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There is a tremendous amount of data present on the web and accessing useful/relevant information from a cluster of 
random documents is a tedious and time-consuming task. Traditional information retrieval techniques and information 
management systems are not that intelligent to extract relevant information from pre-defined datasets or documents. This 
necessitates the researchers to create and enhance a sophisticated information retrieval system. Also, the similarity between 
information is equipped with uncertainties due to its computing measures. Keeping these issues in mind, a neuro-fuzzy and 
ontological-based model in a multi-tenant cloud environment is proposed in this research study. The model comprises 
modules like query expansion, the weighting of terms and queries, and hashing function to ease the retrieval process 
followed by validation of the dataset using a neuro-fuzzy network to retrieve relevant information from the cloud service 
provider. The simulation results prove the validation of the proposed model in terms of higher accuracy and better retrieval 
performance as compared to traditional models (support vector machines and deep neural networks) as well as existing 
recent works. 

Keywords: Cloud computing, Information retrieval, Multi-tenancy, Neuro-fuzzy, Ontology 

Introduction 
Information extraction is a critical step in cloud 

computing because it permits the storage and recovery 
of useful information from the local host to the cloud 
server and vice versa. The system for managing 
information experiences a significant transformation 
in a short time due to the availability of resources and 
technological innovation. With its cutting-edge web-
based information management solutions, technology 
has also begun removing the last vestiges of 
conventional information management techniques. 
Similarly to this, the demand for information 
management systems is continually growing as a 
result of modern advanced search engines, internet-
based services, network mediums, and electronic 
libraries. With its cutting-edge web-based information 
management solutions, technology has also begun 
removing the last vestiges of conventional 
information management techniques. Similarly to this, 
the demand for information management systems is 
continually growing as a result of modern advanced 
search engines, internet-based services, network 
mediums, and electronic libraries. This necessitates 

the researchers to create and enhance a sophisticated 
information retrieval system. 

Problem Statement and Significance of the Study 
The significance of information retrieval is 

demonstrated by the way it extracts the material from 
databases that are most appropriate for a given query. 
But the question is: How can the relevant data for the 
query to be retrieved? The precision and recall will 
increase when information is extracted based on 
semantics instead of traditional text-based keywords. 
According to the query, a big group of documents is 
separated into smaller sets for this reason to extract 
data mining's ultimate objective to gather data based 
on patterns that can be recovered to gain crucial 
knowledge from the massive amounts of data that 
have been stored. The best example of information 
management nowadays is cloud computing, which is 
based on pay per usage policy and is extensively used 
by both large and small enterprises. The cloud 
provides services based on needs, reducing substantial 
expenses for businesses because they do not have to 
pay for hardware or environment setup. Because 
cloud computing is widely used, users can easily 
expand or decrease storage capacity as needed, which 
further lowers organizational costs. Hence, this 

—————— 
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research work attempts to provide an efficient and 
reliable means of retrieving relevant information in 
the context of user queries using the fuzzy and 
ontological-based approach in a multi-tenant cloud 
environment. 
 

Related Works 
This section summarises relevant research on 

information retrieval that has already been done to 
identify potential problems with retrieval system 
implementation. Jiaying et al.1 analyze the data 
mining and information retrieval system. The survey 
provides in-depth information regarding applications 
of information retrieval systems in the cloud 
environment. Yongjun et al.2 identified problems with 
the bibliographic information retrieval system's 
natural language interface since database management 
systems have trouble organizing data in natural 
language, it is difficult to perform information 
retrieval using natural language. In their research, 
Andrei et al.3 describe a ranking-based information 
retrieval technique. When calculating model ranks 
based on document description and phrase frequency, 
the user request is taken into account. The research 
employs a modified genetic algorithm and offers 
helpful data immediately. A genetically based map 
criterion and ranking models are used in the proposed 
method to lessen the structural complexity of 
conventional information retrieval. However, the fact 
that the recommended system is unable to react to 
questions posed in natural language is regarded as a 
model restriction. Issues with the multimodal retrieval 
method for getting document images are reported by 
Datta et al.4 Graphs are used to represent the words in 
a text, which makes it easier to assess how similar the 
words are. Synonymy and a semantic index are added 
to the similarity measure to improve performance by 
obtaining the data required for the user query. The 
studies by Tajeddine et al.5 and  
Yang et al.6 employing distributed databases for 
information retrieval discovered similar models which 
increase retrieval performance and data security. A 
cluster-based information retrieval paradigm was put 
forth by Djenouri et al.7. Based on the user question, 
the suggested approach determines the frequency of 
the information and returns the most common things 
as results. The recommended approach has 
advantages because it returns to the user the most 
well-liked terms that are frequently used by others. 
This model's weakness is the incorporation of 
unnecessary data, though. Angelini et al.8 proposed 

multimedia information retrieval exchange based on a 
case-based dataset. Information processing problems 
in a multi-cloud context were reported by Jennifer  
et al.9. Due to its interface, service delivery, and 
technology, data upkeep in a multi-cloud context is a 
difficult procedure. Joby et al.10 performed an 
information retrieval process with traditional deep 
learning models like Support Vector Machines (SVM) 
and Convolutional Neural Networks (CNN). It 
produces repetitive results due to a lack of filtering 
and expansion of queries entered by the user. 
Chandrika et al.11 perform accessing of data in a 
multi-tenant environment using an Elliptic Curve 
Cryptography (ECC) algorithm but its limitation is 
that the data is not refined with relevant results. It 
does not make use of any deep learning and 
ontological-based methodology to refine the retrieval 
process. Krishnaraj et al.12 devised a model based on 
semantic indexing for large-scale image retrieval in a 
cloud environment. It does not involve the expansion 
of terms and text-based keywords which may lead to 
higher precision and retrieval efficiency of entered 
data. In addition to this, a concise view of some extra 
literature review studies is presented in Table 1. 
 

Ontology in Cloud 
A hierarchical representation of data in the form of 

classes, properties, and instances to make it more 
meaningful and representable is termed Ontology. 
Ontology is treated as the formal, explicit 
specification of a shared conceptualization.16 Besides 
its formal nature, philosophical aspects, and handling 
of real-world scenarios, it also acts as a medium for 
linking humans and machines.17 
 

Proposed Model 
It begins with the expansion of the input query 

entered by the user. Query expansion involves pre-
processing data sources, term extraction, term 
weighing and ranking, term selection, and query 
rephrasing. It is described as follows. 
 

Pre-processing of Sources of Extraction of Terms and Data 
The main objective of this stage is to retrieve from 

the data source a list of phrases that significantly 
broadens the user's initial query. It includes 
extrapolation of text from the data source (full-text 
extraction from the particular data source utilized for 
query expansion), tokenization (technique of word-
by-word splitting of a text stream), and stop words 
elimination (removing terms that are used frequently, 
such as articles, adjectives, prepositions, etc.). 
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Ranking and Weighing the Terms used in Query Expansion 
The inputs for this step include the user's query and 

the texts that were obtained from the data sources in 
the preceding stage. The relevance of the phrases in 
the expanded query is shown by the assigned weights, 
which are subsequently applied to the documents that 
have been retrieved to score them. Romano et al.18 
divide the strategies into three groups based on how 
the expansion features and query terms interact. 

(a) One-to-One relationship:-Connect each 
enlarged term to at least one query phrase. The use of 
a glossary is necessary. One of the most well-known 
thesauruses is WordNet.19 WordNet is used to map 
each query phrase to its synonyms and a related set of 
terms in the expanded query. For instance, the term 
"java" has three synsets in WordNet, each with a 

distinct sense: place. According to the common 
understanding of word similarity, two terms are 
semantically similar if they exist in the same text. 
Like this, texts are judged comparable if they include 
similar language. There are various methods for 
figuring out word similarity. The degree of phrase 
similarity between WordNet synsets is assessed using 
path length-based metrics. 

Let t1 and t2 be the specified terms, and let ‘lens’ 
stand for the length of the shortest path in WordNet 
between t1 and t2. Then, the definition of the 
“Shortest Path Similarity Score”20 is: 

SimPath (t1, t2) = 1÷lens               … (1) 

The similarity between the terms t1 and t2 is also 
computed by the Cosine similarity measure defined as: 

Table 1 — Detailed insights of a few selected papers 

Author Year Description Shortfalls indicated in referred articles Algorithm/ Technique 
used 

Jiaying et al.1 2019 Detailed information about information 
retrieval processes in a cloud 
environment. 

Not suited for domain-specific 
applications and training datasets. 

Not applicable 

Yongjun et al.2 2017 Identified issues with existing 
information retrieval systems. 

Cannot validate dataset on any simulation 
platform 

Natural language 
processing 

Andrei et al.3 2017 Calculates model ranks based on 
document description and phrase 
frequency. 

The model is unable to react to queries in 
natural language 

Genetic algorithm 

Datta et al.4 2017 Semantic indexing of queries is done to 
improve the retrieval process 

No algorithm and training dataset 
validation 

Learning graphs 

Tajeddine et al.5 2018 Uses distributed databases for 
information retrieval 

Although it provides high security and 
higher efficiency, failed to provide 
validation of results. 

Not applicable 

Yang et al.6 2018 Uses distributed databases for 
information retrieval 

Although it provides high security and 
higher efficiency, failed to provide 
validation of results. 

Not applicable 

Djenouri et al.7 2019 Performs retrieval based on the 
frequency of terms entered by the user. 

Does not consider the user's previous 
preferences 

Cluster-based approach 

Angelini et al.8 2018 Works on the assumed dataset by 
computing similarity measure 

Low accuracy Visual analytics 
approach 

Jennifer et al. 9 2019 Data is accessed through cryptographic 
and hash functions in a cloud 
environment 

Irrelevant search results Computational 
intelligence 

Joby et al.10 2020 Identified security issues in multi-tenant 
cloud systems by computing similarity 
measure 

No concept of semantic indexing and 
ontology is being used 

Probabilistic and vector 
space model 

Chandrika et al.11 2021 Self-adaptive system It does not make use of any deep learning 
and ontological-based methodology to 
refine the retrieval process 

Elliptic curve 
cryptography algorithm 
(ECC) 

Krishnaraj et al.12 2021 Image-based retrieval only It does not involve the expansion of terms 
and text-based keywords 

Semantic indexing 

Babu et al.13 2022 Secure deduplication in Multi-tenant 
cloud 

No concept of semantic integration and 
ontology is used 

Hashing technique 

Ubaidullah et al.14 2023 Virtual machine trusted cloud 
computing 

Does not perform validation in testing  
phase 

Elliptic cryptography 

Vajpayee & 
Hossain15 

2024 Risk prediction through multi-tenant 
cloud 

No official dataset is taken into 
consideration 

Homomorphic 
encryption 
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Simcosine= Ct1, t2ට∑ 𝑤 ൈ 𝑤ሺ𝑡1, 𝑗ሻ.∑ 𝑤 ൈ 𝑤ሺ𝑡2, 𝑗ሻௗ௝ௗ௝   

                  … (2) 
 

where Ct1, t2 denotes similarity between terms t1  
and t2; w(t1, j) and w(t2, j) are the weight of terms t1, 
t2 in jth document 

(b) One-to-many relationship:-In this, a candidate 
term is included in the enlarged query if it is linked to 
numerous terms from the original query.  

(c) Query Language Modelling:- It involves 
selecting the most likely growth terms and developing 
a quantitative approach for the inquiry. This method is 
also known as the model-based technique. The 
likelihood that a document will be among the top 
results is as follows:  
 

𝑙𝑜𝑔௣ሺ𝑇𝑟 ↓ 𝜃𝑞ሻ ൌ  ∑ 𝐶ሺ𝑡1, 𝑡2,𝐷ሻ 𝑙𝑜𝑔ሺ𝜇ሺ𝑡 ↓ 𝐶ሻ ൅஽∈௧ଵ
஽∈௧ଶ 

ሺ1 െ 𝜇ሻሺ𝑡, 𝜃𝑞ሻ                … (3) 
 

where, Tr is the set of top-ranked documents; 𝜃𝑞 is 
the query model; 𝐶ሺ𝑡1, 𝑡2,𝐷ሻ is the number of 
occurrences of terms in Document D; µ is the 
weighing parameter having a value between 0 and 1 
 

Selecting the Query Expansion Terms 
The selection of the expansion terms based on the 

ranks assigned to each term has been recommended 
using a variety of techniques that utilize the additional 
information. A system that chooses the most popular 
terms for each query while utilizing a variety of term 
rating methods was proposed by Carpineto et al.21 To 
do this, corpus papers must be reexamined, and new 
questions must be created that relate to the original 
one. Fang et al.22 suggested an impact-sorted indexing 
method that makes use of a specific index data  
model and improves information retrieval scoring 
systems. 
 

Query Rephrasing 
The larger query is modified in the final stage of 

the expansion process to deliver better results when 
utilized to fetch pertinent documents. Query 
reweighting is the process of reformulating the query 
based on the weights given to each distinct term in the 
extended query. It can be formulated as: 
 

𝑅𝑊௧,௤ ൌ ሺ1 െ 𝜇ሻ.𝑊௧ଵ ൅ 𝜇.𝑊௧ଶ             … (4) 
 

where, 𝑅𝑊௧,௤ is the reweighting of term t of the query 
q; Wt1 = weight assigned to term t1; Wt2 = weight 
assigned to term t2; µ is the weighing parameter 
having a value between 0 and 1 

After query expansion, it is fed into the Cloud 
Service Provider (CSP). The model is proposed in a 
distributed multi-tenant cloud environment 
comprising a pre-defined domain-specific dataset. 
The query is inputted by the user related to the 
dataset. Using the hash function, a hash table is 
created to maintain a database for easy retrieval of 
information. Hamming distance is calculated to map 
the queries of the same class with similar codes. Once 
it is identified, the data is set to train and validate 
using a neuro-fuzzy network based on fuzzy logic 
splicing and parallelization. As soon as a query is 
entered by a user, the relevant information from the 
trained dataset is mapped from a Cloud Service 
Provider (CSP) and provided to the user in form of 
ontologies (hierarchical structure of relevant results). 
With ontology, a user can easily identify classes, 
properties, and instances related to the entered query. 
The process is illustrated in algorithms as shown 
below: 
 

Algorithm 1: Query expansion 
Input: Query entered by the user 
Output: Reformulated query 
Step 1. Pre-processing of query 
1.1 Extrapolation of text 
1.2. Word-by-word splitting of text 
1.3. Stop words elimination 
1.4 Stemming of words 
Step 2. The weighting of terms. Let terms be t1, t2, 

and weights associated with them be w(t1) and w (t2) 
2.1. Computing similarity between terms t1 and t2 

using cosine similarity measure using Eq. 2: 
2.2 Selecting the most likely occurring terms in the 

query using Eq. 3 
Step 3. Ranking of selected terms 
Step 4. Reformulation of query based on weights 

associated with each term using Eq. 4 
Algorithm 2: Hashing function 

Input: Expanded query features 
Output: Binary codes, hamming distance 
Step 1. After the expansion of the query, it is 

mapped by hash codes, and a mediator function is 
introduced to achieve better similarity between pairs 
of terms. 

Step 2. Let q1, q2, and q3 be the pairs for the given 
query (Q) 

Step 3. Let hash codes associated with pairs are h1, 
h2, h3 having range of n bit binary codes {+1, −1, 
+1}n 

Step 4. for n <= length of terms do 
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map {(h1, q1), (h2, q2) and (h3, q3)} 
compute mediator function Mf as 
Mf (h1, h2, h3, Q) = ½ (1−q) dh (h1, h2, h3) where 

dh is hamming distance computed to obtain  
similar pairs of terms with 0 code and dissimilar pairs 
with 1 
Algorithm 3: Fuzzy logic splicing 

Step 1. The neuron-activated function in the neuro-
fuzzy model is used to set the threshold based on Mf 
computed in the above step. It works on the same 
codes for similar terms and binary codes for 
dissimilar terms. 

Step 2. The similar terms are spliced using fuzzy 
rules and are computed as: 
 

Fl (nw ˄ o) = (1÷ Mf)∑ 𝑤ሺ𝑡1ሻ௡ୀଵ  + (1÷ Lnw)∑ 𝑤ሺ𝑡2ሻ௡ୀଵ  − 
(2 ÷ Lnw) nwo                 … (5) 
 

where, Fl = Fuzzy logic function, nw = neuron weight, 
o = output function, Lnw = neuron length 

3. This neuro-fuzzy function will process either 
similar or dissimilar results at one time thus blocking 
the irrelevant results to the user.  

The layout of the proposed model is presented in 
Fig. 1 
 

Implementation Process 
Hardware requirements: i3/i5/i7 processor with 2.2 

GHz with 4 GB RAM or higher 
Operating system: Windows 64 bit 
IDE: NetBeans 8.2, Java Development Kit (JDK) 
Simulator: CloudSim 3.03 version and MATLAB 

R2023a 
 

Experimental Dataset 
The proposed OntoFuzz algorithm for information 

retrieval in a multi-tenant cloud environment is 
experimentally verified in CloudSim23 and 
MATLAB24 and validated on the annual rainfall 
dataset taken from the Kaggle database.25 The 
efficiency and retrieval performance of the proposed 
model is estimated using Precision, Recall, and  
f-measure. Conventional support vector machine 
(SVM) information retrieval systems and deep neural 
network models are compared with the proposed 
OntoFuzz system. 
 

Precision (P) is calculated as 𝑡௣ ൊ ሺ𝑡௣ േ 𝑓௣ሻ       … (6) 
 

Recall (R) is calculated as  𝑡௣ ൊ ሺ𝑡௣ േ 𝑓௡ሻ          … (7) 
 

F-measure is calculated as  
ଶൈ௉ൈோ

௉ାோ
                 … (8) 

 

The dataset has many training samples in the form 
of periods, a few of them are depicted in Table 2. In 
the dataset, S denotes seeded, U denotes unseeded, 
NC denotes rainfall in the north-central area, SC 
denotes rainfall in the south-central area, NWC 
denotes rainfall in the northwest-central area and TE 
denotes east target areas. 
 

Simulation of Model in its Training and Testing Phase 
The dataset used in the study initially has 10,000 

training samples, 100 numerical attributes and 500 
testing samples. Suppose a user enters a query ‘Plot 
the rainfall intensity wave graph in north-central area 
and south-central area during AUTUMN season’. The 
simulation of our proposed model is done in 
MATLAB and CloudSim and the results are shown in 
Fig. 2 and Fig. 3. 
 

Results and Discussion 
In Table 3, the proposed model results are collated 

with the conventional models26,27 and recent 
studies.12–15 

It can be seen that the proposed OntoFuzz model 
outperforms the conventional models as well as recent 
studies in terms of precision, recall and f-measure. 
Also, the retrieval efficiency of the individual 
proposed OntoFuzz model is depicted in Fig. 4. It 
implies that performance increases even as the 
number of queries rises in the system. 

Better accuracy is seen in the proposed OntoFuzz 
model as compared to traditional information systems 
as depicted in Fig. 5. The accuracy of the SVM system 
based on the number of queries is around 67–76%, and 
that of the Deep  neural  network is  around  56–83%.  

 
 

Fig. 1 — OntoFuzz- Proposed information retrieval model 
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Fig. 2 — Tuning training and testing parameters using Neuro-fuzzy approach 
 

 
 

Fig. 3 — Splicing or convergence of neural network and generation of fuzzy rules 
 

 
 

Fig. 4 — Information retrieval efficiency of the combined systems 

Table 3 — Comparative analysis of the proposed model with 
conventional models and recent studies 

Approaches/Models Precision (%) Recall (%) f-measure (%) 

Krishnaraj et al.12 65.67 64.33 66.78 
Babu et al.13 68.23 69.55 69.76 
Ubaidullah et al.14 72.44 73.55 74.67 
Vajpayee & Hossain15 78.48 79.12 78.66 
SVM-based system26 76.45 75.34 77.65 
Deep neural network27 82.34 84.23 84.61 
Proposed OntoFuzz 
system 

85.67 86.54 85.49 



J SCI IND RES VOL 83 AUGUST 2024 
 
 

862

 
 

Fig. 5 — Accuracy of combined systems based on the number of 
queries 
 
OntoFuzz system is having an accuracy of around  
77–89% thereby retrieving more relevant results. 
 
Conclusions  

Validated on CloudSim using an annual rainfall 
dataset from the Kaggle repository. It is compared 
with traditional Support Vector Machine (SVM) 
information retrieval systems and deep neural 
network systems based on evaluation metrics 
including precision, recall, f-measure, and accuracy. 
The results found to be better. However, Optimization 
of hyper-parameters involved in neuro-fuzzy 
approach may involve higher processing time which 
lead to overlapping of fuzzy rules and distorted 
results. Sometimes, the integration of ontology with 
the cloud server provider requires higher application 
cost for the users. As a future scope, ontology can be 
designed using ontology editors like PROTÉGÉ, 
HOZO, etc. and the results from the designed 
ontology are required to produce inferences based on 
semantic web rule language and ontology web 
language. In this way, the results from enhanced 
ontology are added to the Software-as-a-Service 
(SaaS) layer of the cloud.  
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The existing literature on herding often uses the static model to test herd behaviour in the 

Indian market context. Hence, the objective of this paper is to investigate the dynamic herd 

behaviour for S&P BSE 500 from 2009-2023 using the Markov Regime Switching model. 
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Introduction 

The most common type of bias in the financial market is herd instinct or herd 

behaviour. In general terms, herding means following other investors with superior 

information while suppressing their beliefs. Many causes behind herd behaviour can 

be deduced from the theoretical literature. As many previous studies have explained, 

herding can arise due to reputational concerns, informational cascade effect, 

superiority of information, and a complex informative structure environment (Avery 

& Zemsky, 1998; Bikhchandani et al., 1992; Scharfstein & Stein, 1990). Moreover, 

these types of behavioural biases can cause volatility to be high and extreme market 

situations in the equity market (Litimi, 2017). Analysing herding is very important 

because it can cause high volatility in the market, enlarging the gap between the 

market price and fundamental price of any stock and creating a bubble-like situation 

in the stock market (Bikhchandani et al., 1992; Chiang & Zheng, 2010). This 

encourages the investors to make correct decisions, resulting in an efficient market. 

An understanding of herd behaviour enables better investment decisions with 

portfolio diversification., With this objective, we investigate herding in the Indian 

stock market., There are multiple reasons for choosing the Indian stock market. First, 

emerging economies like India have the presence of herding due to cultural 

differences, incomplete enforcement laws, and uneducated and uninformed investors 

(Chang et al., 2000; Kanojia et al., 2022; Lao & Singh, 2011). Second, India is the 

fastest-growing economy in emerging markets, with more relaxed regulations related 

to foreign capital. This, in turn, led to an enormous flow of foreign institutional 

investment in India. So, it is observed that during extreme market situations, investors 

start following Foreign Institutional Investors (FIIs) and move in the same direction. 

 

This research adds multiple insights into the herding literature. First, the existing 

study applies the Regime Switching constant probability model with three Markov 

states for the Indian stock market in which herd behaviour may or may not exist. In 

the case of volatile situations, the investors have become risk averse and start 

following the market trend to avoid excess risk. However, other types of investors 

exploit the benefits of an extremely volatile market by earning higher excess returns. 

Hence, it might be possible that investors react differently in various volatile 

situations. So, it is highly important to address the dynamic herding along with 

dynamic volatility., Herding can also be addressed through other linear models like 

structural break or Autoregressive Moving Average (ARMA) models. However, we 

have chosen the regime model to identify the hidden Markov states as it divides the 

market into multiple regimes based on the stochastic process. This model easily 

captures the dynamic pattern of complex time-series data (Shakya et al., 2017). The 
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three-regime model enables us to investigate the dynamic nature of cross-sectional 

dispersion and how structural breaks or events move the series into different regimes 

or states where herd behaviour can be observed (Balcilar et al., 2013). This is because 

linear models cannot capture the time-varying properties of any non-linear series 

(Chauhan et al., 2020; Choi & Yoon, 2020; Garg & Gulati, 2013; Lao & Singh, 2011). 

Second, less research has considered the significant autocorrelation property of cross-

sectional absolute deviation in time-varying models, and this study includes two lag 

terms of explained variables in the Regime Switching model. Third, we establish the 

role of volatility in driving the dynamic herding in the Indian financial market.  

 

The present study examines herding using both linear and non-linear models. 

First, the results are calculated through a linear herding model. Then, the non-linearity 

is tested in the financial time series, and several regimes are identified. After that, the 

Markov Regime Switching model is applied to investigate the dynamic herding in 

multiple regimes. We identified the existence of three regimes in the Indian market 

with high, low, and extreme volatility. Here, an extremely volatile regime means 

changing prices suddenly or abruptly by moving the series to a very high or very low. 

However, there is a bidirectional shifting of high and extreme volatile regimes, 

identical to the study of Balcilar and Demirer (2015), motivating the market 

regulators to make a mechanism to stop the market transitions from high to extreme 

volatile regimes.  

 

The paper is ordered as follows: Section 2 contains the related studies. The data 

and empirical framework are presented in Section 3. Section 4 examines the results 

and analysis, and Section 5 presents the conclusion and implications of the study. 

 

Literature Review 

Theoretical Background 

Many previous studies have examined the concept of herding and the factors that 

can lead to a herd-like situation in the stock market (Avery & Zemsky, 1998; 

Bikhchandani et al., 1992; Spyrou, 2013; Wermers, 1999). Furthermore, Herding is 

an irrational behaviour that persuades investors to make decisions based on others' 

information. Market participants can cause herding for various reasons; for example, 

managers do herding out of reputational concern (Scharfstein & Stein, 1990). They 

present a learning model where the labour market can update the understanding of 

managers’ abilities due to their investment decisions. This behaviour may be socially 

inefficient but is rational from the managers' standpoint. Likewise, Bikhchandani et 

al. (1992) exhibit an informational cascade as the cause behind local conformity and 
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the fragility of mass behaviour. An informational cascade occurs when it is optimal 

for the individual to observe the actions of others while ignoring their private 

information. However, it can soon be fragile when new information arrives in the 

market. In their theoretical model, Avery and Zemsky (1998) explain that herding 

behaviour is not possible in the long run in a simple informational structural 

environment. However, the more complex informative structure can lead to 

herd behaviour and the creation of a price bubble in the short run in the case 

of multidimensional uncertainty. Literature suggests two types of herding, which 

investors can reflect on. One is rational herding, and another is irrational herding. 

Rational herding is unintentional or spurious based on the fundamental information 

available to all (Bikhchandani & Sharma, 2000; Galariotis et al., 2015). Irrational 

herding is intentional and based on information unavailability (Shiller et al., 1984; 

Trueman, 1994). 

 

Herding in the Financial Market 

Earlier empirical studies have primarily relied on two strands of methodology to 

measure herd behaviour. Lakonishok et al. (1992) has checked out the impact of 

institutional trading on stock prices. As an institutional trader, they have taken the 

trading of money managers to measure herding in the equity funds. Their model is 

based explicitly on the buying and selling order of money managers for a particular 

stock in a quarter. The other technique that measures flocking toward market 

consensus using the famous Cross-Sectional Standard Deviation (CSSD) and Cross-

Sectional Absolute Deviation (CSAD) was proposed and modified by Chang et al. 

(2000) and Christie and Huang (1995), respectively. Many empirical studies employ 

the CSSD to assess the herding.  Tan et al. (2008) applies the linear model in the 

Chinese market and observes significant herding. Chiang and Zheng (2010) explore 

uniformity at the global level using CSAD, showing important herding in advanced 

stock markets and Asian markets. Rompotis (2018) checks the uniformity in 

exchange-traded funds with the help of a linear model and exhibited no herding in 

Exchange-Traded Funds (ETFs). Choi and Yoon (2020) study uniformity in the 

Korean equity market using a cross-sectional absolute deviation approach and find 

herding behaviour during down market returns. Moreover, some studies also 

investigate herding during or after the outbreak of COVID-19. Nguyen and Vo (2023) 

examine the herding in the Vietnamese stock market during and after the pandemic. 

Results reveal the existence of herd behaviour during and after the pandemic, stating 

that these crisis-like situations exacerbate the similarity in the financial market. 

Likewise, recently published Tauseef (2023) studies herd behaviour in the Pakistan 
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stock market during the financial crisis and COVID-19. They report significant 

herding during the COVID-19 period and the financial crisis. Ferreruela and Mallor 

(2021) describe herding before and after the global financial crisis but no herding 

during the pandemic. They also observe significant evidence of herding during the 

pandemic but during the time-high volatile periods only.   

 

Later, the studies on herding shift their analysis to more advanced econometric 

models to identify the time-varying nature of herding. Hwang and Salmon (2004) first 

propose a model measuring dynamic herding that relies on monthly betas using 

Kalman filter’s state-space model. Similarly, Arjoon and Bhatnagar (2017) study 

herding behaviour in Frontier markets. They examine both static and dynamic 

herding, as well as herding during times of volatility. To analyse time-varying 

herding, they utilise a state-space model. Their findings suggest that herding evolves 

as the behaviour of investors changes with fluctuations in information flow. Recently 

published Yang and Chuang (2023) examine dynamic herding in highly volatile US, 

Taiwan, and China markets. They have applied the Kalman filter model and the 

GARCH model for analysis. Results explain the similarity among the market 

investors in volatile periods during the financial crisis but low herding during the 

pandemic. From the above studies, it can be observed that researchers have shifted 

their interest toward dynamic herd behaviour. Schmitt and Westerhoff (2017) have 

clearly stated that a speculator’s herd behaviour increases the volatility clustering in 

the market using the agent-based market model. Blasco et al. (2012) check out the 

impact of herding on volatility in the Spanish stock market. Results indicate the 

presence of a linear relationship between herding and volatility. Likewise, Fei and 

Liu (2021) also analyse the role of herding in stimulating volatility in the Chinese 

stock market. Findings exhibit that herding can stimulate volatility but to a different 

degree. The above-stated studies on herding and volatility signify a significant 

relationship between volatility and herding. Hence, the present study chooses to 

investigate the role of herding with particular reference to volatility in the Indian 

stock market. Herding is generally a short-lived phenomenon prominent in extreme 

market situations, which is measured by using daily or intraday data (Gleason et al., 

2004). Hence, by considering the short-term presence of herding, Klein (2013) 

explains the dynamic herding using the Markov Switching SUR model and reveal 

herd behaviour during high volatility. Several empirical studies use a regime-

switching model with two or three regimes to address the herding impact. Balcilar et 

al. (2013) propose a three-regime Markov model and tested the herd mentality in the 

Gulf Arab Stock Market. They show herd behaviour in the Crash regime. Balcilar 

and Demirer (2015) investigate the herding in Borsa Istanbul by applying the dynamic 
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transition probability Regime-Switching model. They arrive at the same result of 

herding in extreme/highly volatile regimes, consistent with previous studies. 

Similarly, using the Regime-Switching model, Babalos et al. (2015) check dynamic 

herding in the US Real estate market. They imply significant herding in the crash 

regime and the evidence of negative herding in low/high volatility. Likewise, Kabir 

and Shakur (2018) investigate herding in various international markets using a 

smooth transition regression model. Their study indicated that most countries, 

including India, herd in highly volatile regimes. Akinsomi et al. (2018) examine herd 

behaviour in the real estate investment trust in the UK. They divide the market into 

three regimes: low, high, and extreme volatile periods. They find no herding using 

the static model and exhibit significant herding in the low volatile periods compared 

to anti-herding in high volatile periods. Fu and Wu (2021) investigate the herd 

mentality among Chinese market investors and find that herding is regime-dependent 

in high-volatile regimes. Similarly, Ah Mand and Sifat (2021) establish evidence of 

prominent herding in high-volatile regimes in Bursa Malaysia. Javaira et al. (2023) 

establish a relationship between volatility and dynamic herding in the energy sector 

during COVID 19. They find that herding is significantly affected by three volatility 

measures: global volatility, oil market volatility, and pandemic volatility.  

 

Indian-Specific Evidence on Herding 

Many studies related to herding have also been conducted in the Indian financial 

market. Lao and Singh (2011) discover a herd-like situation in the Indian financial 

market during market uncertainty using the CSAD static model from 1999-2009. 

Similarly, Garg examine uniform behaviour in normal and extreme market conditions 

from 2000-2013. The results convey the message that no imitation by investors in 

either type of situation. A study by Poshakwale and Mandal (2014) investigate herd 

mentality using the Kalman filter in the National Stock Exchange of India. They 

exhibit that herding increased due to market volatility after allowing time-varying 

variables. Kumar et al. (2016) document no uniformity among the Indian market 

participants in both normal and uncertain market situations for 2008-2015. Ganesh et 

al. (2017) investigate the uniform behaviour in the Indian bourses for 2005-2015 and 

find evidence of no herding overall except in 2011 and 2014. Ansari and Ansari 

(2021) have recently measured herding for 2007-2018 using the static model in 

normal and bull/bear phases. Their findings show the anti-herding among Indian 

market participants in all market conditions. Similarly, Kanojia et al. (2022) exhibit 

no herding for the Indian market using the CSAD methodology for the period 2009-

2018. The evidence depict no herding in any market conditions. Shrotryia and Kalra 
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(2022) have studied herding in Brazil, Russia, India, China and South Africa (BRICS) 

using a quantile regression approach. The evidence of their study discloses anti-

herding in the Indian financial market.  

 

Research Gap 

From the above discussion, it is discovered that literature on Indian herding has 

shown evidence of no herding or anti-herding in the Indian stock market. Still, some 

studies show that herding may be present during crisis periods. All studies have used 

the static approach to measure herding by skewing towards analysing herding in 

up/down market conditions. Although the regulations regarding investment have 

been considerably improving after liberalisation in the Indian stock market. However, 

India is still an emerging country with more small retail investors who behave 

irrationally in extreme market situations (Ansari & Ansari, 2021). Moreover, the 

Indian stock market has involved the greater entry of foreign institutional investors 

in the recent decade, making the Indian market vulnerable to various investor 

sentiments like herd behaviour and positive feedback trading (Mukherjee & Tiwari, 

2022). Furthermore, various unprecedented events like COVID-19 increased the 

inefficiency in the Indian stock market (Bhatia, 2022). Domestic investors started 

following the foreign investors in a similar manner. All these reasons mentioned 

above make the study interesting to explore whether, with time, herding behaviour 

has evolved or vanished in the Indian market. Our study differs from the recent study 

of Ansari and Ansari (2021) in several ways. First, they test herding in the up/down 

market, but we have analysed flocking with particular reference to volatility. Second, 

they have used a static model to measure the herding., We explore the dynamic nature 

of herding in a three-regime specification. The study of Poshakwale and Mandal 

(2014) investigate herd mentality using the Kalman filter in the National Stock 

Exchange of India. They rely on monthly beta rather than daily or intraday. Kabir and 

Shakur (2018) explore uniformity in high- and low-volatile regimes in multiple 

countries, including India, using the smooth transition model. However, our study 

differs from their methodological framework as we incorporate a three-regime 

specification using the Markov regime-switching model. As many previous studies 

indicate, the Markov regime switching model provides more flexibility with the point 

of time as compared to other non-linear models like GARCH or Kalman filter 

(Akinsomi et al., 2018; Babalos et al., 2015; Balcilar & Demirer, 2015; Fu & Wu, 

2021; Kabir & Shakur, 2018; Mand & Sifat, 2021). It is suitable for the time series, 

the behaviour of which is not permanent, but reverts repeatedly. The Markov regime 

switching model captures even a tiny shift in a series and estimates time-varying 

coefficients more accurately. Hence, there is a trend that various studies shifted their 
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focus towards the Markov regime switching models over time.  Moreover, the results 

of past studies depict that CSAD has properties of regime-switching. To the best of 

our knowledge, no research in India has explored dynamic herd behaviour in the 

Indian market context using the Markov-Regime Switching framework. Against this 

backdrop, the objective of the present study is to assess the presence or absence of 

dynamic herd behaviour in the Indian stock market using the Markov regime 

switching Model. 

 

Data and Econometric Framework 

Data 

Data comprises daily stock-adjusted closing prices of individual stocks listed in 

S&P BSE 500 for 1/01/2009 to 31/03/2023 in the Indian equity market.  Daily data 

can be considered high-frequency data in some contexts because it provides more 

precision than weekly or monthly data (Hung, 2019; Jebran & Iqbal, 2016). 

Information is lost in weekly or monthly data because it averages out the daily effect. 

Although many studies have considered intraday data as high-frequency data due to 

time and data availability constraints, we have taken daily data as the next best 

alternative to high-frequency data, which can depict volatility more clearly than other 

low-frequency data. Data has been collected using the Prowess IQ database from 

CMIE (Centre for Monitoring Indian Economy). We selected the study period from 

2009 because, before that period, more than 50% of companies were excluded from 

the study 500 due to a high number of missing observations. First, those companies 

registered after the 1st of January 2009, are excluded from the study to match the 

number of observations of all companies. Later, the companies with missing data up 

to 10% of the total number of observations during the period are replaced using the 

linear interpolation method (Mertler et al., 2021). The total number of observations 

is 3531, and sample companies included in the analysis are 338 out of 500. After 

screening and cleaning the data, the cross-sectional individual and market returns are 

calculated. We have calculated our market return proxy by giving equal weights to 

each stock in the portfolio, as also calculated by many numbers of studies (Chang et 

al., 2000; Chiang & Zheng, 2010; Garg & Gulati, 2013; Kanojia et al., 2022). As 

such, we have not used value-weighted returns in CSAD calculation. For applying 

Markov Regime Switching models, it is necessary to test whether financial time series 

have a regime-switching framework or not. Hence, we applied the Linearity 

likelihood ratio, and Davies tests to check the same. Lastly, the results are calculated 

using the Regime and Static models. The analysis work has been performed using 

Ox-metrics 7.0.  



Jindal, Bamba & Aggarwal 

62 

Econometric Framework 

This section explains the models used for the analysis work. Specifically, we 

started with the calculation of stylised facts of the variables used in the study. It 

provides the direction in which time series variables are going on. Next, for analysing 

the herding, the baseline model of Chang et al. (2000) is used. As the presence of 

structural breaks in high-frequency time series data and after finding the evidence of 

fat-tail, volatility clustering, and non-normal distribution in the studied variable, it is 

necessary to address these issues aptly. Hence, the appropriate regime-switching 

model is used to address these issues and analyse dynamic herding. However, before 

applying this model, we checked for non-linearity in the model through the likelihood 

ratio test and Davies upper bound test. Next, various information criteria are used to 

know the exact number of regimes. Lastly, the regime model specification is applied 

to measure time-varying herding in multiple regimes with the exact number of 

regimes to be known.  

 

Static Model 

The model to measure herd behaviour is CSSD, introduced by Christie and Huang 

(1995), and CSAD, improved by Chang et al. (2000). The methodology relies on the 

conditional Capital Asset Pricing model which describes the association of firm-level 

dispersion and the absolute market return is positive and linear. This relationship 

becomes negative and non-linear if herding occurs in the financial market.  

The Firm return dispersion is calculated as follows: 

𝐶𝑆𝐴𝐷𝑡 =
1

𝑁
∑ |𝑅𝑖,𝑡 − 𝑅𝑚,𝑡|𝑁

𝑖=1    (1) 

Here, N is the total number of sample companies included in the study and 𝑅𝑖,𝑡 is 

the returns of individual stock on a day t. 𝑅𝑚,𝑡 is the equally weighted average market 

returns of all sample companies on a day t. 

𝐶𝑆𝐴𝐷𝑡 = 𝛾0 + 𝛾1|𝑅𝑚,𝑡| + 𝛾2(𝑅𝑚,𝑡 − 𝑅𝑚
̅̅ ̅̅ )

2
+ 𝛾3𝐶𝑆𝐴𝐷𝑡−1 + 𝛾4𝐶𝑆𝐴𝐷𝑡−2 + 𝜀𝑡 (2) 

The negative and significant value of 𝛾2 represents the herd behaviour. The idea 

behind the CCK (Chang, Cheng, and Khorana) model is that absolute market return 

and dispersion have a positive and linear relationship. Due to the presence of herd 

behaviour, this relationship becomes non-linear and negative. Investors start acting 

similarly while purchasing stocks, and the returns of stocks gather around the market 

return, leading the dispersion series to decrease or increase at a decreasing rate. The 

presence of absolute and squared market returns in the same model leads to high 

multicollinearity, which becomes a problem in the OLS models. Hence, to remove 

the multicollinearity, we follow the study of Yao et al. (2014), which deducts the 
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mean of market return from the squared market return to remove multicollinearity. 

Moreover, the study incorporates the two-lag term of the dispersion variable in the 

model to address the strong autocorrelation quality of dispersion. The study includes 

only two lag terms because higher-order lag does not improve the results (Lao & 

Singh, 2011).  Many empirical studies included the lag term in their model to remove 

the autocorrelation. The study uses the heteroscedasticity and autocorrelation 

consistent standard errors of Newey and West (1987) and adds the lag term of the 

dependent variable to obtain the regression coefficients. 

 

Regime Switching Framework 

The behaviour of many financial time series may change over time permanently 

(known as structural breaks), or may shift from one type to another type and revert 

(known as regime shifts). The regimes here are unobservable. One of the most widely 

used methodologies to model this type of non-linearity is Markov Regime-Switching 

model (Brooks, 2008) in which, regime-switching may occur at the error term's mean 

and standard deviation. Hamilton (1989) proposed an algorithm based on the discrete-

state regime shifts in the Markov process., This study also follow the same approach 

and models herding using the Regime-Switching model.  

 

Through formal testing, the study found three regimes in the Indian market by 

following the seminal work of Balcilar et al. (2013) and Fu and Wu (2021). Equation 

(2) is extended by dividing the series into three regimes shifting across intercept and 

standard deviation, as shown in equation (3). All the variables vary across regimes 

except lags of the dependent variable. 

𝐶𝑆𝐴𝐷𝑡 = 𝛾0, 𝑟𝑡
+ 𝛾1,𝑟𝑡

|𝑅𝑚,𝑡| + 𝛾2,𝑟𝑡
(𝑅𝑚,𝑡 − 𝑅𝑚

̅̅ ̅̅ )
2

+ 𝛾3𝐶𝑆𝐴𝐷𝑡−1 + 𝛾4𝐶𝑆𝐴𝐷𝑡−2 +

𝜎𝑟𝑡
𝜀𝑡                   (3) 

 

Here, 𝜀𝑡~ N (0,1) is the innovation term, and 𝜎𝑟𝑡
 is the standard deviation, a 

measure of volatility. 𝑟𝑡  is discrete regime variable that can take the values 𝑟𝑡 =

 [0,1,2, … … … , 𝑚] by following the three-state first order Markov process. The 

Markov property is based on the transition probabilities, which are constants across 

states and represented by the following specifications: 

𝑃(𝑟𝑡+1 = 𝑖|𝑟𝑡 = 𝑗) = 𝑝𝑖𝑗                  (4) 

with 

∑ 𝑝𝑖𝑗 = 1,𝑚
𝑗=1  where 𝑗 = 0,1,2, … … , 𝑚 and 0 ≤ 𝑝𝑖𝑗 ≤ 1 
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where 𝑝𝑖𝑗 is the constant transition probabilities in regime i at a time t+1. The 

estimation method used for the regime switching model is the maximum likelihood, 

and robust standard error is calculated using Hessian and OPG matrices. The study 

used Excel, E-views 9.0, and Ox-metric 7.0 statistical software for the analysis. 

 

Empirical Results and Discussion 

This part explains the analysis of both linear and Regime-Switching models. 

First, we describe the variables' characteristics using stylised facts on return and 

dispersion. After that, results of both linear and Regime Switching models are shown 

with non-linear testing of the time series before applying the switching model.  

 

Stylised Facts 

Table 1 explains the stylised facts of market return and cross-sectional dispersion. 

The mean of CSAD (1.54%) is more significant than the market return (0.07%), 

suggesting higher variations in dispersion series than market returns. The standard 

deviation of the CSAD (0.36%) is less than the market return (1.14%), highlighting 

the volatility clustering in the dispersion series. Skewness is negative for market 

returns, indicating the high negative returns, while the skewness is positive for 

CSAD. Moreover, the kurtosis is very high for both the series representing Fat-tails. 

Furthermore, the Jarque-Bera statistics are significant, showing a non-normal 

distribution. The Augmented Dickey-fuller test is performed on intercept only to 

check the stationarity of the data. The stationarity test (Augmented Dickey-Fuller 

test) shows that the variables are stationary at level. 

 

Table 1: Stylised Facts 

Statistics CSAD Rm 

Mean 1.54% 0.07% 

Std. Dev. 0.36% 1.14% 

Skewness                 2.39                    -1.10 

Kurtosis 13.96                     13.60 

Observations 3531                     3531 

ADF Test        -7.802 ***    -19.86 *** 

Jarque-Bera test              21055.95 ***           17275.15 *** 

ACF1 0.785                     0.159 

ACF5 0.627                     0.051 

ACF20 0.421                   -0.000 

Notes:  1. *** p < 0.01. Jarque-Bera is for testing normality in the series.  

2. ACF is the autocorrelation function up to n lags. ADF is the Augmented Dickey-Fuller test to 

check stationarity. 
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The Auto-correlation function at different lags for the CSAD series is significant. 

It implies that the dispersion series is positively auto-correlated to higher levels of 

lags and shows signs of volatility clustering. The ACF of market returns is almost 

significant at higher lags, and the series has no trend. This means the market returns 

have a lower serial correlation with their previous values than the cross-sectional 

dispersion. These findings are in tune with various earlier studies that applied the 

Regime Switching models for fat-tails, volatility clustering, and higher serial 

correlation (Balcilar et al., 2013; Cont, 2010; Fu & Wu, 2021; Sen & Subramaniam, 

2019; Singh & Singh, 2017). 

 

Results of Herd Behaviour in Static Model 

Here, Table 2 (second column) reports the estimates of the linear OLS (Ordinary 

Least Square) model put forth by Chang et al. (2000). First of all, the outcomes of the 

static model from Equation (2) state that the coefficient 𝛾2 that measures the herd 

behaviour is insignificantly positive, showing the absence of herding in the overall 

market in the Indian market when linear OLS regression is used. 

 

Table 2: Estimation Results of Static and Markov Three Regime Switching Model 

Coefficients Static Model Result Regime Model Result 

𝛄𝟎𝟎                    0.003 (0.0002) *** 0.006 (0.0003) *** 

𝛄𝟎𝟏                    NA 0.004 (0.0002) *** 

𝛄𝟎𝟐                    NA 0.005 (0.0004) *** 

𝛄𝟏𝟎                    0.151 (0.0158) ***               0.081 (0.025) *** 

𝛄𝟏𝟏                    NA 0.107 (0.0080) *** 

𝛄𝟏𝟐                    NA 0.227 (0.0369) *** 

𝛄𝟐𝟎           0.379 (0.4652) 2.516 (0.2320) *** 

𝛄𝟐𝟏                    NA               1.450 (0.190) *** 

𝛄𝟐𝟐                    NA              -0.529 (0.2861) * 

𝛄𝟑                  0.503 (0.0204) *** 0.443 (0.0191) *** 

𝛄𝟒                0.197 (0.020) *** 0.147 (0.0168) *** 

𝝈𝟎    0.0018*** 0.0017 (0.000) *** 

R2                    0.75 NA 

𝝈𝟏                    NA 0.0012 (0.000) *** 

𝝈𝟐                    NA  0.0036 (0.0001) *** 

𝐏𝟎𝟎                    NA               0.95 

𝐏𝟏𝟏                    NA               0.97 

𝐏𝟐𝟐                    NA               0.74             (Contd.) 
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Coefficients Static Model Result Regime Model Result 

N0 NA 806 

N1 NA 2473 

N2 NA 250 

N 3529 3529 

𝛕𝟎 NA 29.85 

𝛕𝟏 NA 41.92 

𝛕𝟐 NA 4.31 

AIC -9.778              -10.022 

LOG L       17258.58               17704.55 

LR test                       - 891.94*** 

Davies test                       - 0.000*** 

Notes: 1. The table reports the result of two models i.e., Static model: 𝐶𝑆𝐴𝐷𝑡 = 𝛾0 + 𝛾1|𝑅𝑚,𝑡| +

𝛾2(𝑅𝑚,𝑡 − 𝑅𝑚
̅̅ ̅̅ )

2
+ 𝛾3𝐶𝑆𝐴𝐷𝑡−1 + 𝛾4𝐶𝑆𝐴𝐷𝑡−2 + 𝜀𝑡. Regime-Switching model :𝐶𝑆𝐴𝐷𝑡 =

𝛾0, 𝑟𝑡
+ 𝛾1,𝑟𝑡

|𝑅𝑚,𝑡| + 𝛾2,𝑟𝑡
(𝑅𝑚,𝑡 − 𝑅𝑚

̅̅ ̅̅ )
2

+ 𝛾3𝐶𝑆𝐴𝐷𝑡−1 + 𝛾4𝐶𝑆𝐴𝐷𝑡−2 + 𝜎𝑟𝑡
𝜀𝑡  

2. Standard error is shown in parenthesis. The standard errors of the linear model are estimated 

using Newey and West HAC standard errors.  

3. For the regime model, robust-standard errors are calculated with the BFGS Algorithm.  

4. AIC is the Akaike information criterion. 

5. Log L is the log-likelihood of the model. LR is the likelihood ratio test with their respective 

p-values and Davies test p-values.  

6. *p < 0.1, **p < 0.05, ***p < 0.01. 

 

Many previous Indian research studies find similar results of no herding at the 

overall market level using the static model (Garg & Gulati, 2013; Kanojia et al., 2022; 

Lao & Singh, 2011). However, it is possible that these studies did not detect herding 

using a static model due to the time-varying nature of the return dispersion series. 

Moreover, both lag term coefficients are significant, which supports using two lagged 

values of the dependent variable to overcome the autocorrelation problem in the 

return dispersion series (Benkraiem et al., 2021;  Yao et al., 2014). The study has also 

calculated the results by incorporating three lags of the dependent variable in 

Equation (2). However, the results do not improve much; hence, only two lag terms 

are included in the static model. 

 

Results of Herd Behaviour in the Regime Switching Model 

Before selecting the regime switching model for dispersion series, it is essential 

to identify the non-linearity in the time series. It is better to know before testing 

whether the regime switching model is a superior fit to the data. To check the non-

linearity, by referring to Babalos et al. (2015) and Balcilar et al. (2013), the present 

study has calculated the standard likelihood ratio test statistic using log-likelihood 
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values which follows 𝑥2 distribution with q degree of freedom of regimes. However, 

in the Markov Regime Switching model, unidentified nuisance parameters exist 

under the null hypothesis (Brooks, 2008), and therefore, standard distribution does 

not apply to it. Hence, we also reported the p-values calculated using the approximate 

upper bound test proposed by Davies (1987).  

 

Table 3 depicts the rejection of the static model at a 1% level of significance in 

favour of the regime-switching model. It means that the dispersion series is non-linear 

and has the presence of multiple regimes. Moreover, in deciding the exact number of 

regimes, the LR and Davies test strongly reject two regime-switching models against 

a three-regime- model at a 1% level of significance. 

 

Table 3: Likelihood Ratio Test for Different Models 

H0: static 

H1: MS (2) 

H0: static 

H1: MS (3) 

H0: MS (2) 

H1: MS (3) 

703.96*** 

(0.000) [0.000] 

891.94*** 

(0.000) [0.000] 

187.98*** 

(0.000) [0.000] 

Notes: 1. Static model shows OLS regression using Equation (2).  

 2. MS (s) is the regime-dependent intercept variance model with r number of regimes.  

 3. *** p < 0.01.  

 4. Linearity Likelihood ratio test is used to calculate test statistics.  

 5. The chi-square p-values are reported in parenthesis along with the p-values of Davies (1987)  

  in square brackets.  

 

Table 4 shows the log-likelihood and Akaike information criteria of the various 

estimated models with multiple regimes. It is clearly shown in the Table that the 

highest log likelihood is of the three-regime model, along with the lowest Akaike 

Information criteria. From the above criteria and formal tests, the study found that 

three regime models fit the study. 

 

Table 4: Best-Fitted Model Measures 

 Linear MS (2) MS (3) 

Log Likelihood 17258.58 17610.56 17704.55 

AIC -9.778 -9.973 -10.022 

Notes: 1. AIC shows Akaike information criteria.  

 2. The static model shows OLS regression using Equation (2).  

 3. MS is the regime-dependent variance model for 2 and 3 regimes in Equation (3).  
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Studies have stated that the Markov model is more suitable for explaining 

dynamic herding and its various states (Balcilar et al., 2013; Mand & Sifat, 2021). 

Moreover, there are studies in the past that extend the CSAD approach in the Regime 

framework and explain the non-linearity in the CSAD model in both developed and 

emerging economies (Akinsomi et al., 2018; Babalos et al., 2015; Balcilar et al., 

2013; Mand & Sifat, 2021)., The results of our study also exhibit the presence of 

different regimes in the CSAD model, and the information criteria are lower for the 

regime model than the static model. Hence, the study has applied the regime 

specification for modeling non-linear properties of herding specification and 

calculating the time-varying herding parameter along with regime switching.  

 

Table 2 (third column) discloses the results of the Regime Switching model. To 

avoid overfitting variables and have parsimony in the model, this study assumes that 

serial correlation is regime-independent, similar to Fu and Wu (2021). For 

identification of regimes into high, low, and extreme volatility, the study closely 

examines the standard deviation of the error term represented by 𝜎𝑟𝑡
. Standard 

deviation of Regime 2 (0.0036) is exceptionally high as compared to high volatility 

regime 0 (0.0017) and low volatility regime 1 (0.0012).  

 

The main coefficients of interest that measure herding in the Regime Switching 

model are 𝛾20(Regime 0), 𝛾21(Regime 1) and 𝛾22 (Regime 2). The coefficients 𝛾20 

and 𝛾21 are positively significant in high and low volatile regimes, respectively, 

implying negative herding in the Indian financial market. It means that Indian market 

participants make rational decisions when the market is highly volatile and stable. 

The possible reason for the negative herding is the ‘flight-to-quality’ or 

‘overconfidence’ of investors during an unstable market (Ansari & Ansari, 2021; 

Gebka & Wohar, 2013). Lastly, 𝛾22 is negative and significant in extreme volatile or 

crash regime 2, indicating that the investors are imitating each other when market is 

extremely volatile or in crash-like situations due to some unprecedented events. It 

may be because investors follow institutional investors to avoid extreme losses in 

extreme or crash regimes. The result of significant herding during extreme or crash 

regimes is in line with the findings of Balcilar and Demirer (2015) and Balcilar et al. 

(2013), which show herding during extremely volatile regimes in Borsa Istanbul and 

GCC markets. Moreover, the extremely volatile regime has 250 observations of the 

total number of observations, showing that three regime specifications fit the study.  

As residual diagnostics, we consider log Likelihood, Akaike Information criteria, the 

Portmanteau test, and the ARCH test for testing heteroscedasticity and 

autocorrelation. Table 4 shows that the regime model has a higher log-likelihood and 

lower AIC than the static model.    
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Table 5: Residual Diagnostic for Scaled Residuals 

Scaled Residuals Distribution Statistics p-value 

Normality Chi (2) 13.827 0.0022 

Asymptotic normality Chi (2) 12.266 0.0010 

ARCH (1-1 test) F (1,3507) 2.057 0.1516 

Portmanteau (26)-squared 

scaled residuals 
Chi (26) 26.708 0.4247 

 
Moreover, Table 5 shows that the coefficient of the ARCH 1-1 test is 

insignificant, depicting no conditional heteroscedasticity in the fitted model.1 The 

insignificant Portmanteau test statistic indicates the absence of any dependence 

structure or autocorrelation in the residuals, suggesting that the model is correctly 

specified.  

 
Persistence of Market Regimes 

It is equally important to look at other essential features of Markov Switching-

model such as transition probabilities (𝑝𝑖𝑗)  and smoothed probabilities for fitting the 

Regime Switching model to the data. Initially, the market is in regime j at time t and 

Table 2 shows the transition probabilities (𝑃00, 𝑃11 and 𝑃22) of remaining in regime 

j at time t+1. The probability here suggests that the decoded regimes are stable and 

will remain persistent within the existing regimes. The high volatile regime 0 has 

22.84 % number of observations compared to a low volatile regime with 70.08 % 

observations. However, the transition probability of a low volatile regime is 0.97 

compared to the other two regimes, showing the high persistence of a low volatile 

regime. Moreover, the extreme volatile regime and high volatile regime transition 

probabilities are 0.749 and 0.95, respectively, depicting the validity of regimes. The 

mean duration of a low volatile regime is 41.92 days, implying that Regime 1 will 

last approximately 42 days. While the high volatile regime lasts 29.85 days, it implies 

that Regime 0 will last about 30 days. The average duration of extreme volatile regime 

is 4.31 days, indicating Regime 2 will last approximately four days. This depicts that 

 
1 We also conducted robustness checks to ensure the presence of Three-Regime specification and 

accuracy of the results. First, analysis was done from the Period 2010-2023 and then from 2012-2023. 

The results of both time periods show significant evidence of herding in Extreme or crash volatile regime 

with three regimes. ARCH 1-1 test null hypothesis is accepted at 1% significance level. Moreover, we 

also calculated the herding by assuming the switching in variance and other variables except the constant 

term. The results are similar to the fitted Markov intercept and variance regime switching model showing 

the presence of herding in the extreme volatile regime. However, the model is not a best fit so we applied 

the intercept and variance regime switch model. Results are not shown here to conserve space. 
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the low volatile regime is highly persistent compared to other regimes, similar to the 

findings of Balcilar et al. (2013). Figure 1 shows the period when significant herding 

was observed in the market. Although there are many instances of herding in the 

whole sample period, the long-lasting ones are as follows: The first most extended 

extreme volatility regime was from 26-03-2009 to 22-04-2009 (16 days), and then 

the market switched to high volatility. Then again, in Regime 2, the long-lasting 

regime is from 19-05-2009 to 05-06-2009, which is for 14 days, followed by the 

highly volatile regime. It means the Indian market has volatility clustering after the 

crash or extremely volatile regime in 2009. This outcome can be confirmed by the 

Ali and Afzal (2012), which also found volatility clustering in the Indian and Pakistan 

Equity markets during the crisis and a more substantial negative impact on the Indian 

stock market.  

 

Figure 1: Market Returns Showing Significant Herding in Extreme Volatile Regime   

 

The possible reason for this is the Global Financial Crisis (GFC) or subprime 

crisis, which started approximately in 2007 and continued until 2009 (Bekiros et al., 

2017; Litimi, 2017). The reason may be, like any other developed and emerging 

country, the Indian stock market crashed during the global economic turmoil, so the 

investor ignored their information and followed the overall market during 

uncertainty. However, as the high volatility regime persisted during that time, Indian 

investors stopped pursuing each other. This means the GFC crisis spillover effect is 

longer, i.e., 88 days, during the entire period.  
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Next, the market is in extreme volatility from March 2013 to June 2013, showing 

significant herding. It may be due to the ‘Taper-Tantrum’. The US Federal Reserve 

slowed the treasury bond purchases to revive the market from the financial crisis, 

increasing the bond yield. This leads to an outflow of FIIs from the Indian market and 

a market crash from the end of May to the end of August (Modak, 2021; 

Roychoudhury, 2021). This major sell-off may leaded sell-side herding by Indian 

investors. Next, extreme volatility was observed from 16-05-2014 to 21-05-2014. The 

Indian market is extremely volatile due to the Lok Sabha election result announced 

on 16th May 2014. Investors have become highly optimistic and started purchasing 

shares uniformly, hoping to earn excess returns (Kumar, 2019).  

