0.2484) | CAD (0.4265)
3 UBA(3) | DAS (0.4601) | TRA (0.2363) | UBA (0.4007)
4 WAP(3) | TRA (0.4520) | DAS (0.2254) | TRA (0.2648)
5 GTB(3) | WAP (0.4197) | UBA (0.2203) | CON (0.2584)

Table 1 assesses the sectorial centrality measures of the MST. As highlighted by [25], the strength of
a node can be studied to identify the key hubs in the network by observing the number of connections
through each node. Table 1 shows that two of the 40 stocks have a high degree of centrality across the
network, DAS and CAD, with five and four degrees, respectively. Meanwhile, the rest of the stocks
have lower degrees of centrality, which is less than four degrees. It is not surprising that DAS with
five degrees and CAD with four degrees are among the companies that routinely exhibit average high
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node degrees (thus indicating an important position in the network), considering the NSE network’s
emphasis on consumer items. Additionally, Figure 1 demonstrates how consumer goods are tied to all
other sectors, particularly DAS and CAD, which serve as the central stocks in the network.

This measure looks at a stock’s propensity to serve as a mediator or bridge in the network that
coordinates the flow of information about price fluctuations. The betweenness centrality measure was
calculated to determine the importance or significance of stock in a network. The total fraction of
all potential shortest paths between a stock that passes through a stock is known as betweenness
centrality. It measures a stock’s control of the network’s information flow. Considering its importance
in coordinating information among equities, the stock with the highest score is considered significant.
Table 1 indicates that CAD (0.6815) has the highest score. CAD is crucial to the NSE as a liaison
that may regulate information flows between stocks. As a result, when additional stocks receive the
information going through CAD, they will be impacted. The remaining four significant equities are
NBR (0.5614), DAS (0.4601), TRA (0.4520) and WAP (0.4197).

The shortest path between any two feasible pairings of stocks on a network is the aspect of closeness
centrality. It is the mean number of shortest pathways that lead from one stock to every other stock
that can be reached. Like betweenness centrality, CAD and NBR had the greatest rankings in proximity
centrality before the currency reform, followed by TRA, DAS, and UBA. Many stocks were close to
CAD; four closest to CAD stocks were UBA (0.1517), UNT (0.2085), TRA (0.2363), and NBR (0.2484).
Since the distances were based on the correlation between stocks, CAD can spread information to the
four stocks more quickly. CAD also shows a good correlation with the five equities. Because of their
popularity on the NSE, these five equities significantly impacted CAD.

To create a prominent stock, a specific stock that can be similarly linked to other crucial stocks
must be realized [29]. Eigenvector centrality quantifies a stock’s strength with each stock’s primary
subgroups. As a result, the high-scoring stocks are associated with the higher-scoring stocks. In
contrast, stocks with equal linkages to low-scoring stocks make up a smaller portion of the stock
scores. The NBR (0.4280) has the highest score, followed by CAD (0.4265), UBA (0.4007), TRA
(0.2648), and CON (0.2584). Hence, Consumer goods, which dominated the market, had a positive
relationship before the currency change, while Communication stocks had a negative relationship.

3.2. After the currency note change

All sectors have relationships with one another in the stock market, which may be caused by the fact
that these stocks share economic data in the network. For instance, after the note change of November
2022, UBA continues to link to the stocks listed under industries, consumer products, and oil and gas.
Meanwhile, industries and consumer products are also connected to STE through communications.
Also, JAI connects oil and gas and communications. All three stocks (UBA, STE, and JAI) are in the
banking sector, that indicates the dependency of all sectors upon banking sectors, which appeared the
opposite before the currency change.

Figure 2 illustrates that communication is more related to the banking sector as Airtel Nigeria
(AIR), MTN Nigeria (MTN), and AIl Communication (AII) are directly related to JAI and STE. All
the oil and gas stocks are directly connected with the banking sectors, scattered among other sectors
after the currency change.

Nine stocks are related to UBA, implying that the prices of these stocks will be influenced only
by the price of UBA, while DAS is the closest stock and NAS is the farthest stock, indicating that
UBA and DAS have the closest market ties. The centrality scores of the 40 equities following the note
change are shown in Table 2. It reflected each stock’s degree, betweenness, proximity, and eigenvector
centrality measurements. Table 2 shows that UBA and STE are the most dominant stocks, with nine
and seven stocks, respectively, followed by JAI (5), FBN (3), and First City Momentum Bank (FCM)
(3). The nine stocks connected to UBA are GUI, Horizontal Niger (HON), International Brewery
(INT), Julius Berger (JBU), Nasco Food (NAS), Oando International (OAN), SEP, TRA, and DAS,
demonstrate that UBA prices will only affect their prices. There have been changes in the landscape
since the note change, where the most dominant stocks shifted from consumer services to the banking
sector since all the degree centralities lie on UBA, STE, JAI, FBN, and FCM.
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Fig. 2. The forest of all minimum spanning trees for 40 stocks on the Nigerian Stock Exchange
after the note change from 1st January, 2022 to 31st December, 2022.