 

An extreme volatility regime can also be observed from 05-03-2020 to 05-05-

2020. This extreme volatility was caused by the FII outflows due to coronavirus 

outbreak, and the fact that World Health Organisation (WHO) recognised COVID-

19 as a pandemic on 11th March 2020.  The uncertainty and volatility increased 

worldwide after the pandemic (Ali et al., 2020; Saini et al., 2023). The negative 

sentiments and high uncertainty led to a herd mentality in the Indian financial market 

during that period. Also, the Indian government announced Janata Curfew on 22nd 

March 2020 and lockdown policies to be followed from 24th March 2020 (Bora & 

Basistha, 2021). So, the adverse shocks further stimulated uncertainty and volatility, 

especially in BSE Sensex in the Indian financial market (Bora & Basistha, 2021).  

 

Bharti and Kumar (2021) clearly state that volatility stimulated the herd mentality 

among Indian participants during the pandemic. However, in April 2020, the market 

moved very high again due to the relaxation in lockdown policy by the Indian 

government in April 2020 and the introduction of various stimulus packages for 

economic revival (Bharti & Kumar, 2021; Bora & Basistha, 2021). Ampofo et al. 

(2023) specify that the pandemic has also increased herding in developed countries. 

Figure 2 (A-C) highlights the smoothed probabilities of all three regimes. The 

smoothed probabilities graphs also depict the switching of different regimes. We 

found the order of low, high, and extreme volatility patterns for the Indian market. 

The market is usually in a highly volatile regime before extreme volatility. This shows 

that investors can predict the market will crash or become extremely volatile, so they 

should reframe their market portfolio strategy. We have also seen the Indian market 

go into high volatility after a sudden crash or extreme volatility, showing volatility 

clustering. This depicts the bidirectional switching of the extreme and high volatility 

regimes similar to the findings of Balcilar and Demirer (2015).  
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Figure 2: Smoothed Regime Probabilities for Regime 0 (High Volatile), Regime 1 

(Low Volatile), and Regime 2 (Extreme Volatile), Respectively 

 
 

Conclusion 

This research takes a deep dive into the dynamic nature of herd behaviour in the 

Indian financial market for 2009-2023 using the Markov Regime Switching and 

linear OLS regression models. We employ Chang et al. (2000)’s base model for 

measuring uniformity. The results of the static model show no herding across the 

whole sample period. The results of no herding corroborate the findings of Ansari 

and Ansari (2021) and Kanojia et al. (2022). The regime model identifies three 

regimes as high (Regime 0), low (regime 1), and extreme volatility regime (Regime 

2), respectively. Our findings demonstrate significant herding in crash or extreme 

volatile regime. However, we find frequent switching of extremely volatile regimes 

with significant herding, which lasts only on average for approximately four days., 

The long-lasting, extremely volatile regimes with significant herding are 2009, 2013-

2014, and 2020, due to unprecedented events like the GFC crisis, Taper-tantrum, 

presidential election, and COVID-19 pandemic. A recent study, Sachdeva et al. 

(2021), clearly states that information uncertainty increases the uniformity in the 

Indian market. Moreover, the study exhibits anti-herding during the high and low 

volatile regimes. The findings of anti-herding in a low volatile regime are in line with 

those of Fu and Wu (2021) because investors make decisions rationally at times of 
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certainty. We observe the pattern of low, high, and crash/extreme volatility in the 

Indian capital market. This suggests that investors can predict extreme or crash 

situations because the market first enters into low volatility followed by high and then 

crashes. The outcomes of our research are significant for investors and market 

regulators. Investors should form an appropriate strategy to readjust their market 

portfolio at high volatility or not be captivated by the excess returns created by 

bubbles in extreme market situations. These results illustrate that the Indian market 

has become efficient with time as regulations continuously improve and information 

transmission becomes transparent. Hence, investors should make decisions based on 

the company's fundamentals, but during any uncertainty, they are exposed to high 

sentiments and follow each other. Investors need to construct more extensive 

portfolios at times of high volatility to maintain the same level of diversification 

(Chiang & Zheng, 2010; Fu & Wu, 2021). Bidirectional switching in extreme and 

highly volatile regimes guides market regulators in making a mechanism during 

crises or intense periods to stop the market from going into extreme situations 

(Balcilar & Demirer, 2015). This research adds new insights into Indian herding 

literature by adding evidence for dynamic herding in the Indian stock market. It will 

guide the researchers to add new dimensions to the same to further explore this aspect. 

The study is limited to only 338 companies out of 500. A separate study will also be 

conducted on the remaining companies, which may affect herding. Moreover, we 

only consider static transition probabilities in the study. Further research can be 

conducted by considering other exogenous variables like market sentiments or global 

factors that impact herding through the time-varying transition probabilities regime 

model. Moreover, one can differentiate between different types of herding as we 

measured herding at market consensus.  
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Introduction 

Artificial Intelligence (AI) refers to the intelligence 

exhibited by machines like computer systems. Our 

economy is experiencing significant technological 

advancements, causing a shift in people's behavior.  AI 

simplifies and modifies people's jobs with the assistance 

of new technology. Certain self-service technologies 

under AI make people's lives easier and more feasible 

(Thakral and Kamra, 2024). AI has transformed the way 

people connect and communicate. It enables them to 

access various services and products to manage their 

lifestyles. Every sector currently offers multiple 

technological platforms. The education industry is no 

exception; students and teachers are using information 

and communication technology (ICT) in their studies. 

This strategy is considered more engaging and 

participatory by teachers, parents, and students (Hinojo-

Lucena et al., 2019).  

AI is becoming increasingly popular in higher 

education, which makes learning more accessible and 

flexible. Technology allows teachers to get their study 

material online and can give access to their learners. 

Teachers can teach their students virtually from anywhere 

and anytime without physical barriers (Escotet, 023). 

Students can also customize their education with AI's 

assistance. Every student can get a unique educational 
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approach based on their preferences, enhancing 

effectiveness and engagement. Education institutions and 

professionals can utilize a variety of AI apps to develop 

courses that are suitable for students' skill levels and 

provide various assistance. Chatbots are among the most 

popular AI applications, and they assist students with 

their admissions, academic, and non-academic decision-

making questions. Additionally, AI helps educators and 

learners by producing intelligent materials for all 

academic levels, including digital textbooks (Chatterjee 

and Bhattacharjee, 2020a; Kumar, 2019). The primary 

goal of artificial intelligence (AI) in education is to 

provide intelligent teaching systems to students over the 

Internet. There are knowledgeable tutors available who 

can help students grow depending on their traits and 

subject matter expertise. Software applications promoting 

communication also allow students to work with 

tutors(Hinojo-Lucena et al., 2019). These AI applications 

in education offer valuable resources for teaching and 

learning systems because they give students access to 

fully qualified virtual teachers who support them 

according to their needs and communicate with them 

anywhere, which promotes convenience, efficacy, and 

engagement. (Rivers and Koedinger, 2017). 

The use of AI has been examined in several review 

studies in various sectors and scenarios, including supply 

chain management. (Rana and Daultani, 2023), E-

commerce (Bawack et al., 2022; FRIOUI and GRAA, 

2024), Digital Marketing (Ziakis and Vlachopoulou, 

2023), Health care (Alhashmi et al., 2024; Guo et al., 

2020; Jimma, 2023), Public relations and media (Kaleel 

& Alomari, 2024), Blockchain (González-Mendes et al., 

2024), Financial Analysis (Bahoo et al., 2024; Nica et al., 

2024), Sport Science (Mariappan and Durai, 2024), 

Agriculture (Slimani et al., 2024), Banking (Khuan et al., 

2024) Etc. Recently several bibliometric studies have also 

analyzed the research landscape on AI in the education 

sector (Ilham et al., 2023) from different perspectives like 

libraries (Vasishta et al., 2024), Stem Education (Fatimah 

et al., 2024), Language learning (Liu et al., 2024; Lubis et 

al., 2024), Academic Integrity (Rodrigues et al., 2024) 

etc. Nevertheless, the effects of AI on higher education 

have not been well-studied (Aziz et al., 2024; Fernandes 

et al., 2024; Maphosa and Maphosa, 2021, 2023; Reis-

Marques et al., 2021). A review of these studies showed 

that very few had used citation and co-citation analysis to 

examine the literature that explored the impact of AI on 

higher education within the domain of “social science, 

business, and management”. Citation analysis and co-

citation analysis are two effective bibliometric analysis 

methods. Citations are crucial for academic publication 

because they evaluate researchers' productivity and work 

relevance and help researchers and students find pertinent 

material on a subject (Liang and Lee, 2023). This paper 

seeks to address this research gap by consolidating the 

literature on AI's effects on higher education, using 

“citation and co-citation analysis” to identify the most 

influential authors, documents, sources, publishing years, 

and countries by addressing the following queries- 

RQ1. What publication patterns exist between 2015 

and 2024 in this field? 

RQ2.  What are the most cited authors, documents, 

sources, and countries?  

RQ3.  What is the co-citation structure of the Author, 

documents, and references? 

The remainder of the paper is structured as follows. 

The methodology used to identify and analyze the corpus 

of existing literature is presented in the next section.  

Following that, A detailed discussion of the results is 

provided. Then, the study concludes by outlining its 

shortcomings and possible research problems. 

Methodology  

Bibliometric analysis, as explained by Zupic Ivan and 

Cater Tomaz (2015), is concerned with determining 

social, conceptual, and intellectual structures through 

studying literature history in a specific field. Bibliometric 

techniques also allow for data classification and synthesis 

in the form of a literature review within the specific 

research domain. This enables scholars to trace shifts in 

publication volume, intellectual integration, and 

interactions within the domain and assists them in 

carrying out future research (Mavric et al., 2021; Suban, 

2023). Furthermore, examining past studies that included 

elements of AI intervention within higher education 

frameworks through bibliometric analysis could also 

reveal additional possible aspects (Michael Hall, 2011). 

This research utilized biblioshiny and Vos viewer for 

“Citation and co-citation analysis”. 

Data Source and Extraction  

Scopus database is the largest and most well-

structured database of high-quality articles. This allows 

researchers to effectively investigate a range of academic 

disciplines.(Burnham, 2006). Thus, this study chose the 

Scopus database to retrieve the relevant data using 

the following keywords: “Artificial Intelligence” OR 

“AI” AND “Higher Education”. The search resulted in 

4316 documents. We confined our search to only social 

science, business, and management domains, yielding 

2266 documents. To maintain quality and consistency, 

1084 documents were excluded based on the following 

exclusion criteria. First, articles published in a language  



2Int. J. Exp. Res. Rev., Vol. 45: 261-273 (2024) 

DOI: https://doi.org/10.52756/ijerr.2024.v45spl.021 
263 

other than English. Second, documents other than the 

final articles, such as a book, book chapter, conference 

proceedings, editorial, etc. Third, articles published in 

other than journals. To evaluate the impact of AI on 

higher education over a decade, articles published 

between 2015 and 2024 were taken into account. Once 

these parameters had been applied, 1140 articles were 

identified and the data was processed for analysis. 

Results and Discussions   

The data in this study is analyzed through citation and 

co-citation methods. The initial phase involved the 

examination of citation analysis-based publication trends, 

documents, authors, countries, and sources over time. 

The author's co-citations and references are discussed in 

the second part. 

 

Citation analysis 

Citation analysis is a method of bibliometric 

evaluation that evaluates the impact and relevance of 

academic works by examining their frequency of 

reference to another research (Frachtenberg, 2023). 

Through this method, researchers can determine the 

influence of authors and articles in their fields while also 

identifying trends and key contributions throughout 

history. Additionally, it can be used across disciplines 

and shows patterns of citation behavior (Mukhedkar et 

al., 2024). The significance of citations in academic 

publications lies in their ability to measure the 

productivity and relevance of academics' work and aid 

researchers in locating pertinent information on a specific 

issue (Liang and Lee, 2023).  

 

Figure 1. PRISMA framework. 
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Citation analysis of publication pattern 

Figure 1 and Table 1 depict a generally rising trend in 

the annual number of articles published, while the growth 

rate remained modest until 2022. The findings show that 

just about 20% of the total papers were publications 

published between 2015 and 2022. The quantum of 

publications increased significantly (219%) in 2023 

compared to previous years. According to the statistics, 

the year 2024 had the most publications (656), 

accounting for 57.5% of all the articles analyzed. The 

average publication growth rate in this field is 76.24%.  

Articles published in 2023 and 2024 make up 81% of all 

articles, surpassing the total amount of publications 

published before 2023. Table 1 also presents the 

“Average number of citations per article” and “means 

total citations per year”. The year 2017 had the highest 

average amount of citations per article, even though it 

published less than 1% of all publications (101). 

According to this, 2017 was the most productive year in 

terms of producing the most relevant articles and getting 

the most citations. Earlier research has shown that there 

has been impressive growth in the literature on AI for 

higher education (Bozkurt et al., 2021).  These data 

demonstrate that this area has recently started to gain 

more attention and is a developing field of study. There is 

also enough room for further investigation.  

 
Figure 2. Publication Pattern. 

Table 1. Year wise publication. 

Year Articles Percentage Average 

citation 

per 

article 

(ACA) 

Mean 

Total 

citation 

per year 

(MTCpy) 

2015 4 0.4% 8.50 0.85 

2016 6 0.5% 37.83 4.20 

2017 7 0.6% 101.00 12.62 

2018 10 0.9% 32.40 4.63 

2019 19 1.7% 43.42 7.24 

2020 39 3.4% 35.03 7.01 

2021 47 4.1% 28.55 7.14 

2022 84 7.4% 20.38 6.79 

2023 268 23.5% 26.88 13.44 

2024 656 57.5% 4.22 4.22 

Citation Analysis of Relevant Sources  

For a study to be considered strong and reliable, one 

must examine various sources so that the most pertinent 

resources may be properly outlined. In this sense, the 

term "most relevant sources" implies the exclusive use of 

selected materials to retrieve from reputable databases 

like Scopus, depending on their relevance to the study. 

The leading journals in this sphere are presented in Table 

2. The “Journal of Applied Learning and Teaching” took 

first place, with the highest number of citations, 1636, 

with 21 articles. It is followed by the “International 

Journal of Educational Technology in Higher Education” 

with 26 articles and a total citation of 1389. Conversely, 

the average citation counts for “Research and Practice in 

Technology-Enhanced Learning” and “Innovations in 

Education and Teaching International” are 209 and 179 

respectively with fewer than 5 articles. This demonstrates 

that these journals were able to pinpoint journals of a 

very high standard. The journals “Education and 

Information Technologies” and “Computers and 

Education: Artificial Intelligence” are the most 

contributing journals in terms of publications. 

“Computers and Education: Artificial Intelligence” 

journal was considered an influential source because of 

previous work done in education technology (Chen et al., 

2019, 2020).  

Table 2. Most Relevant Sources. 

Journals No Of 

Articles 

Total 

Citation 

Average 

citation 

“Journal Of 

Applied Learning 

and Teaching 21 1636 78 

International 

Journal of 

Educational 

Technology In 

Higher Education 26 1389 53 

Innovations In 

Education and 

Teaching 

International 5 895 179 

Sustainability 

(Switzerland) 36 866 24 

Education and 57 850 15 
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Information 

Technologies 

Computers and 

Education: 

Artificial 

Intelligence 49 759 15 

Education Sciences 45 704 16 

Journal of 

University 

Teaching and 

Learning Practice 19 670 35 

Research and 

Practice in 

Technology-

Enhanced Learning 3 628 209 

Computers and 

Education” 8 480 60 

Citation analysis of authors  

Authors are responsible for the credibility of findings 

in research, ensuring further funding and promotion of 

these results or targeting scientific and intellectual 

enhancement of the society as a whole (Tarkang et al., 

2017). Authorship is important for the advancement of 

research, reputation, and obtaining grants for 

projects. Unfortunately, it is overlooked in educational 

technology projects because of a multitude of 

responsibilities (Thompson et al., 2022). Citation 

distribution and publication count may all be used to 

explain an author's influence (Chai et al., 2020).            

Table 3 lists the most important researchers in this field. 

“Tan S” is the most prolific author of this particular area. 

He holds the first position in total citations (1869) and the 

number of publications (10), it has the highest G-index 

(10) and H-index (7). On average, his documents have 

been cited about 187 times each. “Rudolph J” takes 

second place with 953 citations, 8 documents, 5 G-index, 

and 8 H-index.  He received an average of 119 citations 

per document. Contrarily, "Kerr S" and "Poenici Sad" 

have only one paper each with 588 citations. Such 

statistics suggest that articles published by "Kerr S" and 

"Poenici Sad" have a greater impact. All these results 

draw attention to the remarkable productivity, impact, 

and influence that the authors had in this discipline.  A 

broad selection of works about AI’s Impact on higher 

education for comprehending economic progress would 

be included in their portfolio, showcasing their significant 

contributions to the advancement of the sector. This 

demonstrates their work's is importance in advancing 

research agendas and encouraging creativity. These 

results are consistent with other studies that emphasize 

authors' critical role information distribution and their 

substantial contributions to the advancement of 

knowledge in pertinent fields (Kumar and Sudhakar, 

2024). 

Table 3. Top 10 Authors 

Authors Tc Np 
G-

Index 

G-

Index 

H- 

Index 

Tan S 1869 10 187 10 7 

Rudolph J 953 8 119 8 5 

Kerr S 588 1 588 1 1 

Popenici 

Sad 588 1 588 1 1 

Chan Cky 587 7 84 7 4 

Cotton Dre 584 2 292 2 2 

Shipway Jr 576 2 288 2 1 

Cotton Pa 575 1 575 1 1 

Jiao P 351 4 88 4 3 

Ouyang F 351 4 88 4 3 

Citation analysis of countries 

Figure 2 displays the top ten nations with the most 

citations obtained. The UK has made the most 

contribution in this area, with 1689 total citations and an 

average citation of 21.10. The USA secures the second 

position with 1606 total citations and 13.4 average 

citations. When it comes to average article citations, the 

Netherlands leads the world (53.7), followed by Hong 

Kong (41.3). One explanation may be that these nations 

have generated influential and high-Caliber publications 

that encourage people to mention them. A further factor 

would be that most of the publications published in the 

Netherlands and Hong Kong are open access, raising the 

visibility of readability and citations. It was uncovered by 

previous studies that the USA and the UK are the most 

influential nations in several research domains, including 

computer science (Zurita et al., 2021), Palliative care  

(Abu-Odah et al., 2022), library service quality research 

(Ashiq et al., 2022), Special education (Arslan et al., 

2023), Academic engagement (Pham et al., 2024), Digital 

solution (Asghar et al., 2021),  Recommendation Systems 

Research (Olufunke and Okuoyo, 2023) etc. 

Citation analysis of documents 

Good research articles allow readers to follow the 

process, accurately depict and explain the research study, 

and encourage debate, discussion, and critical thinking 

(Finlay, 1997). Research articles are crucial in academic 

discourse since an academic's publishing record may 

determine their quantity and quality. Research papers are 

the most reliable source of meticulously reviewed fact-

based material that may guide work and assist readers in 

determining the accuracy of information (Scandlyn, 

1987). The most significant works on AI's effects on 

higher education are compiled in Table 4, with an  
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Table 4. Most cited documents. 

Rank Title Journal Year 
Total 

Citation 
Reference 

1 

“ChatGPT: Bullshit spewer or 

the end of traditional 

assessments in higher 

education? 

Journal of Applied 

Learning and 

Teaching  

2023 593 
(Rudolph et al., 

2023a) 

2 

Exploring the impact of 

artificial intelligence on 

teaching and learning in higher 

education 

Research and 

Practice in 

Technology-

Enhanced Learning 

2017 588 
(Popenici & Kerr, 

2017)) 

3 

Chatting and cheating: 

Ensuring academic integrity in 

the era of ChatGPT 

Innovations in 

Education and 

Teaching 

International 

2024 575 
(Cotton et al., 

2024) 

4 

War of the chatbots: Bard, Bing 

Chat, ChatGPT, Ernie, and 

beyond. The new AI gold rush 

and its impact on higher 

education 

Journal of Applied 

Learning and 

Teaching  

2023 314 
(Rudolph et al., 

2023c) 

5 

A SWOT analysis of ChatGPT: 

Implications for educational 

practice and research 

  

Innovations in 

Education and 

Teaching 

International 

2024 310 
(Farrokhnia et al., 

2024) 

6 

A comprehensive AI policy 

education framework for 

university teaching and learning 

International 

Journal of 

Educational 

Technology in 

Higher Education 

2023 259 (Chan, 2023) 

7 

Students’ voices on generative 

AI: perceptions, benefits, and 

challenges in higher education 

International 

Journal of 

Educational 

Technology in 

Higher Education 

2023 249 (Chan & Hu, 2023) 

8 

Academic integrity 

considerations of AI Large 

Language Models in the post-

pandemic era: ChatGPT and 

beyond 

Journal of 

University Teaching 

and Learning 

Practice 

2023 242 (Perkins, 2023) 

9 

Adoption of artificial 

intelligence in higher 

education: a quantitative 

analysis using structural 

equation modeling 

Education and 

Information 

Technologies 

2020 239 

(Chatterjee & 

Bhattacharjee, 

2020b) 

10 
Artificial intelligence in higher 

education: the state of the field 

International 

Journal of 

Educational 

Technology in 

Higher Education 

2023 236 
(Crompton & 

Burke, 2023)” 
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emphasis on total citations globally. The research paper 

titled “ChatGPT: Bullshit Spewer or the End of 

Traditional Assessments in Higher Education?” was 

published in the prestigious “Journal of Applied Learning 

and Teaching” in 2023 by Rudolph et al. (2023a) and has 

received the most citations (593).  The second spot was 

secured by an article published by Popenici and Kerr 

(2017) in 2017. The title of the paper was “Exploring the 

Impact of Artificial Intelligence on Teaching and 

Learning in Higher Education,” and it was printed in the 

esteemed journal “Research and Practice in Technology 

Enhanced Learning.” It has received 588 citations. These 

articles provide insights and information that significantly 

progress the AI and Higher Education field. Previous 

studies have also highlighted the importance of articles in 

advancing knowledge in any research field (İNCİ and 

KÖSE, 2024; Yadava et al., 2019). 

Co-citation Analysis 

A bibliometric technique called “co-citation analysis” 

examines how frequently the two works are cited together 

in other studies. It facilitates mapping significant 

references, journals, documents, and authors (Salouw et 

al., 2023). It assists in recognizing trends, intellectual 

connections, relationships, and the relevance of scholarly 

works. It also reveals patterns in citation behavior and the 

structure of academic literature (Gupta et al., 2023; Phan 

et al., 2024). Reviews of scientific literature can be made 

more rigorous and less biased by using co-citation 

analysis in bibliometric techniques (Zupic and Čater, 

2015). 

In this study, two co-citation analyses were conducted, 

i.e., co-citation of references and co-citation of authors.  

Co-citation of references 

In this co-citation analysis of references, 23 met the 

threshold with 20 minimum number of cited references. 

We got four clusters representing cited references with 

their citations and total link strength. The topmost cited 

references are Chen et al. (2020), with 60 citations 

(Rudolph et al., 2023b), with 42 citations and 41 citations 

(figure 3)(Braun and Clarke, 2006).  

Co-citation of authors  

Furthermore, co-citation analysis was also chosen to 

analyze ‘cited authors’ within the VOS viewer program. 

To reduce the clutter in the data visualization, a threshold 

value of 20 was established (Genc and Kocak, 2024). A 

closer look at the map in the figure reveals three different 

colored clusters that are there with similar cited authors.  

“Tan S.” is in the center of the blue cluster, “Gasevic D.” 

is in the center of the red cluster, and “Sarstedt M.” is in 

the center of the green cluster. Tan S. (349 citations), 

Gasevic D. (261 clusters), and Sarstedt M. (239 citations) 

are the most cited authors. (figure 4) 

  

Figure 3. Most cited countries. 
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Figure 4. Co-Citation of Cited References. 

 

 
Figure 5. Co-citation of cited authors. 
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Conclusion  

This study concludes by doing a comprehensive 

bibliometric analysis on the topic of Artificial 

intelligence and its impact on higher education using 

citation and co-citation analysis. The study analyzed 1140 

data from the Scopus database through biblioshiny and 

Vosviewer software. The research findings shed light on 

several important facets of the research environment, 

such as the important documents, authors, sources, 

country, and co-citation network. The total number of 

publications released in 2023 and 2024 surpassed the 

total number published before 2023, accounting for 81% 

of the total papers. Publication in this field showed a 

significant growth of 76.24%. This result indicates that 

this topic is a trending topic that attracts the interest of 

various researchers, and there is a lot of scope for 

research in this field. Most of the articles in this field 

have been published in the “Education and Information 

Technologies” journal (57), while the most impactful 

journals were “Research and Practice in Technology-

Enhanced Learning” and “Journal of Applied Learning 

and Teaching” in terms of average citations (209) and 

total citations (1636) respectively. A paper titled 

“ChatGPT: Bullshit spewer or the end of traditional 

assessments in higher education?” is the most cited article 

(593). The author named “Tan S” received the highest 

number of citations (1869) and publications (10), while 

“Kerr S” and “Poenici Sad” published only one article 

and got the highest average citation, 588 citations. The 

future researcher interested in this field can find the most 

relevant information from these sources. The UK 

emerges as the leading country in this field. It has gained 

the highest number of citations (1689). Next, through 

science mapping, we find the co-citation of cited 

references and the co-citation of cited authors. The 

topmost cited references are (L. Chen et al., 2020) with 

60 citations, (Rudolph et al., 2023b) with 42 citations and 

(Braun and Clarke, 2006) with 41 citations, While Tan S. 

(349 citations), Gasevic D. (261 clusters) and Sarstedt M. 

(239 citations) are the most co-cited authors. This study 

aims to offer researchers valuable guidance in identifying 

key issues and efficiently addressing gaps in their 

research. This study recommends that policymakers and 

concerned authorities make effective policies and focus 

on infrastructure development to support AI 

Implementation. This will contribute to knowledge 

management and will improve the learning outcome. This 

study also concluded that the future of AI in higher 

education is high as AI benefits the teacher and students a 

lot and the growing use of AI in higher education is very 

effective and engaging for the students. 

Limitations and Future Scope  

Despite the contribution of this paper, some 

limitations need to be addressed, such as the use of only 

the Scopus database. Although Scopus has many relevant 

and high-quality research papers, including other 

databases, it will help to cover more relevant studies. 

Further, we have applied some criteria which also limit 

the scope of research. We have included only articles 

published in English within social sciences, business, 

management, and accounting domains. Covering articles 

from other domains leads to more comprehensive 

coverage of the topic. For future studies, other tools can 

also be utilized like CiteSpaceII and Tableau in addition 

to VOS viewer and biblioshiny. This research has used 

only “Artificial intelligence”, “AI” and “higher 

education”.  Future studies can use more keywords like 

machine learning, chatbots, blockchain, etc, to retrieve 

more inclusive data. Only citation and co-citation 

analysis have been conducted in this study. Future studies 

can explore co-authorship, bibliographic coupling, 

keyword analysis, co-word analysis, collaboration 

network analysis, and topic modeling. Furthermore, the 

results of this study contribute to the understanding of 

more pertinent subjects that might gain popularity in this 

sector in the years to come. The article will thus aid 

scholars and experts in their future studies as well as the 

public in learning more about this area.  
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Abstract:In the majority of industrial settings, demand is erratic and difficult to predict. 

Numerous demand histories exhibit random walk characteristics, changing often in both 

direction and rate of rise or drop over time.Demand is erratic and testing to forecast in the 

majority of industrial environments. Others call for History behaves like a random walk that 

varies its orientation and development or fall rate frequently throughout time. This work takes 

a number of models into consideration, including lot-by-lot obtaining, purchasing through 

economic order quantities, purchasing byepisodic order quantities, purchasing through the 

least unit costs, the least total costs, the least epoch costs, purchasing using Wagner-Whitin 

algorithms, etc.The results of using each model aimed at different lengths of time are shown. 

From the results, it is clear that the periodical order quantity technique is stable over a long 

period of time.  

Keyword: Probabilistic Inventory Models, Economic Order Quantity,Least total cost 

 

1. INTRODUCTION:  

Inventory modelling is centred on determining the minimum quantity of a good that must be 

maintained in order to maintain operations. Based on a formula that weighs the fine costs of 

an inventory deficiency against the capital costs of holding excessive amounts of goods, a 

decision is made. The batch size and backordering quantity were improved by Kumar et al. 
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(2020) in order to lower the total cost of inventory. Numerical examples are used to improve 

the lot size and backorder quantity. In contrast to the findings that were presented by 

Donohue and Croson (ibid), the research that was presented by "Steckel et al. (2004) suggests 

that the increase in Supply Chain efficiency brought about by Shared Point of Sale 

Information is dependent on the pattern of the demand function". This is in contrast to the 

findings that were presented by Donohue and Croson (ibid). Sternman's (1989) step function 

may be tremendously disruptive, and sharing knowledge about POS systems may genuinely 

lead to significant improvements in the efficiency of operational processes. This study 

develops a fuzzy EOQ model in the context of single sampling plans with inspection errors, 

as described by Thomas and Kumar (2022). The model assumes that there will occasionally 

be misclassifications. We suggest an inventory system that separates defective items from the 

supply, removes backorders, and subjects orders to acceptability sampling. According to 

Shafali et al. (2021), the study's main goals are to categorise the various wastes produced and 

offer recommendations for actions that may be taken to cut trash production and protect the 

environment. According to De and Mahata (2019), cloud models are significantly more 

profitable than deterministic models when combined with their innovative methods.Kumar et 

al. (2020) studied on the Inventory Control Policy aimed at Imperfect Manufacture Procedure 

on Numerous Demand. Poswal et al. (2022) the goal of the effort is to identify upcoming 

research recommendations and acquire an on-going, thorough assessment of the body of 

literature. Shafali et al. (2021) his paper explores a combined inventory model (IM) when the 

collapse rate shadows histrionic movement under conversation acclaim. Chaudhary et al. 

(2023) determine the model's robustness; sensitivity analysis has also been done on the 

effective parameters. Through the process of literature review, researchers participate in the 

investigation of studies that are theoretical, topical, methodological, practical, and procedural 

in nature. These studies are concerned with the guiding framework of the case study as well 

as its limitations (Ross & Mash, 2014). The professional contribution that academics make to 

publications such as journals, reports, legislative papers, and books is one factor that 

contributes to the justification of research, as stated by Carolan, Forbat, and Smith (2015). 

This is one of the factors that contribute to the justification of research. It is essential for a 

researcher to evaluate the existing literature in order to organise and sharpen the focus of an 

investigation in order to generate a research topic and offer a conclusion that is supported by 

existing theory. The following table shows how the demand for a certain component has 

changed over the last three years. The variation coefficient, standard deviation, and mean in 

Figures 1, 2, and 3 are also estimated. In order to create an inventory model where the 



 

© Association of Academic Researchers and Faculties (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 23  

demand for the month is unpredictable and variable, the aforementioned needs are compared 

to the average deviation and variation coefficient.The measurement of variation V can be 

applied by the subsequent guidelines to ascertain the type of demand: 

1) You could say that the demand is consistent and predictable if the normal monthly 

demand is about the same for completely months and V is a respectably small amount 

(30%). 

2) You could say that the demand is both fixed and variable if the average monthly need 

changes a lot from month to month but V is still a small percentage (30%). 

3) The probabilistic non-stationary demand, which happens when the resources and 

measurements of variation vary considerably across period, is the lone surviving case. 

Table 1: Demand during three consecutive years: 

COV % Mean StdDev 2019 2020 2021 Year 

41.25 21 9.24 21 31 11 Apr 

86.90 26.4 22.45 57 9 13 May 

15.40 18.4 1.51 19 15 21 Jun 

16.87 30.4 17.57 39 7 45 Jul 

57.34 20.4 11.89 35 9 17 Aug 

62.08 49 30.9 25 91 31 Sep 

57.91 37 21.85 15 65 31 Oct 

5.14 37.6 2.79 39 39 35 Nov 

13.5 33 6.32 39 29 31 Dec 

18 37.6 7.5 39 45 29 Jan 

47.74 29 14.47 25 15 47 Feb 

4.4 57.8 3.59 57 61 55 Mar 
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 Figure 1: Total cost of inventory as determined by Mean 

 

 
 

Figure 2: Total inventory costs through Std. Dev. 

 

 
 

Figure 3: Total inventory costs through COV 

2. METHODOLOGY: 

There, a variety of inventory models were taken into account in an effort to reduce the overall 

cost of inventory. 
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Economic Order Quantity (E.O.Q):The time frame is typically one year. The cost of 

purchasing, ordering, and storing inventory is added together[21-30]. TC is the total cost and 

is calculated as follows: TC = PC + OC + HC,                                             (1) 

 

Production order quantity (POQ): For products with independent needs, the economic 

production order quantity (POQ) stands a freeware model aimed at calculating the best 

manufacturing capacity for every production line. According to the stock dependent concept, 

a product is integrated within one or more additional products, and its demand is contingent 

on the availability of other items.  

Production order quantity (POQ=
E.O.Q

𝐴𝑣𝑒𝑟𝑎𝑔𝑒  𝑤𝑒𝑒𝑘𝑙𝑦  𝑈𝑠𝑎𝑔𝑒
                                        (2) 

Least Unit Cost (LUC): When deciding on an order size, the demand for the next "n" 

periods is taken into account, where "n" is chosen to minimize the typical cost apiece unit.  

Least total cost (LTC): The least total cost attitude is a dynamic lot extenttechnique that 

determines the order quantity thru comparing the resonant cost and the inventory cost aimed 

atdiverse lot sizes and selecting the lot in which thesestand most similarly spread. The 

quantity of components that must be acquired is determined by this model, with almost equal 

transportation and ordering costs. 

 

Least period cost(LPC): We determine the order size that determinationconcealment the 

following "n" periods whenever the total requirements are positive, where "n" is chosen to 

reduce the average price per unit of time.  

 Wagner-Whitin Algorithm (W-W): It is an accurate method aimed atdefining the best 

packet size aimed at a product and obtaining meaningful results during a single program 

without taking into account power constraints. The W-W method identifies potential options 

in a forward calculation and then chooses the best course of action in a backward calculation, 

similar to how the traditional lot size formula undertakes an unlimited rate of construction 

and uniform feasting across the retro.  

Model 1: Lot for Lot:Every period, obtain only what is needed. Items are bought here in 

precisely the amounts needed for every timeframe. Therefore, this strategy works well when 

holding costs are high and order costs are low. 
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Model 2: Economic order Quantity:The order quantity that reduces overall inventory 

property costs and organization expenses is referred to as the "economic order quantity." 

Regardless of the amount bought, there is a flat cost for every order.  

Model 3: Period order quantity:In terms of periods, this is the EOQ. POQ is equal to EOQ 

separated by the typical demand per era. 

Model 4: Least unit cost:We determine the order quantity that willsconcealment the 

following "n" epochs when the net requirements are good, where "n" is chosen to reduce 

average unit cost.  

Model 5: Least total cost:In cases where the overall requirement is high, we determine the 

order quantity that resolve cover the subsequent "n" period, where "n" is the epoch during 

which the holding costs and inventory costs are contiguous to one another. This model 

determines how many parts need to be purchased with roughly equal carrying and ordering 

costs. 

Model 6: Least period cost:We determine the inventory levels that resolve cover the 

following "n" periods when the net requirements are favorable, where "n" is chosen to reduce 

the cost per unit of period. 

Model 7: Wagner-Whitin Algorithm:Those models are used with the consumption data for 

a specific product over the last three years, taking into account varied times, to determine the 

best models in the present situation.The three years are divided in various ways when 

calculating the average cost. 

Method 1: 

1) Divide every year into 12 halves, each lasting one month. 

2) Repetition of the process each year. 

3) To calculate the yearly inventory cost, determine the average of these three numbers. 

Method 2: 

1) Split the three-year timeframe into 36 intervals of one month respectively. 

2) Calculate the entire cost of the inventory for every time period. 

3) To calculate the annual inventory expenses, divide this figure by three. 
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Method 3: 

1) Split the three-year period into three equal intervals of one year each. 

2) Determine the annual cost of all inventories. 

3) For each of these approaches, the data from the last three years are used individually.  

Method 1:There are twelve equal months in a year. The total of the monthly expenses for 

ordering, purchasing, and overhead is the total inventory cost for the entire year. The above 

table 3 illustrations that the lot for lot approach was used to determine the lowest total 

inventory cost.Table 2 below lists the holding costs for each model that has been selected to 

employ this method: 

Table 2: Average Annual Cost 

2019 2020 2021 Model 

602041 527978 602741 LotforLot 

603166 618277 604054 E.O.Q. 

593890 602650 593890 P.O.Q. 

593890 601050 593890 LUC 

593590 601290 593590 LTC 

592390 601050 592390 LPC 

593890 601450 593890 W-W 

Table 3: Annual Inventory Cost on Average 

Annual Cost on Average in Rs. Model 

553760 LotforLot 

596733 E.O.Q. 

575397 P.O.Q. 

574897 LUC 

575047 LTC 

573997 LPC 

575297 W-W 

Method 2: This approach divides the entire three-year period into 36 segments, each lasting 

one month. The total inventory cost for three years is determined by totaling up the 
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purchasing expenses, inventory cost, and order costs for every period. This table 4 shows that 

even though the lowest unit price model has the lowest cost, the average total cost of 

inventory stays the same when this strategy is used. The following values are presented: 

Table 4:  Shows the 36-month total cost of inventory 

ATC on average in Rs. 36-Month Price Model 

575397 1783260 LotforLot 

579964 1816962 E.O.Q. 

575397 1783260 P.O.Q. 

574347 1792120 LUC 

575047 1793120 LTC 

573747 1798310 LPC 

575297 1793750 W-W 

Method 3: This table 5 demonstrates that despite the lowest unit price model's lowest cost, 

the average total cost of inventory generally stays constant when this strategy. 

 

Table 5 shows the three-year total cost of inventory. 

ATC on average in Rs. 36-Month Price Model 

565133 1762470 LotforLot 

578917 1803822 E.O.Q. 

571750 1782320 P.O.Q. 

571780 1782470 LUC 

571780 1782470 LTC 

571780 1782470 LPC 

571780 1782470 W-W 
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3. CONCLUSION: 

The explanation that was provided above makes it rather evident that the three approaches 

were used to seven different inventory models. One-month increments are used to compute 

the annual inventory levels in the first technique. The average of the data gathered over the 

preceding three years is then used to determine the total annual inventory levels. The second 

method looks at the whole three-year span at one-month intervals. The average of the 

inventory values over the preceding 36 months is used to determine the total inventory cost 

for the year. The third method adds the monthly requests to get information about the annual 

wants. The inventory values are then averaged throughout the course of each year to estimate 

the total annual inventory cost. As a result, a new model emerges as the optimal model, 

changing the phase at which averages are computed. For longer runs, then, the little to 

nonexistent change periodic quantity model makes sense. 
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This work scrutinizes the use of fuzzy logic and uncertainty management in CBDM, paying special 

focus on the difficulties and approaches associated with knowledge system uncertainty 

management. Uncertainty naturally pervades human decision making and can, therefore, 

significantly degrade the effectiveness of decision-support systems. There are factors such as faulty 

information and assumptions and surprise events behind this uncertainty. There are several stages 

involved in modeling and reducing impacts of uncertainty using fuzzification as a mathematical 

tool such as representation of vocabulary, similarity metrics, design of case bases, and 

transformation of the solution that appear in several phases of CBDM. Fuzzy sets can be applied in 

combining to solve all those problems like maintaining a case base in dynamic environment, the 

description of imprecisely case features, and cases retrieval with uncertainties. It also addresses the 

case when uncertainty can be expressed using formal techniques by possibility theory and linguistic 

variables with the aid of fuzzy logic so that the performance and effectiveness of case-based 

reasoning can be enhanced. Major techniques used in it are fuzzy feature vectors, fuzzy similarity 

functions, fuzzy decision trees, adaptive fuzzy clustering, and fuzzy integrals.Basically, the aim 

here is to improve decision-making systems through more reliable solutions that deal better with 

uncertainty, particularly under intricate real-world scenarios. This research advances the 

development of intelligent systems that use fuzzy logic in order to improve decision support in 

dynamic and uncertain situations. 

Keywords: Fuzzy logic, uncertainty handling, case-based decision making, fuzzification, fuzzy 

sets, decision support systems. 

 

 

1. Introduction 

A useful mathematical tool for simulating much of what is characterized in a process by 

subjectivity, uncertainty, and indeterminacy, is fuzzification. Whilst some qualitative criteria 

and the values of the qualities used for assessment depend on the subjective rating of the 

decision maker regarding the relative weight of his or her chosen criteria uncertainty also exists 

in making the decision at all known parameters of the decision(Alakhras et al., 2020). The 

subjectivity of the decision maker cannot allow real-world problems to be solved. However, 

uncertainties must be brought into the decision-making process. Every human is constantly 

http://www.nano-ntp.com/
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being faced with the necessity of having to make decisions, be it personal or work-related. 

However simple the issue is, we may consider that ambiguity prevails with every choice that 

we have made. The problem here lies in how much the decision maker is willing to risk for 

making the wrong choice and how much he is willing to compromise over the ambiguity 

(Papageorgiou, 2011). There are two sorts of uncertainty: that arisen due to wrong assumption 

and that due to force majeure. Whether it is an event that influences the decision and one that 

is not expected or an event that is expected, but not all of the consequences, or the precise 

nature of the event, deficient assumptions arise from ignorance, or a lack of information about 

the nature of upcoming events. A force majeure is an event like bad weather, natural disaster, 

or any other similar case that has adverse effects, which were neither foreseen nor avoidable.  

It is impossible to predict with certainty future events in every sector unless there are specific 

statistical techniques for us to make assumptions pertaining to the future using such 

knowledge. Using information culled (resource status, capacity, motivation of the workers, 

etc.), the assumption made by the decision maker involves assumptions that are generally valid 

as well as marginally variable with time(Varshavskii et al., 2024). If all factors are considered 

into account, the following exhibits uncertainty. 

Interval mathematics is typically used to address uncertainties associated with imprecision in 

people-to-people communication and, for instance, refer to high people, low temperatures, and 

bad sales while the theory of fuzzy set is typically applied to simulate uncertainties that emerge 

whenever defining terms given to express characterization of a concept fail to specify a single 

number as expected and probability is typically used to model them (Atmani et al., 2013). 

1.1. Uncertainty in Case-Based Reasoning (CBR) and Fuzzy Logic 

This decision uncertainty may be due to the incompleteness, imprecision, and ambiguity in the 

data(Chai et al., 2013). Uncertainty may be caused by many factors in Case-Based Reasoning 

(CBR) systems. These factors may be due to the vocabulary of attributes used to describe the 

cases, the measures used for the similarity between cases, the case base itself that might include 

some old or redundant cases, and the transformation used to solve the problem after retrieval 

based on retrieved cases (Zarandi et al., 2011). These sources of uncertainty have a great 

impact on the system's performance and decision accuracy. 

 

Figure 1: The knowledge containers of CBR system 
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In an instance where fuzzy logic addresses uncertainty in systems through handling imprecise, 

incomplete, or vague data (Dubois et al., 2006). It allows attribute representation with fuzzy 

sets explaining degrees of membership instead of fixed values, enabling greater decision 

nuance. As applied to the vocabulary in CBR, and similarity measures through solution 

transformation, systems now handle vague or ambiguous information effectively by improving 

the results' accuracy and reliability on account of the natural fuzziness associated with real 

world cases. 

1.2. Fuzzy Logic Integration Improves Decision Support Systems  

The integration of fuzzy logic into decision support systems (DSS) will enable better 

management of uncertainty and reproduce human decision-making (Sun and Finnie, 2007). As 

compared to the binary logic systems, DSS using fuzzy logic enables it to process imperfect 

and ambiguous data, allowing more flexible and adaptive decision-making. This integration is 

very useful in complex areas such as business model selection, clinical decision support, and 

risk assessment where data is usually imprecise. A DSS that uses fuzzy logic can aid 

executives in deciding on e-business models, considering qualitative and quantitative 

factors(Sabahi and Akbarzadeh-T, 2014).Fuzzy decision support systems aid dietitians in diet 

changes for patients with multiple chronic conditions by enhancing treatment planning. Fuzzy 

set theory aids these systems in accommodating the vagueness of human reasoning, thus being 

more nuanced and effective in decisions. Fuzzy logic also helps DSS adapt to changing data 

patterns, keeping relevance and accuracy even in dynamic contexts. 

1.3. Objectives of the Study 

• To explore the application of fuzzy logic and uncertainty handling in case-based 

decision-making (CBDM) systems. 

• To investigate the integration of fuzzy sets and fuzzification techniques to reduce 

uncertainty in various stages of CBDM, including case retrieval and solution transformation. 

• To enhance decision-making systems by providing reliable solutions that better 

manage uncertainty in complex, real-world situations. 

 

2. LITERATURE REVIEW 

Jahani et al. (2015) argued that to deal with the complexity of modern supply chains, multi-

agent systems, fuzzy logic, and case-based reasoning (CBR) should be combined. Common 

problems in today's supply chains include client dissatisfaction, information overload, and too 

much uncertainty. While it is true that both qualitative and quantitative considerations are 

commonly overlooked by existing agent-based systems when it comes to supplier selection 

and other supply chain processes. Jahani et al. proposed an agent-based paradigm that 

combines multi-agent systems, fuzzy logic, and case-based reasoning in order to overcome 

some of these problems. Infrequently were these views united in previous studies. Usefulness 

of the proposed framework has been demonstrated through an exploratory case study 

performed within office furniture company. This agent-based architecture would suggest 

substitute products in cases of stockouts, judge supply offers on customer preference, and 

facilitate better communication among agents of the supply chain. The F-CBR approach 
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narrows down the whole search space while retrieving cases by arranging information into 

relevant instances. The fuzzy nature of this approach tackles supplies chain uncertainty, most 

especially when customers have varying requirements and preferences. It was very short, only 

the description and retrieval stages of CBR approach, retaining, reusing, and altering phases 

were not covered and no inventory management and agent bargaining is mentioned(Jahani et 

al., 2015). 

Kasie and Bright (2023)addressed the unexplored area of designing and controlling the cutter 

process in metal cutting. There have been computer-aided planning, simulation, and 

optimization techniques used for ages to address the problems encountered in cutter planning 

and control. They proposed a decision support system that utilized techniques of fuzzy case-

based reasoning and fuzzy analytic hierarchy process. This integration provides a more reliable 

method to solve planning and control issues related to machining cutters, as it determines 

hybrid similarity measures between new and previous cases. The system is designed to adapt 

new arrivals of orders through retrieving the best matching of previous cases. For proving the 

soundness of the DSS, a numerical example was presented, offering fresh views of how fuzzy 

set theory, CBR, and AHP can be combined for this specific application (Kasie and Bright, 

2023). 

Uğur and Baykan (2016)investigated the use of fuzzy logic in construction management (CM) 

for its applicability and feasibility. The authors focused their research on papers in well-known 

journals listed under Science Citation Index (SCI), since CM spans an array of subjects. The 

present study found four basic applications of fuzzy logic in the field of CM, including: 

modelling, optimization, performance evaluation/assessment, and decision-making. The study 

underlines fuzzy logic's ability to deal with the uncertainty and imprecision that exist in 

construction projects and, therefore, highlights the potential for betterment in CM's decision-

making and optimization procedures (Uğur and Baykan, 2016). 

Kamal (2012)provided a framework for use-case-based effort prediction based on adaptive 

fuzzy logic that is supposed to address imprecision and to be able to consider expert opinions. 

Software development effort prediction is a challenging task that often involves dealing with 

imprecision, ambiguity, and incomplete knowledge, especially during the early stages of 

development. The paper focused on effort prediction using machine learning techniques such 

as fuzzy logic, neural networks, and genetic algorithms. An empirical evaluation of the 

proposed framework revealed some promising results and highlighted ways in which different 

objectives interact to impact prediction accuracy. The work also explored system architecture 

and its impact on the accuracy of fuzzy-based effort prediction systems. It emerged that the 

creation of a genetic-fuzzy tool to evolve different designs significantly impacted effort 

prediction system performance (Kamal, 2012). 

Asemi et al. (2014) examined the usage of FMCDM approaches with special emphasis on how 

versatile these are within a wide variety of disciplines. From reviewing 150 studies using 

FMCDM approaches for decision-making purposes, the most prevalent usages were identified. 

Given fuzzy AHP and fuzzy TOPSIS are the most popular methodologies of FMCDM, the 

most widely examined topics so far are "location management" and "supplier selection." This 

paper pushes forward knowledge concerning the widespread use and application of FMCDM 

in the most vital processes of making decisions (Asemi et al., 2014). 
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Seleem et al. (2020)developed a lean manufacturing roadmap for industrial companies by 

selecting appropriate lean tools based on firm constraints and predetermined strategic 

objectives. In addition, the study ranks these tools based on their interrelationships. The first 

step in the process is to set operational goals using the BSC framework. The theory of 

constraints (TOC) is used to analyze the manufacturing system and identify its constraints, and 

then fault tree analysis (FTA) is used to determine the root causes of the constraints identified. 

Finally, lean efforts are prioritized with the aid of the fuzzy-decision making trial and 

evaluation laboratory (fuzzy-DEMATEL) method. Practical recommendations made by the 

study include examining the manufacturing system, monitoring the mastery of specialists' 

expertise, and directing the efforts by ranking them relative to one another in an effort to 

accomplish strategic goals without any increased time and cost. The study considers only the 

case of manufacturing organizations; thus, further study is needed to assess how successful the 

strategy is for the service organizations (Seleem et al., 2020). 

 

3. RESEARCH METHODOLOGY 

This section describes the research approach to deal with uncertainty in Case-Based Reasoning 

(CBR) systems, particularly using fuzzy set theory (FST). The methodology is laid out from 

case representation to solution transformation in order to analyze the diverse approaches that 

have been used to address uncertainty at every step of the CBR process. Depending on what 

source of uncertainty is drawn from—the knowledge base, the similarity measure, or even the 

CBR hypothesis itself—research approaches are put into different categories. 

3.1. Addressing Uncertainty in the Vocabulary 

Introducing uncertainty into the lexicon of the CBR system: fuzzy aspects of case features or 

when cases have both fuzzy and crisp aspects. The paper proposes an investigation into the 

utilization of fuzzy feature vectors, representing case features as a composition of fuzzy and 

crisp values, where the method will incorporate neural networks to efficiently merge all these 

different feature types at the case retrieval process. 

To enhance knowledge acquisition, a fuzzy-based module is also incorporated into the design 

of CBR. Within this module, fuzzy sets represent uncertain concepts and make the process of 

creating fuzzy sets more manageable as new concepts come into view. Fuzzy linguistic 

variables are used as a technique to reduce the dimension in classification tasks, especially in 

scenarios where an excess number of features may degrade the quality and performance of a 

system. 

3.2. Addressing Uncertainty in the Similarity Measure 

With several variables to consider, like indexing, similarity functions, and the summation of 

individual similarities, this makes the uncertainty associated with the similarity measure less 

significant. This technique is primarily a fuzzy integral technique that aims to obviate some 

drawbacks of standard closest neighbor algorithms. As this technique is intended to provide 

suitable treatment of elements that vary in importance, thereby avoiding the masking of 

relatively lesser features by more prominent ones, the cancellation effects can be significantly 

reduced. This strategy also addresses the problems with the additivity assumptions in 
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conventional aggregation techniques(Osiro et al., 2014). 

In addition, disagreements on similarity judgments are resolved using fuzzy membership 

functions to quantify the expert's confidence in similarity between cases. This approach also 

deals with uncertainty in incomplete cases by allowing incomplete cases to be added to the 

case base without affecting the materiality of the system's accuracy. 

Preference functions in fuzzy form are then adopted to describe how similar conditions are 

with respect to any feature that an application like plastics color matching may have. Then the 

simplified representation of similarity resulting from expert evaluation is one that is gotten 

from the representation of similarity values ensuing from the comparison as fuzzy preference 

vectors. The other very essential technique that this research used relates to the use of fuzzy 

membership distributions in the calculation of the value of properties. This sidesteps all the 

demerits that conventional sharp thresholds have by employing fuzzy predicates to represent 

preference while in the determination of similarity and assessing dependability. 

3.3. Addressing Uncertainty in the Case Base 

Heterogeneity in case attributes or the presence of incomplete case information often 

introduces vagueness to the case base. The uncertainty, in case certain case attributes are not 

known, introduces various techniques for the alleviation of such problems like ordered 

weighted averaging-based nearest neighbor rules. The selection and maintenance of relevant 

cases to the case base use fuzzy techniques with neural networks. 

This not only reduces the redundant cases but also organizes cases into clusters that represent 

solution prototypes by using fuzzy clustering. The adaptive fuzzy clusters use both fuzzy 

clustering and the statistical process management approach to deal with the uncertainty in case 

parameters in applications like aircraft engine maintenance. In fact, as parameters do, so does 

the case base with time. 

The study forms granular clusters in the feature space, combining fuzzy and rough sets to 

enhance case representation for more intricate cases. It uses fuzzy similarity functions and 

incorporates rough-fuzzy hybridization to facilitate effective case base retrieval and assure 

more accurate case representations. Finally, to ease the maintenance of the case base, it uses 

fuzzy decision trees. These trees increase retrieval efficiency, while lowering the case base's 

complexity without sacrificing important information by complementing a smaller case base 

and aiding in the learning of adaption rules. 

3.4. Addressing Uncertainty in Solution Transformation 

Another crucial problem that the research solves to ensure effective reuse of solutions is 

uncertainty when transforming a solution. For example, fuzzy disjunction is applied in musical 

composition to combine numerous fuzzy sets into a new fuzzy set representing the change. 

Then, the fuzzy set is defuzzied to transform it into a specific solution parameter. 

Also, mining the case base through adaption knowledge involves using fuzzy association 

algorithms. With such knowledge principles regarding determining requirements and 

conditions to make successful solution adaptations according to the prediction accuracy and 

recall rate, this provides for building an adaptation engine. 
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4. RESULTS AND DISCUSSION 

The modeling of uncertainty in the assumption of Case-Based Reasoning (CBR) is described 

in this section where, for a collection of possibly related cases found by a closest neighbor 

algorithm, the main goal is finding typical elements. Typical elements are identified using the 

principle of typicality. Using the parameters provided by this theory, fuzzy sets, which reflect 

the uncertainty of the solution, are created(Rajabi et al., 2019). These fuzzy sets then express 

the result of the CBR system. 

This method is an extension of the first attempt to apply the concept of typicality in the retrieval 

stage of a CBR system, where the aim is to retrieve a set of examples according to the similarity 

of problems for the purpose of finding similar solutions to a problem. This technique is based 

on the premise that the solution to a problem may be found in the repository of solutions that 

have satisfactorily solved related problems. This approach uses typicality for describing the 

solution, providing for a more flexible and unstable method of determining results than does 

any other approach that relies on the similarity between issues or solutions. 

The uncertainty is diminished by finding the typicality of a group of possibly sound answers. 

A fuzzy set models the typicality of solutions; the most typical solution would be represented 

by the center of the set, and the uncertainty that surrounds that solution would be described in 

terms of the shape of the set. The solution space can be better represented by utilizing fuzzy 

sets, which not only capture the uncertainty but also the typicality of the solution. 

4.1. Finding the Typical Result of a CBR System 

From a set of possibly sound solutions that is represented as Sp = {S1, S2,…, Sn}, that 

collection results when the related cases are found. Next, MTV of that set is calculated. That 

value which depicts most typically a set's primary tendency is called the MTV of the set. The 

core value of that solution, representing the solution that is the most likely to solve that issue, 

is placed centrally in a fuzzy set. 

For instance, 30 is the most obvious value that represents the fuzzy set of similar solutions, if 

the MTV of the set is found to be 30. Then place the center at 30 to create a fuzzy set. The 

MTD defines the shape of the fuzzy set, which determines the extent to which values in the 

set deviate from the MTV. The MTD has the range or uncertainty about the typical value much 

as standard deviation does (El-Sappagh et al., 2015). The fuzzy set that emerges in this process 

models the most typical answer and the uncertainty about it, and it's why it's called Most 

typical Fuzzy Set, or MTFS. 

4.2. Theory of Typicality 

According to the Theory of Typicality, it introduces a framework for determining the Most 

Typical Value (MTV) of a dataset, representing the characteristic property of data particularly 

in situations where there exist multiple clusters. In situations where, multiple diverse clusters 

exist within a given data set, typical statistical metrics such as mean or median may not 

efficiently capture the usual value for the given dataset. The MTV, on the other hand, uses 

geometrical fuzzy clustering approaches to determine which value best captures the data given 

these many clusters. 
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 Algorithms for Geometrical Fuzzy Clustering 

Fuzzy clustering loosens the constraints in which the data points are assigned to clusters. Fuzzy 

clustering, unlike standard clustering, gives a membership value to every data point so that the 

value determines the proportion of each cluster that a given data point belongs to. These 

membership values represent the degree of similarity between each data point and the several 

cluster centers(Sarkheyli-Hägele and Söffker, 2020). They sum up to 1 for each data point. 

Often the fuzzy clustering is applied with overlapping clusters or when two data points are not 

really distinguishable from each other. The geometrical approaches of fuzzy clustering 

techniques try to divide data space into clusters or areas representing both groups of possible 

fuzzy membership minimizing internal variance. 

1) Fuzzy c-Means Algorithm: 

These include the fuzziness parameter, mmm, and the number of clusters, c, and are 

predetermined for the Fuzzy c-Means algorithm. The algorithm follows these steps: 

1. Initialize cluster centers v1, v2, …, vc. 

2. For every data point xj, assign the fuzzy memberships μij according to how close it is 

to the cluster centers. 

3. Optimize the objective function to update the centers of clusters: 

 

where μm
ijis the membership value of data point xj in cluster i, and mmm is a fuzziness 

parameter typically set greater than 1. 

The algorithm has converged when the membership values do not change much between 

cycles. 

2) Cluster Validity: 

Cluster validity measures to which extent the clustering function classifies the data into 

meaningful groups. A good partition induced by a good clustering algorithm should have:  

a) Clear distinction among the clusters. 

b) Each cluster's compactness. 

c) Following the basic structure of the data. 

Table 1 below shows the retrieved sets of solutions for problems PA, PB, and PC. Comparing 

estimates of solutions obtained for each problem over a variety of sets enables an estimate of 

the effectiveness of the clustering. 

Table 1:Sets A, B, and C of problem-solving results PC, PB, and PA  

PA Estimate PB Estimate PC Estimate 

1 44747 76557 113163 
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2 48552 66149 177474 

3 48733 77973 44282 

4 32102 23551 110574 

5 87454 53027 79266 

6 55037 77460 109003 

7 43121 60366 108144 

8 54362 68007 322234 

9 45668 56774 113563 

10 51898 97839 66725 

11 38138 70627 108125 

12 51115 85766 102093 

13 49471 53105 99256 

14 44359 64322 128909 

15 40471 31875 150964 

16 47250 80030 139318 

17 52390 75203 228258 

18 39333 87444 140481 

19 80211 206627 57072 

20 43426 140305 105032 

21 45734 72555 67751 

22 55481 68178 118193 

23 38566 87554 156232 

24 48007 55036 85429 

25 45735 66381 110396 

Many indices such as the Davies-Bouldin Index, Silhouette Score, or Dunn Index, which 

measures the compactness and separation of the clusters, may be used to assess cluster validity. 

3) MTV, Most Typical Value: 

After clustering, the core value of a data set is referred to as the Most Typical Value, MTV 

(Lu et al., 2016). It considers both the distance of each data point from the cluster center and 

the population, or size, of each cluster. 

There are two effects that act as a reference for calculating the MTV: 

• The population effect: MTV depends more on bigger clusters regarding data points. 

That simply means that, for higher clusters, MTV is near the centroid. 
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• The distance effect: The further away the population is from its centre in all clusters, 

their contribution will lower it as well. 

An equation that considers the contribution of each centroid of a cluster by the size of the 

cluster and by the distance between the centroids and the MTV is obeyed by the MTV. The 

obtained MTV values for the clusters in sets A, B, and C are represented in Table 2. For every 

cluster within the same set, the MTV is calculated independently. 

Table 2:Values obtained for clusters' MTV 

SETS MTV 

set A cluster 1 45700 

set A cluster 2 45700 

set A cluster 3 45700 

set B cluster 1 75390 

set B cluster 2 75390 

set B cluster 3 75390 

set C cluster 1 121680 

set C cluster 2 121680 

set C cluster 3 121680 

Definition 1: MTV Calculation 

Let c clusters Ci=(ki,vi) be derived from the data set X={x1,x2,…,xN}⊂Rp, with vi as the 

centroid of cluster Ci and ki is the population size. Then, MTV is the solution of the following 

equation: 

 

Where, 

• The distance effect is represented by the monotonically decreasing function γi(u). 

• λ>1 is the weight modifier of the population effect 

4) Most Typical Deviation (MTD): 

The Most Typical Deviation measures the closeness of MTV to each unique data point set. 

The lower the MTD, the closer the MTV to the data center. 

Definition 2: Calculate MTD 

The MTD can be calculated as: 
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The MTD is approximately distance ∣vk−s∣ if one of the clusters is dominant and k is the 

dominant cluster. Table 3 below gives MTV, MTD values for data sets A, B and C(Avdeenko 

and Makarova, 2017). With smaller values that indicate the MTV is close to the center, it can 

be seen that in the MTD values how closely every MTV resembles the center related data set.  

Table 3: MTV and MTD values for sets A, B, and C 

Set MTV MTD 

Set A 45700 310.9 

Set B 75390 851.2 

Set C 121680 761.8 

5) Definite Typical Value (DTV) 

The DTV or the definite typical value is that which will emerge from the MTV equation with 

proper tuning (through a parameter, β) and iteration. Now, having looked at population as well 

as distance effects, it is that final most typical value the dataset settles into.In the Table 4 below 

are shown the DTVs of the three sets A, B and C. Following the necessary iterations and 

readjustment with β these represent the final converged solution to the MTVs of the above 

three sets. 

Table 4: DTV for sets A, B and C 

Set DTV 

A 45700 

B 75390 

C 121680 

4.3. Finding the Most Typical Fuzzy Set (MTFS) 

Most Typical Fuzzy Set: One of the major ideas behind fuzzy logic and clustering is a structure 

called the Most Typical Fuzzy Set that intends to express the inherent uncertainty present in 

the data. MTD extends the notion of Most Typical Value by introducing Most Typical 

Distance. This fuzzy set considers not only the MTV but also the way it interrelates to other 

aspects of the dataset with the attempt to more exactly describe the vagueness about the 

typicality of the solution. 

• The Most Typical Value or MTV is the center or representative value of a set 

following the use of clustering techniques. It shows the tendency of central points within the 

dataset and is an expression of the most frequent result. 

• MTD (Most Typical Distance) measures the distance of the MTV from the centers of 

the clusters. A low value for MTD indicates that MTV is close to the center and very typical 

of the items of the set, and, conversely, it also has a higher degree of typicality for the MTV 

(Lavrynenko et al., 2020). 

The degree of typicality of the MTV is essentially defined by the MTD. In contrast, fuzzy sets' 

membership functions cannot be constructed directly employing the MTD as the deviation 

parameter. Depending upon how close elements are to the MTV, the MTFS is meant to be an 

expression of a spectrum of possible outcomes. There are three types of outcomes showed in 
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figures 2 to 4. 

• Very Close to MTV: Components which are very close to the MTV. 

 

Figure 2:MTFS very close to MTV 

• Close to MTV: Those things that are in this category but are not quite as close as the 

"very close" group. 

 

Figure 3:MTFS close to MTV 

• Around MTV: Elements which are not included in the "close" category, but still 

somewhat close to the MTV. 
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Figure 4: MTFS around MTV 

Such descriptions using MTFSs also provide for a more particular categorization in such 

representations of the data which may well capture the loose concept of proximity to MTV. In 

the case of MTD, for instance, phrases such as "small, regular and large" are possible words 

to be understood under proximity. 

In the fuzzy set model, MTD is a base variable to which the varying degrees of typicality are 

given in terms of the language. The MTD is represented by the following three linguistic terms: 

o Small MTD: Indicates that MTV lies well-centered inside the cluster, or in other 

words, the membership grades of elements around MTV are higher. 

o Regular MTD: It presents a better distribution of the membership classes as it signifies 

the average distance between the MTV and the cluster center. 

o Large MTD: This gives an impression that there exist several solutions close to the 

MTV since the MTV is highly distant from the cluster center. Here, pieces further away from 

the MTV are assigned higher grades of membership. 

The MTD ranges between 0 and 5,000; here the smaller values signify larger values of MTV 

typicality (Choudhury and Begum, 2017). The flexible form of data, thus possible with this 

range, deals with different levels of uncertainty about the data. Table 5 shows the linguistic 

variable MTD along with its membership values, which correspond to several different values 

of MTD. These numbers are converted to "Small MTD," "Regular MTD," and "Large MTD." 

These numbers provide an imprecise description to the data: The membership values vary 

between these groups as the MTD increases, which indicates the different levels of typicality. 
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Table 5:The linguistic variable MTD 

MTD Value Small Membership Regular Membership Large Membership 

0 1.0 0.0 0.0 

290 0.9 0.0 0.0 

580 0.7 0.0 0.0 

870 0.4 0.0 0.0 

1160 0.1 0.0 0.0 

1450 0.0 0.0 0.0 

1740 0.0 0.1 0.0 

2030 0.0 0.4 0.0 

2320 0.0 0.7 0.0 

2610 0.0 0.9 0.0 

2900 0.0 1.0 0.0 

3190 0.0 0.9 0.0 

3480 0.0 0.7 0.0 

3770 0.0 0.4 0.0 

4060 0.0 0.1 0.0 

4350 0.0 0.0 0.1 

4640 0.0 0.0 0.4 

4930 0.0 0.0 0.7 

According to the MTD and membership grades, certain rules are implemented in order to 

provide the MTFS (Karatop et al., 2015). Degree of typicality is represented in such rules: 

• Extremely small MTD:Very small MTD represents higher degree of typicality by 

MTV. Elements closer to the MTV will get better memberships from MTFS while those are 

farther from MTV will acquire lower grade memberships. 

• Regular MTD: A regular MTD represents a more balanced typicality by evenly 

spreading the membership grades over the MTV. 

• Big MTD: Since it might have more than one valid solution, elements farther away 

from the MTV are awarded membership grades, and hence big MTD indicates low typicality. 

These guidelines ensure that the MTFS captures appropriately the variability and uncertainty 

in the data and also help in defining the membership functions(Surma, 2015). 

Use the following example to illustrate how the MTFS is constructed by taking the MTV as 

45,700 and the corresponding MTD as 310.9 It would be classified as a "small" MTD in the 

MTD classification. The constructed MTFS would therefore represent the concept of being 

"very close" to the MTV. Members that are closer to the MTV would have higher membership 
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grades while members that are farther away from the MTV would have lower grades. 

 

5. CONCLUSION 

This conclusion of the study, therefore, highlights the importance of fuzzy logic in dealing 

with uncertainty in CBDM systems. Human decision-making is, in any case, extremely 

difficult under uncertainty, and the support systems can be very adversely affected. The 

proposed approach applies fuzzification approaches such as fuzzy sets, fuzzy similarity 

functions, fuzzy decision trees, and adaptive fuzzy clustering at different steps of CBDM, 

namely, vocabulary representation, case retrieval, and solution transformation to show how 

uncertainty may be controlled at those different stages.With fuzzy logic integration, better and 

more flexible decisions could be made, especially within dynamic and complex contexts in 

which data is often ambiguous, imprecise, or incomplete. More formally, the formalization of 

vagueness in fuzzy theory ensures that the answers are much more reliable and consistent than 

those obtained from the ordinary decision-making process. Therefore, this research contributes 

to the overall effectiveness and robustness of CBDM systems by furthering the development 

of intelligent systems that could handle uncertainty in real-life applications. The findings of 

the study underscore the ability of fuzzy logic to promote decision support particularly when 

the traditional approach fails to cope with the intricacy of uncertain input. 

 

 

References 
1. Alakhras, M., Oussalah, M., & Hussein, M. (2020). A survey of fuzzy logic in wireless 

localization. EURASIP Journal on Wireless Communications and Networking, 2020, 1-45. 

2. Asemi, A., Baba, M. S., Haji Abdullah, R., & Idris, N. (2014). Fuzzy multi criteria decision 

making applications: a review study. 

3. Atmani, B., Benbelkacem, S., &Benamina, M. (2013). Planning by case-based reasoning based 

on fuzzy logic. arXiv preprint arXiv:1311.4564. 

4. Avdeenko, T. V., & Makarova, E. S. (2017). Integration of case-based and rule-based reasoning 

through fuzzy inference in decision support systems. Procedia Computer Science, 103, 447-453. 

5. Chai, J., Liu, J. N., & Ngai, E. W. (2013). Application of decision-making techniques in supplier 

selection: A systematic review of literature. Expert systems with applications, 40(10), 3872-

3885. 

6. Choudhury, N., & Begum, S. A. (2017). The role of fuzzy logic in case-based reasoning: a 

survey. Indian Journal of Computer Science and Engineering, 8(3), 333-340. 

7. Dubois, D., Hüllermeier, E., &Prade, H. (2006). Fuzzy methods for case-based recommendation 

and decision support. Journal of Intelligent Information Systems, 27, 95-115. 

8. El-Sappagh, S., Elmogy, M., &Riad, A. M. (2015). A fuzzy-ontology-oriented case-based 

reasoning framework for semantic diabetes diagnosis. Artificial intelligence in medicine, 65(3), 

179-208. 

9. Jahani, A., Azmi Murad, M. A., bin Sulaiman, M. N., &Selamat, M. H. (2015). An agent-based 

supplier selection framework: Fuzzy case-based reasoning perspective. Strategic Outsourcing: 

An International Journal, 8(2/3), 180-205. 

10. Kamal, M. W. (2012). Use-case based early Software Effort Prediction using Fuzzy Logic and 

Genetic Algorithms (Master's thesis, King Fahd University of Petroleum and Minerals (Saudi 

Arabia)). 

11. Karatop, B., Kubat, C., &Uygun, Ö. (2015). Talent management in manufacturing system using 



                                               Investigating the Application of Fuzzy Logic… Ritu Yadav et al. 2530  
 

Nanotechnology Perceptions Vol. 20 No. S16 (2024) 

fuzzy logic approach. Computers & Industrial Engineering, 86, 127-136. 

12. Kasie, F. M., & Bright, G. (2023). Application of Fuzzy Case‐Based Reasoning and Fuzzy 

Analytic Hierarchy Process for Machining Cutter Planning and Control. Advances in Fuzzy 

Systems, 2023(1), 8072930. 

13. Lavrynenko, S., Kondratenko, G., Sidenko, I., & Kondratenko, Y. (2020, September). Fuzzy 

logic approach for evaluating the effectiveness of investment projects. In 2020 IEEE 15th 

International Conference on Computer Sciences and Information Technologies (CSIT) (Vol. 2, 

pp. 297-300). IEEE. 

14. Lu, J., Bai, D., Zhang, N., Yu, T., & Zhang, X. (2016). Fuzzy case-based reasoning system. 

Applied Sciences, 6(7), 189. 

15. Osiro, L., Lima-Junior, F. R., &Carpinetti, L. C. R. (2014). A fuzzy logic approach to supplier 

evaluation for development. International Journal of Production Economics, 153, 95-112. 

16. Papageorgiou, E. I. (2011). A new methodology for decisions in medical informatics using fuzzy 

cognitive maps based on fuzzy rule-extraction techniques. Applied Soft Computing, 11(1), 500-

513. 

17. Rajabi, M., Hossani, S., &Dehghani, F. (2019). A literature review on current approaches and 

applications of fuzzy expert systems. arXiv preprint arXiv:1909.08794. 

18. Sabahi, F., &Akbarzadeh-T, M. R. (2014). Introducing validity in fuzzy probability for judicial 

decision-making. International Journal of Approximate Reasoning, 55(6), 1383-1403. 

19. Sarkheyli-Hägele, A., &Söffker, D. (2020). Integration of case-based reasoning and fuzzy 

approaches for real-time applications in dynamic environments: current status and future 

directions. Artificial Intelligence Review, 53(3), 1943-1974. 

20. Seleem, S. N., Attia, E. A., Karam, A., & El-Assal, A. (2020). A lean manufacturing road map 

using fuzzy-DEMATEL with case-based analysis. International Journal of Lean Six Sigma, 

11(5), 903-928. 

21. Sun, Z., & Finnie, G. (2007). A fuzzy logic approach to experience‐based reasoning. 

International Journal of Intelligent Systems, 22(8), 867-889. 

22. Surma, J. (2015). Case‐based approach for supporting strategy decision making. Expert Systems, 

32(4), 546-554. 

23. Uğur, L. O., &Baykan, U. N. (2016). An Invistigation About The Fuzzy Logic Aplications In 

Construction Management. DüzceÜniversitesiBilimveTeknolojiDergisi, 4(1), 207-226. 

24. Varshavskii, P., Sesin, A., &Bashlykov, M. (2024, April). Implementation of a System for 

Teaching the Basics of Fuzzy Logic Inference Systems and Fuzzy Case-Based Reasoning. In 

2024 7th International Conference on Information Technologies in Engineering Education 

(Inforino) (pp. 1-5). IEEE. 

25. Zarandi, M. F., Razaee, Z. S., &Karbasian, M. (2011). A fuzzy case based reasoning approach 

to value engineering. Expert Systems with Applications, 38(8), 9334-9339. 

 



 

 

Research & Reviews: Discrete 

Mathematical Structures 
ISSN (e): 2394-1979 

Impact Factor(SJIF) : 6.209 

Acceptance Letter 
 

 

 

JournalsPub, A Division of Dhruv Infosystems Pvt Ltd 
Editorial  office: A-118, 2nd  Floor Sec-63 Noida - 201301 (U.P.) India 

www.journalspub.com, www.stmconferences.com 

E-mail: info@journalspub.com Tel.: 0120 - 4781200/204/206/211 

 

Dear Author,  

Congratulations on the acceptance of article “Optimizing Sampling Techniques Using 

Fuzzy Set Theory: A Comprehensive Approach” for publication in Research & Reviews: 

Discrete Mathematical Structures. This letter serves as our formal acceptance of your paper. 

We affirm that your paper has met Journal’s Peer- Reviewed publication criteria. 

Your diligent efforts and commitment have yielded success, and we are privileged to publish 

your work. Journal’s editorial team has conducted a comprehensive review of your manuscript, 

and we believe it will add significant value to the field of Mathematical Structures. 

Author Name: * Sangeeta Malik 

Co - Author: Ritu Yadav 

Co – Author: Pratiksha Tiwari 

Manuscript Title: Optimizing Sampling Techniques Using Fuzzy Set Theory: A 
Comprehensive Approach 

Article received date: 28th March, 2025  

Article accepted date: 22
th

 April, 2025  

Indexing: Cite Factor, Directory of Research Journals Indexing (DRJI), Genamics, Google 

Scholar, Index Copernicus, Journal TOCs, Scientific Indexing Services (SIS) 

Thank you very much for submitting your article.  

 

With Best Regards, 

Dr. Engin Ozkan  

Editor-in-Chief 

Research & Reviews: Discrete Mathematical Structures 

                                            









 

Does Regime-Dependent Volatility Drive Dynamism in Investor 

Herding? 

 

Komal Jindala , Meera Bambab, Mamta Aggarwalc 

a,cDepartment of Commerce, Indira Gandhi University, India 

bDepartment of Commerce, Chaudhary Bansi Lal University, India 

Abstract 

The existing literature on herding often uses the static model to test herd behaviour in the 

Indian market context. Hence, the objective of this paper is to investigate the dynamic herd 

behaviour for S&P BSE 500 from 2009-2023 using the Markov Regime Switching model. 

Results exhibit the occurrence of three regimes, namely, high, low, and extremely volatile 

regimes. Findings suggest that the Indian market moves into the order of low, high, and 

extreme volatility (LHC), similar to other developed countries. This has implications for 

investors to either exit from the market or reframe their portfolio through hedging techniques 

before the market enters into extreme volatility. Moreover, the results exhibit anti-herding in 

high and low-volatile regimes. Our study discloses the presence of herding in crashes or 

extremely volatile regimes, showing that Indian investors start following each other during 

crash-like situations. This research is significant for individual investors, portfolio managers, 

and stock market regulators. 

Keywords:  Dynamic Herding, Indian Equity Market, Three Regime-Switching Model, 

Volatility Regime, Markov Model 

Received:  

28 August 2023 

Accepted revised version:  

11 March 2024 

Published:  

30 June 2024 

Suggested citation: Jindal, K., Bamba, M. & Aggarwal, M. (2024). Does regime-dependent 

volatility drive dynamism in investor herding? Colombo Business Journal, 15(1), 54-79. 

DOI: https://doi.org/10.4038/cbj.v15i1.169 

© 2024 The Authors. This work is licensed under a Creative Commons Attribution 4.0 

International License which permits unrestricted use, distribution, and reproduction in any 

medium, provided the original work is properly cited.  

 
komal.comm.rs@igu.ac.in           https://orcid.org/0000-0001-9544-2722 

 
 

Faculty of 

Management & Finance 

University of Colombo 

 

 

 

 

 

Colombo  

Business  

Journal  

International Journal of     

Theory & Practice  

Vol. 15, No. 01, June, 2024 

https://doi.org/10.4038/cbj.v15i1.169
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:komal.comm.rs@igu.ac.in
https://orcid.org/0000-0001-9544-2722
https://orcid.org/0000-0001-9544-2722


Colombo Business Journal 15(1), 2024 
 

55 

Introduction 

The most common type of bias in the financial market is herd instinct or herd 

behaviour. In general terms, herding means following other investors with superior 

information while suppressing their beliefs. Many causes behind herd behaviour can 

be deduced from the theoretical literature. As many previous studies have explained, 

herding can arise due to reputational concerns, informational cascade effect, 

superiority of information, and a complex informative structure environment (Avery 

& Zemsky, 1998; Bikhchandani et al., 1992; Scharfstein & Stein, 1990). Moreover, 

these types of behavioural biases can cause volatility to be high and extreme market 

situations in the equity market (Litimi, 2017). Analysing herding is very important 

because it can cause high volatility in the market, enlarging the gap between the 

market price and fundamental price of any stock and creating a bubble-like situation 

in the stock market (Bikhchandani et al., 1992; Chiang & Zheng, 2010). This 

encourages the investors to make correct decisions, resulting in an efficient market. 

An understanding of herd behaviour enables better investment decisions with 

portfolio diversification., With this objective, we investigate herding in the Indian 

stock market., There are multiple reasons for choosing the Indian stock market. First, 

emerging economies like India have the presence of herding due to cultural 

differences, incomplete enforcement laws, and uneducated and uninformed investors 

(Chang et al., 2000; Kanojia et al., 2022; Lao & Singh, 2011). Second, India is the 

fastest-growing economy in emerging markets, with more relaxed regulations related 

to foreign capital. This, in turn, led to an enormous flow of foreign institutional 

investment in India. So, it is observed that during extreme market situations, investors 

start following Foreign Institutional Investors (FIIs) and move in the same direction. 

 

This research adds multiple insights into the herding literature. First, the existing 

study applies the Regime Switching constant probability model with three Markov 

states for the Indian stock market in which herd behaviour may or may not exist. In 

the case of volatile situations, the investors have become risk averse and start 

following the market trend to avoid excess risk. However, other types of investors 

exploit the benefits of an extremely volatile market by earning higher excess returns. 

Hence, it might be possible that investors react differently in various volatile 

situations. So, it is highly important to address the dynamic herding along with 

dynamic volatility., Herding can also be addressed through other linear models like 

structural break or Autoregressive Moving Average (ARMA) models. However, we 

have chosen the regime model to identify the hidden Markov states as it divides the 

market into multiple regimes based on the stochastic process. This model easily 

captures the dynamic pattern of complex time-series data (Shakya et al., 2017). The 
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three-regime model enables us to investigate the dynamic nature of cross-sectional 

dispersion and how structural breaks or events move the series into different regimes 

or states where herd behaviour can be observed (Balcilar et al., 2013). This is because 

linear models cannot capture the time-varying properties of any non-linear series 

(Chauhan et al., 2020; Choi & Yoon, 2020; Garg & Gulati, 2013; Lao & Singh, 2011). 

Second, less research has considered the significant autocorrelation property of cross-

sectional absolute deviation in time-varying models, and this study includes two lag 

terms of explained variables in the Regime Switching model. Third, we establish the 

role of volatility in driving the dynamic herding in the Indian financial market.  

 

The present study examines herding using both linear and non-linear models. 

First, the results are calculated through a linear herding model. Then, the non-linearity 

is tested in the financial time series, and several regimes are identified. After that, the 

Markov Regime Switching model is applied to investigate the dynamic herding in 

multiple regimes. We identified the existence of three regimes in the Indian market 

with high, low, and extreme volatility. Here, an extremely volatile regime means 

changing prices suddenly or abruptly by moving the series to a very high or very low. 

However, there is a bidirectional shifting of high and extreme volatile regimes, 

identical to the study of Balcilar and Demirer (2015), motivating the market 

regulators to make a mechanism to stop the market transitions from high to extreme 

volatile regimes.  

 

The paper is ordered as follows: Section 2 contains the related studies. The data 

and empirical framework are presented in Section 3. Section 4 examines the results 

and analysis, and Section 5 presents the conclusion and implications of the study. 

 

Literature Review 

Theoretical Background 

Many previous studies have examined the concept of herding and the factors that 

can lead to a herd-like situation in the stock market (Avery & Zemsky, 1998; 

Bikhchandani et al., 1992; Spyrou, 2013; Wermers, 1999). Furthermore, Herding is 

an irrational behaviour that persuades investors to make decisions based on others' 

information. Market participants can cause herding for various reasons; for example, 

managers do herding out of reputational concern (Scharfstein & Stein, 1990). They 

present a learning model where the labour market can update the understanding of 

managers’ abilities due to their investment decisions. This behaviour may be socially 

inefficient but is rational from the managers' standpoint. Likewise, Bikhchandani et 

al. (1992) exhibit an informational cascade as the cause behind local conformity and 
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the fragility of mass behaviour. An informational cascade occurs when it is optimal 

for the individual to observe the actions of others while ignoring their private 

information. However, it can soon be fragile when new information arrives in the 

market. In their theoretical model, Avery and Zemsky (1998) explain that herding 

behaviour is not possible in the long run in a simple informational structural 

environment. However, the more complex informative structure can lead to 

herd behaviour and the creation of a price bubble in the short run in the case 

of multidimensional uncertainty. Literature suggests two types of herding, which 

investors can reflect on. One is rational herding, and another is irrational herding. 

Rational herding is unintentional or spurious based on the fundamental information 

available to all (Bikhchandani & Sharma, 2000; Galariotis et al., 2015). Irrational 

herding is intentional and based on information unavailability (Shiller et al., 1984; 

Trueman, 1994). 

 

Herding in the Financial Market 

Earlier empirical studies have primarily relied on two strands of methodology to 

measure herd behaviour. Lakonishok et al. (1992) has checked out the impact of 

institutional trading on stock prices. As an institutional trader, they have taken the 

trading of money managers to measure herding in the equity funds. Their model is 

based explicitly on the buying and selling order of money managers for a particular 

stock in a quarter. The other technique that measures flocking toward market 

consensus using the famous Cross-Sectional Standard Deviation (CSSD) and Cross-

Sectional Absolute Deviation (CSAD) was proposed and modified by Chang et al. 

(2000) and Christie and Huang (1995), respectively. Many empirical studies employ 

the CSSD to assess the herding.  Tan et al. (2008) applies the linear model in the 

Chinese market and observes significant herding. Chiang and Zheng (2010) explore 

uniformity at the global level using CSAD, showing important herding in advanced 

stock markets and Asian markets. Rompotis (2018) checks the uniformity in 

exchange-traded funds with the help of a linear model and exhibited no herding in 

Exchange-Traded Funds (ETFs). Choi and Yoon (2020) study uniformity in the 

Korean equity market using a cross-sectional absolute deviation approach and find 

herding behaviour during down market returns. Moreover, some studies also 

investigate herding during or after the outbreak of COVID-19. Nguyen and Vo (2023) 

examine the herding in the Vietnamese stock market during and after the pandemic. 

Results reveal the existence of herd behaviour during and after the pandemic, stating 

that these crisis-like situations exacerbate the similarity in the financial market. 

Likewise, recently published Tauseef (2023) studies herd behaviour in the Pakistan 
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stock market during the financial crisis and COVID-19. They report significant 

herding during the COVID-19 period and the financial crisis. Ferreruela and Mallor 

(2021) describe herding before and after the global financial crisis but no herding 

during the pandemic. They also observe significant evidence of herding during the 

pandemic but during the time-high volatile periods only.   

 

Later, the studies on herding shift their analysis to more advanced econometric 

models to identify the time-varying nature of herding. Hwang and Salmon (2004) first 

propose a model measuring dynamic herding that relies on monthly betas using 

Kalman filter’s state-space model. Similarly, Arjoon and Bhatnagar (2017) study 

herding behaviour in Frontier markets. They examine both static and dynamic 

herding, as well as herding during times of volatility. To analyse time-varying 

herding, they utilise a state-space model. Their findings suggest that herding evolves 

as the behaviour of investors changes with fluctuations in information flow. Recently 

published Yang and Chuang (2023) examine dynamic herding in highly volatile US, 

Taiwan, and China markets. They have applied the Kalman filter model and the 

GARCH model for analysis. Results explain the similarity among the market 

investors in volatile periods during the financial crisis but low herding during the 

pandemic. From the above studies, it can be observed that researchers have shifted 

their interest toward dynamic herd behaviour. Schmitt and Westerhoff (2017) have 

clearly stated that a speculator’s herd behaviour increases the volatility clustering in 

the market using the agent-based market model. Blasco et al. (2012) check out the 

impact of herding on volatility in the Spanish stock market. Results indicate the 

presence of a linear relationship between herding and volatility. Likewise, Fei and 

Liu (2021) also analyse the role of herding in stimulating volatility in the Chinese 

stock market. Findings exhibit that herding can stimulate volatility but to a different 

degree. The above-stated studies on herding and volatility signify a significant 

relationship between volatility and herding. Hence, the present study chooses to 

investigate the role of herding with particular reference to volatility in the Indian 

stock market. Herding is generally a short-lived phenomenon prominent in extreme 

market situations, which is measured by using daily or intraday data (Gleason et al., 

2004). Hence, by considering the short-term presence of herding, Klein (2013) 

explains the dynamic herding using the Markov Switching SUR model and reveal 

herd behaviour during high volatility. Several empirical studies use a regime-

switching model with two or three regimes to address the herding impact. Balcilar et 

al. (2013) propose a three-regime Markov model and tested the herd mentality in the 

Gulf Arab Stock Market. They show herd behaviour in the Crash regime. Balcilar 

and Demirer (2015) investigate the herding in Borsa Istanbul by applying the dynamic 
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transition probability Regime-Switching model. They arrive at the same result of 

herding in extreme/highly volatile regimes, consistent with previous studies. 

Similarly, using the Regime-Switching model, Babalos et al. (2015) check dynamic 

herding in the US Real estate market. They imply significant herding in the crash 

regime and the evidence of negative herding in low/high volatility. Likewise, Kabir 

and Shakur (2018) investigate herding in various international markets using a 

smooth transition regression model. Their study indicated that most countries, 

including India, herd in highly volatile regimes. Akinsomi et al. (2018) examine herd 

behaviour in the real estate investment trust in the UK. They divide the market into 

three regimes: low, high, and extreme volatile periods. They find no herding using 

the static model and exhibit significant herding in the low volatile periods compared 

to anti-herding in high volatile periods. Fu and Wu (2021) investigate the herd 

mentality among Chinese market investors and find that herding is regime-dependent 

in high-volatile regimes. Similarly, Ah Mand and Sifat (2021) establish evidence of 

prominent herding in high-volatile regimes in Bursa Malaysia. Javaira et al. (2023) 

establish a relationship between volatility and dynamic herding in the energy sector 

during COVID 19. They find that herding is significantly affected by three volatility 

measures: global volatility, oil market volatility, and pandemic volatility.  

 

Indian-Specific Evidence on Herding 

Many studies related to herding have also been conducted in the Indian financial 

market. Lao and Singh (2011) discover a herd-like situation in the Indian financial 

market during market uncertainty using the CSAD static model from 1999-2009. 

Similarly, Garg examine uniform behaviour in normal and extreme market conditions 

from 2000-2013. The results convey the message that no imitation by investors in 

either type of situation. A study by Poshakwale and Mandal (2014) investigate herd 

mentality using the Kalman filter in the National Stock Exchange of India. They 

exhibit that herding increased due to market volatility after allowing time-varying 

variables. Kumar et al. (2016) document no uniformity among the Indian market 

participants in both normal and uncertain market situations for 2008-2015. Ganesh et 

al. (2017) investigate the uniform behaviour in the Indian bourses for 2005-2015 and 

find evidence of no herding overall except in 2011 and 2014. Ansari and Ansari 

(2021) have recently measured herding for 2007-2018 using the static model in 

normal and bull/bear phases. Their findings show the anti-herding among Indian 

market participants in all market conditions. Similarly, Kanojia et al. (2022) exhibit 

no herding for the Indian market using the CSAD methodology for the period 2009-

2018. The evidence depict no herding in any market conditions. Shrotryia and Kalra 
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(2022) have studied herding in Brazil, Russia, India, China and South Africa (BRICS) 

using a quantile regression approach. The evidence of their study discloses anti-

herding in the Indian financial market.  

 

Research Gap 

From the above discussion, it is discovered that literature on Indian herding has 

shown evidence of no herding or anti-herding in the Indian stock market. Still, some 

studies show that herding may be present during crisis periods. All studies have used 

the static approach to measure herding by skewing towards analysing herding in 

up/down market conditions. Although the regulations regarding investment have 

been considerably improving after liberalisation in the Indian stock market. However, 

India is still an emerging country with more small retail investors who behave 

irrationally in extreme market situations (Ansari & Ansari, 2021). Moreover, the 

Indian stock market has involved the greater entry of foreign institutional investors 

in the recent decade, making the Indian market vulnerable to various investor 

sentiments like herd behaviour and positive feedback trading (Mukherjee & Tiwari, 

2022). Furthermore, various unprecedented events like COVID-19 increased the 

inefficiency in the Indian stock market (Bhatia, 2022). Domestic investors started 

following the foreign investors in a similar manner. All these reasons mentioned 

above make the study interesting to explore whether, with time, herding behaviour 

has evolved or vanished in the Indian market. Our study differs from the recent study 

of Ansari and Ansari (2021) in several ways. First, they test herding in the up/down 

market, but we have analysed flocking with particular reference to volatility. Second, 

they have used a static model to measure the herding., We explore the dynamic nature 

of herding in a three-regime specification. The study of Poshakwale and Mandal 

(2014) investigate herd mentality using the Kalman filter in the National Stock 

Exchange of India. They rely on monthly beta rather than daily or intraday. Kabir and 

Shakur (2018) explore uniformity in high- and low-volatile regimes in multiple 

countries, including India, using the smooth transition model. However, our study 

differs from their methodological framework as we incorporate a three-regime 

specification using the Markov regime-switching model. As many previous studies 

indicate, the Markov regime switching model provides more flexibility with the point 

of time as compared to other non-linear models like GARCH or Kalman filter 

(Akinsomi et al., 2018; Babalos et al., 2015; Balcilar & Demirer, 2015; Fu & Wu, 

2021; Kabir & Shakur, 2018; Mand & Sifat, 2021). It is suitable for the time series, 

the behaviour of which is not permanent, but reverts repeatedly. The Markov regime 

switching model captures even a tiny shift in a series and estimates time-varying 

coefficients more accurately. Hence, there is a trend that various studies shifted their 
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focus towards the Markov regime switching models over time.  Moreover, the results 

of past studies depict that CSAD has properties of regime-switching. To the best of 

our knowledge, no research in India has explored dynamic herd behaviour in the 

Indian market context using the Markov-Regime Switching framework. Against this 

backdrop, the objective of the present study is to assess the presence or absence of 

dynamic herd behaviour in the Indian stock market using the Markov regime 

switching Model. 

 

Data and Econometric Framework 

Data 

Data comprises daily stock-adjusted closing prices of individual stocks listed in 

S&P BSE 500 for 1/01/2009 to 31/03/2023 in the Indian equity market.  Daily data 

can be considered high-frequency data in some contexts because it provides more 

precision than weekly or monthly data (Hung, 2019; Jebran & Iqbal, 2016). 

Information is lost in weekly or monthly data because it averages out the daily effect. 

Although many studies have considered intraday data as high-frequency data due to 

time and data availability constraints, we have taken daily data as the next best 

alternative to high-frequency data, which can depict volatility more clearly than other 

low-frequency data. Data has been collected using the Prowess IQ database from 

CMIE (Centre for Monitoring Indian Economy). We selected the study period from 

2009 because, before that period, more than 50% of companies were excluded from 

the study 500 due to a high number of missing observations. First, those companies 

registered after the 1st of January 2009, are excluded from the study to match the 

number of observations of all companies. Later, the companies with missing data up 

to 10% of the total number of observations during the period are replaced using the 

linear interpolation method (Mertler et al., 2021). The total number of observations 

is 3531, and sample companies included in the analysis are 338 out of 500. After 

screening and cleaning the data, the cross-sectional individual and market returns are 

calculated. We have calculated our market return proxy by giving equal weights to 

each stock in the portfolio, as also calculated by many numbers of studies (Chang et 

al., 2000; Chiang & Zheng, 2010; Garg & Gulati, 2013; Kanojia et al., 2022). As 

such, we have not used value-weighted returns in CSAD calculation. For applying 

Markov Regime Switching models, it is necessary to test whether financial time series 

have a regime-switching framework or not. Hence, we applied the Linearity 

likelihood ratio, and Davies tests to check the same. Lastly, the results are calculated 

using the Regime and Static models. The analysis work has been performed using 

Ox-metrics 7.0.  
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Econometric Framework 

This section explains the models used for the analysis work. Specifically, we 

started with the calculation of stylised facts of the variables used in the study. It 

provides the direction in which time series variables are going on. Next, for analysing 

the herding, the baseline model of Chang et al. (2000) is used. As the presence of 

structural breaks in high-frequency time series data and after finding the evidence of 

fat-tail, volatility clustering, and non-normal distribution in the studied variable, it is 

necessary to address these issues aptly. Hence, the appropriate regime-switching 

model is used to address these issues and analyse dynamic herding. However, before 

applying this model, we checked for non-linearity in the model through the likelihood 

ratio test and Davies upper bound test. Next, various information criteria are used to 

know the exact number of regimes. Lastly, the regime model specification is applied 

to measure time-varying herding in multiple regimes with the exact number of 

regimes to be known.  

 

Static Model 

The model to measure herd behaviour is CSSD, introduced by Christie and Huang 

(1995), and CSAD, improved by Chang et al. (2000). The methodology relies on the 

conditional Capital Asset Pricing model which describes the association of firm-level 

dispersion and the absolute market return is positive and linear. This relationship 

becomes negative and non-linear if herding occurs in the financial market.  

The Firm return dispersion is calculated as follows: 

𝐶𝑆𝐴𝐷𝑡 =
1

𝑁
∑ |𝑅𝑖,𝑡 − 𝑅𝑚,𝑡|𝑁

𝑖=1    (1) 

Here, N is the total number of sample companies included in the study and 𝑅𝑖,𝑡 is 

the returns of individual stock on a day t. 𝑅𝑚,𝑡 is the equally weighted average market 

returns of all sample companies on a day t. 

𝐶𝑆𝐴𝐷𝑡 = 𝛾0 + 𝛾1|𝑅𝑚,𝑡| + 𝛾2(𝑅𝑚,𝑡 − 𝑅𝑚
̅̅ ̅̅ )

2
+ 𝛾3𝐶𝑆𝐴𝐷𝑡−1 + 𝛾4𝐶𝑆𝐴𝐷𝑡−2 + 𝜀𝑡 (2) 

The negative and significant value of 𝛾2 represents the herd behaviour. The idea 

behind the CCK (Chang, Cheng, and Khorana) model is that absolute market return 

and dispersion have a positive and linear relationship. Due to the presence of herd 

behaviour, this relationship becomes non-linear and negative. Investors start acting 

similarly while purchasing stocks, and the returns of stocks gather around the market 

return, leading the dispersion series to decrease or increase at a decreasing rate. The 

presence of absolute and squared market returns in the same model leads to high 

multicollinearity, which becomes a problem in the OLS models. Hence, to remove 

the multicollinearity, we follow the study of Yao et al. (2014), which deducts the 
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mean of market return from the squared market return to remove multicollinearity. 

Moreover, the study incorporates the two-lag term of the dispersion variable in the 

model to address the strong autocorrelation quality of dispersion. The study includes 

only two lag terms because higher-order lag does not improve the results (Lao & 

Singh, 2011).  Many empirical studies included the lag term in their model to remove 

the autocorrelation. The study uses the heteroscedasticity and autocorrelation 

consistent standard errors of Newey and West (1987) and adds the lag term of the 

dependent variable to obtain the regression coefficients. 

 

Regime Switching Framework 

The behaviour of many financial time series may change over time permanently 

(known as structural breaks), or may shift from one type to another type and revert 

(known as regime shifts). The regimes here are unobservable. One of the most widely 

used methodologies to model this type of non-linearity is Markov Regime-Switching 

model (Brooks, 2008) in which, regime-switching may occur at the error term's mean 

and standard deviation. Hamilton (1989) proposed an algorithm based on the discrete-

state regime shifts in the Markov process., This study also follow the same approach 

and models herding using the Regime-Switching model.  

 

Through formal testing, the study found three regimes in the Indian market by 

following the seminal work of Balcilar et al. (2013) and Fu and Wu (2021). Equation 

(2) is extended by dividing the series into three regimes shifting across intercept and 

standard deviation, as shown in equation (3). All the variables vary across regimes 

except lags of the dependent variable. 

𝐶𝑆𝐴𝐷𝑡 = 𝛾0, 𝑟𝑡
+ 𝛾1,𝑟𝑡

|𝑅𝑚,𝑡| + 𝛾2,𝑟𝑡
(𝑅𝑚,𝑡 − 𝑅𝑚

̅̅ ̅̅ )
2

+ 𝛾3𝐶𝑆𝐴𝐷𝑡−1 + 𝛾4𝐶𝑆𝐴𝐷𝑡−2 +

𝜎𝑟𝑡
𝜀𝑡                   (3) 

 

Here, 𝜀𝑡~ N (0,1) is the innovation term, and 𝜎𝑟𝑡
 is the standard deviation, a 

measure of volatility. 𝑟𝑡  is discrete regime variable that can take the values 𝑟𝑡 =

 [0,1,2, … … … , 𝑚] by following the three-state first order Markov process. The 

Markov property is based on the transition probabilities, which are constants across 

states and represented by the following specifications: 

𝑃(𝑟𝑡+1 = 𝑖|𝑟𝑡 = 𝑗) = 𝑝𝑖𝑗                  (4) 

with 

∑ 𝑝𝑖𝑗 = 1,𝑚
𝑗=1  where 𝑗 = 0,1,2, … … , 𝑚 and 0 ≤ 𝑝𝑖𝑗 ≤ 1 
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where 𝑝𝑖𝑗 is the constant transition probabilities in regime i at a time t+1. The 

estimation method used for the regime switching model is the maximum likelihood, 

and robust standard error is calculated using Hessian and OPG matrices. The study 

used Excel, E-views 9.0, and Ox-metric 7.0 statistical software for the analysis. 

 

Empirical Results and Discussion 

This part explains the analysis of both linear and Regime-Switching models. 

First, we describe the variables' characteristics using stylised facts on return and 

dispersion. After that, results of both linear and Regime Switching models are shown 

with non-linear testing of the time series before applying the switching model.  

 

Stylised Facts 

Table 1 explains the stylised facts of market return and cross-sectional dispersion. 

The mean of CSAD (1.54%) is more significant than the market return (0.07%), 

suggesting higher variations in dispersion series than market returns. The standard 

deviation of the CSAD (0.36%) is less than the market return (1.14%), highlighting 

the volatility clustering in the dispersion series. Skewness is negative for market 

returns, indicating the high negative returns, while the skewness is positive for 

CSAD. Moreover, the kurtosis is very high for both the series representing Fat-tails. 

Furthermore, the Jarque-Bera statistics are significant, showing a non-normal 

distribution. The Augmented Dickey-fuller test is performed on intercept only to 

check the stationarity of the data. The stationarity test (Augmented Dickey-Fuller 

test) shows that the variables are stationary at level. 

 

Table 1: Stylised Facts 

Statistics CSAD Rm 

Mean 1.54% 0.07% 

Std. Dev. 0.36% 1.14% 

Skewness                 2.39                    -1.10 

Kurtosis 13.96                     13.60 

Observations 3531                     3531 

ADF Test        -7.802 ***    -19.86 *** 

Jarque-Bera test              21055.95 ***           17275.15 *** 

ACF1 0.785                     0.159 

ACF5 0.627                     0.051 

ACF20 0.421                   -0.000 

Notes:  1. *** p < 0.01. Jarque-Bera is for testing normality in the series.  

2. ACF is the autocorrelation function up to n lags. ADF is the Augmented Dickey-Fuller test to 

check stationarity. 
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The Auto-correlation function at different lags for the CSAD series is significant. 

It implies that the dispersion series is positively auto-correlated to higher levels of 

lags and shows signs of volatility clustering. The ACF of market returns is almost 

significant at higher lags, and the series has no trend. This means the market returns 

have a lower serial correlation with their previous values than the cross-sectional 

dispersion. These findings are in tune with various earlier studies that applied the 

Regime Switching models for fat-tails, volatility clustering, and higher serial 

correlation (Balcilar et al., 2013; Cont, 2010; Fu & Wu, 2021; Sen & Subramaniam, 

2019; Singh & Singh, 2017). 

 

Results of Herd Behaviour in Static Model 

Here, Table 2 (second column) reports the estimates of the linear OLS (Ordinary 

Least Square) model put forth by Chang et al. (2000). First of all, the outcomes of the 

static model from Equation (2) state that the coefficient 𝛾2 that measures the herd 

behaviour is insignificantly positive, showing the absence of herding in the overall 

market in the Indian market when linear OLS regression is used. 

 

Table 2: Estimation Results of Static and Markov Three Regime Switching Model 

Coefficients Static Model Result Regime Model Result 

𝛄𝟎𝟎                    0.003 (0.0002) *** 0.006 (0.0003) *** 

𝛄𝟎𝟏                    NA 0.004 (0.0002) *** 

𝛄𝟎𝟐                    NA 0.005 (0.0004) *** 

𝛄𝟏𝟎                    0.151 (0.0158) ***               0.081 (0.025) *** 

𝛄𝟏𝟏                    NA 0.107 (0.0080) *** 

𝛄𝟏𝟐                    NA 0.227 (0.0369) *** 

𝛄𝟐𝟎           0.379 (0.4652) 2.516 (0.2320) *** 

𝛄𝟐𝟏                    NA               1.450 (0.190) *** 

𝛄𝟐𝟐                    NA              -0.529 (0.2861) * 

𝛄𝟑                  0.503 (0.0204) *** 0.443 (0.0191) *** 

𝛄𝟒                0.197 (0.020) *** 0.147 (0.0168) *** 

𝝈𝟎    0.0018*** 0.0017 (0.000) *** 

R2                    0.75 NA 

𝝈𝟏                    NA 0.0012 (0.000) *** 

𝝈𝟐                    NA  0.0036 (0.0001) *** 

𝐏𝟎𝟎                    NA               0.95 

𝐏𝟏𝟏                    NA               0.97 

𝐏𝟐𝟐                    NA               0.74             (Contd.) 
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Coefficients Static Model Result Regime Model Result 

N0 NA 806 

N1 NA 2473 

N2 NA 250 

N 3529 3529 

𝛕𝟎 NA 29.85 

𝛕𝟏 NA 41.92 

𝛕𝟐 NA 4.31 

AIC -9.778              -10.022 

LOG L       17258.58               17704.55 

LR test                       - 891.94*** 

Davies test                       - 0.000*** 

Notes: 1. The table reports the result of two models i.e., Static model: 𝐶𝑆𝐴𝐷𝑡 = 𝛾0 + 𝛾1|𝑅𝑚,𝑡| +

𝛾2(𝑅𝑚,𝑡 − 𝑅𝑚
̅̅ ̅̅ )

2
+ 𝛾3𝐶𝑆𝐴𝐷𝑡−1 + 𝛾4𝐶𝑆𝐴𝐷𝑡−2 + 𝜀𝑡. Regime-Switching model :𝐶𝑆𝐴𝐷𝑡 =

𝛾0, 𝑟𝑡
+ 𝛾1,𝑟𝑡

|𝑅𝑚,𝑡| + 𝛾2,𝑟𝑡
(𝑅𝑚,𝑡 − 𝑅𝑚

̅̅ ̅̅ )
2

+ 𝛾3𝐶𝑆𝐴𝐷𝑡−1 + 𝛾4𝐶𝑆𝐴𝐷𝑡−2 + 𝜎𝑟𝑡
𝜀𝑡  

2. Standard error is shown in parenthesis. The standard errors of the linear model are estimated 

using Newey and West HAC standard errors.  

3. For the regime model, robust-standard errors are calculated with the BFGS Algorithm.  

4. AIC is the Akaike information criterion. 

5. Log L is the log-likelihood of the model. LR is the likelihood ratio test with their respective 

p-values and Davies test p-values.  

6. *p < 0.1, **p < 0.05, ***p < 0.01. 

 

Many previous Indian research studies find similar results of no herding at the 

overall market level using the static model (Garg & Gulati, 2013; Kanojia et al., 2022; 

Lao & Singh, 2011). However, it is possible that these studies did not detect herding 

using a static model due to the time-varying nature of the return dispersion series. 

Moreover, both lag term coefficients are significant, which supports using two lagged 

values of the dependent variable to overcome the autocorrelation problem in the 

return dispersion series (Benkraiem et al., 2021;  Yao et al., 2014). The study has also 

calculated the results by incorporating three lags of the dependent variable in 

Equation (2). However, the results do not improve much; hence, only two lag terms 

are included in the static model. 

 

Results of Herd Behaviour in the Regime Switching Model 

Before selecting the regime switching model for dispersion series, it is essential 

to identify the non-linearity in the time series. It is better to know before testing 

whether the regime switching model is a superior fit to the data. To check the non-

linearity, by referring to Babalos et al. (2015) and Balcilar et al. (2013), the present 

study has calculated the standard likelihood ratio test statistic using log-likelihood 
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values which follows 𝑥2 distribution with q degree of freedom of regimes. However, 

in the Markov Regime Switching model, unidentified nuisance parameters exist 

under the null hypothesis (Brooks, 2008), and therefore, standard distribution does 

not apply to it. Hence, we also reported the p-values calculated using the approximate 

upper bound test proposed by Davies (1987).  

 

Table 3 depicts the rejection of the static model at a 1% level of significance in 

favour of the regime-switching model. It means that the dispersion series is non-linear 

and has the presence of multiple regimes. Moreover, in deciding the exact number of 

regimes, the LR and Davies test strongly reject two regime-switching models against 

a three-regime- model at a 1% level of significance. 

 

Table 3: Likelihood Ratio Test for Different Models 

H0: static 

H1: MS (2) 

H0: static 

H1: MS (3) 

H0: MS (2) 

H1: MS (3) 

703.96*** 

(0.000) [0.000] 

891.94*** 

(0.000) [0.000] 

187.98*** 

(0.000) [0.000] 

Notes: 1. Static model shows OLS regression using Equation (2).  

 2. MS (s) is the regime-dependent intercept variance model with r number of regimes.  

 3. *** p < 0.01.  

 4. Linearity Likelihood ratio test is used to calculate test statistics.  

 5. The chi-square p-values are reported in parenthesis along with the p-values of Davies (1987)  

  in square brackets.  

 

Table 4 shows the log-likelihood and Akaike information criteria of the various 

estimated models with multiple regimes. It is clearly shown in the Table that the 

highest log likelihood is of the three-regime model, along with the lowest Akaike 

Information criteria. From the above criteria and formal tests, the study found that 

three regime models fit the study. 

 

Table 4: Best-Fitted Model Measures 

 Linear MS (2) MS (3) 

Log Likelihood 17258.58 17610.56 17704.55 

AIC -9.778 -9.973 -10.022 

Notes: 1. AIC shows Akaike information criteria.  

 2. The static model shows OLS regression using Equation (2).  

 3. MS is the regime-dependent variance model for 2 and 3 regimes in Equation (3).  
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Studies have stated that the Markov model is more suitable for explaining 

dynamic herding and its various states (Balcilar et al., 2013; Mand & Sifat, 2021). 

Moreover, there are studies in the past that extend the CSAD approach in the Regime 

framework and explain the non-linearity in the CSAD model in both developed and 

emerging economies (Akinsomi et al., 2018; Babalos et al., 2015; Balcilar et al., 

2013; Mand & Sifat, 2021)., The results of our study also exhibit the presence of 

different regimes in the CSAD model, and the information criteria are lower for the 

regime model than the static model. Hence, the study has applied the regime 

specification for modeling non-linear properties of herding specification and 

calculating the time-varying herding parameter along with regime switching.  

 

Table 2 (third column) discloses the results of the Regime Switching model. To 

avoid overfitting variables and have parsimony in the model, this study assumes that 

serial correlation is regime-independent, similar to Fu and Wu (2021). For 

identification of regimes into high, low, and extreme volatility, the study closely 

examines the standard deviation of the error term represented by 𝜎𝑟𝑡
. Standard 

deviation of Regime 2 (0.0036) is exceptionally high as compared to high volatility 

regime 0 (0.0017) and low volatility regime 1 (0.0012).  

 

The main coefficients of interest that measure herding in the Regime Switching 

model are 𝛾20(Regime 0), 𝛾21(Regime 1) and 𝛾22 (Regime 2). The coefficients 𝛾20 

and 𝛾21 are positively significant in high and low volatile regimes, respectively, 

implying negative herding in the Indian financial market. It means that Indian market 

participants make rational decisions when the market is highly volatile and stable. 

The possible reason for the negative herding is the ‘flight-to-quality’ or 

‘overconfidence’ of investors during an unstable market (Ansari & Ansari, 2021; 

Gebka & Wohar, 2013). Lastly, 𝛾22 is negative and significant in extreme volatile or 

crash regime 2, indicating that the investors are imitating each other when market is 

extremely volatile or in crash-like situations due to some unprecedented events. It 

may be because investors follow institutional investors to avoid extreme losses in 

extreme or crash regimes. The result of significant herding during extreme or crash 

regimes is in line with the findings of Balcilar and Demirer (2015) and Balcilar et al. 

(2013), which show herding during extremely volatile regimes in Borsa Istanbul and 

GCC markets. Moreover, the extremely volatile regime has 250 observations of the 

total number of observations, showing that three regime specifications fit the study.  

As residual diagnostics, we consider log Likelihood, Akaike Information criteria, the 

Portmanteau test, and the ARCH test for testing heteroscedasticity and 

autocorrelation. Table 4 shows that the regime model has a higher log-likelihood and 

lower AIC than the static model.    
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Table 5: Residual Diagnostic for Scaled Residuals 

Scaled Residuals Distribution Statistics p-value 

Normality Chi (2) 13.827 0.0022 

Asymptotic normality Chi (2) 12.266 0.0010 

ARCH (1-1 test) F (1,3507) 2.057 0.1516 

Portmanteau (26)-squared 

scaled residuals 
Chi (26) 26.708 0.4247 

 
Moreover, Table 5 shows that the coefficient of the ARCH 1-1 test is 

insignificant, depicting no conditional heteroscedasticity in the fitted model.1 The 

insignificant Portmanteau test statistic indicates the absence of any dependence 

structure or autocorrelation in the residuals, suggesting that the model is correctly 

specified.  

 
Persistence of Market Regimes 

It is equally important to look at other essential features of Markov Switching-

model such as transition probabilities (𝑝𝑖𝑗)  and smoothed probabilities for fitting the 

Regime Switching model to the data. Initially, the market is in regime j at time t and 

Table 2 shows the transition probabilities (𝑃00, 𝑃11 and 𝑃22) of remaining in regime 

j at time t+1. The probability here suggests that the decoded regimes are stable and 

will remain persistent within the existing regimes. The high volatile regime 0 has 

22.84 % number of observations compared to a low volatile regime with 70.08 % 

observations. However, the transition probability of a low volatile regime is 0.97 

compared to the other two regimes, showing the high persistence of a low volatile 

regime. Moreover, the extreme volatile regime and high volatile regime transition 

probabilities are 0.749 and 0.95, respectively, depicting the validity of regimes. The 

mean duration of a low volatile regime is 41.92 days, implying that Regime 1 will 

last approximately 42 days. While the high volatile regime lasts 29.85 days, it implies 

that Regime 0 will last about 30 days. The average duration of extreme volatile regime 

is 4.31 days, indicating Regime 2 will last approximately four days. This depicts that 

 
1 We also conducted robustness checks to ensure the presence of Three-Regime specification and 

accuracy of the results. First, analysis was done from the Period 2010-2023 and then from 2012-2023. 

The results of both time periods show significant evidence of herding in Extreme or crash volatile regime 

with three regimes. ARCH 1-1 test null hypothesis is accepted at 1% significance level. Moreover, we 

also calculated the herding by assuming the switching in variance and other variables except the constant 

term. The results are similar to the fitted Markov intercept and variance regime switching model showing 

the presence of herding in the extreme volatile regime. However, the model is not a best fit so we applied 

the intercept and variance regime switch model. Results are not shown here to conserve space. 
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the low volatile regime is highly persistent compared to other regimes, similar to the 

findings of Balcilar et al. (2013). Figure 1 shows the period when significant herding 

was observed in the market. Although there are many instances of herding in the 

whole sample period, the long-lasting ones are as follows: The first most extended 

extreme volatility regime was from 26-03-2009 to 22-04-2009 (16 days), and then 

the market switched to high volatility. Then again, in Regime 2, the long-lasting 

regime is from 19-05-2009 to 05-06-2009, which is for 14 days, followed by the 

highly volatile regime. It means the Indian market has volatility clustering after the 

crash or extremely volatile regime in 2009. This outcome can be confirmed by the 

Ali and Afzal (2012), which also found volatility clustering in the Indian and Pakistan 

Equity markets during the crisis and a more substantial negative impact on the Indian 

stock market.  

 

Figure 1: Market Returns Showing Significant Herding in Extreme Volatile Regime   

 

The possible reason for this is the Global Financial Crisis (GFC) or subprime 

crisis, which started approximately in 2007 and continued until 2009 (Bekiros et al., 

2017; Litimi, 2017). The reason may be, like any other developed and emerging 

country, the Indian stock market crashed during the global economic turmoil, so the 

investor ignored their information and followed the overall market during 

uncertainty. However, as the high volatility regime persisted during that time, Indian 

investors stopped pursuing each other. This means the GFC crisis spillover effect is 

longer, i.e., 88 days, during the entire period.  
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Next, the market is in extreme volatility from March 2013 to June 2013, showing 

significant herding. It may be due to the ‘Taper-Tantrum’. The US Federal Reserve 

slowed the treasury bond purchases to revive the market from the financial crisis, 

increasing the bond yield. This leads to an outflow of FIIs from the Indian market and 

a market crash from the end of May to the end of August (Modak, 2021; 

Roychoudhury, 2021). This major sell-off may leaded sell-side herding by Indian 

investors. Next, extreme volatility was observed from 16-05-2014 to 21-05-2014. The 

Indian market is extremely volatile due to the Lok Sabha election result announced 

on 16th May 2014. Investors have become highly optimistic and started purchasing 

shares uniformly, hoping to earn excess returns (Kumar, 2019).  

 

An extreme volatility regime can also be observed from 05-03-2020 to 05-05-

2020. This extreme volatility was caused by the FII outflows due to coronavirus 

outbreak, and the fact that World Health Organisation (WHO) recognised COVID-

19 as a pandemic on 11th March 2020.  The uncertainty and volatility increased 

worldwide after the pandemic (Ali et al., 2020; Saini et al., 2023). The negative 

sentiments and high uncertainty led to a herd mentality in the Indian financial market 

during that period. Also, the Indian government announced Janata Curfew on 22nd 

March 2020 and lockdown policies to be followed from 24th March 2020 (Bora & 

Basistha, 2021). So, the adverse shocks further stimulated uncertainty and volatility, 

especially in BSE Sensex in the Indian financial market (Bora & Basistha, 2021).  

 

Bharti and Kumar (2021) clearly state that volatility stimulated the herd mentality 

among Indian participants during the pandemic. However, in April 2020, the market 

moved very high again due to the relaxation in lockdown policy by the Indian 

government in April 2020 and the introduction of various stimulus packages for 

economic revival (Bharti & Kumar, 2021; Bora & Basistha, 2021). Ampofo et al. 