Table 2. The centrality measures of the top five stocks in NSE from
1st January 2022 to 31st December 2022 before the note changes.

Rank | Degree | Betweenness Closeness Eigenvector
1 UBA (9) | STE (0.6369) JAT (0.2889) | DAS (0.6632)
2 STE (7) JAT (0.6005) STE (0.2888) | NAS (0.2682)
3 JAT (5) | UBA (0.4844) | MTN (0.2689) | INT (0.2374)
4 FBN (3) | DAS (0.4724) | DAS (0.2484) | GUI (0.2129)
5 FCM (3) | MTN (0.4723) | ETI (0.2280) | HON (0.2129)

After the note change, STE (0.6369) served as the intermediate, followed by JAI (0.6005), UBA
(0.4844), DAS (0.4724), and MTN (0.4723). This result suggests that these five stocks, particularly
STE, significantly influence many other stocks when information goes via them and is received by the
other equities. Figure 2 indicates that DAS could be a bridge for stock information to pass through
the central stock (UBA) to all other banking sectors, whereas STE would be the linkage between JAI
to UBA and the rest of the banking stocks. 35 stocks have the lowest impact on the other stocks in the
network. Accordingly, based on this metric, STE contributes significantly to the Nigeria Stock Market
after note change as a liaison with the ability to manage stock information.

Closeness centrality measures how close a stock is to all other stocks. The higher the score of a
particular stock, the faster it spreads the information from it to all others. JAI is the stock with the
highest scoring in terms of closeness centrality. It has a score of 0.2889, followed by STE (0.2888),
MTN (0.2689), DAS (0.2484), and ETI (0.2280). JAI, STE, and MTN are closely related in terms of
proximity and serve as intermediates between other stocks in the network described in betweenness
centrality. As a result, the stocks are likely to be important to the market’s overall performance.

To develop a significant stock, a specific stock that may be related to other important stocks must
be realized [29]. The eigenvector centrality measure determines which node is connected to the most
connected nodes. The dynamics of stocks in the same sector were expected to be clustered or closely
placed in the MST. One could, however, not predict in advance which stock would become synchronized
with the first eigenvalue (a market mode). Surprisingly, the consumer products (DAS, NAS, INT, GUI,
and HON), the first five highest eigenvectors, behaved differently compared to banking services, which
became much more synchronized. The Banking sector, which dominated the market, had a positive
relationship after the currency change, while Industrial stocks behaved with a negative relationship.
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4. Conclusions

A network analysis approach is used to analyze the behavior of the top 40 equities traded on the NSE
before and after the currency note change in Nigeria. In a correlation-based network, the stocks and
correlations between the logarithms of stock price returns are considered complicated. The network is
reduced to a representation of the forest of all MSTs, and the four traditional centrality measures namely
degree, betweenness, closeness, and eigenvector centralities. These measures are used to ascertain the
relative importance of each stock. The results show shifts in the dominance and dependency association
between the stocks. Additionally, the network’s correlation structure varies between two periods. To
be more precise, the sectors that had a high level of connectedness before the transition are not in the
same position after the policy change.

Before the currency note change, consumer goods dominated the market and were strongly corre-
lated with the two centrally traded equities, CAD and DAS. Following the change in currency notes,
UBA and STE were discovered to be the most significant equities in the network. UBA and STE
were among the top five stocks that scored the highest in degree, betweenness, and closeness centrality
measures. Most stocks in other sectors are closely related to the banking sector and predominantly
depend on UBA, STE, and JAIL

Nonetheless, most of the stocks in the banking industry are connected. This may be because banks
are the primary source of fresh Naira notes and foreign currency for everyday transactions, depending
on them for all other economic activity. Bank lending or credit is one of the monetary instruments
used by the government through CBN to control banks as well as boost the nation’s activities [30].
Before the exchange of currency notes, all other equities, aside from those in consumer goods, were
linked to stocks in various sectors. However, following the currency note exchange, most equities were
grouped according to their sectors.

Figures 1 and 2 generally observe and portray comparing the correlation networks before and during
currency changes. The analysis shows that the correlation strength changed for both periods. The
network presented helps the market participants get an overview of the relationship, and it is easier to
identify which stocks have a positive or negative relationship.