(2023) specify that the pandemic has also increased herding in developed countries. 

Figure 2 (A-C) highlights the smoothed probabilities of all three regimes. The 

smoothed probabilities graphs also depict the switching of different regimes. We 

found the order of low, high, and extreme volatility patterns for the Indian market. 

The market is usually in a highly volatile regime before extreme volatility. This shows 

that investors can predict the market will crash or become extremely volatile, so they 

should reframe their market portfolio strategy. We have also seen the Indian market 

go into high volatility after a sudden crash or extreme volatility, showing volatility 

clustering. This depicts the bidirectional switching of the extreme and high volatility 

regimes similar to the findings of Balcilar and Demirer (2015).  
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Figure 2: Smoothed Regime Probabilities for Regime 0 (High Volatile), Regime 1 

(Low Volatile), and Regime 2 (Extreme Volatile), Respectively 

 
 

Conclusion 

This research takes a deep dive into the dynamic nature of herd behaviour in the 

Indian financial market for 2009-2023 using the Markov Regime Switching and 

linear OLS regression models. We employ Chang et al. (2000)’s base model for 

measuring uniformity. The results of the static model show no herding across the 

whole sample period. The results of no herding corroborate the findings of Ansari 

and Ansari (2021) and Kanojia et al. (2022). The regime model identifies three 

regimes as high (Regime 0), low (regime 1), and extreme volatility regime (Regime 

2), respectively. Our findings demonstrate significant herding in crash or extreme 

volatile regime. However, we find frequent switching of extremely volatile regimes 

with significant herding, which lasts only on average for approximately four days., 

The long-lasting, extremely volatile regimes with significant herding are 2009, 2013-

2014, and 2020, due to unprecedented events like the GFC crisis, Taper-tantrum, 

presidential election, and COVID-19 pandemic. A recent study, Sachdeva et al. 

(2021), clearly states that information uncertainty increases the uniformity in the 

Indian market. Moreover, the study exhibits anti-herding during the high and low 

volatile regimes. The findings of anti-herding in a low volatile regime are in line with 

those of Fu and Wu (2021) because investors make decisions rationally at times of 
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certainty. We observe the pattern of low, high, and crash/extreme volatility in the 

Indian capital market. This suggests that investors can predict extreme or crash 

situations because the market first enters into low volatility followed by high and then 

crashes. The outcomes of our research are significant for investors and market 

regulators. Investors should form an appropriate strategy to readjust their market 

portfolio at high volatility or not be captivated by the excess returns created by 

bubbles in extreme market situations. These results illustrate that the Indian market 

has become efficient with time as regulations continuously improve and information 

transmission becomes transparent. Hence, investors should make decisions based on 

the company's fundamentals, but during any uncertainty, they are exposed to high 

sentiments and follow each other. Investors need to construct more extensive 

portfolios at times of high volatility to maintain the same level of diversification 

(Chiang & Zheng, 2010; Fu & Wu, 2021). Bidirectional switching in extreme and 

highly volatile regimes guides market regulators in making a mechanism during 

crises or intense periods to stop the market from going into extreme situations 

(Balcilar & Demirer, 2015). This research adds new insights into Indian herding 

literature by adding evidence for dynamic herding in the Indian stock market. It will 

guide the researchers to add new dimensions to the same to further explore this aspect. 

The study is limited to only 338 companies out of 500. A separate study will also be 

conducted on the remaining companies, which may affect herding. Moreover, we 

only consider static transition probabilities in the study. Further research can be 

conducted by considering other exogenous variables like market sentiments or global 

factors that impact herding through the time-varying transition probabilities regime 

model. Moreover, one can differentiate between different types of herding as we 

measured herding at market consensus.  
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Abstract 

India's IT industry is very attractive to foreign investors because of its low operating costs, large pool of highly skilled 

workers, and supportive business climate created by government regulations. These regulations are designed with 

investors' demands in mind, with a special focus on subjects like blockchain technology, cybersecurity, hyper-scale 

computing, and artificial intelligence. India is the market leader in the world of service sourcing in terms of market 

share. The computer hardware and software industries have attracted the highest inflows of foreign investment, with 

US$9.39 billion invested in them in FY23. This industry, which employs more than five million people, accounts for 

53% of India's service export earnings. It is projected that the IT sector in India will contribute 10% of the country's 

GDP by 2025. FPIs have a significant impact on the IT sector in a number of ways, with an emphasis on how sector 

performance influences FPI investment decisions and vice versa while taking into account regional and global market 

trends, industry-specific regulations, and technological advancements. 

This study examines the effects of foreign portfolio investments in the IT industry on sectoral returns and volatility of 

corresponding sector stock index using weekly time series data spanning an eleven-year historical period from April 

2012 to the final day of March 2023.  This research indicates that growth in the IT sector will drive more foreign 

portfolio investment (FPI) flows into the Indian IT industry, as the FPI flows into the Indian IT sector are primarily 

determined by the performance and returns of the IT sector. Overall, this study demonstrates the complicated 

relationships and complexity of these financial and economic variables, offering valuable insights into the behavior 

of financial portfolio investors and how such relationships impact sectoral dynamics and macroeconomic stability. 

Keywords: FPI, FIIS, IT, NIFTY-IT, Returns, Relationship, Stock, Volatility 

Introduction 

India's IT industry's value proposition is based on its varied ecosystem, young and talented talent pool, outstanding 

physical and digital infrastructure, vibrant domestic market, and strong government support. This is because the world 

is turning to India to lead the way in driving global transformation. 

In a year marked by financial uncertainty, the IT sector persevered thanks to the demand for corporate software and 

IT services, which fueled significant cost reduction and automation agreements. Year 2023 saw a 4.4% year-over-year 

decline in global tech spending, mostly as a result of declining hardware and gadget sales. The growth in spending 
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was mostly due to increases in corporate software and IT services, which accounted for approximately 1.1 times the 

total spending on technology. 

With the ongoing geopolitical unrest across the world causing investors to be more cautious and decision-making to 

be postponed, India's technology industry revenue (including hardware) is predicted to expand by 3.8% year over year 

to $254 billion in FY2024, an increase of more than $9 billion over the previous year. With a 3.3% year-over-year 

growth rate, exports are forecast to reach $200 billion, while the domestic technology industry is predicted to increase 

at a 5.9% annual rate to surpass $54 billion. The industry is nevertheless a net hirer, adding 60K workers to bring the 

total number of employees to 5.43 million (1.1% y-o-y growth) despite the challenging market conditions. The 

manufacturing, retail, healthcare, APAC, and Europe sectors stand out as the industry's main development areas. 

India is the most popular offshore location for IT companies worldwide. Top IT firms in India now have a whole new 

set of options thanks to developing technologies, after proving they could offer both on-shore and off-shore services 

to clients worldwide. Thanks to favorable government regulations and rising demand, India's information technology 

(IT) industry is booming. Foreign investors now have extremely profitable chances to take advantage of the sector's 

notable expansion in revenue, labor, and innovation. India is a desirable location for investment due to its significant 

role in the global IT landscape.  The Indian government has instituted several sector-specific incentives to stimulate 

manufacturing and exports, built Software Technology Parks and Centers of Entrepreneurship, and started activities 

under the Digital India Scheme in an effort to further incentivize investments. The IT and telecom sectors have been 

allotted US$11.77 billion in the federal budget for FY 2023–2024. 

As per the National Association of Software and Service Companies (NASSCOM), the revenue generated by the 

Indian IT industry in FY 2022 amounted to US$227 billion, indicating a rise of 15.5 percent on a year-over-year basis. 

By 2026, the use of cloud computing is expected to boost India's GDP by US$380 billion and generate many job 

possibilities for 14 million people. 

Further foreign investment means that IT companies have access to additional capital. Increased sales and profits may 

result from using this money for expansion, R&D, and technological advancement. Best practices and cutting-edge 

technologies from their native nations are frequently brought by foreign investors. Higher returns may result from 

increased production and efficiency in the IT industry. IT companies can grow their customer base and potential 

revenue streams by entering new markets with the assistance of foreign investment. The influx of foreign investors 

frequently results in increased demand for IT sector equities, which can raise stock prices and raise the sector's overall 

market valuation. 

Foreign investment has the potential to increase returns, but it can also increase volatility. When there is substantial 

foreign investment, the IT sector becomes more susceptible to developments in the world economy and investor mood. 

Increased volatility may result from things like shifts in foreign policy, geopolitical tensions, or worldwide economic 

downturns. Exchange rate fluctuations have an impact on foreign investments. The returns of foreign investors can be 

significantly impacted by significant variations in exchange rates, which might result in more volatile investment 

behavior. Speculative investing by foreign investors might lead to more short-term volatility. Sharp fluctuations in 

stock prices might result from unexpected capital inflows and outflows. Market volatility may rise in response to 

modifications to laws governing foreign investments, such as limitations or additional compliance standards. 

Industries that receive a lot of foreign investment typically have more volatility. This is especially true for developing 

economies where there may be more unpredictable inflows of foreign cash. Foreign investment has proven to be 

beneficial for the Indian IT sector, as evidenced by the notable growth experienced by businesses such as Infosys and 

TCS. However, because of the state of the world market, the industry has also seen times of extreme volatility. 

Increased capital, technological transfer, and market expansion can result from foreign investment in the IT sector, 

potentially yielding higher profits. Because of its sensitivity to world events, exchange rate swings, speculative 
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investments, and regulatory issues, it also increases volatility. Investing professionals can effectively handle the effects 

by understanding these dynamics and utilizing proper risk management techniques. 

There seems to be a close relationship between foreign portfolio investments, inflation, interest rates, sectoral 

performance, and predicted volatility. FPIs play a significant role in shaping the evolution of various economic sectors, 

and factors such as development opportunities, regulatory frameworks, and market conditions often influence their 

preferences. Furthermore, changes in expected volatility could lead to variances in FII behavior, which could alter 

how capital is allocated across different markets and industries. It is also well known that interest rates and exchange 

rates are correlated, with FPI inflows and outflows being influenced by central bank policies, which in turn affect 

changes in exchange rates. In a similar vein, FPI choices and changes in currency rates are seen to be impacted by 

inflation predictions, particularly in countries that are experiencing high inflation. 

Overall, this analysis demonstrates the complexity and close relationships between these financial and economic 

variables, offering valuable insights into the behavior of FPIs and how it influences macroeconomic stability and 

sectoral dynamics. 

Literature Review 

Numerous studies, both qualitative and quantitative, are carried out with an emphasis on empirical research that sheds 

light on the mechanisms and impacts of FII influx. There are several recurrent topics and tendencies in the FPI 

literature. According to the Efficient Market Hypothesis (EMH), markets become more efficient with the presence of 

informed investors, including FIIs. This increased efficiency can lead to better pricing of stocks but can also introduce 

volatility as markets react swiftly to new information. The Capital Asset Pricing Model (CAPM) suggests that the 

expected return on an asset is related to its systematic risk. FIIs, by diversifying their portfolios internationally, can 

influence the risk-return profile of stocks. This can result in higher returns due to better risk management practices, 

but also increased volatility due to global risk factors. 

FIIs bring capital, technology, and managerial expertise, which contribute to higher returns in the IT sector. FIIs 

introduce additional volatility due to their sensitivity to global events, rapid capital movements, and speculative 

behavior. Research continuously shows that FPIs display sectoral preferences according to variables including 

industry outlook, economic fundamentals, and regulatory environment. Aggarwal and Klapper's (2012) and Lahrech 

and Sylwester's (2017) empirical research emphasizes the significance of sectoral allocation techniques in FII 

behavior. 

The IT industry frequently draws significant foreign direct investment (FDI) because of its high growth and 

profitability potential. Anticipations of technical innovation, digital transformation, and worldwide demand for IT 

products and services are frequently the driving forces behind foreign direct investment (FDI) flows into the IT sector 

(Chen et al., 2018; Cavusgil et al., 2004). Research looks into how FPI affects IT companies' success as well as the 

performance of the larger technology sector. FPI inflows have the potential to boost IT firms' market capitalization, 

liquidity, and funding availability, all of which can support the expansion and competitiveness of the industry 

(Cameron et al., 2011; Cavusgil et al., 2004). 

Choe, Kho, and Stulz (1999) examined the impact of foreign equity flows on emerging markets and found that foreign 

inflows tend to increase market returns and liquidity. However, these inflows also introduce higher volatility as foreign 

investors react more quickly to global events compared to domestic investors. Rai and Bhanumurthy (2004) analyzed 

the impact of FII flows on the Indian stock market, showing that FIIs have a significant effect on market returns and 

volatility. The study highlighted that while FIIs bring capital and growth, they also contribute to short-term market 

volatility. 



  
   
  
 

 

3113 
 

European Economic Letters 

ISSN 2323-5233 

Vol 14, Issue 2 (2024) 

http://eelet.org.uk 

(2019) shed light on how FII trading behavior and institutional traits affect market volatility. Kang et al. (2017) look 

into the connection between FII ownership and stock return volatility in emerging markets, while Choi and Lee (2019) 

study the effect of FII trading activity on volatility in Korean stock markets. One area of interest for investigation is 

the volatility of FPI flows in the IT industry. FPI exposes IT companies to market volatility and outside shocks, but it 

can also give them much-needed funding and expertise. Research looks at ways to reduce the effects of abrupt capital 

withdrawals and manage FPI-related risks (Gompers and Metrick, 2001; Li et al.,2020) 

Alfaro, Chanda, Kalemli-Ozcan, and Sayek (2004) discussed how foreign direct investment (FDI) can positively 

impact economic growth through capital accumulation, technology transfer, and increased competition. These factors 

contribute to enhanced returns for the sectors receiving such investments, including IT. Kim and Singal (2000) found 

that stock markets tend to become more efficient and exhibit higher returns following the liberalization of foreign 

investments. Their study indicated that the IT sector, in particular, benefits from the technological and managerial 

expertise brought by foreign investors. 

Bekaert and Harvey (1997) explored the volatility implications of financial market integration. They noted that while 

integration and foreign investment can lower the cost of capital and lead to higher returns, they also expose markets 

to global shocks, thereby increasing volatility. Eun and Resnick (1988) provided evidence that international 

diversification through FIIs reduces risk for global investors but can increase market volatility in the host country due 

to the rapid movement of capital. 

Garg and Bodla (2011) focused on the IT sector in India and found that FII investments are a significant determinant 

of market returns and volatility. Their empirical analysis showed that periods of high FII inflows corresponded with 

higher stock prices and increased volatility in the IT sector. Narayan, Narayan, and Prasad (2008) studied the impact 

of FIIs on the stock markets of South Asia, highlighting the IT sector as a key beneficiary of foreign investments. 

They noted that while FIIs contribute to the growth of the IT sector, they also lead to greater sensitivity to global 

financial conditions. 

Understanding the balance between these positive and negative impacts is crucial for policymakers and investors 

aiming to maximize the benefits of foreign investments while mitigating associated risks. This body of literature 

provides a comprehensive understanding of how FPIs shape the financial dynamics of the IT sector. 

There are still a number of questions and points of contention in the literature on the relationship between FII, sectoral 

allocation, and volatility, despite the progress made in this area. First off, opinions differ over the precise processes 

by which FII inflows influence market volatility. Some research indicate that FIIs have a stabilizing influence on 

markets, while others highlight heightened volatility brought on by speculative activity and herding behavior. 

Furthermore, little research has been done to investigate how FII sectoral allocation affects market dynamics in ways 

that go beyond the stock market. Future research might examine how FII inflows affect volatility across a range of 

asset types, such as bonds, commodities, and currencies. 

With an emphasis on the stock market, this literature review offers insightful information about the connections 

between FII, sectoral allocation, volatility, and financial markets. Even though our understanding of these processes 

has advanced significantly, further study is still necessary to close the current knowledge gaps and resolve ongoing 

debates. This will help investors and policymakers better understand how FII inflows affect the efficiency and stability 

of the market. 

Objectives of the Study 

This study intends to investigate and evaluate the short- and long-term links and associations between flows of foreign 

portfolio investment in the Indian IT sector and the returns of IT companies in the Indian equities market, taking into 
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account the Nifty IT returns over an eleven-year period. An attempt has also been made to examine how sectoral 

returns and the volatility of the IT sector stock indexes are affected by foreign portfolio investments in the IT sector. 

Methodology  

The current research uses weekly time series data of the IT sector's FPI, and the sectoral index or Nifty IT taken from 

the NSE, as well as data of the VIX, interest rate, CPI, and exchange rate USD-INR for an eleven-year period, from 

April 2012 to March 2023. 

The National Stock Exchange website has the VIX and Nifty-IT data, while from the official NSDL website, the 

weekly time series figures of FPI in the IT industry was retrieved. Information about interest rates, CPI, and the USD-

INR exchange rate is taken from Investing.com. 

The Augmented Dickey-Fuller (ADF) test is used to test the assimilation sequence for the FII-IT and Nifty IT series 

initially. In order to accomplish the stated goal of the investigation, this paper applies the Granger causality test. 

Another method in the study to determine whether the future expectedness of one variable effects another is the 

Granger causality test.  

This paper uses the Granger causality test to achieve the study's declared objective. For the FII-IT and Nifty IT series, 

the sequence of assimilation is first tested using the Augmented Dickey-Fuller (ADF) test. The Granger causality test 

is another tool used in the study to assess if one variable's prospective expectedness influences another.  

The next stage is to look for autoregressive conditional heteroscedasticity (ARCH) when stationarity has been 

determined. To put it simply, an ARCH test is a statistical model that is used to estimate future volatility by analyzing 

the time series volatility in data sets. One of the model's properties is its volatility clustering, which states that periods 

of low volatility are followed by low volatility and time frames of high volatility are followed by high volatility. The 

Lagrange Multiplier (LM) test (Jarque & Bera, 1980) is the most often used method for determining if the ARCH 

effect, as hypothesized by Engel (1982), is present in univariate time series data sets. 

To put it simply, the alternate hypothesis (H1) contends that the series of residuals contains an ARCH effect, while 

the null hypothesis (H0) asserts that there are no ARCH effects in the series of residuals. In order to determine which 

of the ARCH models—GARCH/TARCH, EGARCH, and Threshold GARCH—is the best fit for each index, it was 

imperative to test for the presence of the ARCH effect in the corresponding Nifty-IT. 

According to Hansen and Lunde (2001), GARCH (1,1) yields the most accurate volatility forecasting outcomes. Since 

Hansen and Lunde (2001) also contend that GARCH (p,q) will be employed in situations involving daily data spanning 

several decades or hourly data spanning multiple years, GARCH (2,1) is used in this instance. Since weekly data are 

used in this investigation, GARCH (2,1) is the most appropriate predictor for calculating the degree of volatility in the 

IT sector because GARCH (2,1) responds to shocks quickly. 

 

Analysis & Results 

TABLE 1: AUGMENTED DICKEY FULLER TEST(ADF) 

 

Variables t-statistics Probability 

FPI-IT at Level -9.050281  0.0000 

Nifty-IT Returns at Level -23.65695 0.0000 

USD/INR Rate at 1st difference -22.16254 0.0000 

CPI at 1st difference -26.05023 0.0000 

Interest Rate at 1st difference -23.90475  0.0000 
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The findings of the Augmented Dickey Fuller Test, which are displayed in Table 1, indicate that the FPI in the IT 

sector series and the Nifty IT return series are stationary at level. Rest Three series of exchange rate, Inflation and 

Interest rates are stationary at first difference. 

 

Moreover, the lead-lag relationship between FPI in the IT sector and Nifty-IT returns is investigated using the Granger 

causality test. The findings of the study categorically disprove the hypothesis that Nifty-IT does not cause FPI-Auto 

and vice versa. After examining the causal relationship between Nifty-IT and FPI movement in the IT sector, it was 

discovered that Nifty IT granger causes FPI flows in the industry. This illustrates how Nifty IT values can be used to 

forecast the industry's short-term FPI movements and how FPI flows within the IT sector impact sector returns. The 

test also demonstrated how the movement of FPI in the IT sector is influenced by the interest rate, inflation rate, and 

currency rate. The economy's interest rates have an effect on the changes in the It sector index i.e., NIFTY IT. 

TABLE 3: JOHANSEN COINTEGRATION TEST 

 

VARIABLES Number of 

Hypothesised 

Equations 

Maximum 

EIGEN 

Value 

Critical 

Value at 

0.05 

Level 

TRACE 

Statistic 

Critical 

Value at 

0.05 

Level 

Probability 

FPI- IT Nifty-

IT 

None 125.6910 40.07757 199.4651 95.75366 0.000 

FPI- IT  Nifty-

IT 

Atmost 1 41.23703 33.87687 73.77415 69.81889 0.0055 
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Table 3 displays the results of the Johansen Cointegration test, which demonstrate that there is no cointegrating vector 

between FII in the IT industry and Nifty-IT. Since the Eigen value and Trace value for both series are bigger than their 

tabular values at the 5% level of significance, the test's basic premise is refuted. The rejection of the null hypothesis 

indicates the existence of a long-term relationship between FPI in the IT sector and Nifty-IT prices in the study, as 

well as at least one co-integrating vector between both. This shows that Nifty-IT and FPI in the IT industry have some 

long-term informational commonalities. 

TABLE 4: GARCH results of FPI- IT, Macroeconomic factors and Nifty-IT volatility. 

 β S.E 

C 0.027570 0.023737 

FPIIT 2.41E-06 4.45E-07 

Variance Equation 

Interest Rate -0.001296 0.001490 

USD/INR -0.000235 0.000620 

VIX -0.000500 0.000229 

CPI 8.40E-05 0.000305 

C 0.000239 9.05E-05 

RESID(-1)^2 0.039425 0.051348 

RESID(-2)^2 0.071025 0.045446 

GARCH(-1) 0.561676 0.147130 

   

FPIIT is Foreign portfolio investment in IT sector, RESID(1)2 is squared error term and GARCH( ̂ 1) is effect of 

prior-period volatility. CPI is consumer price index, USD/INR exchange rate, VIX is Implied Volatility Index. SE is 

the standard error terms.  

The volatility of the Nifty IT is significantly impacted by FPI. It suggests that rising FPI causes rising Nifty IT 

volatility. Interest rates, exchange rates, and inflation in the nation all affect international portfolio flows, especially 

those in the IT sector. The findings also demonstrate that when FPIs grow, stock prices become more vulnerable to 

their selling pressure, which drives down stock values. These findings suggest that interest rates have a significant 

influence in luring foreign portfolio investors (FPI) to the nation and in providing a framework upon which FDI can 

be pursued. Furthermore, the importance of FPI in the IT sector indicates that the Indian financial system is developing, 

which will aid in understanding various investment environments.   

Conclusion & Discussion 

The current study examined the impact of foreign portfolio investments on returns in the Indian IT industry. Apart 

from the impact, the association between FPI flows in the IT sector and Nifty IT returns was also determined by 

examining the weekly time series data over an eleven-year span, beginning in April 2012 and concluding on the final 

day of March 2023, using the Granger Causality and Johansen co-integration tests. The two variables in the study 

exhibit more integration and more tightly coordinated motions. The results show that the FPI has a great influence on 

the Nifty IT's volatility. It implies that increased volatility in the Nifty IT is caused by rising FPI. Interest rates, 

exchange rates, and inflation in the nation all affect international portfolio flows, especially those inside the IT sector. 

The study provides policymakers with a number of recommendations for bolstering the Indian stock market. First, 

given the current state of the economy, India has embraced a policy to encourage Foreign Portfolio Investors (FPIs) 

in its capital markets. This is because FPIs boost capital inflows into the nation while maintaining the nation's low 

level of foreign debt. However, when FPIs expand and put pressure on stock prices to sell, stock prices become more 

vulnerable. However, because DIIs offer a reliable source of funding, the government must increase domestic 
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involvement and investment. This is to be achieved by altering the nation's tax laws, investment, and saving outlooks. 

Second, increased financial stability and efficiency are needed by small-cap companies, particularly those that are still 

developing. Due to the fact that these companies are a significant source of employment and national development, 

the government must create appropriate rules for their sustainable financial development. There is a shortage of jobs 

in these companies after any financial setback. The goal of policy should be to keep FPIs and DIIs in balance. In 

addition to promoting the FPI flow, domestic investment institutions such mutual funds, insurance funds, and pension 

funds should be highlighted. Investors and portfolio managers will find the study's findings useful in understanding 

the relationship between FPI and stock market volatility and developing more effective volatility strategies to 

maximize investment returns. This research can be expanded in a number of ways. To start, high-frequency data 

provides further understanding of market activity. While high-frequency information about market pricing is 

accessible, it is not available for FPI and DII trading. Second, it will be helpful to look into how the flow of FPIs and 

DIIs affects things both generally and specifically for individual stocks. 
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Abstract 

Purpose of the study: 

Examining and evaluating the short- and long-term linkages and correlations between foreign portfolio investment flows 

in the Indian IT sector and the performance of IT companies in the Indian equities market is the aim of this study. This 

study looks into the effects of foreign portfolio investments in the IT industry on sectoral returns and the volatility of 

pertinent sector stock indices. 

Design/Methodology/Approach: 

For an eleven-year period, from April 2012 to March 2023, the current study employs weekly time series data of the FPI, 

VIX, interest rate, CPI, and exchange rate USD-INR for the IT sector. In order to accomplish the stated goal of the study, 

this work applies the Granger causality test and the Johansen Cointegration test. After stationarity has been established, the 

next step is to search for autoregressive conditional heteroscedasticity (ARCH). GARCH (2,1) is the most acceptable 

predictor for determining the level of volatility in the IT industry because weekly data was used in this study. 

 

Findings: 

The results determined that there is a bidirectional Granger Causality between FII-IT movements and Nifty-IT movements. 

The IT sector's long-term FPI movements were positively correlated with returns, as demonstrated by the findings of 

Johansen's Co-integration Test. The results also show that as FPIs increase, stock values decrease because stock prices are 

increasingly susceptible to their selling pressure. A study showed a connection between FII inflows and outflows and surges 

in the volatility of the IT industry. 

Implications and Recommendations: 

The study provides policymakers with a number of recommendations for bolstering the Indian stock market. First, given 

the current state of the economy, India has embraced a policy to encourage Foreign Portfolio Investors (FPIs) in its capital 

markets. This is because FPIs boost capital inflows into the nation while maintaining the nation's low level of foreign debt. 

Second, increased financial stability and efficiency are needed by small-cap companies, particularly those that are still 

developing. Due to this fact, the government must create appropriate rules for their sustainable financial development. 

Keywords: FPI, IT, FII NIFTY-IT, RETURNS, RELATIONSHIP, STOCK, VOLATILITY 

Introduction 

India's IT sector has become one of the main engines of economic expansion, significantly boosting the country's GDP and 

improving the welfare of its citizens. The IT sector is expected to increase from 7.5% of India's GDP in the fiscal year 

2023–2024 to 10% by 2025. Industry after industry is embracing state-of-the-art digital applications, positioning India for 
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the next phase of its IT revolution. India is regarded by the rest of the world as having one of the largest Internet user bases 

and the lowest Internet rates, with 76 crore people having access to the Internet at present. As a result of the Digital India 

Programme's enhanced digital access and solid digital infrastructure base, the production of significant economic value and 

citizen empowerment are currently the main priorities. India is one of the countries where the fastest rate of digital adoption 

is occurring. This was made possible by a combination of new digital applications that are already improving and 

permeating a variety of activities and occupations, improving people's daily lives, and public policy, as well as innovation 

and investment from the private sector. 

Increased foreign investment in the Information Technology sector implies that IT companies can obtain more funding. 

R&D, expansion, and technological advancement with this money could lead to more sales and profitability. Foreign 

investors often bring best practices and cutting edge technologies from their own countries. In the IT sector, higher output 

and efficiency could lead to higher returns. With foreign investment, IT companies can expand into new areas and increase 

their customer base and possible revenue streams. Increased demand for IT sector equities typically follows the entrance 

of foreign investors, which can boost stock prices and the sector's total market valuation. 

Although foreign investment may boost returns, it may also raise volatility. The IT industry is particularly vulnerable to 

changes in the global economy and investor sentiment when there is a significant amount of foreign investment. 

Geopolitical tensions, global economic downturns, and changes in foreign policy are some of the factors that might cause 

increased volatility. Foreign investments are impacted by changes in exchange rates. Significant variations in exchange 

rates can have a substantial influence on the returns received by foreign investors, thereby leading to more volatile investing 

behavior. Foreign investors' speculative investments may increase volatility in the near term. Unexpected capital inflows 

and withdrawals may cause sharp swings in stock values. Changes to the legislation governing foreign investments, such 

as restrictions on or increases in compliances. 

Generally speaking, industries with high levels of foreign investment are more volatile. This is particularly true for 

developing economies, where foreign exchange inflows may be less predictable. The Indian IT sector has benefited greatly 

from foreign investment, as seen by the noteworthy development that companies like Infosys and TCS have achieved. 

Nonetheless, the business has also seen periods of tremendous volatility due to the status of the global market. Foreign 

investment in the IT sector may lead to increased capital, technological transfer, and market expansion, all of which could 

result in higher profitability. It also increases volatility because to its sensitivity to global events, fluctuations in exchange 

rates, speculative investments, and regulatory difficulties. Professionals in investing can manage the impacts by 

comprehending these dynamics and using appropriate risk management measures. 

Foreign portfolio investments, inflation, interest rates, sectoral performance, and expected volatility all appear to be closely 

related. The evolution of different economic sectors is greatly influenced by FPIs, and their preferences are frequently 

influenced by development prospects, regulatory frameworks, and market conditions. Moreover, variations in FII behavior 

may result from shifts in predicted volatility, which may modify the way money is distributed among various markets and 

sectors. It is also commonly known that interest rates and exchange rates are related, and that changes in central bank 

policies have an impact on FPI inflows and outflows, which in turn affects exchange rate movements. 

Overall, this analysis provides important insights into the behavior of foreign portfolio investors (FPIs) and how it affects 

sectoral dynamics and macroeconomic stability by highlighting the intricate and intimate linkages between various 

financial and economic factors. 

Literature Review 

Foreign Portfolio Investments (FPIs) are closely monitored due to their potential impact on market dynamics, including 

volatility. FIIs often invest in Indian equities and debt instruments, influencing market liquidity and asset prices. Studies 

have shown that their buying or selling behaviors can lead to significant movements in stock prices (Singh & Neog, 2017). 

FIIs are major participants in the Indian equity market, often influencing price movements through their trading activities. 

Studies suggest that their investment decisions are driven by numerous causes including global economic conditions, 

domestic policy changes, and sector-specific developments (Rathore & Sharma, 2021). 

FIIs show preferences for certain sectors over others based on growth prospects and regulatory environments. For instance, 

they tend to favor sectors such as information technology, pharmaceuticals, and financial services, impacting sectoral 

volatility (Khan & Qureshi, 2019). FIIs contribute to market liquidity and efficiency by providing liquidity during volatile 

periods and enhancing price discovery mechanisms (Anand & Singhal, 2020). FIIs have shown significant interest in the 
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Indian IT sector due to its growth potential, technological advancements, and global competitiveness. Their investments 

often reflect confidence in the sector's ability to capitalize on digital transformation trends worldwide (Singh & Dhir, 2022). 

Studies suggest that FIIs' investments in the IT sector contribute to its market capitalization and liquidity. Their buying or 

selling activities can influence stock prices of IT companies, thereby affecting sectoral volatility (Jain & Kumar, 2020). 

FIIs are attracted to IT firms known for innovation and market leadership in emerging technologies like artificial 

intelligence, cloud computing, and cybersecurity. Their investments often signal expectations of continued growth and 

profitability (Mishra & Sahu, 2021). 

The regulatory environment governing FIIs in India has evolved to ensure transparency and stability. Changes in 

regulations, such as investment limits and taxation policies, can affect FII behavior and subsequently market volatility 

(Subramanian & Arockiasamy, 2018). Policymakers often consider the role of FIIs in market volatility when formulating 

regulatory policies. Measures such as circuit breakers, position limits, and transparency requirements aim to mitigate 

excessive volatility caused by FII activities (Singh & Goyal, 2017). Policymakers and market regulators often consider FII 

impact on volatility when designing market regulations and interventions aimed at maintaining stability (Batra & Yadav, 

2020). Regulatory measures and policy decisions can influence FII behavior and their impact on sectoral volatility. 

Policymakers consider sector-specific risks and opportunities when designing market regulations to ensure stability and 

investor protection (Pandey & Bhatt, 2018). 

FIIs’ participation has also been linked to the integration of Indian markets with global financial markets. Their actions can 

transmit global shocks to the Indian market, impacting volatility levels (Sivaraman & Mahalakshmi, 2016). FIIs can 

influence volatility through their trading activities, risk perceptions, and responses to global economic conditions. FIIs' 

trading behaviors can lead to increased volatility, especially during periods of economic uncertainty or geopolitical 

tensions. Their large-scale transactions can amplify market movements, affecting investor sentiment and risk perceptions 

(Bhandari & Shukla, 2018). FIIs' trading activities in the IT sector can lead to heightened volatility, particularly during 

earnings announcements, macroeconomic changes, or global tech sector trends. Their actions amplify price movements, 

affecting investor sentiment and market stability (Jain & Jha, 2019). 

Research indicates that FIIs can amplify stock market volatility during periods of economic uncertainty or financial crises 

(Mishra & Swain, 2019).  Research indicates mixed findings regarding the direct impact of FIIs on volatility. While some 

studies highlight a positive correlation between FII inflows/outflows and volatility spikes, others suggest that FIIs can also 

stabilize markets by providing liquidity during turbulent times (Kumar & Singh, 2020). Research indicates that FII inflows 

into the IT sector can both increase and stabilize volatility, depending on market conditions and investor perceptions. 

Studies often analyze how changes in FII ownership impact stock price volatility and market efficiency (Srivastava & 

Sharma, 2020). Behavioral factors, such as herd behavior among FIIs, can exacerbate volatility by triggering mass buying 

or selling activities based on perceived market sentiment (Gupta & Saikia, 2018). 

FPIs play a crucial role in the Indian IT sector due to its global competitiveness and growth potential. Their investments 

are driven by sector-specific factors such as technological innovation, market leadership, and outsourcing trends 

(Chakrabarti & Majumdar, 2021). FPI inflows into the IT sector contribute to market liquidity and valuation. Studies 

indicate that higher FPI participation often correlates with increased trading volumes and market capitalization of IT firms 

(Bhattacharya & Kumar, 2019). FPI activities in the IT sector reflect investor sentiment and risk perceptions. Their buying 

or selling decisions can influence stock prices and sectoral volatility, especially during global economic uncertainties or 

sector-specific events (Chatterjee & Banerjee, 2020). 

Research suggests that FPI inflows into the IT sector can exacerbate volatility, particularly during periods of heightened 

market sensitivity. Their large-scale transactions and sudden exits can trigger price fluctuations and affect market stability 

(Mukherjee & Mukherjee, 2018). Studies analyze the relationship between FPI ownership and sectoral volatility using 

statistical models and econometric techniques. They often find a significant impact of FPI flows on stock price volatility 

and market efficiency within the IT sector (Ghosh & Das, 2021). Policymakers monitor FPI activities closely to manage 

sectoral risks and maintain market stability. Regulatory interventions, such as position limits and disclosure requirements, 

aim to mitigate excessive volatility caused by FPI behavior (Sengupta & Saha, 2019). 

Research on the relationship between Foreign Institutional Investors (FIIs) and market volatility reveals several key gaps. 

Firstly, there's ambiguity regarding the causal direction: whether FIIs drive volatility or react to it. Understanding different 

types of FII behavior and their specific impacts on volatility remains underexplored. Furthermore, studies often overlook 

variations across regions, market conditions, and the impact of evolving financial instruments used by FIIs. Addressing 
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these gaps would provide deeper insights into how FIIs influence market volatility, crucial for effective risk management 

and policy formulation. 

Objectives of the Study 

Taking into consideration the Nifty IT returns over an eleven-year period, this study aims to investigate and assess the 

short- and long-term relationships and associations between flows of foreign portfolio investment in the Indian IT industry 

and the returns of IT businesses in the Indian stocks market. Additionally, an attempt has been made to investigate the 

impact of foreign portfolio investments in the IT sector on sectoral returns and the volatility of the IT sector stock index. 

Methodology & Data Analysis 

The current research uses weekly time series data from the IT sector's FPI and the sectoral index from the NSE, or Nifty 

IT, as well as data from the VIX, interest rate, CPI, and exchange rate USD-INR for an eleven-year period, from April 

2012 to March 2023. 

The National Stock Exchange website is used for obtaining the Nifty-IT data, and the official NSDL website is used for 

collecting   the fortnightly time series figures on FPI in the IT industry. 

Descriptive Statistics of the main two series under consideration is given below: 

TABLE 1: DESCRIPTIVE STATISTICS  

 

STATISTIC FPI- IT Nifty-IT 

MEAN -482.3902  15502.14 

ST. DEV.  2103.102  8404.672 

SKEWNESS -1.994483  1.144131 

KURTOSIS  11.65444  3.160885 

JARQUE-BERA  2171.902  125.8502 

SUM -276892.0  8898226. 

SUM SQ. DEV  2.53E+09  4.05E+10 

OBSERVATIONS  574  574 

 

Table 1 presents statistical instants of the weekly time series data of the FPI in the IT industry as well as the sectoral index 

of the IT sector, also known as the Nifty IT Index. The investigation found that, during the whole study period (April 2012 

to March 2023), Nifty IT had higher mean values than FPIs in the IT sector. The skewness and kurtosis readings revealed 

information about the two series' underlying distributions. The results showed that the variables for the study period 

exhibited negative skewness and positive kurtosis. The same shape and contour of the distribution are indicated by 

skewness and kurtosis. It is likely that each variable's series differ significantly from the normal distribution because both 

seem to have high Jarque-Bera values. 

Every econometric model operates under the fundamental premise that data are stationary. We look for a unit root in the 

series to verify stationarity. The existence of a unit root indicates that the data are non-stationary. Utilizing the Augmented 

Dickey-Fuller (ADF) test, data stationarity is verified. The ADF test result, which is displayed in Table 2, verifies that the 

FPI in the IT sector series and the Nifty IT return series are stationary at level. Rest three series of exchange rate, Inflation 

and Interest rates are stationary at first difference. 

TABLE 2: AUGMENTED DICKEY FULLER TEST(ADF) 

 

Variables t-statistics Probability 

FPI-IT at Level -9.050281  0.0000 

Nifty-IT Returns at Level -23.65695 0.0000 

USD/INR Rate at 1st difference -22.16254 0.0000 

CPI at 1st difference -26.05023 0.0000 

Interest Rate at 1st difference -23.90475  0.0000 
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In the context of studying the relationship between Foreign Portfolio Investors (FPIs) in the Information Technology (IT) 

sector and stock market volatility, we applied the Granger causality test to analyze if FPIs' activities Granger-cause changes 

in volatility levels within the IT sector. A statistical hypothesis test called the Granger causality test is used to assess 

whether one time series (or variable) can predict another. 

Furthermore, the Granger causality test results shown in Table 3 is used to examine the lead-lag relationship between FPI 

in the IT sector and Nifty-IT returns. The study's conclusions unequivocally refute the theory that Nifty-IT does not produce 

FPI-Auto, and that vice versa. It was found that Nifty IT granger causes FPI flows in the industry after looking at the causal 

relationship between Nifty-IT and FPI movement in the IT sector. This demonstrates how the industry's short-term FPI 

movements may be predicted using Nifty IT values and how FPI flows within the IT sector affect sector returns. The test 

also showed how interest rates, inflation rates, and currency rates affect the mobility of FPI in the IT industry. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Johansen cointegration test is employed to determine the number of cointegrating relationships among a set of time 

series variables. This test is used to study the long-term relationships and equilibrium between variables, Foreign Portfolio 

Investors (FPIs) in the Information Technology (IT) sector and stock market volatility. The Johansen Cointegration test 

findings, shown in Table 3, show that there is some cointegrating vector between FII in the IT sector and Nifty-IT. The 

fundamental premise of the test is disproved because the Eigen value and Trace value for both series are greater than their 

tabular values at the 5% level of significance. The null hypothesis was rejected, indicating the presence of a long-term 

relationship and at least one co-integrating vector between the FPI in the IT sector and the study's Nifty-IT values. This 

demonstrates that there are certain long-term informational similarities between the IT industry's Nifty-IT and FPI. 

TABLE 4: JOHANSEN COINTEGRATION TEST 

 

VARIABLES Number of 

Hypothesised 

Equations 

Maximum 

EIGEN 

Value 

Critical 

Value at 

0.05 

Level 

TRACE 

Statistic 

Critical 

Value at 

0.05 

Level 

Probability 

FPI- IT Nifty-

IT 

None 125.6910 40.07757 199.4651 95.75366 0.000 
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FPI- IT  Nifty-

IT 

Atmost 1 41.23703 33.87687 73.77415 69.81889 0.0055 

 

The GARCH model is employed to capture the volatility of market returns as well as the effect of unforeseen shocks to the 

FPI-flow on volatility. The stylized fact that asset return volatility responds asymmetrically to return shocks is widely 

established. In response, volatility is higher with a negative shock than with a positive shock of the same size. Numerous 

GARCH model variations have been proposed in the literature to account for this asymmetric volatility reaction. To capture 

this behavior, we employ a GARCH (2,1) model. Initially, we use the AR (1) process to simulate the conditional mean of 

the return. 

The results of GARCH (1,1) volatility forecasting are the most accurate, according to Hansen and Lunde (2001). In this 

case, GARCH (2,1) is utilized because Hansen and Lunde (2001) also claim that GARCH (p,q) will be used when daily 

data spans several decades or hourly data spans numerous years. Since this study uses weekly data, GARCH (2,1) is the 

best predictor to employ for estimating the level of volatility in the IT industry because it reacts swiftly to shocks. 
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FIGURE 1: VOLATILITY CLUSTERING OF NIFTY IT RETURNS DURING STUDY PERIOD 

 

Table  5 - Model: GARCH (2, 1) [Bollerslev] (Normal)* 

Mean Equation  

Variable  Coefficient  p-value  

C 0.021671 0.3691 

FPIIT 2.50E-06 0.0000 

INT__RATE -0.000938 0.5151 

USD_INR -0.000272 0.6799 

VIX -0.000419 0.0513 

CPI 0.000123 0.7027 

Variance Equation  

C(7) -1.704006 0.0123 

C(8) 0.109938 0.2800 

C(9) 0.064160 0.5361 

C(10) -0.054027 0.1544 

C(11) 0.782515 0.0000 
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The term "C(7)=ω, C(8)= term starting with α (ARCH term)" describes how much the size of a shock to the variance 

influences the volatility of the asset's future returns.The p-value for it is 0.0123. As a result, the magnitude of the shock 

greatly affects the return volatility. The fact that C(8) is positive indicates that the absolute value of the variance in the past 

and the variance in the present are positively correlated. This implies that the volatility will increase with the size of the 

shock to the variance. 

The term C(10), which starts with ϒ (leverage effect term), provides information about how the sign of the shock affects 

the volatility of an asset's returns in the future. We are unable to prove that the sign of shock affects return volatility because 

the value is negligible. Given that C(10) is negative, there is evidence of the leverage effect and a greater tendency for 

negative news to enhance volatility than positive news of the same amount. 

C(11)=term that starts with β the GARCH term sheds light on the persistence of historical volatility and how historical 

volatility influences future volatility predictions.The p-value for C(11) is 0.000. As a result, historical volatility aids in 

forecasting future volatility. 

We can infer that the volatility is very persistent and clustering because the GARCH coefficient value is higher than the 

ARCH coefficient value. 

Conclusion and Implications 

FPIs play a crucial role in the Indian IT sector, attracted by its global competitiveness, technological innovation, and growth 

prospects. Their investments often reflect sector-specific trends and market sentiments. FPI activities in the IT sector have 

a notable impact on stock market volatility. Their trading behaviors, influenced by global economic conditions and sector-

specific events, can lead to fluctuations in stock prices and market stability. Study demonstrated a link between FII 

inflows/outflows and volatility spikes within the IT sector. Study employed econometric models to analyze this 

relationship, highlighting how FPI activities amplify price movements and affect investor risk perceptions. 

FPI participation contributes to enhancing market liquidity and valuation metrics of IT firms. However, their sudden exits 

or large-scale transactions during volatile periods can intensify market uncertainties. Policymakers and regulators should 

monitor FPI activities closely to manage sectoral risks and maintain market stability. Measures such as position limits, 

disclosure requirements, and market surveillance are reuired to mitigate excessive volatility caused by FPI behavior. 

FPI activities reflect broader investor sentiments and risk perceptions towards the IT sector. Their decisions influence 

market dynamics and investor confidence, impacting overall market sentiment. Effective regulatory frameworks are crucial 

in managing FPI-induced volatility. Proactive measures can help in balancing market efficiency with stability, ensuring 

sustainable growth in the IT sector. Future studies could explore the dynamics of FPI impact across different sub-sectors 

within IT, considering varying technological trends and market responses. Continual assessment of regulatory policies to 

adapt to evolving market conditions and investor behaviors, ensuring resilience against volatility shocks. While FPIs 

contribute significantly to the growth and liquidity of the Indian IT sector, their impact on sectoral volatility underscores 

the importance of robust regulatory oversight and strategic policy interventions. Understanding these dynamics is essential 

for fostering a stable and resilient market environment conducive to sustainable economic growth. 
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Editorial
After considering the novel issues that constantly cross our minds, do ambiguity
and AI compassion complement each other in the current situation? How their
responsibilities fit into the greater organizational structure may be the contentious
response, which has significant negative effects on stress, productivity, and
happiness at work.

AI compassion, on the other hand, refers to artificial intelligence systems that are
made to react sympathetically to human emotions, providing comfort,
understanding, or support. These systems are frequently utilized in customer service
chatbots, HR, IT, and mental health applicationsamong other areas. After all further
idea keep generates, how they interact to present scenario? The answers could be
visualised through personalized task tracking and feedback, clarification of
expectations and responsibilities, promptness with answers of any questions,
interfaces for confused employees, reduce stress, lessen the emotional burden that
comes with unclear roles, often non-judgmental support to employees who are
hesitant to ask human managers for clarity, and recommended well-being practices
like breaks, learning modules, and stress management etc. These are just a few of
the ways that AI can be a compassion to interface, help and reduce the role of
ambiguity.

Although there are pitfalls, when it is ignored and not implemented well,as a
result ambiguitymay arises in the form of impersonal advice, risk of over-relying
than fostering clear human communication.

Hence, at the end we can understand that AI as being compassion and role
ambiguity can work together to improve workplace experience on conditions
when AI tools are thoughtfully integrated to clarify the roles and provide emotional
support.

The current issue of Pranjana devoted on the same and is presented judiciously
here by different scholars to expedite their works. Such as exploring the relationship
between role ambiguity and job satisfaction in public sector banks wherein
application of establishedtheoretical models (like the Job Demands-Resources
Model) to the public sector bankingcontext, shows offering actionable insights
for management practices, is highlighted. Secondly, in a conceptual paper on the
effect of consumer price index on economic growth the effect of the consumer price
index on Nigeria highlights the  economic growthstudy how is measured. In this
paper all variables through specific model were allowed to be endogenous
variables by using theAutoregressive distributed lag Model (ARDL). The study
uses the autoregressive distributed lag Model and an Error correctionmechanism
on some selected relevant variables, include Gross domestic product (GDP) and



Inflation rate, Populations Challenges of implementing data-driven strategies in
small businesses ina lucid and comparative way.

Later, onwhile discussing Post-Demonetization Digital Payment Adoption: A
Comparative Study of Banked Vs. Unbanked found that the banked population
shifted to electronic payment methods rather quickly, encountered major obstacles,
such as poor financial literacy, a lack of internet connectivity, and scepticism
about online transactions.

In the context of current trends of IT,“Fintech-Driven Financial Inclusion: A Critical
Analysis of Benefits and Challenges”, The Impact of Decentralized Finance (DeFi)
on Traditional Banking Systems: Opportunities and Challenges,. Impact of Student
Engagement Metrics on Adaptive AI Learning Tools: A Behavioural
Analysis,“Ensemble Learning Techniques for Automated Misinformation Detection
in social media “etc encapsulates towards a syndrome of ambiguity and AI
Compassion which can be dealt with the situational parameters.I hope that readers
would like it and think on it as an offshoot of our treatise after reading it.

Aftab Alam
Chief Editor-Pranjana
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EXPLORING THE RELATIONSHIP BETWEEN ROLE
AMBIGUITY AND JOB SATISFACTION IN PUBLIC
SECTOR BANKS

Abstract
The impact of ambiguous job duties and expectations on employee morale and well-being
is the main topic of this study, which looks at the relationship between role ambiguity and
job satisfaction among workers in public sector banks. Employees who are unclear about
their duties, reporting lines, and expectations are said to be experiencing role ambiguity,
a prevalent problem in bureaucratic and hierarchical organisations. Increased stress,
decreased job satisfaction, and decreased productivity are frequently the results of this.
This study examines the relationship between role ambiguity and job happiness by surveying
public sector bank workers in Uttar Pradesh and looking at things like support networks,
role clarity, and communication. The study's key contribution lies in its application of
established theoretical models (like the Job Demands-Resources Model) to the public
sector banking context, offering actionable insights for management practices. Research
indicates that while role ambiguity leads to higher stress levels and a decline in job
satisfaction, role clarity and clearly defined job responsibilities greatly increase job
satisfaction. The study offers recommendations to public sector banks to reduce role
ambiguity, including structured communication, clearer role definitions, and regular
feedback mechanisms.

Keywords: Role Ambiguity, Relationship, Communication, Job Satisfaction.
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INTRODUCTION

Public sector bank employees usually work in highly bureaucratic and hierarchical
frameworks which has strict policies and procedures that are govern with their
every activity. These organisational characteristics offers a structural rebalance
which becomes one of the major challenges that may be encountered. This uncertainty
leads to create confusion among the employees as they are not aware of their
responsibilities. Although the said rules are strict and the lack of clarity reduce the
level of productivity and employee’s satisfaction. Role ambiguity occurs when
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employees are not clear about their specific roles and reporting structures. Confusion
often occurs when there are mixed instructions, shifting role on the daily basis.
These uncertainties creates negative impact on the employees and their performance.
As in the large organisations the employees’ roles are not clearly defined which
greatly affects their productivity dissatisfaction among the employees. Although this
is a small problem but it has a big impact on the employees. Many employees within
these organizations often encounter frustrations and confusion, particularly regarding
their roles. However, these challenges can arise due to various factors, including
unclear expectations and insufficient communication. Although the intention behind
such roles is typically positive, this does not negate the difficulties that employees
experience. Because of this, it becomes crucial for management to address these
issues proactively being defined. An employee employed at a bank may find themselves
tasked with responsibilities that diverge from their standard duties. This encompasses
the management of operational activities without adequate training or supervision.
Workers can become disoriented and face elevated levels of stress as they attempt
to balance multiple tasks, particularly when lacking a clear grasp of their priorities.
The challenge of differentiating between essential responsibilities and ancillary tasks
intensifies role ambiguity. However, inconsistent reporting practices in nationalised
banks can further complicate this ambiguity. Many large corporations often exhibit
reporting structures that lack clear definitions, especially when employees are subject
to multiple reporting managers or when supervisors themselves sare uncertain about
their roles.

Uncertainty over who has the final say on work-related issues may be felt by the
employee, where he or she  is unsure to whom they should report for different
responsibilities or decisions. This lack of clear authority generally results in
inefficiencies, lack of accountability, and delayed decision-making. Changing
expectations form a large portion of role ambiguity in public sector banks. As soon
as the evolution takes place due to changes in news laws, technology and customer
needs, then the employees undergo the evolution in new responsibilities. Whenever
the banking sector is modified by the rules of law, technological impacts, or changed
consumer needs, usually the workforce has to alter new positions of jobs related
duties. However, if these changes are not communicated clearly and effectively,
employees may find it difficult to meet the new requirements. This lack of
communication does not only impede performance but also makes employees unhappy
at work because they might feel unprepared or unsupported in managing their
changing responsibilities. In a word, it is due to imprecise job responsibilities,
unbalanced reporting systems and changed expectations that majorly cause the
problem of role ambiguity in public sector banks. These problems can be lessened
with precise job descriptions, well-organized communication, and frequent feedback
which will improve performance, increased job satisfaction and create a more
productive and a effective workplace.
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THEORETICAL FRAMEWORK

This study is a valuable contribution for understanding the workplace psychology
and management because it shows how the uncertainty effects the job satisfaction
in the public sector banks. Moreover, the Model like Job Demands-Resources (JD-
R) Model makes it unique as it is being applied specifically to banks. This study
gives real world insights to the employee’s well-being. The study also offers practical
suggestions for making it valuable for both research and banking sector.

 Job Demands Burnout: As job demands increase without adequate resources,
employees may experience burnout.

 Job Resources Engagement: High job resources help employees manage
demands effectively, leading to increased engagement, motivation, and
satisfaction.

Figure 1: Job Demands-Resources (JD-R) Model

The JD-R Model's components include:

Job Requirements (JD): These are the elements of the profession that have a
physiological, psychological cost and call for consistent effort or abilities, whether
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they are social, psychological, physical, or organisational. Role ambiguity, emotional
expectations and severe job pressure are a few examples

Resources for Jobs (JR): These are the organisational, social, psychological, or
physical elements that support workers in reaching their objectives, lowering demands,
or fostering personal development. Social support, independence, opportunities for
training and feedback are a few examples.

Outcome: The Model suggests that the balance between  two primary outcomes,
Burnout (negative outcome) occurs when job demands are high and job resources
are low. Engagement (positive outcome) occurs when job resources are high, enabling
employees to cope with demands and enhance motivation and performance.

LITERATURE REVIEW

Kumar & Soni (2024): Investigated the interplay between optimism, role ambiguity
and organizational commitment among bank employees, highlighting the impact of
environmental factors such as heavy workloads and rapid technological changes on
employee stress and commitment levels.

Ridjal & Muhammadin (2023): Analyzed the effects of role ambiguity and work
environment on turnover intention, with work stress as a moderating factor, in Bank
Rakyat Indonesia. The study found that role ambiguity positively affects turnover
intention and work stress amplifies this relationship.

Kumari & Patil (2023): Explored employee engagement practices and their impact
on performance in Indian public sector banks, emphasizing the significance of
organizational culture and leadership support in enhancing job satisfaction and
productivity.

Role Ambiguity and Job Satisfaction: General Findings Several studies have confirmed
that that there is a correlation between the role ambiguity and job satisfaction. As
the study by Rizzo, House, and Litzman (1970) discovered that role ambiguity has
been the greatest predictor of job dissatisfaction across all industries. As such in
public sector banks, this is particularly relevant, as employees often face unclear job
roles due to rigid hierarchies and frequent policy changes.

Public Sector Banks and Role Ambiguity: Public sector banks normally have complex
organizational structures with rigid guidelines and bureaucratic processes. According
to Tremblay, Sire and Balkin (2000), employees in public sector organizations will
encounter role ambiguity compared to employees working in the private sector.

Impact of role ambiguity on job satisfaction in public sector banks research by Barling,
Kelloway, and Burns (1999) shows role ambiguity in public sector banks. This is
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attributed to the feeling of being unsupported or underprepared for their tasks, which
undermines their sense of competence and motivation.

Moderating and Mediating Factors Studies by Jaramillo, Mulki and Marshall (2005)
The connection between unclear job roles and job satisfaction isn’t straightforward.
When employees feel supported, informed and valued, they are less likely to be
negatively affected by unclear job roles.

Cultural and Organizational Context Research by Spector (1997) indicates that
organizational culture and the national context play significant roles in shaping how
role ambiguity affects job satisfaction. In countries where public sector institutions
are heavily regulated, employees are more likely to experience role ambiguity, as
they are expected to adhere to policies that are often unclear or subject to frequent
changes.

Research by Vroom (1964) and Locke (1976) suggests that role ambiguity can
negatively impact employee motivation. When employees are unclear about their
roles, it can lead to reduced intrinsic motivation, as they may not feel confident in
their ability to meet job expectations. This lack of clarity can prevent employees
from engaging fully in their tasks, ultimately affecting their satisfaction and
performance.

Public sector banks often face the challenge of bureaucratic structures, which can
lead to excessive procedural controls and complex workflows. As noted by Aiken
and Hage (1966), such structures can contribute to role ambiguity, where employees
may be uncertain about their responsibilities, especially when decisions are made at
higher levels of management. This can create a disconnect between employees and
their managers, affecting their sense of empowerment and job satisfaction.

In some cases, employees develop coping mechanisms to manage role ambiguity.
Research by Pearlin and Schooler (1978) indicates that employees who have strong
problem-solving skills and higher levels of emotional resilience are more likely to
manage ambiguity effectively, which can mitigate the negative impact on job
satisfaction. For instance, employees who engage in open communication with their
peers and supervisors may feel more supported, reducing feelings of uncertainty.

RESEARCH METHODOLOGY

The research methodology employed in this study involved conducting a survey
among 36 employees from nationalised banks in Uttar Pradesh, including clerks,
officers and managers across various departments. The survey aimed to examine
the relationship between role ambiguity and job satisfaction. Participants are from
various departments, including operations, customer service and administration,
representing different levels of hierarchy, such as clerks, officers and managers.
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The survey comprised structured questions, using a 5-point Likert scale to assess
the clarity of job responsibilities, reporting structures and job satisfaction levels.

5-point Likert scale

 Strongly Disagree

 Disagree

  Neutral

  Agree

 Strongly Agree

Section 1: Role Ambiguity

 I clearly understand what is expected of me in my job role.

 My responsibilities are defined by my supervisor.

 I often receive conflicting instructions regarding my job tasks.

 I feel uncertain about the scope of my job responsibilities.

 I am clear about who I should report to in different situations.

 I feel that my tasks often change without proper explanation.

 I often receive insufficient feedback about my performance.

 I feel that my role is not well defined within the organization.

Section 2: Job Satisfaction

 I am satisfied with my current role and responsibilities.

 I feel my work is valued and recognized by my supervisor.

 I feel that my work contributes to the success of the organization.

 My job gives me a healthy work-life balance.

 I am content with the opportunities for career advancement in my
organization.

 I am content with the level of support and guidance I receive from
management.

 My job provides me with a sense of achievement and purpose.

 The work environment in my organization is comfortable and conducive to
productivity.
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 I feel motivated and engaged in my work.

 Overall, I am satisfied with my job.

Section 3: Open-Ended Questions

 What aspects of your job do you find most satisfying?

 What aspects of your job do you find most challenging due to role ambiguity?

 How can the organization improve communication and clarify roles to help
reduce role ambiguity?

FINDINGS

Role Ambiguity

 Clarity of  Job  Expectations:  58%  of  employees  agreed  that  they
clearly  understood   what  was  expected  of  them  in  their roles,  while
25% felt uncertain and 17% disagreed.

 Role Definition: Only 50% of employees believed their job responsibilities
were clearly  defined, while 30% felt their role was unclear, and 20% felt
their responsibilities changed frequently without proper explanation.

 Conflicting Instructions: 55% of employees reported receiving conflicting
instructions  from  different  supervisors,  indicating  a  significant issue in
communication and management.

 Reporting Structure: 45% of employees were unsure about who to report
to in specific situations, suggesting unclear or inconsistent reporting lines.

 Feedback  and  Guidance:  47%  of  employees   reported  insufficient
feedback regarding their performance, further contributing to role ambiguity.

Job Satisfaction

 Overall   Job  Satisfaction:   52%   of   employees   expressed  overall
satisfaction   with   their   job,   30%   were   neutral  and  18%  reported
dissatisfaction.

 Role  and  Responsibility  Satisfaction:   55%  of  respondents  were
satisfied with their job roles and responsibilities, while  25%  were neutral
and 20%  were dissatisfied, particularly  citing  unclear  expectations  and
tasks outside their job description.
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 Work- Life  Balance: 62%  of  employees  felt  that  their job allowed a
good work-life balance, while 38% reported struggling to manage personal
time due to unclear or excessive job demands.

 Career  Growth:  40%  of employees  felt  satisfied  with  career  growth
opportunities, while 35% were neutral and 25% expressed dissatisfaction,
primarily due to unclear job roles and lack of advancement in their career
paths.

 Support  from  Management:  47%  of  employees were satisfied with
the  support  and  guidance  from  management,  while  30%  felt  it  was
insufficient   and   23%   were   dissatisfied,   particularly   due   to   poor
communication regarding  their roles.

STATISTICAL  ANALYSIS

The mean represents the average score of a variable. It can be calculated by adding
up all the values and dividing by the total number of observations.

The standard error measures the accuracy with which the sample mean estimates
the population mean

Correlation measures the relationship between two variables. For role ambiguity
and job satisfaction, you can calculate the Pearson correlation coefficient (r) to
determine the strength and direction of the linear relationship between the two.

Cronbach’s alpha is used to assess the internal consistency or reliability of a scale.
It indicates how closely related a set of items are as a group.

Table 1: Internal consistency or reliability of a scale

Variable Mean Standard Error (SE) Correlation with Cronbach’s
Job Satisfaction Alpha (a)

Role Ambiguity 3.2 0.15 -0.45 0.78

Job satisfaction 3.8 0.12 - 0.85

 Mean of Role Ambiguity: 3.2 indicates that, on average, employees report
moderate levels of role ambiguity.

 Standard  Error for Role Ambiguity: 0.15 shows a relatively low variation
around the mean, suggesting the sample mean is a reliable estimate of the
population mean.

 Correlation: -0.45 indicates a  moderate  negative  relationship  between
role  ambiguity  and  job  satisfaction.   implying   that   as  role  ambiguity
increases, job satisfaction tends to decrease.
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 Cronbach’s    Alpha   for   Role   Ambiguity:   0.78,   signifies    good
internal  consistency for the role ambiguity scale.

 Cronbach’s  Alpha  for   Job  Satisfaction:  0.85,  indicating  excellent
reliability  for the job satisfaction scale.

Qualitative Insights from Open-Ended Responses

 Sources of Satisfaction: Many employees found satisfaction in interacting
with  customers,  meeting  targets,  and  receiving occasional praise from
supervisors.  A  few  employees  mentioned  their  satisfaction  with team
collaboration and job stability.

 Role Ambiguity Challenges: Common  challenges  included  confusion
over reporting  relationships,  lack  of  clarity regarding job responsibilities,
and  insufficient  guidance  from   management.   Employees   expressed
frustration with tasks outside their initial job scope and the inconsistency of
instructions from different supervisors.

 Suggestions    for   Improvement:   Respondents   suggested   regular
communication  from supervisors to clarify roles, clearer job descriptions,
more structured feedback sessions and a more defined reporting structure
to reduce ambiguity and enhance satisfaction.

Summary

According to the poll, role ambiguity has a major impact on workers' job satisfaction
at public sector banks. High role ambiguity participants are not much satisfied with
their professions, especially when it came to motivation, professional development,
and work-life balance. Employee engagement and work satisfaction were higher
among those with well-defined reporting structures, clear job tasks and regular advice.

RECOMMENDATIONS

 Clearly defined roles: Public sector banks should make sure that job
descriptions and duties are precise and conveyed to all staff members.

 Better Communication: To minimise the possibility of contradicting directives,
management should set up frequent lines of communication to define work
tasks and objectives.

 Structured Feedback: Hold frequent feedback meetings to resolve any issues
with position ambiguity and to advise staff on performance standards.

 Career growth opportunities: Banks should provide more opportunities for
career upgradation and more focus on career development.
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In order to increase employee satisfaction and lower turnover, public sector banks
must provide more chances for professional advancement. By implementing clear
communication, structured feedback and defined roles, organizations can improve
employee well-being and job satisfaction This study highlights how crucial structured
supervision and clear communication are to improving job satisfaction and lessening
the negative consequences of role ambiguity in public sector banks.

CONCLUSION

The relation between job satisfaction and position ambiguity in government banks
emphasises how seriously confusing job roles affect worker morale and output.
Role ambiguity, which is defined by ill-defined expectations, responsibilities and job
requirements leads to employee stress and frustration as they get confused. Besides
making it even harder for them to be effective in their jobs, role ambiguity reduces
their general job satisfaction. Public sector banks usually have to confront complex
regulations, a large customer base and diversity in financial products; therefore,
operations must achieve a high degree of clarity and clearly defined tasks. Unclear
expectations makes employees stressed and demotivated towards disengagement.
Because it makes employees feel underappreciated and not supported, ambiguity
can negatively affect job satisfaction, especially when superiors do not give them
direction or feedback. Role uncertainty can also lead to poor teamwork and
communication.

In a bank context where teamwork is crucial to providing services, uncertain positions
can lead to inefficiencies, delays and errors all of which raise consumer dissatisfaction.
Feeling disconnected from corporate goals and unable to make a meaningful
contribution can lead to employee discontent and disengagement. Addressing role
ambiguity is necessary to increase job satisfaction in public sector banks. Clear
communication, regular feedback, comprehensive job descriptions and training
programs can all help prevent role confusion. Additionally, organisations ought to
foster an environment that encourages open communication and management
assistance. When workers are clear about their responsibilities and how they
contribute to the company's overall goals, they are more likely to be content with
their positions. In conclusion, the relationship between role ambiguity and job
satisfaction is undeniable. By removing uncertainty, public sector banks may cultivate
a more supportive, productive, and motivated workforce. Resolving position ambiguity
ultimately improves overall performance of the organization and happiness at work,
which helps public sector banks succeed in the long run.

Furthermore the future research should explore and influence on the different
leadership styles the organisation structures and policies of the workplace and the
role clarity and the well-being of the employee. By the continuous efforts of the
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public sector banks on the job role, communication mechanism and with a proper
and timely feedback the banks can cultivate more supportive, productive and resilient
workforce. Reducing role ambiguity not only improves employee’s satisfaction but
also organizational performance which strengthens customer trust and contributes
to the long term success.
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A CONCEPTUAL PAPER ON THE EFFECT OF
CONSUMER PRICE INDEX ON ECONOMIC
GROWTH USING AUTOREGRESSIVE DISTRIBUTED
LAG MODEL APPROACH

Abstract
The effect of the consumer price index on Nigeria's economic growth was examined in this
study. All variables in the model were allowed to be endogenous variables by using the
Autoregressive distributed lag Model (ARDL). The study used Secondary data from 1983
to 2023. The study uses the autoregressive distributed lag Model and an Error correction
mechanism on some selected relevant variables, which include Gross domestic product
(GDP), Inflation rate, Interest rate, Exchange rate, degree of economic openness, money
supply, and government consumption expenditures for the years 1983–2023 to investigate
the effect of CPI on the growth prospects of the Nigerian economy. According to the results
of other researchers who conducted comparable studies, the money supply and interest
rate have a major positive influence on economic growth, whereas the real exchange rate
and inflation have a large negative impact. The model's other variables show little impact
on Nigeria's economic growth. The causation result demonstrates the one-way links that
exist between the gross domestic product, government consumption expenditures, interest
rates, and exchange rates. However, there is no correlation between the degree of openness
and inflation and the GDP. As a result, the study concludes that to prevent inflation's
negative effects and ensure a practicable rate that would support economic growth, this
research proposes using autoregressive distributed Lag model approach, which should
be able to make more concerted effort in looking at the high inflation in the economy.

Keywords: Consumer Price Index, Gross Domestic Product, Economic Growth,
Autoregressive Distributed Lag (ARDL), Error Correction Mechanism.
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INTRODUCTION

Relative pricing stability for products and services inside the country is one of the
primary duties entrusted to monetary bodies. This emphasis is based on the idea that
monetary policy enhances the value of money, reduces inflation and the uncertainties
that go along with it, and so improves the nation's prospects for sustained growth
and development. Accordingly, one of the most important objectives of a nation's
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monetary authorities continues to be preserving relative stability (Anidiobu, Okolie,
& Oleka, 2018).

Every economic actor, including both human and material resources, in an economy
engaged in economic activities, works to create goods and services that will result in
a productive value that raises incomes for all levels of government, businesses,
households and even individuals. Therefore, the value of all goods and services
produced by all economic actors represented by the GDP is the income earned.
Therefore, GDP calculates the total value of products and services generated in a
nation over a given period of time. usually quarterly or yearly. Although GDP is
majorly criticized at all times for failing to account for human welfare and is presumed
to ignore externalities, nonetheless GDP is a useful economic instrument for identifying
periods of both economic expansion and contraction. The National Bureau of Statistics
and Monetary authorities representing the Central Bank of Nigeria (CBN) support
the fact that an economy is in recession whenever GDP declines in two consecutive
quarters. The Consumer Price Index (CPI) tracks the average change in prices that
consumers pay over time for goods and services. CPI is the most often used indicator
of inflation. Lower inflation is indicated by a dropping CPI, whereas higher inflation
is indicated by a rising CPI.

The consumer price index is a reliable and widely used indicator of inflation and one
of the most important metrics for assessing the effectiveness of a nation's monetary
policies. The Consumer Price Index (CPI) tracks shifts in the average price of
household purchases of consumer goods and services across time one commonly
used measure of how consumers are being affected by Inflation is the CPI’s annual
rate of change. Thus, to project future CPI, economic policymakers greatly value
any model that closely matches the behaviour of the CPI.

The CBN characterizes its policy decisions as discretionary due to various factors
considered in multiple meetings of the Monetary Policy Committee (Ayinde, Bankole,
and Adeniyi, 2020), it remains economically and econometrically accurate to utilize
GDP in assessing and projecting Nigeria's economic growth. Various Researchers
have delved into this topic and can understand and deduce that in forecasting key
economic growth and development, GDP is not just a want, but an important factor
to consider especially as Nigeria's economy is biting harder and still trying hard to
come out of recession to growth. To foresee a course of action for the future, it is
quite necessary to take into account important macroeconomic indicators like the
GDP is needed to successfully adapt policies. These adjustments should favor other
macroeconomic variables like inflation, job creation, exchange rates, etc. Forecasts
are mainly used to assist decision-makers and legislators who require data to establish
the best policies. Companies estimate future sales to change their production, and
Monetary Authorities need key knowledge about the path of inflation in the future to
modify its interest rate. Without any doubt, forecasting serves a very significant
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function in formulating public policy. However, it has not gained much attention but
in recent times some Researchers have gained specific interest in the area of
forecasting GDP.

STATEMENT OF THE PROBLEM

Presently Nigeria is faced with a terrible recession and high inflation. Monetary
authorities in Nigeria make certain decisions based on price and output development.
Making decisions about the monetary policy rate without estimating the output gap
is equivalent to making very costly errors and revisions that are uncertain, and will
crash the economy. Several benefits can be derived from making accurate forecasts
which are not limited to makingt Peo Mkhatshwa et al. (2015) examine the effects
of Swaziland's inflation rate on agricultural and economic growth from 1980 to 2013.
According to the results of the autoregressive distributed lag (ARDL) analysis,
Swaziland's growth is positively correlated with agricultural growth and negatively
correlated with inflation. The results of the causality test indicate a unidirectional
association between the rate of inflation and economic growth, but no causal
relationship between any other variables was discovered. Mamo (2012) examined
how inflation affected economic growth in thirteen Sub-Saharan African (SSA)
nations between 1969 and 2009. People are consequently forced to save, which
enables the government to levy development-related taxes (Doguwa, 2013; Enejoh
& Tsauni, 2017; Mankiw, 2010). Price increases incentivize workers to structurally
move from the more compact industrialised sector to the more traditional subsistence
sector. This frees up resources to be used more fully and optimally and supports
inflation's beneficial effects on economic growth. (Dewett & Navalur, 2010) timely,
effective, and efficient policies toward economic growth and development. It is
quite disturbing that the Nigerian economy has been fluctuating and plunging into
economic recession from 2015 till date the logical question is, is there any
macroeconomic forecast at all?  Some scholars in this field have attributed the
economic downturn to international oil prices, the decline in crude oil production,
COVID-19, and the rise in the exchange rate of the Dollar. The acclaimed attributing
factors indeed contributed to the said economic recession, however, if at all economic
tools were deployed so frequently to understand the dynamics of the Nigerian
economy and relevant forecasts were made, such doom would have been anticipated
and appropriate policies would have been put in place. In their research,

SIGNIFICANCE OF THE STUDY

Another possibility is structural inflation, which results from adjustments to monetary
policy. The term "built-in inflation" is typically used to describe this kind of inflation.
Inflation can fall into one of these categories: hyper, extremely high, chronic, high,
moderate, or low (Umaru & Zubairu, 2012).
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Forecasts of a wide range of economic variables are provided by the central banks
of many nations and other international entities; nevertheless, little theoretical research
is done on model selection, accuracy, or other issues about GDP forecasting (Pilström
and Pohl, 2009). It is crucial to continue pursuing economic diversification in a Nation
like Nigeria, where efforts to diversify the economy are still in their infancy stage
and Oil remains a major source of GDP. Studies that attempt to understand and
forecast Nigeria’s GDP level are particularly important.

Nyoni (2019) used ARIMA models to forecast the Australian CPI, following the
Box and Jenkins technique. The outcome showed that ARIMA (1, 1, 0) might be
used to anticipate the CPI in Australia. The study’s findings indicated that Australia’s
CPI is probably going to keep rising in the next ten years.

As a result, research in these areas appears to be contradictory. The inconsistent
results from the empirical studies hinder the researchers from coming to a trustworthy
judgement regarding the subject. Even worse, some research on this subject was
unable to establish conclusive evidence about the relationship between inflation and
economic growth. (Anochiwa & Maduka, 2015; Dwnbel et al, 2016; Gatawa,
Abdulgafar, & Olamide, 2017; Inyiama, 2013; Oladipo & Akinbobola, 2011; Shuaib,
Augustine, & Frank, 2015).

Idris and Suleiman (2019) in a similar study, look at how inflation affected Nigeria's
economic growth from 1980 to 2017. The country's GDP, interest rate, inflation rate,
and currency rate are among the variables that the study utilises a vector error
correction mechanism on. The results demonstrate the long-term relationship between
the variables and demonstrate that Nigeria's economic growth is significantly
hampered by the interest rate and inflation rate.

GDP was the study's dependent variable, with interest, inflation and currency rates
serving as independent variables. Secondary data for this research were obtained
from the Central Bank of Nigeria Statistical Bulletin and the National Bureau of
Statistics between 1983 and 2023. Additionally, an autoregressive distributed lag
(ARDL) model and an error correcting mechanism are utilised in this study in order
to adequately characterise the long- and short-term correlations between the variables
used. (Anidiobu et al., 2018; D. Chude & N. Chude, 2015; Phiri, 2010; Umaru &
Zubairu, 2012). ARDL, as a dynamic specification model, takes use of the lags of
both the dependent and independent variables. With this, the short- and long-run
implications may be precisely calculated.

AIM AND OBJECTIVES OF THE STUDY

In line with the statement of the problem, the research's aim is to analyze and
forecast the effect of CPI on Nigeria's economic growth, while through the following
objectives:
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 To analyze the short-run effect of CPI on Nigeria's economic growth (GDP)

 To forecast the long-run effect of CPI on Nigeria’s economic growth (GDP)

 To examine among the independent variables used, that is positively or negatively
related to GDP in the Nigerian economy.

LITERATURE REVIEW

A rise in the cost of goods and services is known as inflation. When a price increase
is consistent and exceeds a predetermined threshold, it is considered inflation. For
example, a rise in the money supply has the potential to eventually lead to increased
prices. The literature has identified several different forms of inflation, some of
which include: Supply push, also known as cost-push inflation, results from a decrease
in supply caused by an increase in the cost or price of the item produced. Demand-
pull inflation occurs when aggregate demand rises without a corresponding increase
in supply (Anochiwa & Maduka, 2015). Another possibility is structural inflation,
which results from adjustments to monetary policy. The term "built-in inflation" is
typically used to describe this kind of inflation. Inflation can fall into one of these
categories: hyper, extremely high, chronic, high, moderate, or low (Umaru & Zubairu,
2012).

According to Anchiwa and Maduka (2015), the monetary authorities' ability to keep
inflation in single digits would boost their power to speed up economic growth. For
Nigeria, it's the other way around. The Central Bank of Nigeria Statistical Bulletin
(2018) provides data on the trend of inflation, which shows that the country's
inflationary condition has gotten alarmingly worse between 1980 and 2018. Nigeria
has only seen single-digit inflation for fourteen of the previous thirty-eight years,
according to the inflationary trend. However, the fact that Nigeria's inflation rate is
still rising indicates that fiscal and monetary policies have failed. The government
can thus gather money for development since people are forced to save (Doguwa,
2013; Enejoh & Tsauni, 2017; Mankiw, 2010). Price increases incentivize workers
to move from the more expansive industrialised sector to the more traditional
subsistence sector, which opens up space for more optimal and full use of economic
resources and supports inflation's beneficial effects on economic growth (Dewett
& Navalur, 2010).

Despite the idea that specific levels of inflation promote economic growth, most
research shows that inflation has a negative impact on economic activity (Kasidi &
Mwakanemela, 2015; Manoel, 2010; Mkhatshwa, Tijani, & Masuku, 2015). They
argue that reducing inflation is vital to keep it from exceeding a single digit. Mkhatshwa
et al. (2015) analyse how Swaziland's inflation rate influenced economic and
agricultural growth from 1980 to 2013. The autoregressive distributed lag (ARDL)
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analysis found a favourable association between Swaziland's growth and agricultural
growth, but a negative correlation with inflation. The causation test indicated no
causative link between any of the other variables, but it did demonstrate a one-way
relationship between inflation rate and economic growth.

Ndoricimpa (2017) Using panel analysis, researchers investigated the influence of
the inflation threshold on economic development in a few selected African countries.
The results reveal that there is a nonlinear relationship between the two variables,
although it does not influence the sample as a whole, low inflation promotes economic
growth in middle-income nations. The outcome further demonstrates that inflation
above the cutoff has a detrimental impact on the economies of all the nations.

RESEARCH METHODOLOGY

This study examines the relationship between inflation and Nigeria's economic growth
from 1980 to 2023. The current period represents the year in which annual data was
found, while the base period represents the period when inflation became more
noticeable in the nation as a result of rising oil prices on the global market. Other
factors that are directly influenced by inflation rates can be included in this analysis.
The research begins with a unit root test of the variable and then employs
autoregressive distributed lag (ARDL) and an Error Correction Mechanism. For
this study, quarterly secondary data were acquired from the CBN and the National
Bureau of Statistics for a 40-year period, from 1983 to 2023.

 Technique for Data Analysis and Model Specification

This study used an Autoregressive Distributed lag Model and an Error Correction
Mechanism as a data analysis technique. If the time series' underlying attribute
is either 1(0) or 1(1) cointegrated, the ARDL Bounds testing approach is a
potent statistical tool for estimating level relationships. The ECM is a theoretically
based method that helps predict the long-run equilibrium in addition to the short-
run coefficients and ensures that no valid coefficients are lost in the long run.

The ARDL Model reduces the possibility of errors and random errors arising
from non-stationary series data. Regression analysis frequently uses the ARDL
Model which is primarily concerned with the analysis testing probability aspect
(Alkhuzaim 2004). This makes the ARDL model the best method to use in
analyzing data on INTR, INFR, EXGR, and GDP on the effect on the Nigerian
economy.  ARDL model allows the independent variables to explain the
dependent variable of its lag and the lag of other variables used.

 Model Specification

In an attempt to investigate whether inflation deters Nigeria's economic growth,
the study adapts the models found in Idris and Suleiman's (2019) and Inyiama's
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(2013) publications. The study adopts one macro-economic variable which is
GDP and three other variables which are, Interest rate values (INTR), Inflation
rate values, Exchange rate values. The model used for this investigation is
constructed as follows:

The basic form of an ARDL regression model is written as:

 Dependent variable:

GDP

Independent variables:

Interest rate Values (INTV)

Inflation rate Values (INFV)

Exchange rate Values (EXGV)

The econometric model is given as:

GDP=f (INTV, INFV, EXGV)…(3.1)

The relationship that exists between the interests of variables can be represented in
the model below:

Where:

GDP = Gross Domestic Product

LINTV = Log of Interest rate values

LINFV = Log of Inflation rate values

LEXGV = Log of Exchange rate values

ß1, ß2, ß3, ß4 and ß5 = Coefficients.

ß0 = Intercept.

µt  = Error Term.

The ARDL model of equation (3.2) is written as:
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 The ARDL model is divided into two representations, the first which is â  to â†
 stands for the model’s short-run dynamics where â   stands for the dependent

variable and â‚  to â† stands for independent variables, while the coefficients á  to
á†  represents the existence of long-run relationship amongst variable used. H€
(null hypothesis) of the model used is written as H€  á   = á‚  = áƒ  = á„  = á…  =
á†   = 0 showing no cointegration among variables used.  To begin the estimation
process, we must first perform a bound test for H€  for the non-existence of a long-
run relationship. The calculated F-statistics will be compared with the tabulated
critical value, and if the F-statistics are higher than the tabulated critical value, the
decision rule states that we should reject the H€  of no existence of a long-run
relationship, which indicates that cointegration does not exist, regardless of whether
the underlying integration order of the variables is at I(0) or I(1). If the F-statistics
lies below the lower critical value, however, it indicates that H€  can be rejected, and
if it lies in the middle of the two tabulated critical values, the outcome is considered
inconclusive. The error correction model is estimated to get the short-run coefficients
of the variables under study. The Error correction mechanism indicates the speed of
adjustment to equilibrium whenever disequilibrium occurs in the Nigerian cashless
economy.

The ARDL specification of the ECM model of equation (3.3) above can be written
as:

The Error correction equation is represented by the ECM, which measures and
calculates the speed of adjustment to demonstrate how quickly a system returns to
equilibrium.

RATIONALE FOR THE METHOD

The autoregressive distributed lag model approach which was developed by Pesaran
was used in this study to estimate equation (3.2), this approach was used due to the
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facts that the model can be used whether or not the series of the study are stationary
at I (0) or I(1) or even having both mixtures. This will help to give a robust result,
though the sample size used is quite large. The Error Correction Model was also put
into consideration. Both the long-run connection and the short-run coefficients of
the variables employed are covered by the autoregressive distributed lag and error
correction mechanism analysis. To prevent obtaining a spurious result, it is necessary
to test the unit root property of time series data. In this study, the stationarity status
of the variables will be determined using the Augmented Dickey Fuller stationarity
tests. Once the stationary status of the variables under study has been confirmed, a
cointegration test will be carried out using the ARDL bounds test approach. The
normality of the residuals will be tested using the Jacque–Bera test. To determine
whether there is serial correlation among the variables, the Breusch-Godfrey (LM)
serial correlation test will also be performed; if the analysis eventually shows that
there isn’t any, the model is sound. To determine whether our error term exhibits
heteroscedasticity, we shall do the Breusch–Pagan Godfrey heteroscedasticity test.
Finally, a multicollinearity test will be conducted to determine whether multicollinearity
exists in the model that is being utilized. A CUSUM stability test will also be performed
to see whether our model is stable or not.

Expected outcome

The expected outcome will be derived from the outcomes of some researchers who
had carried out similar research but with variation in the data used as this research
will use data from 1983 – 2023. Some expected outcomes from researchers who
have done similar research work are cited below.

Olugbenga A. Adaramola & Oluwabunmi Dada (2020), “The impact of Inflation on
economic growth: evidence from Nigeria, using autoregressive distributed lag Model”,
with data spanning from 1990-2018. To ensure that the variables are distributed
correctly, descriptive statistics are first applied. An analysis of Nigeria’s inflation
rate trends between 1980 and 2018. The Augmented Dickey-Fuller (ADF) unit root
test was used to analyse the time series data properties. The Autoregressive
Distributed Lag (ARDL) bound test approach to co-integration requires this. The
Granger causality test was then used to look at the association’s direction. Ultimately,
diagnostic tests were performed using the normality, serial correlation,
heteroscedasticity, and cumulative sum (CUSUM) to validate the results. According
to the study’s findings, real exchange rates and inflation significantly hinder economic
growth, but interest rates and the money supply significantly boost it. Nigeria’s
economic development is not significantly impacted by the other factors in the model.
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CONCLUSION

The causation conclusion demonstrates a one-way relationship between the gross
domestic product, government consumption expenditures, interest rates, and exchange
rates. Nonetheless, there is no direct connection between the gross domestic product
and either level of openness or inflation. Therefore, the study suggests that the
monetary authorities should make a more practical effort to aggressively manage
inflation to avert its negative effects by maintaining a reasonable rate that would
encourage economic growth in Nigeria.

Sunday Timothy, Sunday Agbonjinmi & Samuel Bewaji (2021). “The Impact of
Consumer Price Index on Nigeria Economic Growth: via VAR approach (2010-
2020)”, All variables in the model were allowed to be endogenous variables by using
the vector error correction model (VECM). The study’s duration was from 2010 to
2018, and the VECM probability value showed that there was a short-term correlation
between the CPI and GDP, the dependent variable. Nonetheless, at 5% significance
level, C(2) with p/value = (0.3391) indicates that the GDP is not causally affected by
the CPI over the long term. Additionally, the outcome of the second VECM probability
value equation demonstrates a short-term link between GDP and the dependent
variable, CPI. C(8), on the other hand, indicates that GDP does not have a long-term
causal effect on GDP at the 5% significant level, with a p/value of (0.7303). in
Nigeria. The study findings demonstrated the actual state of Nigeria’s economy:
rising consumer prices lead to higher aggregate output, which raises GDP without
having a commensurately favorable impact on people’s quality of life. Consequently,
the country’s high unemployment rate and high degree of poverty make the positive
correlation between GDP and CPI unjustifiable. i.e., the average Nigerian’s life is
not improved by the rise in GDP that follows a rise in the CPI. The findings were in
line with the Fisher Equation, which asserts that an increase in the money supply
without a corresponding rise in the cost of goods and services is a good thing.
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THE IMPACT OF DECENTRALIZED FINANCE (DEFI)
ON TRADITIONAL BANKING SYSTEMS:
OPPORTUNITIES AND CHALLENGES

Abstract
DeFi, as a most revolutionary movement in the finance sector, offers an open, permission
less, and translucent financial ecosystem working on blockchain technology. The present
study thus explores the impact that DeFi creates on the traditional banking systems while
laying down the opportunities and challenges it carries with it. The study will set to outline
a deep understanding of how DeFi affects traditional financial systems especially the
critical topics including transparency, cost-effectiveness, and accessibility. It also explores
the regulatory obstacles and the hazards associated with an expanded DeFi. It also
explores the regulatory obstacles and associated hazards that come with DeFi's expansion.
The research's conclusions are meant to educate financial institutions, legislators, and
software developers on the direction of finance and possible ways to incorporate DeFi
into established financial systems.
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INTRODUCTION

Overview Context

By using blockchain technology to create financial services and products that function
without the need for conventional middlemen like banks or financial institutions,
Decentralised Finance (DeFi) is a paradigm change in the financial sector. The
emergence of cryptocurrencies and the spread of decentralised applications (dApps)
that enable lending, asset management, and peer-to-peer transactions have propelled
DeFi's global expansion. DeFi uses decentralised protocols and smart contracts to
ensure efficiency, transparency and immutability, in contrast to traditional banking,
which depends on centralised governance and regulation. With billions of assets
locked in DeFi protocols, the adoption of DeFi has exploded, demonstrating the
growing interest in decentralised financial services among both consumers and
institutions.
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Problem Overview

DeFi has a number of difficulties that significantly limit its potential in comparison to
the conventional banking system, although its quick growth and benefits. DeFi still
lacks the well-established regulatory frameworks, consumer safeguards and risk
mitigation strategies that define traditional financial institutions. As a result, there is
uncertainty about integration, regulation and overall financial stability since there is a
gap between the centralised and decentralised financial ecosystems. One major
problem is the absence of a uniform framework to control DeFi and guarantee its
interoperability with the current financial system. By studying the potential and
difficulties that come with traditional banking and how DeFi's distinctive qualities
affect it, this article aims to close this gap.

OBJECTIVES OF THE STUDY

Investigating and comprehending the effects of Decentralised Finance (DeFi) on
conventional banking systems is the main goal of this research.

The study specifically seeks to:

 Examine the key distinctions between traditional banking systems and DeFi.

 Determine the ways that DeFi can enhance financial transparency, efficiency,
and inclusion.

 Examine DeFi's dangers and difficulties, taking into account technological,
security, and regulatory issues.

 Describe how DeFi can be incorporated into current financial systems, with a
focus on striking a balance between innovation and regulation.

Questions for Research

The study will investigate the following important questions:

1. In what ways does DeFi vary from conventional banking?

This inquiry aims to investigate the fundamental distinctions between
decentralised and traditional financial systems in terms of technology, operations,
and governance.

2. For financial systems, what chances does DeFi offer?

This inquiry centres on DeFi's possible advantages, including improved
accessibility, lower transaction costs, and better openness.

3. How does incorporating DeFi into current financial structures provide dangers
and difficulties?
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The purpose of this inquiry is to determine and evaluate the different risks that
must be addressed for a successful integration, such as legislative obstacles,
security flaws and worries about financial stability.

SIGNIFICANCE AND SCOPE

For a number of stakeholders, this research is crucial. It gives possible governance
structures and a basis for comprehending the regulatory issues raised by DeFi for
policymakers. The study highlights both areas of worry and the opportunity DeFi
offers for innovation and operational efficiency for financial institutions. Lastly, the
report describes the technical obstacles and possible routes for developing safe and
scalable DeFi systems for engineers and blockchain developers. The study intends
to help the financial industry make well-informed decisions and develop strategic
plans by thoroughly examining DeFi's effects, opening the door to a more resilient
and interconnected financial ecosystem.

LITERATURE REVIEW

Evolution of Financial Systems

Over the years, the system of finance had undergone dramatic changes, having
progressed from simple barter systems to an increasingly complex set of international
networks of financial institutions that were linked. It is the traditional banking system
which laid the foundations for modern finance and appeared first in the Middle
Ages. This was normally composed of centralised organisations such as banks
providing a one-stop shop for all transactions and services such as lending and
deposit taking. Digital currencies, mobile payment systems and online banking were
introduced in the last few decades, thus changing the face of the financial sector
dramatically. This advancement has improved access, efficiency and convenience
but, paradoxically, strengthened central control and there is a need to find alternative
arrangements that could weaken the dependence on intermediaries and democratize
financial access (Mishkin & Eakins, 2018; Allen et al., 2020).

Comprehension of DeFi

Decentralised finance, or DeFi for short, is a compendium of financial services and
apps which are running on blockchain technology and do not make use of traditional
financial intermediaries. The blockchain, for one, is a distributed ledger in which
transactions are recorded in a secure, irreversibly and very transparent manner.
Moreover, it is the central technology behind DeFi. Using its mechanism, smart
contracts will automate financial procedures that include lending, borrowing and
trading. Another is tokenization-the process of representing digital assets on the
blockchain in ways that enhance their tradability and liquidity. The emerging
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technologies combined have enabled decentralised exchange, lending platforms and
other financial services accessible to all internet users, which are thereby enhancing
financial freedom and access (Buterin, 2014; Schär, 2021).

Main DeFi Players

The DeFi domain comprises quite a number of important platforms that really have
transformed the conventional offerings of financial services. Uniswap is a
decentralized exchange that can assist in token swaps based on the usage of
Automated Market-Making techniques, not needing an order book. Aave is the
DeFi protocol that offers some exciting features like variable interest rates and flash
loans to facilitate lending and borrowing within a decentralized setup. Another more
recent DeFi lending app for borrowing coins or interest earnings on owned
cryptocurrency is Compound. All of these have extended DeFi to more and more
users because they come up with some new form of finance and challenge some old
patterns. (Adams et al., 2020; Kulechov&Stani, 2021).

Previous Studies

What has already been carried out in research is the revolutionary powers of DeFi
and its disadvantages. An extensively studied influence by DeFi is that mentioned by
Schär (2021), which is its potential to democratize finance and the disadvantages it
bears, such as scalability and security issues. Chen and Bellavitis looked into a study
on how DeFi can disrupt the traditional financial system. It can indeed be more
affordable and efficient, but it still has problems with stability and regulation. According
to the study, DeFi will only reach optimal realization when good risk management
policies and regulatory control are used (Chen &Bellavitis, 2020; Schär, 2021).

Theoretical framework

The analysis is based on chosen economic and technology theories relevant to DeFi
and traditional finance. Transaction Cost Theory explains how DeFi saves on the
financial cost of transactions since it eliminates intermediaries and automates the
processes using smart contracts. Network Theory will provide an insight into why
decentralized networks are important to the achievement of trust and security and
can have a better resilience level than the centralized models. Applying Innovation
Diffusion Theory to understand factors of adoption of DeFi technologies, such as
relative advantage, complexity and perceived risk use these patterns along with
various theories (Coase, 1937; Rogers, 2003; Gans & Stern, 2018).
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RESEARCH METHODOLOGY

Design of Research

In order to give a thorough grasp of how Decentralised Finance (DeFi) affects
conventional banking systems, the study uses a mixed-method approach that combines
qualitative and quantitative research techniques. Analysing numerical data from
financial markets, such as transaction costs, time to processing and the market
capitalisation of DeFi platforms in comparison to traditional banks, is the main focus
of the quantitative component. In order to gather perspectives, issues, and ideas that
are difficult to quantify using quantitative techniques, the qualitative component
involves interviews with DeFi developers, financial regulators and industry experts.
This method guarantees a comprehensive study that takes into consideration both
quantifiable results and subjective experiences, offering a sophisticated comprehension
of the opportunities and difficulties related to DeFi.

A COMPARATIVE STUDY OF TRADITIONAL AND DEFI
BANKING

Essential Distinctions

There are major operational, governance and technological differences between
DeFi and traditional banking. Centralised authorities, including banks and financial
regulators, oversee traditional banking, which offers savings accounts, credit and
transaction facilitation. DeFi, on the other hand, uses decentralised blockchain
networks, where smart contracts eliminate middlemen and automate transactions.
While traditional finance is managed by governmental monitoring and hierarchical
institutions, DeFi is governed by decentralised protocols, frequently through community
voting procedures. While DeFi platforms are transparent and unchangeable, they
run the risk of security flaws like smart contract issues, whereas traditional banks
rely on safe but frequently opaque IT systems (Harvey et al., 2021 & Zetzsche et
al., 2018).

Price and Efficiency

In a few aspects, DeFi works much better than the old banking system, both in
terms of price and efficiency. Transactions are faster and cheaper here because
they bypass most intermediaries. For instance, whereas banking sometimes takes
days for money transfers and costs lots of money, the same transaction through
DeFi can be completed in minutes for less. Defiantly, in the case of systems like
Ethereum, unreasonable fees are found to prevail when there are high activities.
Then, old-fashioned banks save speed for consistent transaction fees.
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Inclusivity and Access

Because DeFi systems allow anybody with internet access to participate in financial
services without requiring a bank account, they offer previously unheard-of
accessibility and inclusivity. This has a special effect in developing nations with
weak traditional financial systems. But there are drawbacks to this accessibility, like
issues with financial literacy and a lack of consumer protection. Traditional banks
provide safe and regulated spaces, but because of their strict standards, they frequently
do not accept unbanked or underbanked people (Klapper et al., 2016 & Schär,
2021).

Security and Openness

DeFi platforms provide transparency through the recording of all transactions on
public blockchains, hence facilitating easier audits and increased accountability. The
use of smart contracts, however, raises security issues such coding mistakes and
hacker vulnerabilities. Conventional banks place a higher priority on security and
use strong risk management systems, but they are less transparent because financial
activities and hazards are sometimes not made public. For every system, this trade-
off between security and openness offers different opportunities and problems
(Werbach, 2018 & Antonopoulos, 2017).

Use Cases

Decentralised finance's disruptive potential is demonstrated by a number of successful
DeFi installations. For example, DAI, a decentralised stablecoin offered by
MakerDAO, is now necessary for lending and trading in DeFi. Decentralised lending,
where users can borrow assets or earn interest in a completely automated, trustless
setting, is made possible by Compound. These platforms demonstrate DeFi's ability
to provide financial services in a more effective and user-friendly way. Nevertheless,
these use cases also draw attention to issues like price volatility, the dangers associated
with smart contracts, and the requirement for regulatory oversight (MakerDAO
White Paper, 2019; Leshner & Hayes, 2019).

OPPORTUNITIES PRESENTED BY DEFI

Inclusion of Finances

By granting access to financial services to groups that have traditionally been shut
out of the official banking system, Decentralised Finance (DeFi) has the potential to
greatly improve financial inclusion. The World Bank estimates that 1.4 billion adults
worldwide lack access to financial infrastructure, especially in developing nations
(Demirgüç-Kunt et al., 2022). With the help of DeFi platforms, anyone with an
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internet connection can participate in financial activities including lending, investing,
and saving, removing obstacles like excessive banking costs, lack of verification,
and regional limitations. Through the use of blockchain technology, DeFi democratises
access, enabling people in far-flung places to take part in the global financial system.
But in order to fully realise this potential, issues like low digital literacy and the
requirement for internet connectivity must be resolved (Auer et al., 2022).

Financial Sector Innovation

New products and methods that were previously unthinkable in traditional finance
have been introduced by DeFi, resulting in revolutionary innovation in financial
services. In exchange for interest and governance tokens, yield farming, for instance,
enables investors to generate substantial returns by supplying liquidity to decentralised
exchanges (DEXs) (Kumar & Muhkerjee, 2021). Another invention that makes it
possible to take out and pay back loans quickly and without security is the flash loan.
Concerns over financial stability and security have been expressed, however these
loans have also created opportunities for arbitrage and sophisticated financial tactics.
Furthermore, DeFi has fostered the growth of automated market makers (AMMs),
which substitute liquidity pools for conventional order books to enable more effective
and decentralised trading (Harvey et al., 2021).

Cost Reduction and Efficiency

Increased efficiency and lower costs are two of DeFi's main advantages. The
infrastructure, administrative procedures and regulatory compliance of traditional
financial institutions come at a high cost. DeFi platforms reduce the need for human
intervention in financial operations by automating processes like trade settlement
and loan issuing through the use of smart contracts. Both consumers and companies
profit from reduced transaction costs and quicker processing times brought about by
this automation. In contrast to traditional remittance services, which may take days
and impose significant fees, remittances done using DeFi platforms, for instance,
can be completed nearly instantly with negligible fees (Schär, 2021). For small and
medium-sized businesses (SMEs), which encounter significant obstacles when trying
to get money in conventional financial channels, DeFi's cost savings are especially
advantageous.

Greater Openness and Disclosure

DeFi's blockchain-based foundation guarantees unmatched transparency because
every transaction is documented on an immutable public ledger that can be verified.
Unlike traditional financial systems, which are frequently opaque, this transparency
makes auditing simpler and improves compliance by offering an open record of
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financial operations (Werbach, 2018). Regulators and financial organisations can
use this openness to better assess risk and stop fraud. Additionally, transparency
fosters user trust since it allows users to independently confirm transactions and
monitor the real-time flow of assets. For sensitive financial data in particular, it
might be difficult to strike a balance between privacy and transparency (Antonopoulos
& Wood, 2018).

OPPORTUNITIES PRESENTED BY DEFI

There are many prospects in Decentralised Finance (DeFi) that have the potential
to revolutionise the global financial system. The most persuasive advantage is financial
inclusion. Because DeFi systems cut out middlemen, people in underdeveloped areas
can now access financial services with just an internet connection. Because of this
accessibility, millions of people around the world who lack access to traditional banking
because of bureaucratic, socioeconomic, or geographic limitations are empowered.
DeFi systems are open and permissionless, so anybody may engage in lending,
borrowing, and investing without having to go through drawn-out approval procedures
or meet strict standards. Consequently, the financial landscape is made more inclusive
and democratic by DeFi (Allen et al., 2021).

The other possibility is increased efficiency and lower transaction costs. With the
technology of smart contracts, DeFi systems automate financial operations and
significantly reduce the time and cost of operations such as trading, lending and
cross-border payments. Avoidance of human error means reduced reliance on
conventional financial institutions that usually charge steep fees for their services.
The programmability of smart contracts further also makes possible the development
of novel financial products, including yield farming and decentralised insurance, thereby
increasing the number of investment possibilities open to customers. These
developments not only simplify financial processes but also create new opportunities
for economic expansion and innovation, as Gudgeon et al. (2020) argue.

DeFi provides opportunity for additional financial autonomy and also increased
transparency. Because smart contract code and transactions exist on public
blockchains, users have a level of transparency that would otherwise be impossible
in traditional finance, and the encouragement of accountability can help lessen financial
fraud and corruption. DeFi solutions further offers customers the right to having
control over their assets; the money will not need to be entrusted to centralised
organizations. Especially for those areas with unstable economies or highly restrictive
financial laws, this kind of financial sovereignty is very tempting for people who hate
the fact that banks and governments control their money (Schär, 2021).
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Is Competition or Integration the Way of the Future for Financial Systems?

Traditional banking systems are faced with both opportunities and challenges as a
result of the quick development of Decentralised Finance (DeFi). DeFi's ability to
integrate with traditional financial institutions depends on both parties realising their
advantages. In successful coexistence scenarios, banks might use DeFi technology
to improve client experiences, cut costs, and streamline processes. To cut down on
paperwork and processing time, financial institutions might employ smart contracts
to automate loan agreements or integrate blockchain technology for quicker and
safer cross-border transactions. Bank-DeFi platform partnerships may also develop,
in which banks supply custodial services for digital assets, striking a compromise
between the stability and confidence provided by traditional banks and the
effectiveness of decentralised finance (Schueffel, 2021 & Zhao et al., 2022).

But there are certain difficulties with this integration. Disparities in consumer
protection, risk management, and regulatory frameworks continue to be major barriers.
In order to safeguard customers and preserve market stability, financial regulators
might need to create new regulations that allow for DeFi's automation and
transparency. According to the "compliance by design" paradigm that has been
suggested, DeFi protocols could include regulatory requirements straight into smart
contracts, guaranteeing that transactions adhere to legal requirements without the
need for manual intervention. By overcoming these obstacles, DeFi may develop
into a vital part of the financial system that promotes innovation and gains from the
stability of conventional finance (Arner et al., 2020).

A strong undercurrent of competitiveness endures despite the integration hopes.
Because DeFi is decentralised, it directly challenges the core tenets of traditional
banking, which depend on middlemen and centralised authority. DeFi's proponents
contend that it democratises financial services by enabling consumers to save, invest,
and transact without the assistance of banks. As more people and companies try out
DeFi apps, traditional banks might be under pressure to reduce costs, boost
productivity, and adopt more openness. However, there are concerns associated
with DeFi's expansion. Concerns over smart contract security, price volatility, and
market manipulation vulnerability may restrict its appeal in comparison to traditional
institutions' perceived stability (Gudgeon et al., 2020; Lyons & Viswanath-Natraj,
2021).

One example of how centralised entities' roles are evolving within the DeFi ecosystem
is the new idea of Centralized-Decentralized Finance (CeDeFi). With CeDeFi, the
dependability and legal compliance of centralised finance will be combined with the
benefits of decentralisation, such automation and transparency. Large financial
institutions and cryptocurrency exchanges, including Binance, are actively
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investigating CeDeFi to provide solutions like compliance-friendly DeFi services
and regulated decentralised exchanges. With the advantages of decentralised
technologies, this hybrid approach might draw in traditional investors who are leery
of DeFi's lack of regulation. But by restoring centralised points of failure and influence,
detractors contend that CeDeFi may compromise the fundamental ideas of DeFi,
casting doubt on the direction and culture of decentralised finance going forward
(Howell et al., 2022 & Klus et al., 2021).

Global financial systems are reaching a turning point in their history as traditional
banking is being challenged and transformed by Decentralised Finance (DeFi). In
order to improve efficiency, transparency, and customer experience, some experts
argue that DeFi and traditional banking are headed towards integration, with DeFi
technology being progressively incorporated into current financial systems. Banks
are already investigating the use of blockchain technology for safe and quick
international payments, and they are testing smart contracts to simplify loan
processing. DeFi's foundational technologies, like distributed ledger technology (DLT),
might be easily incorporated into banking systems to produce a more effective and
client-focused financial ecosystem (Frost, 2021).

However, considering the basic distinctions in philosophy and governance between
the two systems, there is a compelling argument for competition. While banks have
a strong foundation in centralised governance, DeFi operates on a decentralisation
approach that eliminates traditional middlemen. DeFi may pose a threat to banks'
hegemony if it keeps developing at its current rate, particularly in fields like
decentralised insurance, automated market making, and peer-to-peer lending. DeFi's
capacity to serve a worldwide clientele and provide financial services to underbanked
and unbanked groups without having credit histories or physical infrastructure
exacerbates the rivalry even more (Campbell-Verduyn, 2020). It is crucial to
acknowledge that both systems have weaknesses, such as DeFi's security issues
and legacy banking frameworks' rigidity, which raises the possibility of both rivalry
and restricted integration.

CONCLUSION

A hybrid model is probably the way of the future, in which financial institutions use
blockchain technology while still adhering to the required regulatory monitoring.
With this strategy, banks would be able to maintain compliance standards and client
trust while taking use of the technological innovations that DeFi pioneered. For DeFi
platforms to become more widely accepted and legitimate, they might also start
working with traditional finance more, especially by partnering with central banks
on initiatives like central bank digital currencies (CBDCs). The final course of
financial systems will be determined by changing rules, advances in technology and
rates of consumer adoption as these trends progress.
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FINTECH-DRIVEN FINANCIAL INCLUSION: A
CRITICAL ANALYSIS OF BENEFITS AND
CHALLENGES

Abstract
This paper analyzes the relationship between financial technology (fintech) and financial
inclusion in the context of exploring opportunities and challenges. Today, fintech is becoming
an unstoppable revolutionary force with the potential to improve financial access to
disadvantaged and less privileged populations worldwide.
The paper assesses the current state of fintech innovations, such as digital wallets, peer-
to-peer lending, and mobile banking, and their potential to close the gap in financial
inclusion. Some of the main challenges that prevent the adoption of fintech solutions at
wide-scale levels include regulatory concerns, cybersecurity threats, and the digital divide
affecting low-income and rural communities.
This research, therefore, examines possible strategies for overcoming these challenges,
thus emphasizing the need for collaboration between fintech firms, regulatory authorities,
and key stakeholders in creating an inclusive financial environment.

Keywords: Fintech Ecosystem, Digital Divide, Digital Financial Services, Financial
Inclusion.
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INTRODUCTION

Financial inclusion is the effort to make affordable and easily accessible financial
services available to individuals and businesses, a crucial element of sustainable
growth and poverty alleviation.

According to the World Bank's Global Findex Database, 1.4 billion people worldwide
are cut off from banking facilities in most of these persons belong to developing
nations. Here, the infrastructures of conventional banking cannot compete with the
mark required to be set. For the empowerment of individuals and economic stability
and to accumulate savings and investments, the ability of financial services plays a
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crucial role. The development of financial technology plays a vital role in reshaping
the financial services landscape and introducing innovative solutions which address
the challenges faced by the unbanked and under-bankedpopulation. The financial
service will be made more accessible, affordable and efficient way through fintech
enterprises using digital tools such as mobile banking services, peer-to-peer lending
platforms &blockchain technology. In this recent era, the growth of mobile devices
and internet connectivity has been very significant accelerates the change and gives
millions of people access to financial services even without depending on traditional
banking infrastructure.

OBJECTIVES OF THE STUDY

The Present study based on secondary data aims to:

 Examine the impact of financial technology in facilitating financial services
access to underserved populations.

 Discuss the obstacles that fintechfirms encounter when striving to enhance
financial accessibility.

 Investigate the potential and possibilities that fintech presents for reaching
individuals unaware of conventional banking services.

LITERATURE REVIEW

Kandpal, (2024): The study focuses on bankers' perceptions regarding financial
inclusion and cites challenges like poor network connectivity, staff problems, and
lack of trust in the banking agents. It states that the most important elements are
availability, accessibility, usage, and affordability while focusing on digital literacy in
order to fight cyber fraud, in line with the United Nations' Sustainable Development
Goals (SDGs).

Ediagbonya, V., & Tioluwani, C. (2023): The paper focuses on the growing adoption
of Fintech in developing countries like Nigeria to ensure greater financial access
and eradicate poverty. Governments, financial institutions, and Fintech companies
have been trying to change the scenario, but barriers such as illiteracy, lack of
infrastructure, and connectivity persist. According to a study, the gap demands more
effective policies, digital networks, and regulatory frameworks.

Mhlanga, D. (2022): This literature offers a sweeping analysis of digital financial
inclusion about the fourth industrial revolution. It points out that fintech inventions,
including blockchain and AI, can transform financial products for low-income
populations residing in developing economies. Then again, it also mentions setbacks
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such as poor infrastructure, insufficient digital literacy, and losing jobs, underlining
the requirement for proactive policies to address the issues so that benefit sharing
can be made efficient.

Beck, T. (2020): This paper examines in detail how fintech affects financial inclusion,
including how innovations such as mobile and digital lending improve access for the
poor and the underprivileged. However, it also addresses issues like privacy and
security concerns and underlines the need for regulation to avoid exacerbating current
disparities.

Barik & Sharma, (2019): Research findings suggest that the PradhanMantri Jan
DhanYojana (PMJDY) scheme introduced in 2014 has significantly improved access
to banking services. At the same time, it also brings to light the issues being
experienced by specific groups, like women, rural people, the elderly, and those who
are less educated. To eliminate these disparities, researchers advise enhancing digital
infrastructure and launching holistic financial education programs.

Makina, D. (2019): This study presents a comprehensive analysis of fintech's role in
advancing financial inclusion in Africa, charting its progress from initial mobile
payment solutions to the latest developments in digital lending and insurance. It
highlights fintech's ability to overcome traditional obstacles such as geographical
distance and collateral requirements, while also examining the prospects of emerging
technologies e.g., blockchain and artificial intelligence.

RESEARCH METHODOLOGY

This study is based on secondary data collected from various publications, government
reports, academic articles, industry reports and other policy documents related to
financial inclusion and Fintech (financial technology) in India. The literature is obtained
from databases like Google Scholar, Researchgate, JSTOR etc.

Data is extracted from several sources like official websites of the government
related to the schemes and programs and also reports and publications of various
govt. Agencies like NPCI and RBI. Further data has been taken from the World
Bank's publications related to Fintech and Financial inclusion.

DATA  ANALYSIS

After conducting a review of the literature, it is revealed that Fintech has an impact
on financial inclusion although there are various challenges and issues related to it.
This study focuses on the various benefits and challenges. Analysis of data regarding
the present study is:
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ROLE OF FINTECH IN FINANCIAL INCLUSION

As an evolving tool for increasing financial access, especially in developing regions
where traditional banking systems are weak, Fintech has become an important tool.
Digital innovations using Fintech allow many users who cannot access the back-end
infrastructures or who have been underserved to access various financial products
such as payment systems, savings accounts, credit facilities, and insurance offerings
more affordably and conveniently. This advancement has greatly boosted economic
empowerment, reduction of poverty, and financial stability among many individuals.

 Expanding Access to Financial Services: People who cannot use
mainstream banking services can rely on their mobile phones to transact using
mobile banking and payment platforms. For instance, mobile money services
like M-Pesa in Kenya have revolutionized the access to finance by millions of
people. As of 2020, M-Pesa users stood at over 40 million across seven
countries, executing daily transactions amounting to more than $1.5 billion.
Mobile payment applications have significantly contributed to increasing access
to accounts (World Bank report on Findex).

 Digital Borrowing and Access to Credit: Companies dealing in financial
technology likeTala and Branch allow, by using data analysis checks the
creditworthiness. This is facilitating lending for those who don't have formal
credit. Online platforms in countries like Kenya and Nigeria have spent a huge
amount on small loans to people unable to obtain credit. A report from McKinsey
& Company (2021) report showed that digital credit platforms,  Fintech have
made access to loans for some 40% of the population easier than direct loans
from traditional banks.

 Low-cost Financial Solutions: Fintech also made financial services
economical. Mobile apps offering Digital wallet and money transfer services
helped reduce the cost of transections. For instance, in 2020, the average
percentage cost international transections was 6.38%. But Fintech services
such as TransferWise-now Wise-and Remitly allow people to transfer money
across borders for just 1% to 2% in fees. This lower cost keeps money in the
pockets of those in less developed countries and lowers the costs for everyone.

 Empowering Small Businesses: Fintech has emerged as an important enabler
of financial inclusion for small & medium-sized enterprises. Since most SMEs
are usually unable to obtain adequate access to traditional finance, services
offered under Fintech, such as online payments, invoicing and online
marketplaces come as a welcome lifeline. Square, Stripe and PayPal allowed
small businesses to accept digital payments without the need for expensive
point-of-sale infrastructure. The World Bank report (2020) indicates that Fintech
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services helped more than 40% of SMEs in emerging markets survive the
COVID-19 pandemic by allowing them to pivot to online sales and payments.

 Data-Driven Financial Products: Fintech innovations using big data and AI
meet the financial needs of underserved populations, such as offering micro-
insurance products at below-premium prices through insurance technology.
For example, insuretech platforms use data analytics to offer micro-insurance
products at affordable premiums that cover low-income earners against other
kinds of financial risks. In Africa, companies like BIMA and MicroEnsure
offer health and life insurance to millions of people who previously didn't have
access to insurance.

Table 1: Summary of Data Trends on Fintech and Financial Inclusion

Fintech Key Data Impact on
Application Financial Inclusion

Mobile Money Services $2 trillion processed in Expands access to financial
2020 (GSMA) transactions in underserved regions

Credit Accessibility 40% increase in credit Enables loans for individuals/
through Fintech access for underserved businesses without formal credit

(McKinsey, 2021)

Remittance Cost Fees reduced to 1%-2% Reduces cost of sending money,
Reduction via Fintech (World Bank, increasing financial support

2020)

SME Financial 40% of SMEs shifted to Provides essential financial tools
Empowerment digital payments during for business survival

COVID-19 (World Bank,
2020)

CHALLENGES OF FINTECH IN ENABLING FINANCIAL
INCLUSION

 Digital and Financial Literacy: Digital and financial literacy is a very
important aspect of achieving financial inclusion failing to which can seriously
reduce the potential of technology to improve financial inclusion. The financial
literacy rate is as low as lower to 30 per cent in Sub-Saharan areas. Similarly,
in India, only 40% of mobile phone users know that they have access to financial
services (OECD, 2021). It is challenging to transform this much population
about the financial technology.
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Figure 1: Financial Literacy Across Different Countries

 Data Privacy and Security Concerns: Privacy and security issues are
significantly important to address because these issues are increasing with the
growth of digital services, especially in developing unregulated markets. These
concerns act as hurdles in adopting the financial technology the 2020 PwC
survey found that 45% of consumers in developing unregulated markets do not
use fintech due to privacy concerns, while 60% of fintech users in region of
Latin America are concerned about the data privacy security of their private
information. Addressing these issues becomes very important.

Figure 2: Mobile / electronic banking account for one-fifth of the complaints
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 Financial Losses and Damage to Reputation: Day to day increase in online
fraud becomes a major issue for consumers and fintech companies because it
would damage reputation by which people hesitate to use the financial technology
which reduces the reliability of the platform. For example, according to the
IBM Security Report (2021), the average cost of a data breach in finance was
$5.72 million, which led to increased rates of customer churn. Global digital
payment fraud losses are estimated to be $32 billion in 2020 and are expected
to grow as fintech adoption continues. All these cybersecurity issues have to
be addressed so that trust is maintained, and sustainable growth can take place
in fintech services.

 Regulatory Challenges and Lack of Security Protocols: The Fintech
industry is changing rapidly due to technological advancements and often
outpaces existing regulatory frameworks, resulting in inconsistent cybersecurity
regulations. This creates serious problems for fintech companies to operate
worldwide. Likewise, 60% of fintechenterprises find these compliances and
regulatory measures as a major obstacle, Deloitte FinTech Report (2021).
Emerging markets also lackcybersecurity and data privacy measures, which
exposes fintech users to a higher risk of fraud. Addressing these rules and
difficulties and standardizing the security protocols is very important for keeping
the fintech industry safe and growing in future.

 Limited Internet and Mobile Access: Even in this 5G era a lot of people do
not have mobile and internet access. If people do not have a good internet or
mobile connection, Which makes them unable to use online shopping, mobile
money, and other financial tools. Till 2021, 63% of the world has internet, but
this number is as low as 29% in underdeveloped countries which becomes a
serious hurdle in enabling financial inclusion.

Even only 53% of people in low- and middle-income countries use mobile
internet services, as per GSMA's data from 2023.

Figure 3: Internet users in India
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 Lack of Infrastructure and Cash Dependency: People here in many
developing countries cannot access Fintech services because there is a lack of
ATMs & other banking places. Also, many of these developing countries use
cash significantly, which makes it much more challenging to shift towards
Fintech. According to the IMF (2023) report even though India is promoting
digital payments, 70% of their purchases still use cash. Likewise, in Africa
below the Sahara desert, 42% of people do not have a bank account because
there are not many banks in the rural areas (World Bank, 2022).

 Trust& Cultural Barriers: Trust factor becomes crucial for people to switch
to fintech services, especially in those locations where cash is the main way to
transection. Due to a Lack of trust and cultural problems people are not ready
to use digital money services because they fear losing their money as well as
their privacy, also they do not know how to operate on digital platforms, and
traditional banking systems gives them more confidence. The report of Accenture
(2021) states, 39% depends on physical bank branches as they don't trust
online services.