Acknowledgement

This research was funded by Akademi Intelek dan Data Analitik (AI.LDA), Universiti Tun Hussein Onn
Malaysia.

[1] Ndanusa S. Analysis of Private Sector Investment on Economic Growth in Nigeria. Lapai Journal of
Economics. 8 (1), 221-233 (2004).

[2] Gratton P. What Is the Stock Market and How Does It Work?
https://www.investopedia.com/terms/s/stockmarket.asp (2024).

[3] RossS. A. The arbitrage theory of capital asset pricing. Handbook of the Fundamentals of Financial
Decision Making. Chapter I. 11-30 (2013).

[4] Guha B., Dutta A., Bandyopadhyay G. Measurement of risk vs return of Indian sector indices. Journal of
Advanced Management Science. 4 (2), 106-111 (2016).

[5] Nations Encyclopedia. Nigeria Foreign Investment.
https://www.nationsencyclopedia.com/Africa/Nigeria-FOREIGN-INVESTMENT . html.

[6] Campello M., Giambona E., Graham J. R., Harvey C. R. Liquidity management and corporate investment
during a financial crisis. The Review of Financial Studies. 24 (6), 1944-1979 (2011).

[7] Nwankwo G. O. The Nigerians Financial System. London (1988).

[8] Anyanwu J. C. Monetary Economics: Theory, Policy and Institution. Onitsha, Hybrid Publishers Limited
(1993).

[9] Okoro-Okoro E. U. Notes on business finance: University of Nigeria. Nsukka (1994), (unpublished mono-
graph).

Mathematical Modeling and Computing, Vol. 12, No. 2, pp. 650-660 (2025)



Analysis of the Nigerian stock market before and after the currency note changes using . .. 659

[10]

[11]

[12]

[13]
[14]

[15]

[16]

17]
18]
19]
[20]
21]

[22]
23]

[24]

[25]
[26]
[27]
28]
[29]

[30]
[31]

Nwanne T. F. I., Oleka C. D. The Nigerian Stock Exchange: A bane for sustainable economic development.
European Journal of Business and Social Sciences. 3 (12), 19-27 (2015).

Ismail A., Abba Pali N., Shem W. News Commercialization and National Development in Nigeria. Break-
ing the Barriers, Inspiring Tomorrow. Vol.110. European Proceedings of Social and Behavioural Sciences
(EpSBS). 33-41 (2021).

Central Bank of Nigeria: Money market indicators.
https://www.cbn.gov.ng/out/2022/ccd/cbn%20update%202022%200ctober%20edition%20web.pdf
(2022).

Daily Trust. Naira Redesign: Heads Must Roll. Daily Trust.
https://dailytrust.com/naira-redesign-heads-must-roll/ (2022).

Iwedi M., Wachuku P. I., Court E. R. Naira Redesign and Economic Growth in Nigeria: Prospects and
Challenges. Journal of Accounting and Financial Management. 9 (1), 23-28 (2023).

Aladejebi O., Oladimeji J. A., Bukola A.-T. Economic Impact and Coping Mechanisms of Small and
Medium-Sized Enterprises (S.M.E.s) in Nigeria during Currency Redesign. Archives of Business Research.
11 (9), 109-128 (2023).

Idisi P., Olaiya A. Q., Olajide O. R., Abudu W. A., Ugwu M. N. A Review on Monetary Policy and Cur-
rency Redesign: Implications for Economic Growth and Financial Stability in Nigeria. International Jour-
nal of Recent Research in Commerce Economics and Management (IJRRCEM). 10 (3), 107-113 (2023).

Tumminello M., Aste T., Di Matteo T., Mantegna R. N. A tool for filtering information in complex systems.
Proceedings of the National Academy of Sciences of USA. 102 (30), 10421-10426 (2005).

Mantegna R. N., Stanley H. E. Introduction to Econophysics: Correlations and Complexity in Finance.
Cambridge University Press (1999).

Micciche S., Bonanno G., Lillo F., Mantegna R. N. Degree stability of a minimum spanning tree of price
return and volatility. Physica A: Statistical Mechanics and its Applications. 324 (1-2), 66-73 (2003).

Mantegna R. N. Hierarchical structure in financial markets. The European Physical Journal B — Condensed
Matter and Complex Systems. 11, 193-197 (1999).

Stanley H. E., Mantegna R. N. An Introduction to Econophysics. Cambridge University Press, Cambridge
(2000).

Investing.com. Nigeria Stocks. https://www.investing.com/equities/nigeria.