BENEFITS OF FINTECH-DRIVEN FINANCIAL INCLUSION

The role of Financial Technology (Fintech) is increasing rapidly due to technological
advancement and period. Fintech is a proven revolutionary step in financial inclusion,
particularly in developing and emerging markets. By utilizing digital platforms and
technological innovations, Fintech has the potential to remove conventional barriers
that majorly prevented millions from accessing the financial services. So it becomes
important to keep an eye on the following prospects and possibilities that Fintech
provides for reaching the unbanked:

 Expanding Access to Financial Services: Fintech uses innovative technology
to provide financial services to underserved people, especially in remote areas
without physical banks. For example, services like M-Pesa show how important
mobile money is, with transactions in Sub-Saharan Africa reaching over $701
billion in 2023. Since there are more than 5.3 billion mobile users around the
world, Fintech has a huge opportunity to make financial services more
accessible.
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Figure 4: Volume of Transactions

 Embedded Finance: Embedded Finance integrates financial services into
the platforms people use every day, such as e-commerce, social media and
sharing applications.  Bain & Company expects financial interconnectivity to
generate $7 trillion in global revenue by 2030. Partnerships with businesses
like Shopify and Uber enable fintech companies to seamlessly integrate banking,
insurance, lending and payment solutions into non-financial applications, greatly
improving usability and user experience.

Figure 5: Global Embedded Finance Market

 Artificial Intelligence and Machine Learning : Artificial Intelligence and
Machine Learning will transform financial technology, providing personalized
financial solutions and superior risk management.  Artificial intelligence tools
such as chatbots, robo-advisors and credit algorithms provide personalized
recommendations, while advanced fraud detection enhances security.
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According to PwC, AI could add $15.7 trillion to the global economy by 2030,
significantly impacting the financial sector.

 Rise of Central Bank Digital Currencies (CBDCs): Governments and
central banks are working on CBDCs to update payment systems, lower costs,
and help more people use financial services. More than 80% of central banks
are studying CBDCs, and countries like China, Sweden and the Bahamas are
testing them.  CBDCs provide safe, government-supported digital money, which
helps people without bank accounts and those in faraway places.

 Financial Inclusion and the Unbanked: Fintech holds tremendous potential
to serve the unbanked by leveraging mobile technology, blockchain, and digital
finance to bridge the financial inclusion gap. As of 2023, 1.4 billion people
globally remain unbanked mobile money and digital wallets are gaining traction
in emerging markets, with Africa’s mobile money accounts surpassing 650
million, thereby enhancing access to financial services.

Figure 6: Growth of Financial Inclusion of India

 Regulation and Cybersecurity: As Fintech keeps on growing, regulations
need to be robust and cybersecurity measures well-developed. Governments
are going to play an important role in the shaping of the industry when looking
to promote innovation while ensuring protection. By 2030, major economies
are supposed to have comprehensive Fintech regulations in place, which
consider data privacy and address the dangers regarding the use of
cryptocurrencies. Cybersecurity investments should boom, with the Fintechcy
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bersecurity market project seeing revenues reach $30 billion by protecting the
financial data.

CONCLUSION AND RECOMMENDATIONS

On analysing the various benefits and Challenges it can be concluded that the evolution
of Fintech has profoundly changed the financial services landscape, particularly in
promoting financial inclusion for unbanked and underbanked populations. This study
signifies the diverse roles that Financial Technology plays in increasing access to
financial services like improving affordability & offering personalized services to
individuals. Despite achieving financial inclusion there are various difficulties like
legal barriers, infrastructural constraints, cybersecurity threats and low rates of
financial & digital literacy. Considering these difficulties, Financial Technology can
substantially decrease the financial divide. The increasing number of mobile banking
transactions, digital wallets, and alternative lending platforms highlights how new
financial technology can empower marginalized groups, stimulate economic growth,
and create long-term financial systems. The effectiveness of Fintech in advancing
financial inclusion depends on joint efforts made by government agencies, financial
institutions, and Fintech companies to create a favourable regulatory environment,
enhance digital literacy and invest in critical infrastructure.
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REGULATION AND COMPLIANCE IN THE FINTECH
SECTOR: A GLOBAL PERSPECTIVE

Abstract
The fintech sector has revolutionized traditional financial services, offering a wide range
of innovative solutions that enhance efficiency, accessibility, and user experience. However,
these advances come with challenges, particularly around regulatory compliance. As
fintech ecosystems evolve, governments and regulatory bodies worldwide grapple with
establishing frameworks that foster innovation while ensuring market stability, consumer
protection, and data privacy.

This paper presents a comprehensive analysis of the regulatory landscape in the fintech
sector, examining variations in regulatory approaches across major global markets. We
focus on countries leading fintech innovationsuch as the United States, the United Kingdom
and Chinaas well as emerging economies including India, which is adapting its regulatory
frameworks to balance fintech growth with consumer protection and data security.

The study delves into unique regulatory frameworks in these regions, exploring how
countries like the United States and the European Union have distinct approaches in key
areas such as digital banking, peer-to-peer lending, cryptocurrency, and data protection.
India, in particular, is highlighted for its proactive stance toward digital financial inclusion
and a regulatory landscape that has evolved to accommodate the rapid growth of its
fintech sector. Through initiatives such as the Digital India campaign, the launch of the
Unified Payments Interface (UPI), and regulatory sandboxes, India has emerged as a
major player in the global fintech space, setting an example for balancing innovation with
regulation.

In 2018, the Reserve Bank of India (RBI) launched guidelines for a regulatory sandbox
approach, providing a controlled environment for fintech startups to test their innovations
under regulatory oversight. Furthermore, India’s payment landscape has been transformed
by the introduction of UPI, which has greatly boosted digital transactions while ensuring
robust security and compliance measures. However, challenges remain. The lack of a
comprehensive data protection law has raised concerns over consumer privacy, especially
in light of India’s large-scale digital infrastructure and the growing volume of fintech
users. The proposed Digital Personal Data Protection (DPDP) Bill aims to address these
gaps, signalling India’s commitment to aligning its regulatory standards with global
norms.

In conclusion, this study emphasizes the importance of agile and collaborative regulatory
frameworks to address the dynamic nature of fintech. By analyzing current trends and
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emerging challenges, we provide insights for policymakers, industry stakeholders, and fintech firms
to navigate the complex regulatory landscape and foster sustainable development in the global fintech
ecosystem.

Keywords: Fintech, Regulatory Compliance, India Fintech Sector, Artificial Intelligence in Compliance.

INTRODUCTION

The financial services industry is undergoing a significant transformation due to the
rapid advancement and integration of financial technologies (fintech). These
innovations offer enhanced operational efficiencies and customer experiences and
introduce complex regulatory challenges. Adopting fintech solutions like blockchain,
artificial intelligence (AI) and machine learning (ML) redefines how financial
institutions operate and comply with regulations. Traditional regulatory frameworks
designed for conventional financial systems often need help to keep pace with the
speed and complexity of fintech innovations. This misalignment creates a fragmented
regulatory environment that can compromise financial stability and consumer
protection (Arner et al., 2017). These technologies can analyze large volumes of
data to identify patterns and trends, enabling financial institutions to manage risks
and comply with regulatory requirements proactively (Gai et al., 2018).

Regulatory compliance refers to the adherence to laws, regulations, guidelines and
specifications relevant to a business. In the financial sector, regulatory compliance
ensures financial institutions operate with integrity and transparency, safeguarding
stakeholders' interests and maintaining the financial system's stability. Efficiency in
regulatory compliance involves optimizing processes to meet regulatory requirements
with minimal resource expenditure, thus achieving a balance between compliance
and operational effectiveness (Bamberger, 2010). Additionally, principles-based
regulation, which focuses on broader regulatory principles and objectives rather
than specific rules, provides greater flexibility for regulators and financial institutions.
This approach encourages a more proactive and adaptive compliance culture, allowing
institutions to innovate while ensuring they meet regulatory objectives (Black et al.,
2007).

EVOLUTIONS OF FINTECH

The evolution of fintech (financial technology) has transformed the way financial
services are developed, delivered, and consumed worldwide. Initially focused on
back-office support for traditional banks, fintech has rapidly evolved into a disruptive
force that spans a broad spectrum of financial services, including payments, lending,
wealth management, and insurance. This journey can be traced through several
distinct phases:
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Early Beginnings (1960s–1990s): Digital Foundations

 Banking Automation: Fintech's roots trace back to the 1960s, with the
advent of technology that automated back-office functions in banks. The
introduction of mainframe computers streamlined banking operations and
introduced electronic payment systems.

 ATMs and Credit Cards: The 1970s brought the development of ATMs,
making banking accessible 24/7. Credit cards gained popularity as an early
form of digital payment, paving the way for non-cash transactions.

 Online Banking:  By  the 1990s,  internet  banking  emerged,  enabling
customers to access accounts and perform transactions online, marking
the beginning of consumer-driven digital finance.

Rise of Digital Payments and Online Services (2000s)

 eCommerce  and  Digital Payments: The  explosion of the internet in
the early 2000s led  to a surge in  eCommerce, which drove demand for
digital payment solutions. PayPal became one of the first successful fintech
companies, revolutionizing online payments by providing a secure, user-
friendly platform.

 Mobile Banking:  With the proliferation of mobile devices, banks started
offering mobile banking apps, allowing customers to manage finances on
the go. This period marked the transition of fintech from back-end systems
to customer-facing services.

 Peer-to-Peer  (P2P)  Lending  and  Crowdfunding:  Platforms  like
LendingClub and Kickstarter emerged, allowing individuals to lend, borrow,
or invest directly with each other without traditional financial intermediaries.

Fintech Boom and Disruption (2010s)

 Blockchain and Cryptocurrencies: The introduction of Bitcoin in 2009
and   blockchain   technology   marked   a   significant  shift,  introducing
decentralized  finance  (DeFi)  and  the  potential for alternative financial
systems  outside  government  control.  Numerous cryptocurrencies and
blockchain-based applications followed.

 Mobile Payments and Digital Wallets: Mobile payment platforms like
Venmo,  WeChat  Pay,  Alipay,  and  later  Apple Pay and Google Wallet
transformed how consumers and businesses manage and transfer funds,
especially in emerging markets where traditional banking is limited.
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 Robo-Advisors  and  AI  in  Finance:  Automated,  algorithm- driven
financial  planning  services  known  as  robo-advisors emerged, making
investment management accessible and affordable for a wider audience.
Companies  like Betterment and Wealthfront leveraged AI to provide low-
cost, personalized investment advice.

 Regulatory Sandboxes: To foster innovation and manage risks, regulatory
bodies in  countries  such as the UK and Singapore began implementing
"regulatory  sandboxes"  that  allowed fintech firms to test new products
under regulatory oversight.

Modern Fintech and Integrated Digital Finance (2020s)

 Open Banking and API Economy: Open banking regulations, such as
the EU’s PSD2, mandated that banks share  customer data with authorized
third  parties,  enabling  seamless integration  of  financial  services  and
promoting  competition. This  created  an API-based financial ecosystem
where customers could access multiple financial products through a single
platform.

 Embedded Finance: Financial services became embedded directly into
non-financial apps and platforms, enabling consumers to access payments,
lending   and  insurance  within  retail,  travel  and  other  industry   apps.
Companies like Stripe and Square have been key drivers in integrating
finance into various business models.

 Artificial  Intelligence  and  Machine  Learning:  AI  has become a
cornerstone   of   modern   fintech,  from  advanced  fraud  detection  to
personalized financial planning and credit scoring. Machine learning models
analyze vast amounts of data to deliver precise financial services tailored
to user needs.

 Decentralized Finance (DeFi) and Non-Fungible Tokens (NFTs):
Building  on blockchain, DeFi applications and NFTs have unlocked new
ways for individuals to manage assets, invest, and transact outside traditional
banking  systems.  Platforms  like  Uniswap  and OpenSea represent the
merging of finance with blockchain-based assets.

REGULATORY LANDSCAPE IN THE FINTECH SECTOR

The regulatory landscape in the fintech sector is complex and varies significantly
across countries and regions. As fintech innovations redefine financial services,
regulatory bodies are tasked with establishing frameworks that protect consumers,
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preserve market stability, and enable innovation. Below is an overview of the main
regulatory themes, challenges and approaches that define the current fintech regulatory
landscape:

Diverse Regulatory Approaches

 Fragmented Regulations: In countries like the United States, fintech
regulations are highly fragmented, with state and federal agencies sharing
responsibilities. This often results in compliance challenges for fintech
firms trying to operate across different states or regions.

 Unified Frameworks: In contrast, the European Union follows a more
harmonized  approach,  where  directives such as the Payment Services
Directive  (PSD2)  and  General  Data  Protection  Regulation  (GDPR)
standardize  requirements  across member states, fostering cross-border
consistency and easier market access for fintech companies.

 Innovation-Friendly  Jurisdictions:  Countries like Singapore and the
United Kingdom are known for adopting progressive, innovation-friendly
approaches. They actively promote fintech through regulatory sandboxes
and flexible frameworks that encourage new solutions while managing
potential risks.

Regulatory Sandboxes and Innovation Hubs

 Testing and Development:  Regulatory sandboxes allow fintech firms
to  test  innovative  solutions  in  a  controlled  environment with reduced
regulatory constraints. The UK’s Financial Conduct Authority (FCA), for
example,  introduced  one  of  the  first  sandboxes  in 2016, followed by
countries like Singapore, Australia and India.

 Benefits for Emerging Economies: In emerging economies, sandboxes
are used to explore solutions for financial inclusion and digital payments.
They allow regulators to monitor and refine policies based on real-world
insights, which is especially helpful for countries adapting to rapid fintech
advancements.

Data Privacy and Consumer Protection

 Global Privacy  Standards:  Regulations like Europe’s GDPR have set
high standards for data privacy, impacting fintech firms worldwide. These
regulations   govern  data  collection,  processing  and  sharing practices,
requiring  fintech  firms  to  prioritize secure data handling and consumer
rights.
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 Localized Data Protection Laws: Other countries are adopting similar
data privacy  regulations  to  protect consumers. India’s proposed Digital
Personal  Data  Protection (DPDP) Bill, for instance, aims to strengthen
data privacy in one of the world’s largest fintech markets, ensuring secure
handling of personal information.

 Transparency and Disclosure: Consumer protection regulations require
fintech companies to maintain transparency regarding fees, risks and data
usage.  They  also  establish  procedures for dispute resolution, ensuring
consumers have access to recourse if issues arise.

Anti-Money Laundering (AML) and Know Your Customer (KYC)

 AML/KYC Compliance: Fintech companies must adhere to AML and
KYC regulations to prevent financial crimes, including money laundering
and terrorism financing. These requirements are often stringent, especially
for firms involved in payments, lending and cryptocurrency.

 Enhanced Due Diligence: In  markets like the US and EU, regulators
enforce rigorous  KYC protocols to verify customer identity and monitor
transactions. Fintech firms are increasingly adopting automated solutions,
like AI-powered identity verification, to streamline compliance and reduce
costs.

 Challenges  in  Emerging Markets:  Compliance with AML/KYC is
challenging in emerging markets with limited infrastructure. Here, fintech
companies leverage technologies such as biometric identification and mobile
verification to fulfil KYC requirements.

Cryptocurrency and Digital Asset Regulations

 Regulatory  Uncertainty:  Cryptocurrencies  and  digital  assets  have
introduced  significant  regulatory  challenges  due  to their decentralized
nature. Many  countries  are  still  defining their stances on digital assets,
creating regulatory uncertainty.

 Divergent Approaches: Some countries, like China, have implemented
strict bans on cryptocurrency trading, while others, like El Salvador, have
embraced Bitcoin as legal tender. In the US, regulatory agencies like the
Securities and Exchange Commission (SEC) and the Commodity Futures
Trading Commission (CFTC) are working to define frameworks for digital
assets.

 Stablecoins and Central Bank Digital Currencies (CBDCs):
Regulatory focus on stablecoins and CBDCs is growing. While stablecoins
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are pegged to traditional assets, raising concerns about monetary stability,
CBDCs are emerging as state-backed digital alternatives that central banks
can regulate and control.

Open Banking and API Standards

 Open Banking Mandates: Open banking regulations, such as the EU’s
PSD2,  require  banks  to share customer data with third-party providers
through  secure  APIs. These  regulations promote competition, improve
transparency, and facilitate new services in payments, lending, and personal
finance management.

 Adoption in Other Markets: Open banking is being  adopted in  other
markets, including  Australia,  Canada   and  India.  In India,  the Unified
Payments Interface    (UPI)   exemplifies   open     banking    principles,
allowing interoperability across banks and fintech firms.

 Security  and  Interoperability  Standards: Open banking regulations
include standards for data security and interoperability. Fintech firms are
required  to  comply  with  these  standards,  ensuring  secure sharing of
customer data across platforms.

Cross-Border Regulatory Challenges and Harmonization

 International Convergence Efforts:  Organizations  like the Financial
Stability Board (FSB) and the Basel  Committee on Banking Supervision
work to harmonize fintech regulations across borders, especially for cross-
border payments, digital identity, and cyber risk. Harmonizing  regulatory
frameworks will facilitate cross-border operations and ensure consistent
oversight and compliance (Zetzsche et al., 2017).

 Balancing Local and Global Needs: Countries must balance the need
for   local   regulatory   autonomy   with   the  benefits   of   international
convergence. While harmonization aids global fintech companies, it must
be flexible enough to account for diverse financial systems and levels of
infrastructure.

Cybersecurity and Risk Management

 Cyber Resilience Standards: Regulators emphasize cybersecurity as a
priority  for  fintech  companies, given the sector's vulnerability to cyber-
attacks. Compliance with cybersecurity standards, like the National Institute
of  Standards  and  Technology  (NIST)  guidelines  in  the  US, is often
mandated to secure financial data and systems. Financial institutions must
implement robust mechanisms to detect and mitigate algorithmic bias in
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their AI models. This includes using diverse and representative datasets, regular
audits of AI systems and developing algorithms specifically designed to minimize
bias (OECD, 2019).

 Operational Resilience: Fintech firms are required to have systems in
place to ensure business continuity during disruptions. Regulators demand
robust  disaster  recovery  and  risk  management  strategies  to mitigate
financial losses and protect consumer assets. AI-driven models can flag
unusual  transaction  patterns  that  suggest  money  laundering or fraud,
allowing  compliance  officers  to promptly investigate and address these
issues (Smith & Clark, 2021). Financial institutions must ensure that their
AI models  are explainable  and that decisions can be audited to prevent
biases and errors that could compromise data integrity and security (Binns,
2018).

Consumer Education and Financial Inclusion

 Focus on Financial Literacy: To  complement  regulatory  protections,
fintech firms and governments promote consumer education initiatives to
improve financial literacy and decision-making. Financial inclusion is also
a key focus, particularly in emerging markets, where fintech can provide
access to underserved populations.

 Microfinance and Digital Inclusion: Regulators in countries like India
and Kenya promote fintech solutions that cater to financially underserved
populations. Initiatives  supporting  mobile banking, microloans and small
savings accounts have transformed financial access for millions.

REGULATORY FRAMEWORK OF INDIA

India's regulatory framework for fintech is dynamic and evolving, shaped by the
government’s dual objectives of promoting digital financial inclusion and ensuring
consumer protection. Regulatory agencies like the Reserve Bank of India (RBI),
Securities and Exchange Board of India (SEBI), Insurance Regulatory and
Development Authority (IRDA), and the Ministry of Electronics and Information
Technology (MeitY) play pivotal roles in setting policies for the fintech sector. Below
is an outline of India’s key regulatory approaches and frameworks regarding fintech:

Digital Financial Inclusion Initiatives

 Unified   Payments   Interface  (UPI):  Developed   by   the  National
Payments Corporation of India  (NPCI) under RBI’s guidance, UPI has
become   a   cornerstone   of  India’s  fintech  ecosystem,  providing  an
interoperable  platform  for instant, low-cost  digital payments. UPI  has
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significantly increased digital transaction volumes and brought millions of
unbanked and underbanked individuals into the formal financial system.

 Pradhan Mantri Jan Dhan Yojana (PMJDY):  This national financial
inclusion program launched by the Indian government in 2014 focuses on
providing  every  Indian household with a basic bank account, affordable
credit  and insurance facilities. PMJDY supports fintech efforts to serve
previously underserved populations, expanding access to digital financial
services.

Payments and Digital Banking Regulations

 Payment and Settlement Act (2007): RBI regulates all payment systems
in India under this act. The act mandates licensing for payment service
providers and ensures the security and efficiency of payment operations
across the country.

 Prepaid Payment Instruments (PPIs): RBI regulates PPIs, like mobile
wallets, through a set of guidelines ensuring these services adhere to KYC
(Know  Your  Customer)  and  AML  (Anti- Money Laundering)  norms.
Companies  like  Paytm,  PhonePe  and  Google  Pay operate under this
framework.

 Digital Banking Guidelines: While India doesn’t yet have full-fledged
digital banks, RBI has been considering a licensing framework for digital-
only  banks.  Currently,  neobanks  partner with traditional banks to offer
digital banking services. This regulatory development is anticipated to bring
more digital banking players to the market.

Regulatory Sandbox

 RBI’s Regulatory Sandbox Framework: RBI introduced a regulatory
sandbox  in  2019  to promote innovation while safeguarding consumers.
The sandbox provides a controlled environment for testing new products
under  regulatory  oversight. Specific themes, such as financial inclusion,
payments, and lending, have been prioritized for sandbox cohorts, allowing
fintech firms to pilot innovative solutions.

 IRDAI and SEBI Sandboxes: Other  regulatory  bodies,  including the
IRDAI  and  SEBI,  have  introduced  sandboxes  in  the  insurance and
securities sectors, respectively, to foster innovation while addressing risks
in these areas. These sandboxes have allowed companies to experiment
with tech-driven financial solutions under regulator supervision.
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Data Protection and Privacy

 Personal  Data  Protection  Bill (Proposed): India's Digital Personal
Data  Protection  (DPDP)  Bill,  expected   to  be  enacted  soon,  aims
to regulate the collection, processing, and sharing of personal data, ensuring
consumer privacy in the digital era. The proposed bill is aligned with global
standards  such  as  GDPR,  and  once enacted, it will have a substantial
impact  on  fintech  firms  handling  personal  data, requiring robust data
protection practices.

 Data Localization: RBI mandates that financial data, particularly payment
data, be stored locally in India. This data localization rule affects companies
like Mastercard, Visa, and other global payment processors, requiring them
to comply with local data storage and access requirements.

Consumer Protection and Security

 Cybersecurity Guidelines: RBI and other regulatory bodies have issued
cybersecurity frameworks to ensure fintech firms have adequate measures
for  data protection,  encryption,  and  cyber resilience. For instance, the
RBI’s   guidelines   on  digital   payment   security  mandate  two-factor
authentication (2FA) and periodic risk assessments.

 Grievance Redressal Mechanisms: RBI mandates that digital payment
providers and fintech platforms establish grievance redressal mechanisms
to protect consumers. The RBI Ombudsman Scheme has been extended
to cover complaints related to digital payments, ensuring users have access
to resolution avenues.

 Financial Literacy  and  Awareness Programs: As part of consumer
protection, RBI, SEBI, and other financial institutions run financial literacy
programs to educate users about secure digital finance practices, helping
protect them from fraud and exploitation.

Know Your Customer (KYC) and Anti-Money Laundering (AML)

 Digital KYC Compliance: RBI has updated its KYC norms to support
digital onboarding for fintech companies. Through e-KYC and Video KYC
options,  fintech  firms  can  verify  customer  identity remotely, which is
particularly  valuable  for  remote  areas  with  limited access to physical
banking.

 AML Regulations: RBI enforces stringent AML guidelines for fintech
firms,  especially  those  in payments, lending, and remittances. Firms are
required to monitor suspicious transactions and report them to the Financial
Intelligence Unit of India (FIU-IND).
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Lending and Digital Lending Guidelines

 Digital Lending Regulation: To regulate the burgeoning digital lending
space,  RBI  has issued guidelines for digital lending platforms, especially
regarding consumer protection and ethical lending practices. The guidelines
require  digital  lenders  to  disclose  all  terms  upfront,  avoid  predatory
practices and provide clear grievance redressal mechanisms.

 Digital Lenders’ Association of India (DLAI) Code of Conduct:
While  not  legally binding, this code of conduct, followed by many digital
lenders, sets standards around transparency, consumer data security, and
fair lending practices. The RBI also regulates digital lending apps directly,
especially in the wake of concerns around predatory lending practices.

Cryptocurrency and Blockchain Regulation

 Cryptocurrency Regulatory Uncertainty: India has faced regulatory
uncertainty around cryptocurrencies. While RBI initially restricted banks
from dealing with crypto transactions, the Supreme Court lifted this ban in
2020.  However,  there  is  currently no formal framework for regulating
crypto assets and the government is working on legislation to address the
regulatory, financial, and security risks associated with cryptocurrencies.

 Blockchain Adoption: While cryptocurrency regulation remains unclear,
India has encouraged blockchain adoption in areas like supply chain finance,
cross- border  payments  and digital identities. Multiple Indian states and
government   agencies   are  exploring  blockchain  solutions,   but  strict
regulations around crypto assets are likely to persist until clearer legislative
guidelines are introduced.

CONCLUSION

In conclusion, the regulatory landscape for the fintech sector is marked by a delicate
balance between promoting innovation and ensuring stability, security, and consumer
protection. The rise of fintech has introduced transformative changes in financial
services, driving financial inclusion, efficiency, and accessibility on a global scale.
However, these advancements come with significant regulatory challenges, including
data privacy, cybersecurity, financial crime prevention, and consumer protection.
Countries and regulatory bodies worldwide have adopted diverse approaches to
managing these challenges, from regulatory sandboxes and innovation hubs to robust
frameworks for data protection and cross-border collaboration.

Accountability is a fundamental ethical principle underpinning AI and ML in regulatory
compliance. Financial institutions and regulators must establish clear lines of
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accountability for the actions and decisions made by AI systems. This includes
defining who is responsible for the outcomes of AI-driven decisions and ensuring
that there are mechanisms to address any adverse effects or errors. Institutions
must also ensure that their AI systems comply with all relevant legal and regulatory
requirements and be prepared to demonstrate this compliance to regulators.
Developing comprehensive governance frameworks that outline the roles and
responsibilities of all stakeholders involved in deploying and overseeing AI systems
is essential for maintaining accountability and ethical standards (Florida et al., 2018).

India's regulatory framework for fintech exemplifies a proactive yet cautious
approach, where initiatives like the Unified Payments Interface (UPI), account
aggregation, and digital lending guidelines have created a fertile ground for growth
while prioritizing consumer interests. Through initiatives aimed at financial inclusion
and security, India is becoming a leader in leveraging fintech to address unique local
needs. However, as the sector continues to evolve, policymakers must remain vigilant
to emerging risks, particularly in areas like digital lending, cryptocurrency, and open
banking.

Globally, as fintech solutions increasingly operate across borders, harmonization of
regulations and collaboration among international regulators will be essential. A balance
between flexibility and strict compliance will help ensure that fintech innovation is
sustainable, inclusive, and secure. This study highlights the need for ongoing dialogue
among stakeholders to refine regulatory approaches, enabling fintech’s potential to
reshape the future of financial services while safeguarding global financial stability
and consumer trust.
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THE FUTURE OF DIGITAL ASSETS: UNLOCKING
THE POTENTIAL OF ERC-404 TOKENS

Abstract
This paper explores the development of ERC-404 tokens within the Ethereum blockchain
ecosystem and investigates strategies for enhancing digital asset growth. The paper finds
effective methods for developing ERC-404 tokens and examines their effects on digital
asset management through a thorough literature review and data analysis. For blockchain
developers, investors, and enthusiasts looking to use ERC-404 tokens for long-term
growth in the digital asset market, the findings offer insightful information.

In the digital age, blockchain technology and cryptocurrencies have completely changed
how we see and exchange value. Ethereum has become a prominent platform for token
production and decentralised apps (DApps) among the many blockchain-based assets.
Token interfaces and protocols within the Ethereum ecosystem are defined by ERC standards,
which were created by Ethereum Improvement Proposals (EIPs). For example, ERC-20
tokens have become widely used due to their interoperability and fungibility. However, as
the blockchain industry's requirements change, there is a growing need for specialised
token standards suited to particular use cases. This paper focuses on ERC-404 tokens, a
proposed standard designed to address the limitations of existing token standards and
facilitate innovative digital asset management solutions.
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INTRODUCTION

ERC-404 tokens represent a new approach to token development that provides
better performance and security compared to traditional ERC standards. Researchers
have highlighted the potential of ERC-404 tokens to facilitate token issuance, enhance
smart contracts, and improve token security. Additionally, research demonstrates
the role of ERC-404 tokens in enabling new forms of decentralised finance (DeFi)
and digital solutions.
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Comprehensive Review of ERC Token Standards

Ethereum Request for Comments (ERC) standards are frameworks within the
Ethereum blockchain that define specific functions and behaviours for tokens and
smart contracts. Each ERC standard addresses different requirements:

 ERC-20: Widely used for fungible tokens and supports shared token
functionality, including transferability and fungibility.

 ERC-721: Designed for non-fungible tokens (NFTS), which provide unique
assets that represent ownership of personal digital assets.

 ERC-1155: Combines fungible and non-fungible token properties, allowing
multiple asset types under a single contract, beneficial for gaming and
collectables.

Each of the ERC token models (ERC-20, ERC-721, ERC-1155 and ERC-404) has
information based on an estimated evaluation of performance and capacity
characteristics. Technical guidance, market research, and market insights specific
to each model form the basis of the evaluation.

The most popular and established standard, ERC-20, is perfect for basic digital
currencies due to its excellent scalability. However, simplicity of use is diminished
by restrictions in interoperability, security development and flexibility. Conversely,
ERC-721 is efficient at expressing particular assets and was created especially for
non-fungible tokens (NFTS).

However, ERC-721 is less useful in an environment that needs a lot of change
because it cannot swap resources and has a high gas cost.

Applications like games and collectables that need to handle a lot of different asset
kinds will find ERC-1155 to be especially helpful because it is a flexible standard
that allows both fungible and non-fungible tokens. It is also more gas-efficient and
appropriate for scenarios with a lot of changes, when it supports big changes. A new
experimental standard called ERC-404 was created to satisfy the requirements of
decentralised finance (DeFi) and hybrid asset applications. Although it is still in the
early stages of development, it should offer security and integration while integrating
features from earlier models and working to improve the efficiency and security of
sophisticated applications.

Each metric, which incorporates specifications, performance metrics and data from
blockchain developers and industry forums, is given a score, as shown in Table 1.
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Table 1: Shows the relative strengths and weaknesses

Feature ERC-20 ERC-721 ERC-1155 ERC-404

Fungibility 10 1 8 7

Non-Fungibility 1 10 8 6

Batch Transfers 1 1 10 8

Security 5 6 6 9

Interoperability 5 5 7 9

Gas Efficiency 6 4 7 8

This information allows the features of each ERC model to be compared to determine
their suitability for different uses and applications in blockchain technology.

Figure 1: Camparison of ERC token Standards across features

Figure 1: This chart compares the support levels of four ERC token standards (ERC-
20, ERC-721, ERC-1155, and ERC-404) across six key features: fungibility, non-
fungibility, batch transfers, security, interoperability and gas efficiency. On a scale
of 1 to 10, support levels are determined by developer insights and functionality. In
important areas related to digital asset management, ERC-404 distinguishes out in
terms of security, batch transfers, and interoperability, demonstrating its potential to
surpass more established standards.
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LITERATURE REVIEW AND GAP ANALYSIS

The literature goes into considerable length about the capabilities and limits of ERC
token specifications. There is a noticeable difference in the hybrid nature and
scalability of ERC-404 tokens. This gap must be filled by applications that require
both security and fungibility. Our paper addresses this information vacuum by
analysing the characteristics of ERC-404 and their possible implications for future
blockchain innovation.

Researchers and industry professionals are investigating the potential of the new
token standard, ERC-404, which has generated a lot of attention in the digital asset
arena. A thorough analysis of tokenization on blockchain is given by (Wang et al.,
2021), which illuminates the state of the art in this field. Refungible Tokens (RFTS),
another name for ERC-404 tokens, provide special opportunities for digital ownership
and trading (Deep Dive into ERC-404, 2024). By facilitating partial asset ownership,
these tokens increase the number of investment alternatives available inside the
NFT ecosystem (Chain Insights, 2024). Beyond digital art and collectables, ERC-
404 tokens' adaptability opens up new avenues for asset management and trade
(What Is ERC-404? 2024: Pandora's New Hybrid Token. One of the main
characteristics of the ERC-404 standard is fractional ownership of assets, which
opens up new possibilities for decentralised finance (DeFi) (What Is The ERC-404
Standard? Facilitating Ownership of Fractions of..., 2024).The potential for
blockchain-based applications, digital asset management, and decentralised finance
is further increased with the adoption of the DN-404 token standard (Introducing
DN-404: Transforming Token Standards for Improved..., 2024). In conclusion, ERC-
404 tokens have the potential to revolutionise the digital asset market by offering
new approaches to trading and asset management. The future of ERC-404 coins
seems promising as researchers and industry experts examine the many applications
and benefits of this new token standard.

METHODOLOGY

The evolution of ERC-404 tokens and their effect on the expansion of digital assets
were examined in the study. A thorough analysis of scholarly works, industry
publications on ERC standards, and blockchain technology was used to gather data.
To obtain information on ERC-404 token creation tactics and best practices, we also
carried out in-depth interviews with blockchain developers, business professionals,
and Ethereum community members. Three priorities will serve as the foundation for
the documentation process used to assess ERC token standards, including ERC-
404:



65Ashish Bhatnagar, Shikha Tiwari & Preeti Bala Tripathi

Blockchain Data

Transaction data, adoption rates, gas prices, and user engagement trends will all be
examined using information from Ethereum blockchain explorers such as Etherscan.
The Ethereum ecosystem's use of each token model—more especially, ERC-20,
ERC-721, ERC-1155 and ERC-404-is immediately explained in this document.
Metrics that show trends and performance include transaction volume, average gas
prices and the number of distinct addresses that own tokens.

Technical Documentation

Ethereum Enhanced Proofs of Instance (EIPS), specifically EIP-20, EIP-721, EIP-
1155 and EIP-404, are the first to be released. This document describes the
functionality of the model, including transport, security features and interface methods.
By examining these technological systems, researchers can compare the capabilities
and limitations of each model. This includes identifying the security standards, potential
vulnerabilities, and operational limitations described in each EIP.

Relevant Studies and Industry Reports

The study of academic research, whitepapers, and industry publications will support
the analysis of token models. Academic journals and blockchain research articles
provide information on the effectiveness of this model in various applications such
as decentralised finance (DeFi), non-fungible tokens (NFTs) and hybrid assets.
Reports from reliable sources such as ConsenSys, the Ethereum Foundation, and
blockchain research firms can provide more information on how these trends are
changing, especially regarding innovations such as ERC-404 and their adoption in
new projects. These sources will form the basis of the research data, providing a
better understanding of the effectiveness, limitations, and practical use of each ERC
token model. Research combining blockchain data, information technology, research,
and business economics will provide data-driven perspectives on the adoption and
use of ERC token standards in the blockchain ecosystem.

RESULTS

The results reveal the main findings of the study, including successful ERC-404
token development strategies and their impact on the evolution of digital assets.
Through data analysis and interpretation, the study identifies several factors that
contribute to the effectiveness and usage of ERC-404 tokens. These factors include
smart contracts, gas usage, security standards and community participation. This
paper covers a case study of a real-world ERC-404 token initiative. Although ERC-
404 is still in development, theories and experiments using its advanced features,
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such as hybrid NFTS, tokenised assets, and Self's solutions, provide important insights
into its capabilities. Decentralised gaming platform Gamex is integrating ERC-404
tokens to support the creation of hybrid NFTs. These tokens provide digital and
physical content where a token can be represented in assets (e.g. skins, weapons)
and real-world objects (e.g. statues or products). To identify members and enable
varying energy usage, the ERC-404 standard enables smooth matching between
parks and linked devices. By enabling in-game purchases to be linked to safe, smart
contracts, hybrid NFTs make asset management easier for gamers. ERC-404 tokens
are being used by PropertyX, another example of tokenising real-world assets in
DeFi, to tokenise real-world assets like real estate. Investors can trade and possess
shares without a single investor thanks to the ERC-404 token, which symbolises a
majority ownership of the property. Better security features for token owners include
multi-signature wallets and identity verification that is integrated into the token
mechanism. The smart contract's operation guarantees that token holders receive
dividends, which are money from rent or property interest. Projects such as
IdentitySecure use ERC-404 tokens to maintain a decentralised identity (DID). Each
person issues a unique ERC-404 token tied to encrypted personal information that is
verified by a blockchain-based consensus mechanism. ERC-404 tokens work as
identification numbers, allowing users to securely authenticate themselves across
various services (such as financial platforms, medical applications) without sharing
sensitive information. Interoperability features enable integration with multiple custom
ecosystems across blockchains. Hybrid NFTs in the game focus on integration (40%)
to ensure a balanced exchange, with an emphasis on assets (30%) and security
(30%). Among the real tokenised assets in the world, asset usage (50%) is important,
providing investors with easy access to tokenised assets. Collaboration and security
each account for 25%. Self-identification is most relevant to self-defence security
(60%) and a small share is related to collaboration (20%) and accessibility (20%).

Algorithm : Plot focus areas in ERC-404 application cases

Input:

1. focus_areas: List of focus areas (`['Interoperability', 'Asset Accessibility',
'Identity Security']`)

2. data_hybrid_nfts: Data for Hybrid NFTs (`[40, 30, 30]`)

3. data_real_world_assets: Data for Tokenized Real-World Assets (`[25, 50, 25]`)

4. data_identity_verification: Data for Decentralized Identity Verification (`[20,
20, 60]`)

5. colors: Color scheme (`["#66c2a5", "#fc8d62", "#8da0cb"]`)
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These examples show that ERC-404 tokens are redefining assets, user experience,
and security across industries. While some projects are still conceptual or prototypes,
the power of ERC-404 tokenspromises success in blockchain-based ecosystems.
Future real-world adoption will enable these theoretical applications, driving innovation
and adoption in budgeting, gaming, and self-governance.

Algorithm of Hybrid NFT in Gaming

1. Using a distinct token ID, create a unique NFT with a name, rarity and qualities.

2. Make a FungibleItem with a fungible value, a name and a kind (such as cash or
durability).

3. Combine the fungible object and NFT into a single entity to create a Hybridnft.

4. Display the Hybrid NFT's attributes, encompassing both the fungible item and
the unique NFT.

5. Give the NFT the fungible value (durability points, for example) so it may be
used in-game.

6. Exchange the Hybrid NFT's fungible features (such as currency or durability)
with another player to change its worth.

7. Call the function that creates an NFT and its corresponding fungible object to
mint a new Hybrid NFT.

8. To mint a Hybrid NFT, show its features, equip it and permit trade of the
fungible value, run the game flow.

This method serves as the basis for developing hybrid NFTs in gaming contexts,
which combine the distinctiveness of non-fungible tokens with the adaptability of
fungible assets.

FUTURE APPLICATIONS AND EMERGING TRENDS

The application looks at how blockchain developers, investors and ecosystem members
might be affected by the research findings. We'll talk about how to enhance the
ERC-404 token development procedure while reducing risks. The contribution of
ERC-404 tokens to innovation in digital asset management, including tokenised assets,
non-fungible assets (NFTs) and personal solutions, is also examined in this study.In
the future, there will be numerous chances to integrate ERC-404 tokens with cutting-
edge technologies like the Metaverse, IoT (Internet of Things) and ecosystems
powered by artificial intelligence. They show data or status updates from the Internet
of Things Technology. For instance, each time a home's smart thermostat modifies
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the temperature, it may produce an ERC-404 token. With the use of the tokens,
homeowners will be able to monitor their energy usage trends and potentially sell
such information to energy providers so they can examine market trends.ERC-404
tokens have the potential to improve digital assets in the future by increasing
compatibility, scalability and interoperability. These coins facilitate connectivity in
decentralised finance (DeFi) and other domains by functioning asynchronously across
several blockchains. ERC-404 tokens might be permitted to cast significant votes in
partner organisations under carefully regulated terms of use, increasing stakeholder
influence. Furthermore, tokenising international assets like stocks or real estate may
allow numerous stakeholders to access new markets and generate income. ERC-
404 tokens' scalability features can facilitate the deployment of blockchain technology
worldwide by enabling thousands of transactions per second. These tokens are
appealing to local investors because they can improve security and streamline KYC/
AML compliance procedures. According to Table 2, ERC-404 tokens have the
potential to shape the future of digital marketing by enabling new financial products,
quasi-assets and virtual goods as DeFi, NFTS and the Metaverse develop.

Table 2: The various aspects of ERC-404 tokens, potential and future applications.

Key Area Future Potential

Interoperability Seamless cross-chain transactions across multiple blockchains (e.g., Ethereum, Binance Smart Chain, Solana).

Governance Systems Weighted voting in decentralised autonomous organisations (DAOS) allows greater influence for key stakeholders.

Asset Tokenization Fractional ownership and liquidity for real-world assets like real estate, stocks, and commodities.

Scalability Solutions for higher transaction throughput, supporting global adoption and scaling for large networks.

Regulatory Compliance Built-in mechanisms for KYC/AML compliance, making tokens attractive to institutional investors.

Security Enhanced security features to prevent fraud and ensure trust in decentralised systems.

DeFi& NFT Innovation Facilitation of innovative financial products, yield-generating assets, and semi-fungible NFTs.

Emerging Technologies Integration with the Metaverse and Iot, enabling tokenised virtual goods and smart device data management.

CHALLENGES AND LIMITATIONS

The potential of ERC-404 tokens is promising, but from a research perspective,
there are many challenges to consider. Scalability is still a big issue because these
tokens need to be able to handle many transactions on the world’s largest networks
without sacrificing speed or performance. For example, if an ERC-404 token is
used in real estate transactions, the system must support thousands of real estate
transactions without transaction delays. Regulation is another major challenge,
especially for asset-backed assets that represent real assets such as stocks or shares.
Understanding how KYC/AML (Know Your Customer/Anti-Money Laundering)
will be applied to these decentralised tokens is crucial to financial regulatory
compliance in many places. Finally, interoperability is essential to ensure that ERC-
404 tokens can seamlessly operate across multiple blockchain platforms, such as
Ethereum, Binance Smart Chain, and Solana. For example, if a decentralised financial
(DeFi) platform accepts ERC-404 tokens users must be able to transfer the tokens
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across the chain without a complex transfer process. To fully utilise ERC-404 tokens
in the upcoming blockchain ecosystem, these problems must be fixed.

SUMMARY OF THE RESOURCES

A major change in the digital asset market has been brought about by the rise of
ERC-404 tokens, which present new opportunities for fractional ownership and
trade. Improved asset management and trading scenarios could be made possible
by this new token standard, which could also unleash value for investors, creators,
and collectors. The standard may usher in a new era in digital asset management as
it develops further and may go through formal verification, opening up interesting
opportunities for asset management and trading. In addition to combining the
advantages of fungible and non-fungible tokens, the advent of ERC-404 tokens has
increased the potential and inventiveness of digital assets and created new
opportunities for asset management and trade. ERC-404 tokens have the power to
change the digital asset ecosystem and could influence the direction of NFTs and
DeFi in the future. By providing a window into the future of asset management and
trade, this new token standard has gained recognition for its capacity to unleash the
potential of digital assets. In conclusion, the introduction of ERC-404 tokens has
brought about a paradigm shift in the digital asset space, unlocking new possibilities
for fractional ownership, trading and asset management. As this token standard
continues to evolve and gain traction, it has the potential to shape the future of digital
assets, offering exciting opportunities for creators, collectors and investors alike.

FINDINGS

Key tactics for the effective deployment of ERC-404 tokens in decentralised apps
(DApps) are identified by our study. Real-world use cases, including as GameX's
integration of ERC-404 for hybrid NFTs and PropertyX's usage of ERC-404 for
real estate tokenization, specifically illustrated the token's special capabilities in hybrid
asset management.

CONCLUSION

In summary, this paper provides a comprehensive review of the concept of ERC-
404 token development and its importance in the development of digital assets. By
utilising the special features of the Ethereum blockchain, ERC-404 tokens provide
an excellent means of enhancing token functionality, security and interoperability.
ERC-404 tokens will be crucial in determining the direction of decentralised finance
and digital asset management as the blockchain sector develops further. To fully
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utilise ERC-404 tokens and spur innovation in the blockchain ecosystem, more
investigation and testing are required. In terms of DeFi, governance, NFTs and IoT,
ERC-404 coins have a promising future. Notwithstanding the model's theoretical
nature, the possibility of developing a blockchain ecosystem that is more cohesive,
flexible, and transparent may lead to new opportunities for digital assets. It
demonstrates how the token concept has the potential to have a significant impact
on several issues, including the market for digital assets and blockchain technology
in general.
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EVALUATING THE IMPACT OF PERFORMANCE
APPRAISAL SYSTEMS OF EMPLOYEES IN THE IT
INDUSTRY

Abstract
The objective of this research paper is to evaluate the performance appraisal system
method in IT industries and its effect on employee morale and motivation. Evaluation
systems in any organization develop a motivational and competitive environment. Thus
while, evaluating the appraisal system, due consideration between the traditional & the
latest 360ºappraisal system in the current scenario was analyzed. Further, various studies
have also elucidated that the multi-source feedback mechanism system enhances fairness,
reliability, effectiveness and acceptance of the data. The study was conducted on primary
data, through a survey instrument. We have used Cronbach's alpha test to check the
statistical reliability of the questionnaire. The collected information has been statistically
analyzed using SPSS. Regression analyses & ANOVA table were used to test the hypotheses
of the study to analyze the perceptual variations. Finally, the paper deciphered that the
360º Performance Evaluation Method is a good mechanism to boost Employees Morale
and their motivation is always a better mechanism and optimized way of evaluating an
employee.
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INTRODUCTION

Influential human resource management and administration requires accurate
measuring and meeting the employee's goals. Different companies have devised
various techniques to compute the correct correlation between the company's objective
and human resources. Evaluation of employee performance is a very common tool
that is used by companies to evaluate their employees in organizations (Banks and
Roberson 1985; Baron & Kreps 1999; Bernardin et al. 1995; Bretz et al. 1992;
Fletcher 2001.

It is important to note that organizations may use varied performance appraisal
methodologies to appraise their employees. Some organizations also tend to come
up with hybrid methodologies of evaluating performance which are equipped to
maintain a fairly good balance between organizational goals and employees’ goals.

* Assistant Professor, Babu Banarasi Das University, BBD City, Faizabad Road, Lucknow Uttar
Pradesh, India.
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Many evaluation methodologies available comprise ranking; trait scales; critical
incident; narrative; and criteria-based. Milkovich GT, Read W (1992). Some other
methods like management-by-objectives (MBO), work planning and review, 360°
appraisal and peer review (Vicky, G. 2002).

Performance appraisal is an effective device that improve productivity of an
employees. 80-90 per cent of IT industries in the USA and UK use modern appraisal
method (Armstrong and Baron, 2005).

The worth of any company consists of the knowledge base, intellectual assets and
trademarks of their employees, not within the lifeless items like inventories, goods,
and machinery. Several companies target their performance reviews on "what" goals
and "how" goals. The "what" goals are to be achieved by individuals hence it's an
individual target, i.e. like increase of sales by 10%. The "how" goals suggest the
medium, using which an individual will achieve the "what" goals, which are generally
represented in terms of skills and conduct (Caligiuri, 2000).

Assessment of performances not only plays a vital role in enhancing staff's morale,
satisfaction level and manufacture in the organization but performance evaluation is
also a powerful tool that helps in improving the effectiveness and efficiency of
employees. (Ab. Aziz Yusof. 2003). A significant (around 43%) increase in the
productivity of an organization has been confirmed by several researchers which
follows the performance appraisal process. (Zemke R, 2003).

In the commencement, organizations used a simple evaluation method to complete
the appraisal process, where evaluations are completely based on their immediate
superior. This methodology has numerous limitations. To overcome these shortcomings
organizations are implementing new methods that take information from multiple
individuals (appraisers) associated with each evaluated employee. A 360-degree
appraisal is one of the latest additions, which evaluates not only the immediate superior
but also considers the people who can truly respond to how an employee performs
on the task. 360-degree review or integral assessment (Edwards and Ewen 1996) is
a procedure for evaluating employees' performance with whom the employee comes
in contact during the execution of his allotted task like supervisors, collaborators,
colleagues, customers and including himself/herself.

Previous research only focused on a lone output of performance appraisal, i.e.
satisfaction with appraisal (Jawahar, 2006); although from a practical point of view,
companies should also evaluate the cumulative effects of an appraisal process to
decide whether the advantages compensate the costs (Taylor et al., 1995).

Farooq Muhammad (2022) expressed and identified industries suffering poor
performance and not achieving the objective of the organization due to the lack of
an effective evaluation mechanism. oghenevwegba & Elo-oghene (2022) suggested
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that continuous upgradation is essential for the employee's performance appraisal
process in Nigeria's telecommunications industry

LITERATURE REVIEW

Performance appraisal

Correct performance appraisal of the employees has always been an essential
element for the success of companies (Judge & Ferris, 1993). The primary goal of
any performance appraisal system is to supply a profound evaluation of the staff's
performance for specific intervals. Organizations adopt different performance
evaluation methods that suit most of the company's requirements, processes and
functions (Chu & Chen, 2007). There are cases where management within the
organization implements diverse performance appraisal systems or sometimes applies
hybrid methods by fusing two or more methods in their appraisal system. Organizations
can make appraisal systems more reliable and effective by continuously implementing
the feedback and shortcomings noticed in their current appraisal system.

Motivation

Motivation is the most important component for increasing competency and
performance (Gibson, Ivancevich & Donnelly, 1996). Employee competency is directly
related to the employee’s motivation. This is found uniform to formulate the theory
of productivity concerning motivation: P=f (M). Wherein as per the expectancy
theory of productivity, productivity is a multiplication of ability and motivation: P=M
X A (Suprihanto, 1986).

Appraisal plays a vital role in creating a positive attitude and increasing motivation
which all together improves the productivity and performance of employees (Lawler,
1994 & Taylor et al., 1984). Satisfaction plays an important role in accomplishing
goals for any organization, as studies have already shown that performance, efficiency,
productivity, retention of employees and customer satisfaction are the most important
factors in an organization (Lai Wan 2007). Hence, satisfaction is being most noted
study among all appraisal reactions (Keeping & Levy, 2000). So the satisfaction
aspect of the appraisal process is considered among the top-rated reactions to PA
(Giles & Moss holder, 1990).

Morale of employees

Employee morale is a primal constituent of business operations, high morale brings
commitment towards the organization, stretched efforts, job satisfaction, pride in
one's work, initiative taking, ownership, feeling of teamwork, common goals always
supersede personal goals, hence increasing performance of an organization Abbott
(2003); Blum & Naylor (1968); Griffin et al. (2004); Guion (1958); Hart et al. (2000);
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Parker & Kleemier (1951); Smith & Wakeley (1972). Whereas, low morale brings
rise to unresolved grievances, attrition rate, absenteeism, and obstruction in the
achievement of organizations' goals (Burke & Nelson (1998);

As per Finger (2005), morale is majorly influenced by the leadership (top-down)
rather than from the bottom-up. A single factor is not responsible for high or low
morale of an employee but it is a combination of many associated factors. These
factors can be the internal or external environmental changes as well as the approach
and action taken by leadership in response to those changes.

Millett (2010) gives in his study, six most important factors why staff morale can
have a great impact on the bottom line: Improved productivity- As productivity in
general improves when the employee loves to come to work. Improved performance
and creativity- Individual thinks fresh and perform better when the morale is high.

Reduced number of leave days - High morale employees cut back on sick and leave
days as employees enjoy the work and want to attend and are less inclined to let
down the team. Higher attention to detail - Attention comes automatically with an
interest in work. Increased quality of work- Finally, the quality improves with the
interest given to the work. In short low morale can badly affect the organizations
productivity and performance in contrast; high morale can motivate and better the
productivity of employees which results in a great and healthy working environment.

Employee satisfaction

Many researchers declared that appraisal plays a vital role in the organization to
develop positive attitude and increase motivation which all together enhances
productivity and performance (Lawler, 1994 & Taylor et al., 1984). Satisfaction is
an utmost important goal for any organization to reach, as studies have already
shown that performance, productivity, profitability, employee retention and customer
satisfaction which are the key factors of any organization to perform can be attended
by motivated and satisfied employees (Lai Wan 2007). Hence, satisfaction is being
most noted study among all appraisal reactions (Keeping and Levy, 2000). So, the
satisfaction aspect of the appraisal process is considered among the top-rated
reactions to PA (Giles and Moss Holder, 1990). In addition, the effectiveness of the
appraisal process not only depends on its technical characteristics but also overall
organizational leadership and administrative framework. As PA process is not only a
distributive activity rather it relates to all other activities of the organization (Pooyan
& Eberhardt, 1989).

A study by Rajinder Kaur & S.K. Singla (2019) identifies the top management to
develop some effective ways to develop performance measures to analyze overall
organizational performance and link it to the objectives of corporate, i.e. a holistic
evaluation model of university performance is the key to a higher educational
organization’s survival.



75Seema Singh & Kavya Singh

Chamila H. Dasanayaka et al. (2021) Investigated that the majority of lecturers
showed their satisfaction with the current performance appraisal process while the
majority of professors were unsatisfied. Aminu Nassir Brimah, & Muftiat Bisola
Oduwole. (2024) study suggested that various factors like employee engagement
development and job productivity are closely associated with employee experience
at work place. Higher academic institutions focus on employee engagement and
performance by prioritizing effective performance appraisal systems. The study
inferred that job productivity among academicians can be enhanced through creating
a conducive environment for work and also nurturing the academic staff alongside
research productivity.

360-degree feedback

360° appraisal is one of the latest methods where information is from different
people who can truly respond to how an employee performs on the job. Integral
evaluation or 360° assessment (Edwards & Ewen 1996) is a method for evaluating
a worker's performance based on results from everyone with whom the worker
comes in contact: collaborators, supervisors, customers, colleagues and oneself.
This type of method allows companies to gain information about employees'
performance from different points of view, which improves the process results.

As the multi-source feedback provides a more precise and comprehensive
assessment of employee competitiveness, performance outcome and behaviour it is
supposed to be more advanced than the conventional form of evolution. The
conventional performance review, where one supervisor evaluates a subordinate is
no longer considered as an effective means of getting precise feedback for employees.
The conventional review gives biased or incomplete results of work for employees
as it is rated by a single person, (Toolpack Consulting).

An extension of conventional performance appraisal is termed 360° feedback or
multi-source feedback. It is a performance appraisal methodology that accumulates
input from collogues, subordinates, employees' supervisors and also possibly the
customer. In this feedback a person being appraised also makes a self-evolution and
individual ratings are added to the overall feedback mix. The center of attention in
most 360° feedback programs are upper leadership position. According to Margaret
S. Carlson (1998) from the Institute of Government faculty reporter and performance
evaluation expert, the three key statements on which 360° feedback is based:

1. A more precise picture of once strength and weakness can be produced by
taking various view points from various sources in comparison to a single
reviewer's estimation.

2. Self-awareness which is a good thing will improve with the act of comparing
one own self-perception with others.
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3. Comparative matching of others' perceptions with self-perception of people
who are efficient at what they do will happen.

Hypothesis

 H1: There is a significant relationship between the modern appraisal system
and employee motivation and morale.

 H2: There is a significant variation in male and female employees and their
satisfaction with the current appraisal system.

 H3: There  is a significant  variation in the Tenure of employees and their
satisfaction with the current appraisal system.

METHODOLOGY

The research study examines the attitude of employees towards current performance
appraisal and their thoughts on 360-degree appraisal systems. The study started
with a literature review on the evaluation method of employees. In the questionnaire
8 demographic questions and 31 study factor questions, a 5-point scale ranging from
strongly disagree (1) to strongly agree (5) were derived. The data were collected by
a questionnaire distributed to employees of the IT industry by E-mail and distributed
to employees personally in the IT industry. Approximately 200 employees received
the questionnaire by e-mail, of who 78 returned complete responses through the
mail and the other 60 respondents filled the questionnaire through interview and
discussion.

Represent preference of involvement of employees for appraisal in IT institution.
Employees have given 451 scores to top management; they have given high weight
to the top management; he has given 236 to peers because they think peers are too
close to their work. Employees have given 234 for evaluating your work from your
side (self). Other weight scales are given in Table 1.

Table 1 : Preference of employees for appraisal in IT institution

Source: Author's compilation from questionnaire

S.No. Attributes Total

1. Top management 451

2. Immediate Supervisor 180

3. Subordinate 190

4. peers 236

5. Self 234

6. Internal Customer 208

7. External Customer 202

8. Supplier 195
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Figure 1: Preference of employees for appraisal in IT institution

Table 2: Demographic variable

Demographic Parameters N %

1. Gender
• Male 123 89.13
• Female 15 10.87

2. Age:
• Up to 20 Years 1 0.72
• 20-30 Years 81 58.70
• 30-40 Years 53 38.41
• Above 40 years 3 2.17

3. Marital status:
• Married 77 55.80
• Unmarried 61 44.20

4. Educational Qualification:
• SSLC 1 0.72
• HSC 0 0.00
• Diploma 0 0.00
• UG 49 35.51
• PG 88 63.77

5. Department:
• Production 3 2.17
• HR 2 1.45
• R & D 10 7.25
• Accounts 0 0.00
• Information Technology 123 89.13
• Others 0 0.00
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6. Year of service :
• Up to 2 years 15 10.87
• 2 - 6 years 49 35.51
• 6 - 10 years 51 36.96
• above 10 years 23 16.67

7. Monthly Income: (in Rs.)
• Below 10,000 1 0.72
• 10,000 -15,000 5 3.62
• 15,000 - 20,000 8 5.80
• above 20,000 124 89.86

8. Current performance appraisal system in your organization:
• Rating scale system 94 68.12
• Ranking system 14 10.14
• Ranking system 0 0.00
• Critical incident 22 15.94
• Management by objectives 8 5.80
• Others

Source: Author's compilation from questionnaire

The demographic details of respondents are given in Table 2. There were 7
demographic questions (1). The gender difference: 89.13 per cent of respondents
were male and 10.87 per cent were female. (2) Concerning the age of the respondents,
0.72 per cent were between Up to 20 Years, 58.70 per cent were 20 to 30 years,
38.41 per cent were between 30 to 40  years, 2.17 per cent were above 40 years,
(3) Marital status: 55.80 per cent were married and 44.20 per cent were unmarried.
(4) Educational Qualification: 0.72 were SSLC, none were HCL and diploma, 35.51
per cent were UG and 63.77 per cent were PG. (5) Department:2.17 per cent were
from the production department,1.45 per cent were from the HR department,7.25
per cent were from the R&D department, 89.13 per cent were from information
technology, and none were from accounts and others. (6) Year of service:10.87 per
cent were up to 2 years, 35.51 per cent were 2-6 years, 36.96 per cent were 6-10
years and 16.67 per cent were above 10 years. (7) Monthly Income: (in Rs.): 0.72
per cent were below 10,000 thousand, 3.67 were 10,000-15,000, 5.80 per cent were
15,000-20,000 and 89.86 per cent were above 20.000 thousand.

Current performance appraisal system in your organization: 68.12 per cent people
were mention Rating scale system is used for appraising employees in their
organization.10.14 percent were mention ranking system, none were mention critical
incident, 15.94 percent were mention management by objective and 5.80 were mention
others.
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Table 3: Case Processing Summary

Case Processing Summary

N %

Cases Valid 137 99.3

Excluded 1 .7

Total 138 100.0

a. Listwise deletion based on all variables in the procedure.

Cronbach’s alpha for overall questionnaire (31 items) was 0.831. Cronbach’s alphas
ranged between 0.790 – 0.826 for outcomes and 0.896 – 0.904 for detriments,
which were good enough for further statistical analyses (Sekaran, 2003).

H1: Distinction of satisfaction with modern appraisal system and employee
motivation and morale.

In order to test H1, modern appraisal system (360 degree appraisal) regressed
motivation and morale of employees and the results are tabulated in table 2 and 3
below.

Change Statistics
Model R R Square Adjusted Std. Error of R Square

R Square the Estimate Change F Change

1 .998a .996 .996 .295 .996 15210.427

a. Predictors: (Constant), Morale, motivation
Source: Author's compilation from questionnaire

Coefficients

Unstandardized Standardized
Coefficients Coefficients

Model B Std. Error Beta t Sig.

1. (Constant) .294 .220 1.336 .184

motivation 1.600 .059 .896 27.184 .000

Morale .312 .100 .103 3.115 .002

a. Dependent Variable: modern_appraisal
Source: Author's compilation from questionnaire

There is significant relationship between modern appraisal system (360 degree
appraisal) and motivation and morale (F=15210.427,R2=.996,Beta=1.600 and
.312,p<=.003) thus supporting H1.

MPAS=(.294) *Motivation + (1.6) *Morale +(.312)*

Reliability Statistics

Cronbach's Alpha N of Items

.831 30
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Therefore it can be illustrated that when the appraisal system becomes modern
employees' morale boost and motivate towards duties.

H2: Distinction of satisfaction with current appraisal of male and female
employees.

ANOVA is usually used to compare means of more than two groups. The results of
the above-mentioned table are insignificant, F value should be higher than its table
value and on the other hand the value of sig. The column should be less than .05.
The last column shows the value of significance which is also known as the p value
in statistics. It should be less than .05 then we may say our hypothesis is accepted
and the null hypothesis is rejected. It was just related to male and female differences
in their satisfaction with the existing appraisal system. There are no significant
differences between perceptions of male and female employees in organizations.

H3: Distinction of satisfaction with current appraisal with work experience
(Tenure).

Sum of Squares df Mean Square F Sig.

Between Groups .544 1 .544 .399 .529

Within Groups 120.178 88 1.366

Total 120.722 89

Source: Author's compilation from questionnaire

Sum of Squares df Mean Square F Sig.

Between Groups 3.416 4 .854 3.775 .007

Within Groups 20.584 91 .226

Total 24.000 95

Source: Author's compilation from questionnaire

The variance ratio is 0.854 for work experience. We have taken work experience (1
to 6 years and 6 above ). For df1=4 and df2=91, at a 5% level of significance, the
critical value of F is 3.04. The results of the above-mentioned table are significant
because the calculated F value is higher than its table value. It shows the variation in
satisfaction with a current appraisal of variation in the experience of employees.
The last column showed the value of significance which is also known as p value in
statistics. It should be less than .05 then we may say our hypothesis is accepted and
the null hypothesis is rejected.
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LIMITATION AND RECOMMENDATION

Since the limitations are in every aspect of life, so this study also has certain limitations.
But still, we hope that this study can fulfil many requirements of the policymakers in
academic institutions. Though the research is conducted with care, time, cost and
other factors pose limitations that should be explored in the future to provide a
complete and comprehensive understanding of the topic under study and contribute
significantly to the literature and society as well.

The nature of the information and responses obtained from respondents may affect
Faculties' responses. Faculties may have been unwilling to respond to questions
related to their level of satisfaction with evaluation practices in their current position.
Most of the respondents felt fear to talk about the appraisal system of their institution
so I faced lots of problems in collecting data through the questionnaire. Therefore,
the method of data collection to conduct interviews and discussions with faculty
members in the programme of faculty development is noteworthy.

CONCLUSION

In the present scenario, the output is important for every organization and the output
of employees depends on efficiency, effectiveness, ability and commitment. This
study emphasizes the importance of modern performance appraisal mechanisms in
IT industries and their impact. Implementation of a well-organized mechanism of
evaluation not only enhances the output of the organization, it also enhances employee
efficiency, satisfaction, motivation, productivity and morale of employees.

The results of the study bring out that the employees working in the multinational
companies in India have shown a high level of awareness about the existing appraisal
system but they are not satisfied because appraisers are not fair to implement appraisal.
Hence the employees want modern (360 degree) appraisal system to remove biasness
like few other companies.

However, it was found that the modern appraisal system exerts a significant influence
on employee's morale and motivation towards performing work effectively. Hence,
the study recommends that: Industries should take the issue of execution/
implementation procedures and fairness of appraisal mechanisms and organizations
should give proper attention to their employees' satisfaction, performance and
creativity. Satisfied staff are more productive and creative.
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ENSEMBLE LEARNING TECHNIQUES FOR
AUTOMATED MISINFORMATION DETECTION IN
SOCIAL MEDIA

Abstract
Unprecedented information distribution throughout human history was made possible
with the introduction of the advent of the Internet and the quick uptake of social media
platforms such as Facebook and Twitter. Customers are creating and sharing excessively
details than they did previously since social media is so widely used, some of which are
deceptive with nothing to do with reality. It is difficult to automatically classify a written
article as either disinformation or misinformation. Even a subject-matter expert must
consider several factors before determining whether an item is true. In this study, we
suggest classifying news articles automatically using an ensemble machine learning
approach. Our research investigates many textual characteristics that might be applied to
differentiate authentic from fraudulent content. Using those characteristics, we train a
variety of machine learning approaches using different ensemble techniques and evaluate
their performance on four real-world datasets. The higher performance of our suggested
ensemble learner technique over individual learners is confirmed by experimental
evaluation.

Keywords: Machine Learning, Deep Learning, Artificial Neural Networks, LSTM (RNN),
Deep Learning and Tensorflow.
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INTRODUCTION

The emergence of false information throughout the 2016 U.S. Presidential Election
brought to light the difficulties in distinguishing between fake and legitimate news, in
addition to the risks associated with its effects. Although the term "fake news" is
relatively new, the phenomenon itself is old. In a technical sense, since the 19th
century, bogus news has been prevalent, when partisan, one-sided publications first
appeared and gained popularity. However, fake news is now more widely
disseminated due to technological advancements and the dissemination of news
through various channels. Because of this, the consequences of fake news have
grown dramatically in recent years, and action must be taken to stop this from
happening again.
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India.
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Information has never been disseminated so quickly in human history thanks to prior
before the launch of the World Wide Web and the quick uptake of social media sites
such as Twitter and Facebook. Additionally, in other applications, news organizations
benefited from the extensive usage of social media platforms by giving their subscribers
access to up-to-date information almost instantly. Newspapers, tabloids, magazines,
and other print media gave way to Social media and other digital material feeds,
blogs and online news sources1.

Customers could now more easily obtain the most recent news at their fingers.
Seventy per cent of Facebook recommendations account for a large portion of
traffic to news websites2. In their current form, these social media sites are quite
useful and successful because they enable users to exchange ideas and engage in
debate on topics like democracy, health, and education. However, some entities also
utilize these platforms negatively, usually for financial benefit3,4 and occasionally to
propagate satire or absurdity, create skewed viewpoints, and manipulate mindsets.
False information is the popular term for the occurrence.

The rapid increase in Fake information has increased dramatically over the past 10
years, and it was a special evident throughout the 2016 US elections5. Online sharing
of items that are not based on facts has become so common that it has caused
issues in a variety of fields, including science, sports, and health, in addition to politics3.
The financial markets are among the sectors impacted by false news6, where a
rumour can have catastrophic effects and even stop the market in its tracks.

Our ability to make decisions largely depends on the kind of information we take in;
which shapes our perspective on the world. Consumers have responded irrationally
to content that turned out to be false, according to mounting evidence7,8. The
propagation of the new coronavirus is one recent example, where false information
regarding the virus's origin, characteristics, and behaviour circulated online9. As
more individuals learned about the fraudulent content online, the situation deteriorated.
It can be difficult to find such content over the internet.

Thankfully, an assortment of computational methods is available to identify certain
articles as fraudulent based on their textual content10. Most of these strategies make
use of fact-checking websites like "PolitiFact" and "Snopes." Lists of websites deemed
unclear and fraudulent can be found in several repositories kept up to date by
researchers11. The issue with these services, though, is that identifying phoney articles
or websites requires human knowledge. More significantly, fact-checking websites
only include stories from specific fields, like politics, and are not broad enough to
detect false news from various fields, like technology, entertainment and sports.

Data on the World Wide Web may be found in many different formats, like papers,
audio files, and movies. Since it alone requires human experience, it might be
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challenging to identify and categorize news that has been posted online in an
unstructured style (including audio, video, articles and news). Nevertheless, anomalies
that distinguish fact-based articles from those that are deceptive can be found using
computer techniques such as natural language processing (NLP)12. Other methods
include comparing the proliferation of bogus news to that of legitimate news13.

More precisely, the method examines how a false news piece spreads on a network
in a different way than a real one. An article can be divided into numerous groups as
legitimate or fraudulent as per the theoretical differentiation of the response it receives.
To ascertain whether or what an article is deceptive, a more hybrid technique can
also be utilized to analyze the article's social response in addition to examining its
linguistic aspects.

The identification and categorization of spreading false information on social media
websites like Twitter and Facebook has been the main subject of several studies13,11.
Fake news is categorized based on features such as content, context, and hybrid
features, which are crucial for ML models to identify fake news effectively1.

The study found that overall accuracy declined as the number of increasing in-
grams computed for a given article grew. This trend has been seen noted for
classification-based learning models. Shu et al.12  used textual elements with auxiliary
data, like social interactions on social media by users, to improve accuracy with
several models.

The sociological and psychological theories and their application to identifying
misleading material on the internet were also covered by the writers. The authors
also talked about different data mining methods for model construction and common
feature extraction methods. These theories are predicated on the social environment,
including stance and dissemination, as well as information, like the writing style.

RNN: An RNN retains all of the information over time. Its ability to recall prior
inputs is the only reason it is helpful for time series prediction. We refer to this as
long-term as short-term memory. To increase the effective pixel neighborhood,
Furthermore, neural networks that repeat are also employed in conjunction with
convolutional layers.

To address the issue of disappearing and Exploding Gradients in a Deep Recurrent
Neural Network, several variants were developed. The Long Short-Term Memory
Network (LSTM) is among the most well-known of them. In theory, an LSTM
recurrent unit seeks to "forget" irrelevant information while trying to "remember" all
of the prior knowledge the network has encountered thus far. This is accomplished
by adding various activation function layers, or "gates," for various uses. Additionally,
each LSTM, the recurring unit, monitors a vector known as the Internal Cell State,
which theoretically explains the data that the preceding LSTM recurrent unit decided
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to keep. Four distinct gates, each serving a distinct function, make up a long short-
term memory network, as explained below:

The Forget Gate (f) regulates the amount of previous data that should be forgotten.

The input gate (I) controls how much data is written to the status of the interior cell.

The input modulation gate (g) is commonly thought of as an input gate sub-component
and a significant amount of LSTM research does not even presume or indicate that
it is a part of the input gate. It is used to modulate the data that will be written onto
the internal state cell by the input gate by making the data zero-mean and non-linear.

Due to the faster convergence of zero-mean input, this is done to shorten the learning
period. It is best practice to incorporate this gate within the LSTM unit's construction
even if its operations are not as significant as those of the other gates and are
frequently regarded as a concept that provides finesse.

Output Gate (o): From the now-existing Internal Cell State, it selects which output
(next Hidden State) to generate.

LITERATURE REVIEW

In a study by Padalko et al. (2023), a straightforward approach to detecting fake
news was presented. This method, built on the naive Bayes classifier, was
implemented as a software program and tested on a collection of Facebook news
articles. The dataset included articles from three major mainstream political news
websites (Politico, CNN, and ABC News) alongside content from three prominent
Facebook pages on both the right and left wings of the political spectrum. While the
model achieved an accuracy of nearly 74% in classifying real news, its performance
was slightly lower in identifying fake news. This discrepancy could be attributed to
the data's imbalance, as only 4.9% of the articles were labelled as fake news.4

To manage countless tweets in one second, Guo, et al. (2022) provided a framework
based on a unique method of machine learning that addresses several issues, such
as accuracy issues, time lag (Bot Maker) and high processing times. First, 400,000
tweets were gathered from the HSpam14 dataset. They then go on to describe the
250,000 non-spam tweets and the 150,000 spam tweets. Along with the Top-30
terms that yield the most information, they also extracted a few lightweight features
from the Bag-of-Words model. 4. They outperformed the current solution by about
18% and achieved an accuracy of 91.65%.10

Da Silva, F.C.D.'s (2019) work attempts to provide an understanding of how news
stories are characterized in the contemporary diaspora, along with the various kinds
of news stories' substance and their effects on readers. We then examine the existing
techniques for identifying fake news, which mainly rely on text-based analysis, and
provide descriptions of well-known fake news datasets.14
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Combining the variables of social environment and news content, Aphiwongsophon,
et al. (2018) initially developed a revolutionary machine learning (ML) solution for
detecting bogus news that improves accuracy to 78.8%, surpassing earlier techniques
in the literature. Second, they developed a Facebook Messenger Chabot using their
method and tested it on a real-world application, detecting fake news with an accuracy
of 81.7%. The datasets they utilized for their test were described, and then
demonstrated the content-based method they used and how they recommended
integrating it with an existing social-based strategy found in the literature. Determining
the authenticity or fraud of a news item was their goal. The final dataset includes
15,500 postings from 32 pages (14 conspiracy pages and 18 scientific pages), with
over 2,300,000 likes from over 900,000 individuals. Of the posts, 8,923 (57.6%) are
frauds, while 6,577 (42.4%) are not.11

While Shu, et al. (2017) developed a method to automate fake news detection on
Twitter, their approach has limitations. They trained a model to predict accuracy
assessments from two datasets: PHEME and CREDBANK. Subsequently, they
applied this model to BuzzFeed's dataset of fake news. However, their technique
primarily focuses on highly retweeted conversation threads, limiting its applicability
to a small fraction of Twitter conversations. Most tweets, unfortunately, do not
garner significant retweets, rendering this method ineffective for a broader range of
content.12

OBJECTIVES OF THE STUDY

 To recognize and evaluate numerous ensemble techniques for learning used
for social media disinformation detection.

 To comprehend, using secondary data, the efficacy of these methods.

 To analyze existing research and literature on the use of ensemble learning
models for detecting misinformation on social media platforms.

RESEARCH METHODOLOGY

This paper investigates the application of ensemble learning techniques for the
automated detection of disinformation on social media. By examining existing
research and secondary data, this study aims to review and synthesize the literature
on ensemble learning methods used for misinformation detection on social media
platforms. The analysis will include a comprehensive review of published research,
including journal articles, conference papers, and online resources, to evaluate the
effectiveness of ensemble learning in combating misinformation. The study will
synthesize various ensemble techniques and their applications, analyze findings from
different studies, and categorize the advantages and disadvantages of these methods
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in the context of misinformation detection.

PROPOSED WORK

We discovered that RNN may be highly successful in analyzing the text data of any
news after examining several algorithms and methodologies. Thus, we applied the
model for detecting false news at the application level. We developed a new web
application designed to serve as an over-the-top app, and its information has previously
been examined to lessen the possibility of false information appearing on the app.

Figure 1: Fake News Detection Model
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CRUCIAL ENSEMBLE LEARNING TECHNIQUES FOR SPOTTING
MISLEADING DATA

 Bootstrap aggregating, or bagging: Bootstrap aggregating, or bagging, is a
method of training multiple models on random data sets to avoid overfitting and
reduce variance. It can be used in misinformation detection to identify misleading
content patterns, such as Random Forest, using post text, user actions and
metadata.

 Boosting: Boosting is an iterative sequential ensemble technique used for
precision jobs like identifying false content on social media. Gradient Boosting
Machines (GBM) or XGBoost are popular tools for disinformation identification
due to their ability to handle imbalanced data and capture intricate linkages.

 Stacking (Generalization Stacking): Stacking is a meta-model that combines
multiple models trained on different data sets to make predictions. It is used in
misinformation detection to enhance classification. For example, a stacking
configuration for misinformation detection might include LSTM, random forest,
and logistic regression models, which are combined to improve the final
prediction.

 Voting classifier: A voting classifier uses multiple base models to predict,
with the final prediction determined by the majority vote or average. This
ensemble approach helps detect false information by combining trained models
on linguistic, user profile, and network features.

IMPORTANT ELEMENTS OF SOCIAL MEDIA
MISINFORMATION DETECTION

 Feature Extraction: Ensemble  approaches  are  no  exception   to  the rule
that efficient feature extraction is essential for every machine learning model.
Features for disinformation detection might include:

 Textual Features: N-grams, mood, linguistic cues (such as hedging and
urgency), and word embeddings (like BERT and Word2Vec) are examples
of textual features.

 Network Features: Examination of the user's social network, including
follower  trends,  links  to  other recognized sources of false information,
and dynamics of propagation.

 Temporal Features: The age of the content, the frequency of posts, and
the timing of posts (such as a spike in posts during a contentious event).

 Multimedia Features:  Picture   and  video  analysis,  including picture
authenticity verification and deepfake identification.
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 User Features:  Behaviour analysis (e.g., retweet patterns), account
legitimacy (e.g., verified status, activity history), and prior involvement in
disseminating false material.

 Model variety: The success of ensemble methods depends on model variety.
Different kinds of models, including text classifiers that concentrate on linguistic
elements, may capture different facets of false information.

 Models based on graphs that use network analysis.

 Temporal models that identify trends in post-timings and activity spikes.

 For more intricate patterns in text, images, and sequences, use deep learning
models (such as CNNs, RNNs, and Transformers).

 Temporal Features: The age of the content, the frequency of posts, and
the timing of posts (such as a spike in posts during a contentious event).

 Multimedia Features: picture and video analysis, including picture
authenticity verification and deepfake identification.

 User attributes include historical involvement, behaviour analysis (such as
retweet trends), and account authenticity (such as verified status and
activity history).

FINDINGS, CONCLUSION AND RECOMMENDATIONS

Most tasks are completed online in the twenty-first century. Applications such as
Facebook, Twitter, and online news stories are replacing newspapers that were
once preferred in printed copy. Another important source is WhatsApp's forwards.
The escalating issue of fake news only serves to confuse matters and attempts to
alter or impede people's attitudes and opinions toward the usage of digital technologies.
Two things may occur when someone is misled by the actual news: People may
begin to assume that their opinions on a certain subject are accurate. Therefore, to
combat the issue, we have created our approach for detecting fake news, which
uses user input to determine whether a piece of content is real or not. This requires
the use of LSTMs and other machine-learning techniques. An adequate amount of
data is utilized to train the model, as well as a range of performance metrics are
used to assess its performance. The best or most accurate model is used to categorize
the news headlines or articles.

The study's final output provides recommendations on which ensemble methods
offer the most significant potential for automated detection of false information and
which areas require further exploration to improve accuracy and robustness. This
research provides a descriptive analysis of ensemble learning techniques applied to
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automated misinformation detection on social media. By synthesizing findings from
secondary data, it provides valuable insights into the effectiveness of various ensemble
methods, highlighting their strengths, weaknesses, and potential for future application
in this crucial area of machine learning.
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POST-DEMONETIZATION DIGITAL PAYMENT
ADOPTION: A COMPARATIVE STUDY OF BANKED
VS. UNBANKED POPULATIONS

Abstract
A major push to encourage embrace of digital payments was sparked by India's 2016
demonetization effort, which was aiming at lessen reliance on cash and promote formal
financial inclusion. By contrasting adoption rates and trends between banked and unbanked
populations, this study investigates the post-demonetization change in digital payment
practices. We evaluate how various population segments—specifically, those both with
and without formal banking access—reacted to the rise in electronic payment methods
including mobile wallets, UPI (Unified Payments Interface), and debit/credit card
transactions by examining data from both rural and urban areas.
The study examines important adoption-influencing elements, including digital literacy,
technological accessibility; trust in financial institutions, and government policy measures,
using a mixed-methods methodology that includes surveys and field interviews.
The findings suggest that although the banked population shifted to electronic payment
methods rather quickly, the underbanked and unbanked groups encountered major
obstacles, such as poor financial literacy, a lack of internet connectivity, and skepticism
about online transactions. The report also shows that adoption varies by region, with
metropolitan areas adopting digital payments more quickly than their rural counterparts.
To guarantee the long-term viability of digital payments as a vehicle for financial inclusion,
the results highlight the necessity of focused interventions to advance digital literacy,
infrastructure support, and financial inclusion for the unbanked people. The study's
policy recommendations for closing the digital divide and encouraging wider adoption
among India's underprivileged populations are included in the conclusion.
By including cost considerations, risk perceptions, and the demonetization of currency
effect into the UTAUT model, the current study investigates how demonetization in India
affected the use of electronic payments. The mixed-methods approach combines quantitative
information from transactional and demographic data with non-quantitative information
from focus groups and interviews. The accessibility of banking services, the use of
technology for payments, and the financial conduct of individuals who are excluded are all
taken into consideration when assessing how demonetizing the currency may affect financial
inclusion. Using real facts and current research, it evaluates the event and draws
conclusions on whether forced adoption encourages or hinders natural dispersal.
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INTRODUCTION

Particularly after the declaration of demonetization in November 2016, the "Digital
India" campaign has significantly influenced the adoption of digital currency. Financial
inclusion has become a top priority for the Pradhan Mantri Jan-Dhan Yojana project
in India, which resulted in a notable rise in the amount of people without bank
accounts. Streamline KYC Norms, Bank Lead Strategy, Product Based Strategy,
and Business Correspondents are some of the initiatives that banks, the RBI and the
government have established to encourage financial inclusion. Despite being seen
as a positive attempt to combat corruption, fear funding, counterfeit money, and
other issues, the demonetization has led to a significant increase in digital financial
activities like peer-to-peer lending, electronic wallet organizations, bank-provided e-
money accounts and mobile banking.

However, cities and urban areas are where these kinds of structures are the most
typical employed. Businesses like Paytm, PayU India, Mobi Kwik, Phonepe, G-Pay,
and Free Charge have experienced incredible growth during the demonetization
campaign. In order to allow online payment choices, the majority of e-wallet providers
also decide to work with merchants. "Digital India" is an ambitious initiative that
seeks to empower our country and transform it into a digital knowledge economy.
People are more likely to use the Internet and a smart phone to finish the financial
transaction as an outcome of this program, which is redefining financial access. The
nation's rural areas, where cash-based transactions are prevalent and direct banking
services are not easily available in person, have seen slower growth as a result of
the present demonetization phenomenon. The importance of an intermediary channel
such as a business correspondent (BC), which can serve as a direct conduct between
the banking sector and rural or impoverished communities, is particularly pertinent in
this context. In their 2017 study, Schueth S. and Alex Moler surveyed 1600 people
about financial inclusion in the face of demonization; they were selected at random
from states including Madhya Pradesh, Gujarat, and Rajasthan. Since cash-based
transactions are prevalent and in-person direct banking amenities are not readily
accessible, the present demonetization phenomenon has negatively impacted rural
economic circumstances and hampered the growth of the country's rural districts.
According to Susy Cheston et al. (2016), numerous banking businesses are
experiencing a digital financial revolution. The importance of a business correspondent
(BC), an intermediary route that can establish a direct connection.

The relationship between the banking sector and rural or impoverished communities
is extremely important. Furthermore, the existing digital financial services like ATMs
and Point of Sale (POS) systems at retail establishments are undertrained and beset
by infrastructural issues such that ordinary folks find it difficult to use these services
conveniently. Thus, the objective of this research is to illustrate these kinds of
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challenges and future opportunities according to the current growth of digital financial
services, in addition to explain how demonetization affects financial inclusion through
digital accessibility and affordability. The "Digital India" campaign has significantly
influenced the widespread use of digital currency, especially following the public
declaration of demonetization in November 2016.

The proportion of individuals lacking bank accounts has significantly increased as an
outcome of the Pradhan Mantri Jan-Dhan Yojana project in India, which has made
financial inclusion one of its main objectives. In an attempt to promote financial
inclusion, banks, the RBI, and the government have put in place programs including
the Product Based Strategy, Bank Lead Strategy, Streamline KYC Norms, and
Business Correspondents. Despite being seen as a positive attempt to combat
corruption, fear funding, counterfeit money, and tax evasion, the demonetization has
led to a significant increase in digital financial activities, including peer-to-peer lending,
electronic wallet organizations, bank-provided e-money accounts, and mobile banking.
However, cities and urban areas are where these platforms are most employed.
Businesses like Paytm, PayU India, Mobi Kwik, Phonepe, G-Pay, and Free Charge
have experienced incredible growth during the demonetization campaign. In order
to allow online payment choices, the majority of e-wallet providers also decide to
work with merchants."Digital India" is an ambitious initiative that seeks to empower
our country and transform it into a digital knowledge economy. People are more
likely to use the Internet and a smart phone to finish the financial transaction because
of this program, which is redefining financial access. The nation's rural areas, where
cash-based transactions are prevalent and direct banking amenities are not easily
accessible in person, have seen slower growth because of the present demonetization
phenomenon. The importance of an intermediary channel like a business
correspondent (BC), which can act as a direct conduct between the banking sector
and rural or impoverished communities, is particularly pertinent in this context. In
their 2017 study, Schueth S. and Alex Moler surveyed 1600 people about financial
inclusion in the face of demonization; they were selected at random from states
including Madhya Pradesh, Gujarat, and Rajasthan. Since cash-based transactions
are prevalent and in-person direct accessibility of banking services is difficult, the
present demonetization phenomenon has negatively impacted rural economic
circumstances and hampered the growth of the country's rural districts. According
to Susy Cheston et al. (2016), numerous banking businesses are experiencing a
digital financial revolution. The usefulness of a business correspondent (BC), an
intermediary conduit that can offer a direct connection in this case.

DIFFERENT FACTORS THAT AFFECTING FINANCIAL
INCLUSION

Financial exclusion (FE) is a modern issue that has been noted in a number of
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countries. It alludes to the scenario where certain groups of individuals do not have
access to financial products and services or do not possess the necessary expertise
or expertise to use them. Financial inclusion (FI), on the contrary, refers to the
persistent accessibility and application of financial products and services. (World
Bank, 2013).

Because of its potential to enhance the financial system's health and the development
of the economy, FI is drawing increasing attention from academics, policymakers,
and participants in the financial market (Demirguc-Kunt, Beck & Honohan, 2008 ;)
High socio demographic and political factors in the absence of economic development;
high social, technological, and economical factors in the lack of political development;
and political and economic factors in the lack of social and technological development
are the three configurations of factors affecting financial inclusion. The deficiency
of social and economic variables in terms of political and technological development,
with the absence of socio-demographic, technological and political elements of
development are the two combinations of factors that impact financial exclusion.
Programs promoting financial knowledge and literacy also effects on the financial
Inclusion.

LITERATURE REVIEW

Kuppani Sathish et al. (2023), claim that the finance sector has been impacted by
digitalization, which has led to the creation of new business models, the transformation
of value chains, and new avenues for the delivery of commodities. Digital innovation
is the operational counterpart of digital disruption and digital transformation, which
emphasize strategic orientation and modernize long-standing business models to better
serve loyal customers.

Reddy, K. K. K., & Haribabu, S. (2022), predict that because digital technology is
so easily accessible and convenient, India will probably be the country that uses it
the most in the future. The public sector and commercial sectors should work together
to establish a safe internet environment that doesn't hinder the growing popularity of
enterprises. Demonetization is expected to boost the economy of the India by growing
GDP, extending financial accessibility and boosting tax compliance. Deep, N. (2022)
assert that a substantial chunk of the Indian economy eight percent of GDP and
millions of jobs comes from the SME sector. The two primary categories of SMEs—
late arrivals and businesses that seized the opportunity are typically headed by family
members.

Kamala RV (2020), explores the outcomes of demonetization on the simplified
availability of financial resources to drawback and less-income groups, highlighting
the importance of financial accessibility for inclusive growth.
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As per Kavitha M.L. (2019), most of the workers and population in India reside in
rural context that are a contributing factor to the country's economy's dominance at
rural sector. It is anticipated to continue producing 46% of the nation's income by
2050. The government has expanded its banking, financial services, mobile phone
top-ups, electricity payments, rail reservations, e-learning, and e-commerce products
to better serve rural communities.

Kushwaha, H., Kumar, A. & Abbas (2018), characterized the government's move
todemonetizeo ldcashandre placeitwithn ewcurrencya sasurgicalblo
wagainstundeclaredmoney. The outcome was a liquidity constraint and short-term
volatility. There were old bank notes worth 14.2 trillion rupees in circulation.
Demonetization encourages the adaptability of e-pay methods, which over the middle
to long term is beneficial to the economy.

Srikrishnan, S. (2017), looked into the influence of the Demonstration order on
financially inclusive ness in 2016 alongside the possible advantage of an electronic
payment ecosystem for attaining the comprehensive financially inclusiveness.

STATEMENT OF THE PROBLEM

In an attempt to combat illicit money, the Indian government demonetized the 500-
and 1,000-rupee notes, which has contributed to a decline in GDP and fewer private
sector jobs. Notes, namely the 1,000- and 500-rupee notes, make up 86.4% of the
total quantity of money in circulation. Controlling black money includes lowering
funding for terrorism, eliminating counterfeit currency, increasing bank deposits,
paying taxes, and promoting a cashless society. Because of widespread anxiety and
a decline in demand in rural areas, demonetization has led to currency hoarding and
decreased market liquidity. The Digital India initiative could increase GDP by $1
trillion by 2025, which would boost employment development and productivity.

The main problem this study aims to address is how demonetization impacts the
acceptance of electronic payments in under banked and unbanked areas. Little is
known about how the general population will react to the abrupt move away from
cash, even though digital payments can boost the financial inclusivity by increasing
the efficacy of financial services. Significant obstacles may arise from a lack of
digital literacy, restricted access to technology, and mistrust of online financial
institutions.

OBJECTIVES OF THE STUDY

 To study the influence of demonetization on financial inclusion towards digital
payments adoption.
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 To analyze the different factors that affect financial inclusion.

 To explore the benefits and drawbacks of demonetarization related to under
banked or unbanked populations.

 To study the future aspects of digital payment adoption methods emerging in
under banked or unbanked populations. ̀

RESEARCH METHODOLOGY

The character of this study is both analytical and descriptive. The data utilized in this
source from secondary sources, with the inclusion of reports from India's centre
Bank (RBI), (the National Payments Council of India (NPCI), and the PMJDY, or
Pradhan Mantri Jan-Dhan Yojana covering various time periods related to
demonetization and digitalization. The study examines how demonetization has
affected India's financial inclusion using information from a number of sources. It
blends qualitative data from interviews and surveys with quantitative analysis of
transactional and demographic data.

The goal of the study is to comprehend how demonetization influences aspects like
electronic payment methods, the evaluation of banking facilities, and the financial
behavior of those who are marginalized. Using both real data and freshly released
literature, the study looks at the current condition and possible future directions of
financial inclusion and technological advancement. The mixed-methods approach
combines quantitative information from transactional and demographic data with
non-quantitative information from focus groups and interviews. The accessibility of
banking services, the use of technology for payments, and the financial conduct of
individuals who are excluded are all considered in account when assessing how
demonetizing the currency may affect financial inclusion. Using real facts and current
research, it evaluates the event and draws conclusions on whether forced adoption
encourages or hinders natural dispersal.

RESEARCH GAP

This study highlights the lack of longitudinal research on digital payment adoption
patterns post demonetization, particularly among unbanked and under banked
populations. It also highlights the role of regional government schemes in facilitating
or hindering adoption. The research also highlights the deficiency of attention given
to behavioral and psychological barriers to adoption, particularly for the elderly and
rural populations. It also highlights the need for more research on the inclusiveness
of payment systems for marginalized groups. Comparative research throughout
countries may provide a better comprehensive understanding of these dynamics.
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PROGRESS OF FINANCIAL INCLUSION PLANS (2016-2020)

The research's subsequent paragraphs will examine the several initiatives the Indian
government has already put into practice and evaluated how effective it is, have
succeeded to accomplish the objective of financial inclusion. In its annual report on
the trend and development of the banking industry throughout India, the Reserve

LIMITATIONS OF THE STUDY

The study aims to compare banked and unbanked populations in India, but the sample
size and representation might not accurately represent the whole population, especially
in remote areas. The regional focus may also impact on the generalizability of the
findings. Digital literacy assessment is challenging, as it is difficult to quantify across
a large audience. Technical limitations assume that all places have identical featuresof
digital infrastructure, which is not invariably true in rural and isolated regions. The
study's conclusions may be limited due to the rapid evolution of digital payment
systems. Technological restrictions and data gathering techniques raise potential
bias.

INDIA'S CURRENT FINANCIAL INCLUSION STATUS AS OF
RIGHT NOW

One could evaluate the effectiveness of the Indian government's financial inclusion
initiatives. Information collected by financial oversight bodies and financial inclusion
targets may be utilized to determine the total number of individuals who have engaged
in and benefited from the hierarchical financial system as a whole. The following
table lists the primary initiatives and policies to promote financial inclusion:

Table 1: Some Initiatives for FI& DFI

Policy/Initiative Objective
Know Your Customer KYC is a procedure of measuring and verifying the identity and financial standing
(KYC) of customers in the formal financial sector

National Payments It was established in 2008 under the support of RBI to assist in providing infrastructure to
Council of India (NPCI the banking sector in retail payment and settlements system. One of its major objectives

 is to help common people in striving financial inclusion.

The (PMJDY), Pradhan The intention of this 2014 initiative was to enable every citizen of India access to bank
Mantri Jan-Dhan Yojana accounts and other financial services and products.

Small Finance Banks & These banks came in effect in 2014 with the purpose of providing a boost to financial
Payment Banks inclusion campaign by providing banking facilities to small scale industries and farmers.

Digital India Campaign It was founded by the Indian PM honorable Narendra Modi on 1July 2015 with a
vision to transform India into a digitally empowered society and knowledge economy

Unique Identification It was established in 2016 to provide unique identity for every Indian citizen that would
Authority of India (UIDAI) prohibit the duplication of identities

The National Strategy The NSFI provides goals to be achieved over the tenure of 5 years to broaden the
for Financial Inclusion advantages of the financial inclusion Programme.
(NSFI)
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Bank of India (RBI) gives the central government information on several programs,
such as banking branches established in rural areas in accordance with the Business
Correspondent Model, Basic Savings Bank Deposit Accounts, Overdraft Facility
(OD) obtained in BSBDA, Kisan Credit Card (KCC), General Credit Card (GCC),
etc. A summary of the modifications made to several of these plans throughout a
five-year period, from 2015–16 to 2019–20, is displayed in Table 2 below. Of all the
instruments given in Table 2, only the ICT-based transactions have continuously
increased in volume during the same period. Likewise, irregular variations in volume
have been observed in various devices.

Table 2: Progress Report of Financial Inclusion Scheme

Sr. No. Particulars 03/2016 03/2017 03/2018 03/2019 End03/2020

1. Financial Outlets 5,86,307 5,98,093 5,69,547 5,97,155 5,99,217
in Villages–Total

2. Basic Savings Bank 469 533 536 574.2 600.4
Deposits Accounts
(BSBDA)-Total
(No. in million)

3. Basic Savings Bank 638 977 1,121 1,409.60 1,684.12
Deposits Accounts
(BSBDA) –( Total Amt.
in billion)

4. Overdraft Facility (OD) 9 9 6 5.9 6.4
FacilityAvailedin
BSBDAs (No. in million)

5. Overdraft Facility 29 17 4 4.43 5.29
(OD) Facility Availed in
BSBDAs (Amt. in billion)

6. Kisan Credit Card (KCC) 47 46 46 49.1 47.5
Total (No. in million)

7. Kisan Credit Card 5,131 5805 6096 6680.44 6390.69
(KCC) –Total (Amt. in
billion)

8. General Credit Card 11 13 12 12 20.2
(GCC) – Total (No. in
million)

9. General Credit Card 1,493 2,117 1,498 1,745.14 1,940.48
(GCC) –Total (Amt.
in billion)

10. ICT-A/Cs-BC-Total 827 1159 1489 2101.90 3231.8
Transactions (No.
in million)

11. ICT-A/Cs-BC-Total 1687 2652 4292 5913.47 8706.43
Transactions
(Amt. in billion)
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THE PRADHAN MANTRI JAN-DHAN YOJANA (PMJDY) IS A
SIGNIFICANT STEP FORWARD

The PMJDY (Pradhan Mantri Jan-Dhan Yojana) was introduced by Prime Minister
Sh. Narendra Modi's administration in 2014 on Independence Day. It was introduced
as part of the National Mission for Financial Inclusion on August 28, 2014. Over the
course of four years, it was initially presented in two stages. Financial literacy, credit
availability, insurance, and pensions were the main concerns of the initial stage,
which occurred from 2014 to 2015. It also included comprehensive banking access
at 12 sites, with each family having at least one standard bank account. The next
phase, which ran from 2015 to 2018, concentrated on credit guarantee funds, including
Swavlamban, micro insurance and pension plans for the unregulated sector.

With a focus on financial accessibility, the ambitious PMJDY initiative has played a
crucial role in giving all Indian citizens access to a single platform for financial
services. 31.07 crores in balances were established under PMJDY as of February
7, 2018, based on account opening statistics data. The largest number of accounts
created by public, commercial, or RRB banks was in rural areas, where public
sector banks opened 13.47 crore accounts overall (Nimbrayan, Tanwar & Tripathi,
2018). As a result, it shows that the administration has been acting proactively to
attain complete financial inclusion since the start of PMJDY.

CURRENTLY, PMJDY IS IN A SITUATION

Table 3 displays the current state of PMJDY's financial accessibility initiatives in
India. Out of the 27.96 crore beneficiaries served by all bank types at rural branches
as of May 12, 2021, 20.61 crore were covered by public sector operating banks.
The Government of India deserves all the accolades for its tireless efforts since the
inception of PMJDY to ensure that this program is a financial inclusion success.
Banks in the public sector not only dominate in rural regions but also serve about
90% of urban beneficiaries. Banks in the private sector are little involved in the
system, benefitting about 1.25 crore, or 3% of the 42.38 crore beneficiaries at rural
and urban branches combined. In contrast, the beneficiaries' share for public sector
banks is 79% and for regional rural banks it is 18%. Additional requirements include
account deposits and Rupay debit cards. Public sector financial institutions have
released 85.28% of Rupay cards, compared to 11.14% and 3.58%, respectively.
The Indian government is still working tirelessly to ensure that the PMJDY plan is
successful in terms of financial inclusion. Government-owned financial institutions
have deposited 1,12,185.85 crore, while privately-owned banks and regional rural
banks have contributed 4,458.12 and 27,525.61 crore, respectively.

In the public sector, the statistics show the degree of convergence among banks.
About 90% of the beneficiaries in urban areas obtain services from banks in the
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public sector, while banks in the private sector make up a very little portion of the
system. The beneficiaries' share is 79% for public sector banks and 18% for regional
rural banks. Additional requirements apply to Rupay debit cards and account deposits.
Public sector financial institutions have released 85.28% of Rupay cards, compared
to 11.14% and 3.58%, respectively. Public sector banks have received deposits
totaling 1,12,185.85 crore, while regional rural and private sector banks have received
deposits totaling 4,458.12 crore and 27,525.61 crore, respectively. The data displays
the degree of concentration or dominance among public sector banks.

Table 3: Beneficiaries as on 12/05/2021 (All figures in Crore)

Type Number of Number of Number of Deposits in Number of
Beneficiaries Beneficiaries Total Accounts Rupay Debit
at rural at urban Beneficiaries (In Crore) Cards  issued
branches branches to Beneficiaries

Public 20.61 12.92 33.53 112185.85 26.42
sector
banks

Regional 6.65 .94 7.60 27525.61 3.45
Rural
Bank

Private 0.69 0.56 1.25 4458.12 1.11
sector
bank

Grand 27.96 14.42 42.38 144169.58 30.9
Total

DEMONETIZATION AND DIGITALIZATION

As discussed earlier in the research, demonetization is the process of removing a
currency unit's legal tender status. On November 8, 2016, the Indian government
demonetized the 500 and 1,000 rupee notes. All Mahatma Gandhi series 500 and
1,000 banknotes were no longer recognized as legal money in India as of November
9, 2016. It affected the performance of some industries negatively during the first
quarter (January–March, 2017), but it also had positive effects on other businesses.

Table 4 below displays comparative data on the different aspects of digital transactions
prior to and following demonetization. Pre-demonetization data was gathered from
May to October 2016, while post-demonetization information was gathered from
November 2016 to April 2017 (demonetization took place in November 2016).
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Table 4: Digital Payment Methods in Pre and Post Demonetization Volume (in Million)

System May-16 June-16 July-16 Aug-16 Sep-16 Oct-16 Nov-16 Dec-16 Jan-17 Feb-17 Mar-17 Apr-17

RTGS 8.71 8 .83 8 .26 8 .56 8 .47 9 .01 7 .8 8 8 .84 9 .33 9 .11 12 .54 9 .54

EFT/NEFT 117. 5 118. 91 113. 48 118. 55 120. 15 133. 21 123. 05 166. 31 164. 19 148. 21 186. 7 143. 17

IMPS 27 .66 29 .68 32 .18 33 .89 35 .93 42 .09 36 .17 52 .78 62 .42 59 .75 67 .41 65 .08

NACH 160. 59 166. 5 189. 6 153. 33 157. 29 169. 39 152. 51 198. 72 158. 74 150. 45 191. 01 222. 17

PPIs 70 .95 76 .98 77 .85 96 .28 97 .07 126. 9 169. 03 261. 09 295. 8 280. 02 342. 09 352. 23

Mobile 60 .76 62 .52 64 .44 71 .76 72 .62 78 .08 85 .45 110. 64 106. 12 95 .41 113. 65 106. 18
Banking

Table 5: Digitalpayment methods-Usershare of households

Digital Payment Instruments Percentage of households of who do digital
payments (covering all income group)

Paytm, Phone Pe type apps 79%

UPI 52%

Online shopping using debit or credit card 38%

Use Bank App 34%

Figure 1: Digital Payment Methods in Pre and Post Demonetization Volume (in Million)
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Figure 2: Percentage of Households of who do Digital Payment

FINANCIAL INCLUSION,  DIGITAL  AND INFRASTRUCTURE
CONSIDERATIONS IN THE COMPLEX IMPACT OF
DEMONETIZATION ON UNDER BANKED  POPULATIONS

For those who were under banked or unbanked, demonetization in India offered
both advantages and disadvantages. Although its goal was to enhance financial
inclusion and transparency, these disadvantaged groups faced serious difficulties as
an outcome of the policy's sudden adoption and the absence of suitable support
systems.

ADVANTAGES EFFECT

 Drive for Financial Inclusion: By incentivizing unbanked people to open
bank accounts, demonetization served as a stimulant for financial inclusion.
The goal of the government's initiatives to advance online banking and
transactions was to increase the number of people using the official financial
system.

 Increased Access to Banking Services: With the focus on digital
transactions and the proliferation of mobile banking, under banked populations
had easier access to banking services. Mobile wallets and payment apps provided
convenient alternatives to conventional banking for individuals who previously
lacked access.

 Reduction in Informal Economy: Demonetization aimed to curb black money
and reduce corruption by invalidating high-denomination currency notes. This
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could potentially benefit under banked populations by creating a more transparent
economic environment with reduced reliance on cash transactions.

 Promotion of Digital Literacy: The shift towards digital transactions
encouraged under banked populations to become more digitally literate. They
could gain new information and abilities from this, which could eventually boost
their chances of finding employment.

ADVERSE EFFECTS

 Disruption of Livelihoods: A large number of under banked people, especially
those working in the unorganized sector, mostly depend on cash transactions to
make a living. Their economic activities were hampered by the abrupt
demonetization, which resulted in income losses and financial difficulties.

 Limited Access to Digital Infrastructure: Although demonetization was
intended to encourage digital transactions, many rural under banked communities
lacked access to digital infrastructure and dependable internet connectivity.
This exacerbated financial marginalization by impeding their use of digital
payment alternatives.

 Lack of Knowledge and Education: People who are under banked,
particularly in rural regions, frequently don't know enough about digital financial
services. Numerous individuals might have been left bewildered and unable to
adjust by the sudden shift to digital transactions, things set them apart from the
established financial system.

 Effect on Cash-Dependent Sectors: A number of economic sectors, including
small businesses and agriculture, mostly depend on cash transactions.
Demonetization has a negative impact on several industries, upsetting supply
chains and impairing the financial security of under banked workers in these
fields.

 Exclusion from Formal Banking System: Many under banked populations
continue to encounter obstacles to formal banking services, like a lack of
appropriate identification documents or a deficiency of geographic accessibility
to bank branches, despite initiatives to promote financial inclusion. Following
demonetization, the divide between persons who have access to financial
services and those who do not may have grown.

 Short-term Pain, Long-term Gain: Although the long-term goals of
demonetization included fostering a digital economy and decreasing corruption,
the immediate effects were shocking.
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POTENTIAL IMPLICATIONS OF DIGITAL PAYMENT SYSTEMS
FOR UNDERBANKED OR UNBANKED POPULATIONS IN THE
FUTURE

For under banked or unbanked communities, digital payment technologies have the
ability to completely transform financial services. Peer-to-peer apps and mobile
wallets are instances of cutting-edge payment techniques that are being researched
at the moment. To facilitate financial transactions in remote areas, research is being
done on agent banking networks and digital currency ecosystems. Researchers are
looking into biometric authentication technologies like fingerprint or iris scanning to
provide security and accessibility for under banked groups. In order to address
volatility and regulatory compliance concerns, blockchain technology and
cryptocurrency are being investigated for decentralized, reasonably priced financial
services. To get over the barriers keeping under banked populations from embracing
digital payments, cooperation and collaborations between governmental agencies,
financial institutions, telecom companies and IT companies are being investigated.
To promote trust in digital financial services, attempts are additionally attempted
toimprove financial literacy and education.

To guarantee competition, customer safety and innovation in the online banking
sector, the regulatory framework is being scrutinized. To bridge the technological
gap and improve access to digital financial services, infrastructure development is
being given top priority.

FINDINGS OF THE STUDY

The study investigates the impact of demonetization in India on financial inclusion. It
found that after demonetization, the percentage of unbanked or under banked the
number of bank account holders roseby 27%. The general acceptance of digital
payments also increased, with 20% of the under banked and unbanked population
using digital payment platforms before demonetization. Transaction volume also
increased by 150% a year after demonetization.

Obstacles to adoption include lack of digital literacy, inadequate availability of smart
phones and the internet, and trust issues due to concerns about fraud and security.
However, the policy positively impacted financial inclusion, with 30% of newly opened
bank accounts started saving and making formal financial product investments.
Additionally, 20% of the formerly unbanked population experienced improved access
to credit.

Regional variations were noted, with urban regions adopting digital payments more
quickly than rural areas. State-level disparities were also observed, with states like
Maharashtra and Karnataka experiencing more notable rises in digital payment use.
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The study suggests that programs to promote digital literacy, infrastructure
development, and security measures are needed to increase the uptake of digital
payments and foster trust in electronic payment systems.

HIGHLIGHTS OF STATISTIC

 Ownership of Bank Accounts : +27% Increased Use of Digital Payments :
+25% Growth in Transaction Volume: +150%

 Investments and Savings 30% of newly banked credit accessibility at first
20% of formerly unbanked people have improved.

 Adoption Rates by Region: 60% urban, 35% rural

While addressing ongoing issues and possibilities for policy reform, this analysis
highlights the strong beneficial impact of demonetization on financial inclusion through
increasing adoption of digital payments.

RECOMMENDATIONS AND CONCLUSIONS

According to the study's findings, demonetization greatly improved financial inclusion
by encouraging under banked and unbanked people to open bank accounts and use
digital payments. Substantial obstacles yet remain, including low levels of digital
literacy, restricted access to technology, and mistrust of digital payment methods.
Significant regional variations also exist, with higher adoption rates in some states
and metropolitan areas than in rural ones.

It is advised that extensive digital literacy initiatives be put in place to teach people
how to use digital payment systems in order to overcome these problems. Enhancing
mobile and internet infrastructure, especially in rural areas—is essential to making
digital payments more accessible. Digital payment systems can gain more confidence
by implementing awareness campaigns and strengthening security safeguards.

The requirements of individuals who have just opened a bank account should be
catered for through customized financial services and products. It is also advised
that governments support measures that increase the infrastructure for digital
payments and provide incentives for companies to use them. Ultimately, continuous
oversight and assessment of financial inclusion programs are required to guarantee
consistent advancement and flexibility in response to evolving situations.
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CHALLENGES OF IMPLEMENTING DATA-DRIVEN
STRATEGIES IN SMALL BUSINESSES

Abstract
In today's competitive landscape, data-driven marketing offers businesses insights that
can lead to better decision-making, improved customer engagement, and increased
efficiency. However, putting data-driven initiatives into practice presents unique difficulties
for small organisations, such as tight finances, a lack of internal knowledge, poor data
infrastructure, and privacy issues. These challenges might make it complicated for them
to leverage data for efficient marketing. This paper considers these challenges and discusses
possible strategic solutions that will help them overcome them. Using an analysis of prior
research and real-life case studies, this article identifies practical concepts and tactics
small businesses may employ to successfully implement data-driven marketing. Using an
analysis of prior research and real-life case studies, this article identifies practical concepts
and tactics small businesses may employ to successfully implement data-driven marketing.
This paper provides small businesses with a solution to hold a data-driven marketing
gain an advantage. This paper also presents both the challenges and solutions and gives
a clear roadmap for using data analytics to enhance customer satisfaction and overall
business performance.

Keywords: Data-Driven Marketing, Small Businesses, Data Analytics, Customer
Satisfaction.

DOI: 10.5958/0974-0945.2024.00010.7

Umang Tandon*

INTRODUCTION

Data-driven marketing is all about using data to guide marketing strategies and
decisions. By focusing on data, promoters can get a clear picture of who their
customers are, what they like, and how they behave. This makes it easier to create
a strategy that actually go with people and build long-term loyalty. Unlike traditional
marketing, which can feel like guessing, data-driven marketing gives you measurable
results, it helps you to spend your money more wisely and ensures that the efforts
reach the right audience.

Predictive analytics is the keyto data-driven marketing; it enables companies to
predict and forecast consumer behaviour, thereby allowing them too proactively

* Assistant Professor, Isabella Thoburn College, Faizabad Road, Lucknow, Uttar Pradesh, India.
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address their demands to boost client retention and happiness. Companies that use
data insights may make evidence-based decisions more promptly, improving customer
interactions and optimizing marketing efforts. Data-driven marketing can deliver the
personalized experiences and prompt replies that consumers want today. Small firms
typically encounter significant challenges when trying to undertake data-driven
projects. For instance, huge corporations that have unlimited budgets can easily
implement a data-driven imitative with the least effort. Some of the challenges small
firms face include poor data infrastructure, lack of in-house data analytics, and finite
resources. Most small firms have limited budgets, Security and privacy concerns
related to data are also challenging issues as small businesses do not possess the
infrastructure that could assure them to abide by regulations like CCPA or GDPR.
However, there are numerous benefits of data-driven marketing that can be gained
by small businesses in terms of effective consumer targeting, conversion rate
improvement, and improved operational efficiency. However small businesses can
achieve these benefits only when they resolve their problems uniquely.

In order to help small firms develop a scalable, data-driven strategy that promotes
sustainable growth, this paper examines the several challenges they encounter while
implementing data-driven marketing and offers tactical responses.

Figure 1: Data-driven strategy in Marketing

The figure (from Coupler.io) highlights key statistics on data-driven strategies in
marketing, underlining the trends, tools, and challenges that small and large businesses
encounter. It shows that:
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 55% of marketers analyze their results weekly – This frequent monitoring
helps marketers stay updated and make timely adjustments.

 84% of  marketers  use  tools  from Google – Google’s analytics tools are
widely used, indicating their accessibility and utility for marketers.

 45%  review  their  strategy  quarterly,  and 31% do so monthly – Regular
reviews help businesses adapt their strategies to changing market conditions.

 71% of marketers use custom marketing dashboards – Dashboards simplify
data visualization, making it easier for marketers to understand key metrics.

The figure also identifies primary data sources and challenges in data-driven decision-
making, such as traffic fluctuations, overwhelming data volumes and constantly
changing conditions. These insights are particularly relevant for small businesses, as
they face similar challenges but may have fewer resources to manage them.

DATA-DRIVEN BUSINESS MODELS: INSIGHTS AND KEY
CHARACTERISTICS

In data-driven business models, data forms the core around which value creation
and capture revolve. According to the Business Model Navigator (Gassmann et al.,
2013), a business model essentially describes how a company creates and captures
value. Data-driven business models add value by leveraging data to offer insights,
streamline processes, and enhance decision-making for customers.

Figure 2: The Magic Triangle of Impect: From Customer to Revenue
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The figure below illustrates the relationship between these four dimensions and how
data-driven models impact them. As shown, each dimension must align with the
data’s value to ensure the business model works effectively.

To comprehend these models, the Magic Triangle of Business Model Innovation
provides a useful framework. Value proposition, procedures, pricing, and target
audience are the four main components of the business structure that are separated
by this model. The strategic use of data has an impact on each of these factors for
data-driven businesses:

 Value Proposition: The data and insights that may be offered to clients
are at the heart of the value proposition in data-driven models.Businesses
must assess the potential value of their data early on to satisfy client needs
and provide significant value.

 Processes:   Changing   current   practices  is   often  necessary   when
implementing  a  data- driven  strategy. Businesses may need to use new
technology, data collection methods, or analytics tools in order to fully utilise
the value of data.

 Pricing: In data-driven models, pricing may be based on the value of data
insights.  Subscription,  pay-per-use,  and freemium models are commonly
used to monetise data access.

 Target Audience: For the fact that the understandings provided may be
made to fit specific industries, professions, or populations who will find the
most value in data- activated  decisions,  the customers for a date- driven
services may differ from that of the traditional client., The Magic Triangle
of Business Model Innovation is useful because it separates the four key
components of the business structure into a value proposition, procedures,
pricing, and target audience.

DATA-DRIVEN STRATEGIES' IMPORTANCE IN
CONTEMPORARY MARKETING PRACTICES

Using data in marketing is important as it helps businesses to make good decisions
and the biggest benefit of using data is that it makes the marketing more accurate.
By using the data businesses can group their customers based on their age, interest
and their purchasing habits, which can help them to make personalized offers and
messages for their customers. As a result, more people can buy their products. This
helps marketers realize what works and what doesn't, allowing them to make
necessary adjustments to thestrategy immediately based on what the data shows. If
the social media post or the advertisements are not giving good responses the
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businesses can make changes to improve them. In the long run, this will help them to
earn more money. In fast changing world it is good to adapt to the changes. Data
also helps businesses to attract new customers and keep the ones they already
have, this also can help to predict future shopping trends, and also build long-term
relationships and boost customer loyalty. Another benefit of data-driven marketing
is saving money as data will help to know what is the best way where they should
spend and the things that do not work. Every small business can compete with the
bigger ones with the most effective strategies and can give better results with less
expenditure. Businesses must adopt data-driven marketing, which will make them
competitive, relevant, and adaptable in today’s dynamic market; they improve
customer satisfaction as well as marketing effectiveness innovation and business
growth follow suit.

LITERATURE REVIEW

Experts have given data-driven marketing a lot of attention lately because of its
revolutionary impact on revenue generation, customer engagement, and business
management. With this approach, companies may base their marketing choices on
actual data from customer contacts, behaviour, and preferences. Several studies
have highlighted the benefits of data-driven marketing, particularly for large
organisations, while also looking at the unique challenges small businesses face
when putting these strategies into practice.

 Enhanced   Anticipation   of   Consumer   Behaviour:   Robust  data
infrastructures  enable  large  companies  to  predict consumer trends and
behaviours more accurately, allowing for proactive adjustments in marketing
strategies (Davenport & Harris, 2023).

 Personalized Campaigns:  Utilizing  data insights, enterprises can craft
personalized  marketing  campaigns that resonate with individual customer
preferences,  leading  to  increased  engagement  and retention (Wedel &
Kannan, 2022).

 Effective Budget Allocation: Data-driven strategies assist in identifying
the most profitable marketing channels and campaigns, ensuring that budgets
are allocated efficiently to maximize return on investment (ROI) (Chaffey
& Smith, 2024).

 Data-driven  strategies   help  large  enterprises   allocate  budgets  more
effectively, improving ROI.

 Large companies  can leverage technologies like predictive Modeling and
machine learning to enhance targeting and campaign effectiveness.
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Challenges and Constraints for Small Businesses

 Small businesses often lack the financial resources needed for sophisticated
data analytics tools and technologies (Chaffey & Smith, 2020).

 Many small businesses  do not have in-house data analytics skills, making
data  interpretation and utilization challenging (Van Rijmenam, Mikalef, &
von Solms, 2019).

 Limited Financial Resources: Small businesses often lack the necessary
funds  to  invest  in  sophisticated  data  analytics  tools  and technologies,
hindering their ability to implement comprehensive data-driven marketing
strategies (Forbes, 2024).

 Skill Gaps in Data Analytics: Many small businesses do not possess in-
house  expertise  in data  analysis,  making  it challenging to interpret data
effectively and apply insights to marketing strategies (Van Rijmenam,
Mikalef, & von Solms, 2023).

 Time Constraints: Small business owners frequently juggle multiple roles,
leaving  limited  time  to  focus  on  developing  and executing data-driven
marketing plans (Chaffey, 2022).

Technological and Privacy Barriers

 Small businesses often operate with outdated systems that cannot support
advanced analytics tools (Martín & Lahrmann, 2021).

 Outdated Systems: Small businesses may operate with legacy systems
that are incompatible with modern analytics tools, making data integration
and analysis difficult (Martín & Lahrmann, 2023).

 Data Privacy Compliance: Adhering to data privacy regulations such as
GDPR and CCPA requires resources to ensure secure data handling and
compliance, which can be burdensome for small businesses with limited
means (Chaffey, 2024).

 Data  privacy  laws like GDPR and CCPA create compliance challenges
for small businesses that lack resources for secure data handling (Chaffey,
2020).