Yee L. S., Salleh R. M. Bursa Malaysia performance: Evidence from the minimum spanning tree. AIP
Conference Proceedings. 1974 (1), 040015 (2018).

Keskin M., Deviren B., Kocakaplan Y. Topology of the correlation networks among major currencies using
hierarchical structure methods. Physica A: Statistical Mechanics and its Applications. 390 (4), 719-730
(2011).

Djauhari M. A. A robust filter in stock networks analysis. Physica A: Statistical Mechanics and its Appli-
cations. 391 (20), 5049-5057 (2012).

Djauhari M. A., Sharif S., Djauhari H. Network analysis on safety culture and worker’s behaviour: a forest
of all minimum spanning trees. International Journal of Basic & Applied Sciences. 12 (6), 29-37 (2012).

Asrah N. M. Effective vector variance in modeling Malaysia highway traffic network. Doctoral dissertation,
Universiti Teknologi Malaysia (2019).

Lee G. S., Djauhari M. A. Network topology of Indonesian stock market. 2012 International Conference
on Cloud Computing and Social Networking (ICCCSN). 14 (2012).

Freeman L. C. A Set of Measures of Centrality Based on Betweenness. Sociometry. 40 (1), 35-41 (1977).
Bonacich P. Some unique properties of eigenvector centrality. Social Networks. 29 (4), 555-564 (2007).

Ringim K. J., Sayedi N. S. Effect of Bank Lending on Economic Growth of Nigeria. Jurnal Kemanusiaan.
17 (1), 10-18 (2019).

Mathematical Modeling and Computing, Vol.12, No.2, pp.650-660 (2025)



660 Murtala A., Asrah N. M., Djauhari M. A.

AHani3 poHpgoBoro puHky Hirepii go Ta nicns 3mMiHu rpowoBnx Kynop
3a JOMNOMOroK0 aHai3y couiaibHUX Mepexx

Myprama A.', Acpa H. M.!, JTxxayxapi M. A.2

! Kagpedpa mamemamuru ma cmamucmuru, Paxysvmem npuriaonus Hayk ma mexnoao2il,
Vuisepcumem Tyn Xycetina Onwna Manatisii, Oceimnit xab6 Manatisii Ilazox,
1-% ®m, orcanan IHarvop, 84600 Ilarwop, ocoxop, Manatizis
2 Vnisepcumemevrut Koaedoic icaamcoroi peaieii imeni X. B. Badyazamana, Tapym, Indonesin

IIs pobora mociimKye 3a/IeXKHICTh akKIliil Ha Hirepiiicbkomy (ormoBoMy puHKY 3 2022 110
2023 pik, 30cepeKYIOUNCh Ha BILUIMBL 3MiH yPSA0BOI MOJITUKHA MO0 TPOIMTOBUX KYIIOP. Y
JOCJIJI2KEHHI BUKOPUCTOBYETHCH JIIC YCIX MIHIMAJIbHUX OCTOBHUX JIEPEB, OTPUMAHUMN 3 KO-
pessatiitaol maTpuri 40 TPOBiMHUX AKIHH v Pi3HUX CEKTOPAX, a TAKOXK YOTUPU TPAIUIIHHI
MipH TEHTPAJBLHOCTI JJIsT BUSBJIEHHsI HANOIIbIN BINIMBOBUX aKIIiil y Mepexi. Pesymabraru
MepPEeKEeBOTO aHAJII3Y MOKA3YIOTh, IO CEKTOPH, AKi JJOMIHYBaJIM Ha PUHKY JI0 3MiHU MTOJIITH-
KW, BIIPI3HAINCS BiJ THX, IO JIOMiHyBaJH micasd Hel. KpiMm Toro, aHasis BKa3ye Ha 3CYBHU
B BiJHOCHHAX JOMIHYBaHHS Ta 3aJIEKHOCTI MiXK akmigmu. Ili BUCHOBKM HAJAIOTH IIHHY
indopmMaIrito /i MOJITUKIB Ta YYIACHUKIB PUHKY, IMPOIOHYIOUH OLIBIN TiTKE PO3yMiHHS
Mi2?KCEKTOPAJILHUAX BITHOCUH aKITiif Ta COpUAIOTH iteHTudikalil akiiii 3 TO3UTUBHUMU 200
HETATUBHUMU KOPEJIAIisIMH.

Knw4osi cnoBa: wmepesicesutl anania; Aic Ycir MIHIMAALDHUL KICMAKOBUT 0EPes; MIpu
UEHMPAALHOCTE; POHI0BUT PUHOK.
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