Comparative Analysis

 Resource  Disparity:  Large  enterprises  have the advantage of ample
resources,  advanced  technology,  and specialized expertise to implement
data-driven marketing strategies effectively. In contrast, small businesses
often  struggle  due  to financial  and skill limitations (Davenport & Harris,
2023).
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 Alternative  Solutions  for  Small  Businesses:  To  overcome  these
challenges,  small  businesses  can  explore cost-effective options such as
open-source analytics tools or outsourcing data analysis tasks. Additionally,
focusing on building a strong online presence and utilizing affordable digital
marketing platforms can help in reaching target audiences without significant
investments (El País, 2024).

 Potential Benefits for Small Businesses: Despite the obstacles, adopting
data- driven  marketing can offer substantial benefits to small businesses,
including  improved  customer  targeting  and  operational  efficiency. By
leveraging available data and affordable tools, small businesses can enhance
their marketing effectiveness and compete more effectively in the market
(Forbes, 2024).

 Large   enterprises   have  the  resources,  technology   and  expertise  to
implement data-driven strategies, unlike many small businesses.

 Small  businesses  may  adopt low-cost options like open-source analytics
tools or outsourcing to overcome budget and expertise limitations.

 Despite the challenges, data-driven marketing can significantly benefit small
businesses by enhancing customer targeting and operational efficiency if
affordable solutions are found.

KEY CHALLENGES OF IMPLEMENTING DATA-DRIVEN
STRATEGIES IN SMALL BUSINESSES

Financial and Budgetary Restraints

 Investing in Technology and Tools: The high expenses of sophisticated
data   analytics  tools  are  a  common  problem  for  small  firms.  These
technologies,  which  are  essential  for  thorough  data analysis, might be
unaffordable.  Small  businesses  might  have  to make do with simple tools,
whereas  giant  corporations  can  readily  afford  complex software with
extensive features. This  restricts their capacity for analysis, lowering the
insights  they  can  glean  and  making it harder for them to compete with
rivals who are more data-driven.

 Employing  Qualified  Staff:  Data- driven   plans  necessitate  specific
expertise,  which  frequently  entails recruiting outside consultants or data
analysts.  Small  enterprises,  however,  could  find it difficult to set aside
money for these qualified experts. The price of recruiting and keeping data
specialists  frequently  clashes  with  other  essential costs like marketing,
product development, and day-to-day operations. Small businesses may
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therefore need to function with a lack of experience, which can hinder the
success of their data-driven initiatives.

 Balancing Costs and Benefits: The return on investment (ROI) of data-
driven strategies is a point of ambiguity for small enterprises. Spending by
small businesses is more risk-averse than that of larger corporations, which
have  more   flexible  budgets.  They   may   be  hesitant  to  make  large
expenditures  in data analytics if they cannot guarantee results since they
need to  carefully budget their money to keep their business running. This
conservative  attitude may hamper their potential to scale their marketing
efforts  and  growth  prospects  by  delaying their adoption of data-driven
techniques.

Absence of Internal Data Analytics Knowledge

 Data  Literacy  and  Skill Gaps: Employees and small business owners
frequently  lack  the  training  necessary  to properly gather, examine, and
interpret data.  Businesses  may lose out on possibilities as a result of this
lack of  data  literacy since  they may not understand how to use the data,
they already have to enhance their marketing tactics.

 Complexity  of  Data Interpretation: Even  with readily available data,
specialised knowledge is needed to comprehend intricate analytics reports,
analyse trends, and derive actionable insights. Small firms find it difficult to
glean valuable insights from data when they lack data analysts on staff,
which hinders their ability to make data-driven decisions.

 Over- Reliance  on Simplified  Tools: Small organisations  may rely on
simplified tools with limited reporting capabilities, which might not offer in-
depth insights, to make up for the lack of in-house experience. They might
not be able to take full advantage of data-driven tactics as a result.

Inadequate Infrastructure for Data

 Outdated Technology and Legacy Systems: Small  organisations may
be using antiquated IT  systems that aren't compatible with contemporary
data analytics tools. Meaningful data collection,  storage  and analysis are
difficult without adequate infrastructure.

 Limited  Capabilities  for  Data Collection:  A  lot of small firms don't
have  the  resources  necessary to collect thorough customer data, which
leaves gaps in our knowledge of consumer preferences and behaviour. For
example,  they  might  not  have CRM platforms to record comprehensive
customer profiles or tools to measure website interactions.
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 Challenge Integrating Data Sources: For a thorough analysis, data from
several sources, including social media, sales, and consumer contacts, must
be combined.  The inability of small organisations to connect various data
sources can lead to fragmented insights and complicate strategic decision-
making.

Privacy and Data Security Concerns

 Compliance with Data Privacy Regulations: Strict data privacy laws,
like the California Consumer Privacy Act (CCPA) in the US or the General
Data Protection Regulation (GDPR) in the EU, are frequently difficult for
small  enterprises  to  follow.  According  to  these rules, businesses must
safeguard consumer  data, be open about how their data is used and give
customers control over their data. Small firms might not be able to maintain
the resource-intensive and complex nature of compliance, which calls for
legal expertise, data handling protocols and continuous monitoring.

 Absence of Data Security Infrastructure: To safeguard sensitive client
data, many small firms lack strong cybersecurity infrastructure, including
firewalls, secure servers, and encryption. This increases their susceptibility
to cyberattacks and data breaches, which can erode consumer confidence
and result in  monetary losses. Securing advanced security measures can
be   difficult   for  small  firms  since  they  involve  both  investment  and
experience.

 Risk  of   Data  Breaches  and  Cyberattacks:  Because  small  firms
frequently have fewer security measures in place than larger corporations,
fraudsters are increasingly targeting them. Data breaches have the potential
to reveal private client information, harm a business's brand and incur high
legal and recovery costs. Long-term consequences of a breach could include
customers losing faith in you and moving to competitors.

 Managing Private  Client Information:  Data-driven tactics frequently
entail   gathering  and   examining   private  client   information,  including
demographics,  past  purchases  and online activity. To prevent  misuse or
unintentional  disclosure,  small  enterprises  must  handle  this information
properly. Customer  trust and the company's reputation can be negatively
impacted by improper handling of sensitive data, which can result in privacy
violations and legal.

 Limited  Training  Resources  for  Data Security: Data  security is a
human problem as much as a technical one. Workers must understand the
best practices for managing data, spotting phishing efforts, and adhering to
security  procedures.  Small  organisations,  however,  frequently lack the
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funding necessary to provide frequent data security training, which raises
the possibility of unintentional breaches brought on by staff carelessness or
error.

 Vendor and Third-Party Risk: A lot of small businesses depend on outside
suppliers  to  provide  them  with  marketing,  analytics,  and data storage
services. Since small firms might not have complete control over how data
is handled and safeguarded by vendors, these collaborations may present
additional  privacy  and  security issues. Customer data belonging to small
businesses  may  be exposed  in  the  event  of a breach involving a third-
party supplier, which could result in legal penalties and harm to the company's
reputation.

 Customer Trust and Transparency: Strong client relationships and trust
are key  components  of  small  business  operations. Any alleged improper
treatment of personal information can result in a decline in consumer trust,
which is more difficult for smaller brands to regain. Clear communication
regarding the usage, storage, and protection of consumer data is crucial for
small   businesses,   but  it  takes  time,  money,  and  knowledge  of  data
transparency procedures to do this.

Figure 3: Data-Driven Marketing Strategy

This bar chart provides insights into the primary challenges faced when executing
data-driven marketing strategies, as identified by marketers. The percentages indicate
the frequency with which each challenge is reported:
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Table 1: Challenges faced when executing data-driven marketing strategies

Collecting Quality Data 50% The most common challenge is reliable and accurate data is essential for
informed decision-making. Issues such as incomplete or inaccurate data hinder
strategy effectiveness.

Identifying/Utilizing 33% Choosing the right tools and methods to analyze and act on data can be
Appropriate Solutions complex, especially with budget constraints and a lack of expertise in small

businesses.

Interpreting and 30% A lot of companies have trouble turning unprocessed data into insights that
Applying Data can be put to use. It's possible that small enterprises, in particular, lack the

qualified staff needed to properly understand data.

Allocating Adequate 31% Small organisations are unable to implement complete data-driven initiatives
Resources due to a lack of financial and human resources.

Utilizing Real-Time 25% Respondent marketing may benefit greatly from real-time data, but
Data instantaneous collection, processing, and application of insights necessitates

complex infrastructure.

Normalizing Data 18% For analysis to be meaningful, data formatting must be consistent across
sources. For homogeneity, data from different sources may require considerable
correction.

Creating Infrastructure 17% The technological infrastructure required to efficiently store and process
massive datasets is sometimes lacking in small businesses.

Creating Infrastructure 16% It can be difficult to persuade stakeholders and leadership of the advantages of
data-driven marketing, especially in companies with a weak data culture.

Centralizing Data / 15% For unified insights, data consolidation across departments or systems is
Removing Silos essential, but it can be challenging for companies with disjointed data systems

or low technical capabilities.

TOP STRATEGIES FOR SMALL COMPANIES

By using realistic and scalable methods, small businesses can overcome obstacles
when putting data-driven initiatives into practice.Starting small and scaling up is
crucial when adopting data-driven strategies. Simple analytics tools are a great way
for small businesses to begin tracking key metrics like website traffic, conversion
rates, or customer acquisition costs. As the business grows and more data becomes
available, the analytics system can expand to provide deeper insights into the
company’s operations. Creating data is important as everyone uses the data to make
smart decisions. For example, customer purchase history helps businesses to make
personalized advertisements and offer better products. Regular updates will surely
help to give better results. Real-time performance tracking is vital, as plans must
evolve based on the data collected. Tools like Google Analytics and social media
analytics give quick feedback, which makes it easier to adjust the campaigns.
Following these simple five Tips, small businesses can use the data most effectively
and make better decisions without any complications.

COST-EFFECTIVE TOOLS AND SOLUTIONS

Small businesses always face the crunch of budgets for data-driven strategies but
the free tools can make it easier. As Google is a favourite choice 60% of small
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businesses, use it to track websites and learn customer behaviour and conversion
rates which also helps them to improve their online presence without spending much.
HubSpot CRM, and also a free tool that helps to manage customer relationships.
These tools help make a good start for the small business and optimize affordable
digital strategies. HubSpot allows businesses to track customer interactions, generate
reports, and manage sales pipelines-all crucial elements of a data-driven strategy.
53% of small firms use HubSpot as their CRM, per a 2023 Capterra survey. Trello
and Asana are two more applications that small organisations can use for project
management and data organisation; both have free plans. These platforms gather
pertinent performance data while enabling teams to monitor assignments, objectives,
and due dates. According to a 2022 Gartner survey, 42% of small businesses utilise
these tools to guarantee project success and streamline processes. Tableau Public
provides a free version for data visualisation that lets small organisations turn difficult
data into interactive, eye-catching reports and dashboards. This makes it easier for
business owners to make data-driven decisions. A 2021 Forrester Research study
found that 60% of Tableau users said their decision-making was more efficient.
Additionally, tools like Zoho Analytics and Microsoft Power BI provide affordable
business intelligence features, starting at just $24/month and with free versions
available. By assisting companies with data collection, analysis, and visualisation,
these solutions improve decision-making without breaking the bank. These solutions
enable small organisations to leverage data without incurring large initial costs, making
data-driven decision-making both practical and economical.

OPPORTUNITIES FOR TRAINING AND DEVELOPMENT

Small businesses should focus on data-driven projects and provide their employees
with the right training and development opportunities. One key aspect of this is
employee data literacy. Ensuring that your team—whether in marketing or sales—
can make informed decisions based on data insights is crucial. Small businesses can
teach their teams the analytical tools that help them to understand the Key
Performance Indicators (KPIs). A major hurdle seen in the 2023 IDC Survey was
analytical knowledge. To resolve this problem many free online courses in data
analytics have been offered by businesses like Coursera, edX, and Udacity.The
Google Data Analytics Professional Certificate is a great platform to train them in
basic data skills. Small businesses can also hire a data professional to work as a
consultant and implement the strategies, as a 2022 Statista study found that 41%small
businesses rely on the data on secondary data. Through good peer networks, and
better training small businesses can get better opportunities and learn more which
will help them to make better use of the data.
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CONCLUSION

In summary, data-driven strategies offer small businesses enormous development
potential, but overcoming the related obstacles calls for rigorous preparation and
flexibility. In addition to having limited resources, small businesses also face several
structural limitations, like not having access to cutting-edge technology that larger
companies can more readily use. As a result, businesses can be forced to use less
expensive technologies that lack the depth or sophistication necessary to extract
valuable insights, thereby reducing the strategic advantage they can obtain from
data. The process is further complicated by the difficulty of recruiting and retaining
skilled data professionals, such as data scientists and analysts, which results in a
skills gap that restricts their ability to apply data insights and interpret data efficiently.

Another major obstacle is still data quality. The infrastructure required to handle and
preserve high-quality data—which is essential for precise analysis—is frequently
lacking in small businesses. Without reliable data small businesses can make the
wrong and uncertain decisions through which they do not get the good result. Rules
like the CCPA and GDPR can be difficult to follow for small businesses because if
these can be mishandled, they will to legal trouble.

Another challenge for small businesses is that they can not make the data-driven
decision, because they do not gather and analyze the data which leads to wrong
conclusion. To solve these problems they need to find data tools which fits their
budget or they can hire the data experts son that everyone can understand the value
of data.

Small businesses can improve their data skills with the help of the right tools and
with the improved skills. The data-driven has more of benefits by focusing on the
new skills, new data abilities small businesses have a good future in a data-driven
world.
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CURRENT TRENDS IN IT

Abstract
Thanks to developments in artificial intelligence (AI), cloud computing, cyber security,
and other game-changing technologies, the information technology (IT) landscape is
changing quickly. With an emphasis on artificial intelligence (AI), multi-cloud strategies,
cybersecurity resilience, quantum computing, the Internet of Things (IoT), DevOps,
blockchain, and Environmental, Social, and Governance (ESG) activities, this article
offers a thorough examination of current IT developments influencing companies in 2024.
Business operations are being completely transformed by artificial intelligence (AI) and
machine learning (ML), which improve automation and personalization while bringing
up moral questions of justice and transparency. Organizations are using AI-driven threat
detection and zero-trust architecture more frequently as cyber threats increase in order to
strengthen cybersecurity resilience. As cloud computing advances toward multi-cloud
and hybrid models, businesses can benefit from increased scalability, flexibility, and reduced
vendor lock-in. Though they are still in the experimental stage, emerging technologies like
quantum computing offer promising improvements in computational capacity and the
ability to solve complicated problems.
Furthermore, the integration of 5G with IoT devices is improving real-time data processing
in a number of industries, including logistics and healthcare. Initially restricted to
cryptocurrencies, blockchain technology is increasingly being used in secure data
management and decentralized finance (DeFi) applications. Lastly, companies are
embracing green IT solutions and sustainable practices as part of the growing popularity
of ESG activities.
This paper clarifies these important IT trends through a detailed literature study, industry
research, and expert insights, offering a thorough picture of how companies should
strategically navigate the continuing digital revolution.
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INTRODUCTION

Rapid change is occurring in the information technology (IT) sector, as new
procedures and technologies are changing how companies function and compete.
(Baldwin, 2016). Emerging trends such as Artificial Intelligence (AI), cloud computing,
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cybersecurity resilience and the Internet of Things (IoT) are fundamentally changing
the landscape ( Ahmed & Khan, 2023). In 2024, companies across various sectors
are leveraging these advancements to streamline operations, improve security, and
deliver enhanced customer experiences. As these trends continue to evolve, they
play a critical role in shaping a digitally-driven future and addressing challenges that
organizations face in an increasingly connected and complex world.

LITERATURE REVIEW

The exploration of current IT trends reveals a range of technologies and practices
that are transforming industries, enhancing efficiencies, and reshaping organizational
strategies. Research on artificial intelligence (AI) and machine learning (ML)
demonstrates the vast potential of these technologies to automate tasks, enhance
customer experience, and improve decision-making processes. According to
Davenport and Ronanki (2018), AI applications are moving beyond experimentation,
becoming integral to business strategies, especially in areas like customer support,
personalization, and operational optimization. The rapid advancements in generative
AI, such as ChatGPT and DALL-E, underscore this shift, with their impact on
content creation and automation (Benaich & Hogarth, 2023). These developments,
however, are accompanied by discussions on AI ethics, fairness, and transparency,
as highlighted by Mittelstadt et al. (2016), who argue for a responsible AI framework
to mitigate biases and ensure equitable outcomes.

In the realm of cybersecurity, research indicates an increased focus on resilience as
cyber threats grow in complexity. According to Conti et al. (2018), the zero-trust
model, which requires verification for every access attempt, is becoming a
foundational approach for many organizations. The integration of AI for real-time
threat detection and response is also noted in a study by Hwang and Chung (2021),
who emphasize that machine learning algorithms can significantly reduce detection
time and enhance incident response. The trend of prioritizing cybersecurity resilience
aligns with findings from Covington and Carskadden (2019), who stress the importance
of preparing not only to prevent cyber incidents but also to respond and recover
effectively.

The adoption of cloud computing, particularly multi-cloud strategies, is well-supported
in the literature as a means for companies to achieve operational flexibility and cost
efficiency. An analysis by RightScale (2020) found that multi-cloud adoption is favored
by organizations aiming to avoid vendor lock-in and optimize resource allocation.
Complementing cloud environments, edge computing is also gaining momentum. Shi
and Dustdar (2016) describe edge computing as a model that processes data closer
to the source, which is critical for latency-sensitive applications, particularly those in
IoT ecosystems.
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Quantum computing, though in its experimental stages, holds promise for fields
requiring high computational power. Research by Preskill (2018) and Aaronson (2021)
illustrates the potential for quantum computing in cryptography, complex simulations,
and drug discovery. Quantum-as-a-Service (QaaS) is also emerging as a way for
businesses to experiment with quantum computing over the cloud, which, as suggested
by Chen et al. (2019), allows organizations to explore quantum applications without
significant upfront infrastructure investments.

Literature on the Internet of Things (IoT) and 5G highlights their impact on data
processing and connectivity. According to research by Elayan et al. (2021), the
integration of IoT with 5G networks enables faster and more reliable real-time data
transfer, which is critical for applications like remote healthcare, autonomous vehicles,
and smart cities. Similarly, Pan et al. (2019) emphasize that 5G’s low latency and
high speed make it ideal for supporting IoT devices in various industrial applications.

DevOps and DevSecOps are also prevalent in IT literature, as organizations strive
to improve development agility while ensuring security. As noted by Williams and
Smith (2019), DevSecOps integrates security into the development lifecycle, allowing
for continuous testing and reducing vulnerabilities before deployment. This aligns
with findings by Fitzgerald and Stol (2017), who argue that DevOps practices
accelerate time-to-market and improve collaboration between development and
operations teams.

Blockchain technology, particularly in decentralized finance (DeFi), is highlighted by
Gomber et al. (2018) as a transformative force in the financial sector, allowing for
secure, transparent transactions without intermediaries. Recent literature by Xu et
al. (2019) also discusses blockchain’s applications in supply chain management,
data sharing, and identity verification, where it can improve transparency and security.

Finally, Environmental, Social and Governance (ESG) considerations in IT are
increasingly emphasized in literature. According to Berg et al. (2022), sustainable IT
practices, including energy-efficient data centers and e-waste reduction, are
becoming integral to corporate strategies, reflecting a growing recognition of the
environmental impact of IT infrastructure. Research by McElroy and Thomas (2015)
suggests that ESG-oriented IT policies are not only socially responsible but can also
enhance a company’s reputation and appeal to environmentally conscious consumers.

This literature review underscores the impact of various IT trends on modern
businesses, highlighting both the opportunities and challenges presented by rapid
technological advancements. The referenced studies provide a well-rounded
foundation for understanding the multifaceted nature of these trends and the ways
they are reshaping industries globally.
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RESEARCH QUESTION

How are current IT trends, such as artificial intelligence, cloud computing, cyber
security and emerging technologies like quantum computing, influencing organizational
strategies and operational efficiencies across various industries?

OBJECTIVES OF THE STUDY

 To analyze the impact of key IT trends including artificial intelligence, cloud
computing, cybersecurity and blockchain on business operations, customer
experience, and competitive advantage.

 To explore the challenges and best practices for implementing emerging
technologies like multi-cloud strategies, IoT, and DevSecOps, and to assess
their potential for enhancing organizational resilience and flexibility in a rapidly
changing digital landscape.

FINDINGS

This article finds that the current IT trends AI, cloud computing, cybersecurity, IoT,
DevSecOps, and quantum computing are significantly transforming organizational
operations and competitive strategies. AI and ML enhance automation and customer
personalization, while cloud computing and multi-cloud strategies offer flexibility
and cost-efficiency. Cybersecurity remains a central concern, with a shift towards
zero-trust models and DevSecOps practices. IoT, empowered by 5G, enables real-
time data processing for applications across industries, while quantum computing,
though still in early stages, presents future opportunities in complex problem-solving.

RESULT AND DISCUSSION

To achieve the first objective of analyzing the impact of key IT trends on business
operations, customer experience, and competitive advantage, we begin by examining
how each trend reshapes organizational strategy and enhances business performance.
Artificial Intelligence (AI) and Machine Learning (ML) are among the most influential
trends today, enabling businesses to automate processes, personalize customer
interactions, and leverage predictive analytics to drive better decision-making. For
instance, AI-driven customer service chatbots and virtual assistants improve response
times and provide 24/7 support, enhancing customer satisfaction. Additionally, machine
learning models that analyze customer behavior data allow companies to offer more
tailored recommendations, boosting customer engagement and retention. These
capabilities not only streamline operations but also provide a competitive edge by
enhancing customer loyalty and operational efficiency.
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Cloud Computing and multi-cloud strategies further support this objective by allowing
businesses to scale their operations quickly and reduce costs. The ability to store
and process data in cloud environments means companies can avoid the expenses
associated with maintaining large-scale on-premises infrastructure. Multi-cloud
strategies also help organizations avoid vendor lock-in, allowing them to select the
best cloud providers for specific needs. This flexibility is crucial in competitive
industries where rapid adaptation and resource optimization are essential. Additionally,
cloud-native applications enhance the agility of businesses, allowing for faster
development cycles and quicker responses to market changes.

Cybersecurity remains another critical focus area as organizations work to protect
themselves from increasingly sophisticated threats. Companies are now investing in
zero-trust models and AI-driven threat detection systems to identify potential
vulnerabilities in real-time and to automate responses. By embedding security into
the development and operations lifecycle (DevSecOps), businesses can ensure that
security is integral to every stage of product development, rather than an afterthought.
This approach is essential in today’s landscape, where data breaches and cyber
attacks can lead to significant financial losses and reputational damage. With stronger
cyber security measures in place, organizations can focus on innovation and growth
with reduced risks.

The second objective addresses the challenges and best practices for implementing
emerging technologies like IoT, DevSecOps, and quantum computing to build
organizational resilience and flexibility. Internet of Things (IoT) and 5G connectivity
enable real-time data processing and communication between devices, which is
especially useful in sectors like healthcare, manufacturing, and logistics. IoT devices
provide valuable data insights, such as in predictive maintenance for machinery,
where they can forecast equipment failures before they occur. The integration of
IoT with 5G enhances these capabilities by enabling faster and more reliable data
transmission, which is essential for applications that require low latency and high
bandwidth, such as autonomous vehicles and remote medical consultations.

Quantum computing represents another emerging technology with potentially
transformative applications, though its widespread use is still years away. However,
businesses are preparing for the quantum era by investing in Quantum-as-a-Service
(QaaS) platforms, which allow companies to explore quantum computing’s possibilities
without high infrastructure costs. Quantum technology offers potential breakthroughs
in areas like cryptography, complex simulations, and data analysis, giving companies
a head start in understanding how they may eventually use quantum capabilities to
address computational challenges that are currently unsolvable.

Through an understanding of these trends and best practices, businesses can
strategically adopt technologies that support flexibility and resilience, preparing for
the challenges of an increasingly digital and interconnected world.
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SUGGESTIONS

Organizations should prioritize AI adoption to automate routine tasks and enhance
customer engagement, as well as implement multi-cloud strategies to avoid vendor
lock-in. Enhanced cybersecurity protocols, such as zero-trust models and DevSecOps,
should be adopted to protect against advanced cyber threats. Companies should
explore IoT solutions that leverage 5G for real-time applications and begin
experimenting with quantum computing through Quantum-as-a-Service platforms
to stay ahead in fields requiring high computational power.

Managerial Implications

For managers, these findings highlight the importance of investing in cutting-edge IT
infrastructure to improve operational efficiency and competitiveness. Embracing AI
can optimize resource use and drive customer-centric strategies, while adopting
cloud solutions and multi-cloud strategies enhances scalability. Cyber security should
be embedded into every phase of development, protecting sensitive data and ensuring
business continuity. Managers should also encourage experimentation with IoT and
quantum technologies, positioning the organization to lead in future-ready innovations.
Through strategic IT investment, managers can drive digital transformation and
secure long-term growth.

LIMITATIONS

While this article provides a comprehensive overview of current IT trends, several
limitations affect the depth and scope of its findings. First, the rapid evolution of
technology means that trends in AI, cyber security, cloud computing, and other fields
can quickly change. As such, some of the insights presented may become outdated
as new advancements emerge. The study is also limited by its reliance on secondary
data sources, such as industry reports, academic research, and expert opinions,
which may not reflect the full range of perspectives within the IT sector. Primary
data, such as interviews with IT managers or surveys of organizations actively
implementing these technologies, could provide more nuanced insights but were not
included in this analysis.

Additionally, some of the technologies discussed, like quantum computing, are still in
experimental stages, limiting their current impact and practical applications. While
these technologies hold significant promise, predicting their future influence remains
speculative. The article also generalizes across industries, which may overlook sector-
specific challenges and considerations. For example, the impact of IoT and 5G
differs between healthcare, manufacturing and finance due to unique regulatory
requirements, data sensitivities and operational needs within each field.
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The analysis assumes that organizations have the resources and infrastructure to
adopt emerging technologies. This perspective may not consider the constraints
faced by small- to medium-sized enterprises (SMEs), which often have limited budgets
and technical expertise to implement complex IT solutions. Lastly, the article does
not delve deeply into the ethical and societal implications of widespread AI and IoT
adoption, which are increasingly relevant as technology permeates every facet of
daily life. Future research could explore these limitations by incorporating industry-
specific case studies and addressing ethical considerations more thoroughly.

CONCLUSION

This article highlights that IT trends such as artificial intelligence, cloud computing,
cyber security, Internet of Things (IoT), and quantum computing are transforming
modern business operations and competitive strategies. AI and machine learning
continue to streamline operations, personalize customer experiences, and provide
valuable data-driven insights. Cloud computing, with an emphasis on multi-cloud
strategies, is empowering organizations with flexibility, scalability, and cost savings.
Cyber security’s role is more critical than ever, as organizations adopt zero-trust
models and DevSecOps practices to safeguard against evolving cyber threats. IoT,
enhanced by 5G, offers new possibilities for real-time data processing, supporting
advanced applications in areas like healthcare, logistics, and smart cities. Meanwhile,
quantum computing presents future opportunities in fields that require massive
computational power, though its practical applications remain in early exploration
phases.

For managers and decision-makers, the article emphasizes the importance of strategic
IT investment. Adopting AI can improve efficiency and customer engagement, while
multi-cloud solutions offer a pathway to mitigate dependency on any single provider.
Embedding cyber security into every development phase ensures business continuity
and protects against potential data breaches. Encouraging experimentation with IoT
and quantum computing can position organizations to be pioneers in emerging
technology domains.

However, embracing these trends also requires careful planning, ethical consideration,
and awareness of the unique challenges and constraints specific to each organization.
Managers need to balance the potential benefits of adopting these technologies with
the associated costs, security risks, and ethical concerns. By keeping pace with
technological advancements, organizations can enhance their resilience, foster
innovation, and maintain a competitive edge in an increasingly digital world. Future
research should aim to address current limitations, delve into sector-specific impacts,
and explore the ethical implications of technology adoption, ultimately helping
businesses navigate the complexities of digital transformation.
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CASE STUDY ON INDIVIDUAL VALUE ASSESSMENT
(IVA) FRAMEWORK FOR DEALING WITH
ORGANIZATIONAL STRESS

Abstract
This aim of this case is to give practical exposure of real-life situations to management
students and prepare them to face these challenges in the future. The case highlights
important factors for the consideration of new joiners. This case highlights the situation
of Prakash* a Public Sector Bank* employee, who was recently promoted and transferred
to an urban branch from a rural branch as an Assistant Manager. He is struggling hard
to cope with the unforeseen challenges and thus finds it difficult to organize himself.
Prakash finally decides to approach the advisor. After the deep scrutiny of the problem
from various dimensions and with the aid of various tools and techniques, the advisor
identified the problem area and suggested ways to meet the challenges. These suggestions
enabled Prakash to take proactive steps in achieving the work-life balance.

Keywords: Management Education, Case Study, Real-life Challenges, Public Sector Bank,
Career Transition, Work-life Balance, Organizational Behavior, Employee Adaptation,
Urban Branch Posting, Problem-solving Techniques, Role of Advisor, Assistant Manager,
Stress Management, Professional Development.

DOI: 10.5958/0974-0945.2024.00012.X

K. Santi Swarup*
Mukti Sri-Narain**
Priyank Kulshreshtha***

INTRODUCTION

FACTS TO THE CASE

God today is a Monday was the first thought that crossed Prakash’s mind when he
got up. Every Monday is extremely hectic in the bank. Many employees take leave
on Monday. The number of customers is also very high on Mondays. Lately there
has been an increasing pressure trying to manage the activities in the bank. There
should be a better way to manage the pressure and I need to consult an advisor
thought Prakash.

* Professor, Department of Management, Dayalbagh Educational Institute, (Deemed to be
University), Agra, Uttar Pradesh, India

** Research Scholar, Department of Management, Dayalbagh Educational Institute, (Deemed to be
University), Agra, Uttar Pradesh, India

*** Research Scholar, Department of Management, Department of Management, Dayalbagh
Educational Institute, (Deemed to be University), Agra, Uttar Pradesh, India
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Prakash is from a middle-income group family. Father worked as a clerk in a private
sector firm. He used to work six days a week and whenever owner wanted him
even on holidays. He wanted that his son should work in a public sector organization
where the salary is also good and working conditions are better. After graduating in
commerce from a local college in distinction, Prakash on his father’s guidance,
appeared for a public sector bank competitive exam for clerks and cleared the tests.
The family rejoiced his appointment as a clerk in a public sector bank. The father’s
dreams were fulfilled.

Prakash worked hard and was always appreciated for his punctuality and dedication.
His regularity and sincerity won him many appreciations and positive reviews by his
managers. He has been very customer centric employee. He took initiative to solve
their problems. After working for seven years in the clerical position, he cleared the
promotional exam and interview and was promoted as the assistant manager in the
same bank and was shifted to an urban branch from rural branch.

Prakash found the new responsibility very stressful. He leaves every day at 8:00
AM in the morning and returns not before 8 PM. Throughout the day, the challenges
are never ending like shortage of employees, long queues of customers, manager
getting irritated frequently, pressure to meet targets, not able to meet other employee
expectations etc. To clear the backlog and to organize himself for the next week, he
started going to the bank over the weekends. This has started creating pressure on
the family relationships.

After 3 months, Prakash is now contemplating whether he should go back to his
earlier clerical position or leave the banking sector so that he can have better work
life balance. He does not have any other job in hand. He knows that a similar
situation will be there in  other banks too.

He approached you (advisor) for a solution to deal with the current situation. You
wish to use the Individual Value Assessment (IVA) technique developed by Richard
Barrrett (1977). Mr. Prakash was asked to write ten values which he thinks describes
him, ten values about how organizations operates and ten values he wants to see in
the organization to operate. The results are given below:
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So, the dilemma for the advisor is how to use IVA survey to suggest suitable methods
of dealing with stress. Based on the above facts of the case following questions
need to be addressed.

 What are the gaps between desired and provided work environment?

 What are the individuals’ goals and expectations from the organization?

 As an advisor what will be your suggestions to Mr. Prakash based on the
results of the IVA survey?

TEACHING NOTES

Prakash who joined as clerk has now been promoted as manager and posted to an
urban branch where the enhanced job profile and working culture of the branch
making it difficult for him in organizing himself and meeting the targets. So, he meets
the advisor and asks for the solution. Advisor is required to identify the gap between
the desired and provided work environment and give the possible solutions to address
the problem.

TARGET AUDIENCE

The case is aimed to target the students of management at post graduate level.They
are expected to join various organizations in different capacities and will encounter
such situations which are responsible for employee turnover and even less efficient
workforce. Through this case, students will be able to understand the complexities
of real world and will be able to take optimum decisions under dynamic situations.

Table 1: Individual Value Assessment (IVA)

Sr. No. Values that Values that Describes Values you like to
Describes you Organization see in the Organization

1 Accountability Professionalism Balance (Physical/emotional/mental/piritual)

2. Caution Result orientation Achievement

3. Financial Stability Profit Customer Satisfaction

4. Honesty Customer Satisfaction Enthusiasm

5. Job Security Community Involvement Employee Health

6. Mentoring Achievement Employee Recognition

7. Short term focus Accountability Community Involvement

8. Low self esteem Financial Stability Continuous Learning

9. Volunteer Work Job Security Future Generations

10. Professional Growth Empire Building Empowerment
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OBJECTIVES OF THE STUDY

The prominent objectives of this case are

 To identify the values possessed by an employee.

 To identify the cultural fit of employees in an organization.

 To identify the gaps between expected organizational valuesand actual values.

ASSIGNMENT QUESTIONS

Based on the above facts of the case following questions need to be addressed.

 What are the gaps between desired and provided work environment?

 What are the individuals’ goals and expectations from the organization?

 What are the various alternatives available for Mr. Prakash?

Table 2: Teaching Plan

Sr. No. Items of discussion Possible time (minutes)

1. Introduction 15

2. Question 1 20

3. Question 2 20

4. Question 3 20

5. Conclusion 10

ANALYSIS

Students are arranged in small groups that allow full participation and interaction.
Based on present case, they were asked to identify gaps between existing and
desired work environment and between individual goals and expectations with the to
organizational goals and expectations. The students are required to identify the cultural
fit of Prakash in the bank and suggest the steps to be taken so that he may be able
to manage the role stress. For addressing all three questions, Barrett’s framework
(1997) for individual value assessment is being used.

BARRET’S FRAMEWORK

This model is proposed by Richard Barrett in 1997 which is inspired by Abraham
Maslow’s need hierarchy theory (1943) and other works of Deci & Ryan’s (2000)
self-determination theory which talks about relatedness competence and autonomy
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as instrumental in developing healthy environment which are found to be similar to
the lower and middle part of this model, Carol Ryff’s Psychological Well-Being
theory (1989) which embrace six extents of psychological wellbeing namely positive
relations, environmental mastery, autonomy, self-acceptance, personal growth and
purpose in life and many others.

This model has been tried and tested in various real life situations over the decades
and was proven as a map which is useful for mapping the values of various stake
holders of business like employees, leaders etc. and also helps in improving the
organizational environment. Model talks about 7 levels of personal consciousness

Figure 1: Seven Level of Consciousness: Prepared based on the Barrett Model.

1-3 are defined as self-interest or ego state under which viability, relationships and
performance appears respectively. 4th stage is known as transformational stage,
and 5-7 are stages of common good (spiritual) under which stages of internal cohesion,
making a difference and selfless service appears respectively.

Attributes of these values are also classified as negative and positive values, For
example Selfless Service, making a difference, internal cohesion and transformation
levels have only positive attributes. At level 7, social responsibility, future generations
and compassion, at level 6 mentoring, volunteer work and environmental awareness,
at level 5 trust, commitment, honesty, integrity and enthusiasm and at level 4
adaptability, continuous learning and accountability are the positive values at levels
1-3 there are both positive as well as negative values as shown in Table 3.
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Table 3:  Positive and Negative attributes of values

Sr. No. Values Positive Attributes Negative attributes

3. Self- Esteem Productivity, Efficiency Bureaucracy, Image, Arrogance,
and profession growth Information hoarding

2. Relationship Open communication, Blame, Internal competition,
Customer satisfaction, Rivalry, Manipulation.
Conflict resolution

1. Survival Financial stability, Control, Chaos, Caution, Job
Employee health, Profit  Security

Mr. Prakash was asked to write ten values which he thinks describes him, ten
values about how organizations operates and ten values he wants to see in the
organization to operate. Exhibit 1,2 and 3 depict the respected values identified by
Prakash. Analysis of these values are presented in Exhibit-4, results in Exhibit-5.
Both positive and negative values identified by Prakash in all the three areas viz,
self, present organizational values and expected values.

Based on this analysis, the following problem areas are identified.

 Mr. Prakash lacks relationship needs like feeling safe, respected and loved

 Organization does not provide transformational and internal cohesion
opportunities.

 He expects his organization to contribute in the area he lacks.

Accordingly following suggestions were given to him

 Improve relationships as work place. Social relations assist in work place relations

 Need to improve adaptability and accountability. Continuous learning allows
employees to become accountable and adapt.

 Instead of depending on the organization he should increase own efforts by
doing management programs, training programs etc. for understanding team
dynamics and managing multi- tasking.

 He should also communicate with family about the enhanced responsibility at
work place resulting in more commitment.

 From the organizational perspective also it is important to initiate measures to
reduce stress in bank employees.
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Exhibit-2

Sr. No. Values that Describes Organization

1. Professionalism

2. Result Orientation

3. Profit

4. Customer Satisfaction

5. Community Involvement

6. Achievement

7. Accountability

8. Financial Stability

9. Job Security

10. Empire Building

Exhibit-1

Sr. No. Values that Describes you

1. Accountability

2. Caution

3. Financial Stability

4. Honesty

5. Job Security

6. Mentoring

7. Short term focus

8. Low self esteem

9. Volunteer Work

10. Professional Growth

Exhibit-3

Sr. No. Values you like to see in the Organization

1. Balance (Physical/emotional/mental/spiritual)

2. Achievement

3. Customer Satisfaction

4. Enthusiasm

5. Employee Health

6. Employee Recognition

7. Community Involvement

8. Continuous Learning

9. Future Generations

10. Empowerment
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Exhibit-4
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Analysis Table

Exhibit-5: Result Table

CONCLUSION

Based on above case study, it can be concluded that traditional counseling which
involves gaining a wider perspective and insights into learning needs and transformation
possibilities of employees can use the Barrett’s value framework to identify cultural
fit of an employee. Based on the gap between what values an organization offers,
this framework, helps in identifying improvement areas in both the employee and the
organization. Thus, Individual Value Assessment (IVA) framework is a powerful
tool in identifying employee needs in complex environments facing organizations.
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HARNESSING  THE  POWER  OF  BLOCKCHAIN,
CRYPTOCURRENCIES  AND  DEFI  FOR  A  FUTURE-
READY FINANCIAL SYSTEM

INTRODUCTION

The world of FinTech is rapidly evolving, bringing ground-breaking innovations to
the forefront of the financial sector. FinTech is a dynamic and fast-growing field
that requires constant learning, offering immense potential for transforming financial
services and creating new opportunities for growth and development.

Fintech combines the words “financial” and “technology”. It refers to any app,
software, or technology that allows people or businesses to digitally access, manage,
or gain insights into their finances or make financial transactions and decisions. A
fintech company offers financial services or applications that rely heavily on
technology and are often an industry disruptor as they use technology to change
how consumers interact with the financial industry.

By staying informed and engaged with the latest trends and technologies, one can
harness the power of FinTech to drive positive change in the financial industry.
Today, I had the privilege of sharing information briefly on the key areas of  FinTech,
focusing on Blockchain, Cryptocurrencies, and Decentralised Finance (DeFi).

Blockchain Technology

Blockchain is the backbone of many FinTech innovations. Blockchain technology is
an advanced database mechanism that allows transparent information sharing within
a business network. It stores data in blocks that are linked together in a chain. The
data is chronologically consistent as it cannot be modified without consensus from
the participating nodes in the network. The feature of chronological consistency
creates an unalterable or immutable ledger for tracking orders, payments, accounts,
and other transactions. The system has built-in mechanisms that prevent unauthorised
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transaction entries and create consistency in the shared view of these transactions.
As an emerging technology, blockchain is being adopted innovatively by various
industries.

Cryptocurrencies

Cryptocurrencies are a type of digital money that exists only online. Cryptocurrencies
have emerged as a popular and influential aspect of FinTech. Cryptocurrencies are
reshaping how money is perceived and used, starting with Bitcoin and expanding to
various altcoins like Ethereum, Ripple, and Litecoin. Cryptocurrencies are a new
form of digital money that uses advanced technology to operate independently of
traditional banking systems, offering a secure and decentralised way to transfer
value and conduct transactions online.

Decentralised Finance (DeFi)

Decentralised Finance (DeFi) has revolutionised the financial industry by providing
services without traditional intermediaries (banks). Central to DeFi are smart contracts
and decentralised applications that facilitate people to lend, borrow, trade and invest
directly without any middleman, offering greater accessibility and transparency. DeFi
is still in its infancy and is subject to hacks and thefts because of messy programming
and a lack of security testing before launching applications.

To conclude, the finance landscape is undergoing a reflective transformation with
the advent of Blockchain, Cryptocurrencies and Decentralised Finance (DeFi). These
innovations democratise access to financial services, enhance transparency and
foster a more inclusive financial ecosystem. As we continue to navigate and shape
this evolving field, staying informed and adaptable is crucial. Embracing these
technologies not only empowers individuals but also drives the future of finance
towards a more efficient, secure and equitable global economy. By leveraging the
potential of these advancements, we can collectively create a financial system that
better serves the needs of everyone.
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Abstract: In modern organizations, leadership plays a pivotal role in determining overall 
performance and employee motivation. As organizations face increasing complexity and change, 
adaptive leadership styles have emerged as critical for fostering a productive, innovative, and 
resilient workforce. Rigid, outdated leadership approaches often hinder organizational growth by 
stifling creativity, reducing employee engagement, and limiting responsiveness to external market 
shifts. Conversely, adaptive leadership encourages flexibility, empowerment, and collaboration, 
which in turn enhances motivation, promotes higher job satisfaction, and drives long-term 
organizational success. Effective leaders who understand the need for strategic flexibility are able 
to navigate challenges, leverage employee strengths, and adapt their leadership approach to 
different situations, ensuring that their teams remain engaged and committed to achieving 
organizational goals. This paper explores the importance of adaptive leadership, highlights the 
pitfalls of rigid leadership models, and emphasizes the need for a flexible, strategic leadership 
framework to enhance motivation, performance, and sustainability. 
 
Keywords: Adaptive Leadership, Organizational Performance, Employee Motivation, Leadership 
Flexibility, Strategic Leadership Framework. 
 

I. Introduction 
Leadership is a critical determinant of organizational success, shaping both performance outcomes 
and employee motivation. The influence of leadership styles on these aspects has been widely 
studied, revealing that the approach adopted by leaders significantly impacts productivity, 
innovation, and workplace morale. Transformational leadership, for instance, fosters a vision-
driven culture where employees feel inspired, empowered, and committed to shared organizational 
goals (Oğuz, 2010). Leaders who adopt this style encourage creativity, open communication, and 
professional development, leading to higher engagement and job satisfaction. In contrast, 
transactional leadership relies on structured reward-and-punishment systems, emphasizing 
efficiency, adherence to predefined tasks, and performance-based incentives. While transactional 
leaders can ensure discipline and short-term results, they may fail to cultivate a sense of belonging 
or intrinsic motivation among employees. Autocratic leadership, characterized by centralized 
decision-making, can be effective in situations demanding quick resolutions, but it often 
suppresses innovation and discourages employee participation (Obiwuru, et.al. 2011). Conversely, 
democratic leadership involves employees in decision-making, creating a sense of ownership and 
boosting motivation. Laissez-faire leadership, which provides minimal supervision, works well 
with self-driven teams but may lead to inefficiencies in less experienced workforces. The 
effectiveness of each leadership style varies based on organizational structure, workforce diversity, 
and industry demands, making it imperative for leaders to adopt a flexible, context-driven 
approach to maximize performance and employee satisfaction. In contemporary organizations, 
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leadership is not just about authority but also about development an environment conducive to 
sustained growth, adaptability, and resilience. The interplay between leadership styles and 
employee motivation is particularly crucial in today's competitive and dynamic business 
landscape, where innovation and agility are key drivers of success. Employees who feel valued, 
heard, and supported exhibit greater job commitment, lower turnover rates, and higher 
productivity. Effective leadership also influences workplace culture, shaping organizational values 
and the overall work environment. For instance, transformational leaders can create a culture of 
continuous improvement, while democratic leaders promote inclusivity and collaboration 
(Ahmad, & Gelaidan 2011). The choice of leadership style must align with the organization’s 
mission, workforce composition, and external market pressures. A rigid or outdated leadership 
approach may stifle growth, reduce employee engagement, and ultimately hinder organizational 
success. Therefore, a strategic, adaptive leadership framework one that balances vision with 
structure and authority with empowerment is essential for fostering motivation, enhancing 
performance, and ensuring long-term sustainability in an ever-evolving corporate world. 
 

II. Related Reviews  
Oğuz (2010) aimed to determine the correlation between the leadership styles of school 
administrators and the organisational citizenship behaviours of teachers. The study considered 
organisational citizenship as voluntary acts beyond teachers' formal job descriptions, which 
contributed to increased job satisfaction and productivity. A total of 204 elementary school 
teachers from Samsun’s city centre voluntarily participated in the study. Data collection involved 
the "Organisational Citizenship Behaviours Scale" and "The Leadership Style Questionnaire," 
while statistical analyses were conducted using descriptive statistics, the t-test, and the Kruskal-
Walli’s test. The findings indicated that teachers generally held positive views regarding 
organisational citizenship behaviours within their schools. However, significant differences 
emerged based on gender, branch, education level, and seniority. A strong positive correlation was 
identified between teachers’ organisational behaviours and administrators’ leadership styles, 
particularly transactional and transformational leadership. The study emphasised the critical role 
of school administrators in fostering a sense of belonging and creating an effective work 
environment. It was suggested that administrators should establish clear goals, embrace change, 
make ethical decisions, and respect teachers' perspectives to enhance organisational commitment. 
 
Obiwuru et al. (2011) investigated the effects of leadership styles on organizational performance 
in small-scale enterprises, aiming to determine their impact. The study focused on transformational 
and transactional leadership styles, considering transformational leadership behaviours such as 
charisma, inspirational motivation, and intellectual stimulation, while transactional leadership 
included contingent reward and management by exception. The study employed a survey design 
and used an evaluative quantitative analysis method, collecting primary data through a structured 
Multifactor Leadership Questionnaire (MLQ). Responses were scaled and converted into 
quantitative data, allowing segmentation into dependent and independent variables based on 
leadership behaviours and associated performance outcomes. Ordinary Least Squares (OLS) 
multiple regression models were specified, estimated, and evaluated. Findings indicated that 
transactional leadership had a significant positive effect on performance, whereas transformational 
leadership had a positive but insignificant effect. The study concluded that transactional leadership 
was more effective in enhancing performance in small-scale enterprises, recommending its 
adoption while incorporating strategies for a gradual transition to transformational leadership as 
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businesses expanded and matured. The study remained relevant as it highlighted the importance 
of leadership style selection in small enterprises, emphasizing a pragmatic approach to leadership 
development in evolving business environments. 
 
Ahmad and Gelaidan (2011) aimed to examine the impact of leadership style on employees' 
emotional commitment to change, considering organizational culture as a moderating factor. The 
study utilized both qualitative and quantitative methodologies, incorporating a survey of 371 
workers from public organizations in Yemen and interviews conducted with managers. The 
findings revealed that transformational leadership had a positive correlation with employees' 
emotional commitment to change, while transactional leadership also exhibited a favourable 
connection with affective commitment to change. Additionally, the study indicated that 
organizational culture played a significant role in strengthening the relationship between 
leadership styles and employees' emotional commitment to change. Moreover, the results 
suggested that transactional leadership served as a stronger predictor of emotional commitment to 
change than transformational leadership. The study contributed to the understanding of how 
leadership styles influence employees' adaptability to organizational change, emphasizing the 
importance of a supportive cultural environment in fostering commitment during transitions. 
 
Ojokuku et.al. (2012) examined the influence of leadership style on organizational performance 
in selected banks in Ibadan, Nigeria. The study aimed to assess how different leadership styles 
affected performance outcomes. A purposive sampling technique was applied to select sixty 
respondents, and data were gathered through a standardized questionnaire. A hypothesis was 
formulated, and inferential statistical methods were employed for data analysis. Pearson’s product-
moment correlation was utilized to determine the relationship between leadership style dimensions 
and organizational performance, while regression analysis assessed the significant impact of 
leadership characteristics on employees and overall performance. Findings revealed both positive 
and negative correlations between leadership style traits and organizational success, with 
leadership styles collectively accounting for 23% of performance variation. The study 
recommended that bank management adopt transformational and democratic leadership styles to 
enhance competitiveness in a globalized business environment. The research was relevant in 
highlighting the critical role of leadership in shaping organizational outcomes, providing insights 
into how leadership strategies could be refined to foster efficiency and productivity in the banking 
sector. 
 
Belonio (2012) aimed to evaluate the impact of leadership styles on employee work satisfaction 
and the influence of job satisfaction on job performance. The study was conducted by distributing 
questionnaires to 400 banking industry employees in Bangkok. The findings revealed that most 
bank workers, primarily females aged 20 to 39, exhibited ambivalence toward job satisfaction, 
neither feeling satisfied nor dissatisfied. Transformational leadership was found to have a positive 
effect on multiple aspects of job satisfaction, while transactional leadership also contributed 
positively to employee work satisfaction. Similarly, laissez-faire leadership influenced certain 
aspects of job satisfaction. Furthermore, employee job satisfaction was observed to have a 
beneficial effect on various facets of job performance. The study suggested that leaders and 
managers integrated different leadership styles in varying proportions to achieve optimal outcomes 
in their leadership responsibilities. The adoption of specific leadership styles was determined by 
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workplace circumstances, indicating that a balanced approach to leadership could enhance 
employee satisfaction and performance. 
 
Carter and Greer (2013) aimed to investigate the relationship between strategic leaders' values 
and their leadership styles in achieving triple bottom line (TBL) performance metrics. They noted 
a lack of empirical studies addressing this connection, despite the increasing pressure from 
stakeholders for organizations to balance economic, social, and environmental outcomes. Their 
methodology involved analysing existing empirical research to delineate leadership values and 
classify both traditional and emerging leadership styles. They examined how these styles 
correlated with organizational success while identifying gaps in understanding these interactions. 
The findings suggested that leadership styles ranged from transactional to responsible, influenced 
by stakeholder salience and organizational performance across economic, social, and 
environmental dimensions. The study highlighted the need for further research to bridge these gaps 
and refine leadership strategies for sustainable business success. The research was relevant in 
emphasizing the role of leadership values in shaping effective strategies for organizations to meet 
stakeholder demands while maintaining balanced TBL performance. 
 
Choudhary et.al. (2013) aimed to analyse the effects of two contrasting leadership styles—
transformational and servant leadership—on organizational performance outcomes. The study 
focused on a sample of 155 individuals from the profit-driven service industry in Pakistan. Data 
were collected through a survey using a five-point Likert scale, and statistical analyses were 
conducted using AMOS and SPSS. The findings revealed that transformational leadership had a 
greater influence on organizational learning compared to servant leadership, with organizational 
learning positively affecting organizational effectiveness. This research highlighted that managers 
and executives in the business sector could benefit from understanding the impact of leadership 
styles on organizational learning and performance. The study’s relevance lies in its practical 
implications, suggesting that leaders aiming to optimize profitability might prefer transformational 
leadership to enhance organizational capabilities and foster learning, which ultimately supports 
profit maximization. 
 
Nasir et.al. (2014) aimed to explore the relationship between leadership styles and organizational 
performance among academic leaders in Malaysian Public Universities (IPTA) within the Klang 
Valley Area. This quantitative study used questionnaires to gather data from 156 academic leaders, 
with a total of 300 questionnaires distributed. The research found that all leadership styles 
Transformational, Transactional, and Laissez-Faire—showed a positive and significant correlation 
with organizational success. Furthermore, no substantial gender differences were identified in the 
leadership style practices between male and female academic leaders. The study's findings suggest 
that the application of appropriate leadership styles plays a crucial role in enhancing organizational 
performance. It was recommended that future research employ a larger sample size and consider 
a qualitative approach to gain deeper insights. The study is relevant as it contributes valuable 
information on leadership effectiveness in the context of higher education institutions, offering 
implications for future leadership training and development. 
 
Hurduzeu (2015) aimed to examine the influence of leadership styles, particularly 
transformational leadership, on organizational performance. The methodology involved exploring 
the relationship between transformational leadership and organizational success, emphasizing how 



THE ROLE OF LEADERSHIP STYLES IN ORGANIZATIONAL PERFORMANCE AND EMPLOYEE MOTIVATION 

 
 

ISSN:1539-1590 | E-ISSN:2573-7104 
Vol. 6 No. 2 (2024) 
 

© 2024 The Authors 
 

989 

such leadership motivates employees to achieve higher levels of effort and performance. The 
findings indicated that transformational leadership positively impacted organizational 
performance by fostering an environment where employees were encouraged to go beyond 
expectations. The study highlighted that transformational leaders inspire employees to strive for 
excellence and contribute to both individual and organizational growth. Furthermore, the research 
provided examples of how transformational leadership techniques have been successfully 
implemented in various organizations. The study concluded by suggesting areas for future 
research, particularly focusing on how different leadership styles might interact with diverse 
organizational contexts. The relevance of this study lies in its contribution to understanding how 
leadership can align organizational goals with employee motivation, ultimately leading to 
enhanced performance and long-term success. 
 
Sofi and Devanadhen (2015) explored the impact of various leadership styles—transformational, 
transactional, participative, supportive, and instrumental—on the organizational performance of 
banking institutions in Jammu and Kashmir, India. The study aimed to identify the prevalence of 
these leadership styles and evaluate their effects on performance. A descriptive survey research 
design was employed, with 290 respondents, including branch heads, executive-level personnel, 
and senior staff from banking organizations. Data were analyzed using SPSS and Amos version 
20, with Structural Equation Modelling (SEM) used to assess the conceptual model’s fit. The 
findings revealed that transformational leadership had a significant positive effect on 
organizational performance, while other leadership styles showed no substantial impact. 
Additionally, transformational leadership was identified as the most common style in these 
institutions. This study highlights the relevance of leadership style in enhancing organizational 
performance and provides valuable insights for the banking sector in Jammu and Kashmir, 
emphasizing the need for transformational leadership in driving performance and success. 
 
Alghazo and Al-Anazi (2016) conducted a mixed methods study to examine the correlation 
between leadership style and employee motivation in a private petrochemical firm in Saudi Arabia. 
The objective of the research was to explore how different leadership styles influenced employee 
motivation. The methodology involved administering a survey to 30 workers across two 
departments, supplemented by interviews with a focus group of 10 workers to validate the survey 
results. The findings revealed a significant relationship between leadership style and employee 
motivation. Specifically, the study found a positive correlation between transformational 
leadership and employee motivation, suggesting that leaders who inspire and support their 
employees foster higher motivation. In contrast, transactional leadership was negatively associated 
with motivation, implying that a more reward-based, directive leadership style did not contribute 
as effectively to employee engagement. This study's relevance lies in its contribution to 
understanding the importance of leadership styles in enhancing motivation, particularly within the 
context of a specialized industry like petrochemicals, which could inform management practices 
in similar settings. 
 
Khan and Nawaz (2016) aimed to explore the impact of leadership styles on organizational 
restructuring, focusing on the role of authority formation, responsibility, and employee concerns. 
The researchers utilized a comprehensive review of leadership theories, analyzing transformational 
and transactional leadership approaches across various socio-economic and academic contexts. 
They found that both leadership styles played significant roles in guiding organizational change, 
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with transformational leadership fostering innovation, motivation, and commitment, while 
transactional leadership focused on performance and rewards. The study highlighted that the 
effectiveness of each leadership style depended on the specific situation and organizational 
context. It concluded that organizations could benefit from a balanced application of both 
leadership styles to address diverse challenges and foster a more engaged workforce. The study's 
relevance lies in its contribution to understanding the dynamic relationship between leadership 
styles and organizational performance, offering valuable insights for leaders navigating complex 
organizational changes. 
 
Fiaz, Su, and Saqib (2017) aimed to explore the influence of leadership styles on employee 
motivation in Pakistan's public sector, particularly within WAPDA, a government-affiliated 
organization. The research investigated the effects of autocratic, democratic, and laissez-faire 
leadership styles as independent variables on employee motivation, the dependent variable. Data 
were collected through a closed-ended survey using the Multifactor Leadership Questionnaire 
(MLQ), completed by 110 senior and middle-level managers. The study employed descriptive 
statistics, reliability analysis, multiple regression, and ANOVA to test the hypotheses. Findings 
revealed that autocratic leadership was negatively correlated with employee motivation, while 
democratic and laissez-faire styles had positive effects, although the correlation with democratic 
leadership was minimal. This reflected the organization's bureaucratic nature. The results 
supported theoretical assumptions for autocratic and laissez-faire leadership but were inconsistent 
with democratic leadership. The study highlighted the importance of adopting democratic and 
laissez-faire leadership styles to combat bureaucratic inefficiency. It emphasized the need for 
leadership development programs, especially in developing economies like Pakistan, where 
leadership deficiencies hinder organizational performance. The research provides valuable policy 
insights for strengthening institutions through leadership reforms, especially in contexts marked 
by bureaucracy and inefficiency. 
 
Basit et.al. (2017) aimed to assess the impact of leadership style on employee performance within 
a private organization in Selangor, Malaysia, using a sample size of 100 respondents. The study 
employed quantitative methods, utilizing a five-point Likert scale questionnaire to evaluate the 
relationship between leadership style and employee performance. SPSS software was used to 
analyze the survey data, incorporating demographic analysis, normality tests, reliability checks 
(Cronbach's Alpha), descriptive statistics, and regression analysis. The findings revealed that the 
democratic leadership style had the highest mean value (3.784), followed by laissez-faire (3.416), 
and autocratic (3.404). The regression analysis showed that democratic and laissez-faire leadership 
styles had a strong positive impact on employee performance, while the autocratic style exhibited 
a negative correlation (beta coefficient of -0.168 with a significance of 0.025). This study 
highlighted that leadership style significantly influences employee performance, with democratic 
leadership being the most effective. The research is relevant for organizations aiming to enhance 
performance through strategic leadership style implementation, particularly in fostering a 
supportive and inclusive work environment. 
 
Mansor et al. (2017) aimed to assess the impact of transformational leadership on employee 
engagement among Generation Y workers in Malaysia, addressing concerns over their motivation 
and engagement levels. The research, conducted with 221 respondents from Selangor and Klang 
Valley, used surveys to gather data and analyzed it through the Statistical Package for the Social 
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Sciences (SPSS). The findings revealed a significant correlation between the dimensions of 
intellectual stimulation, inspirational drive, and individual concern with employee engagement. 
However, the study also found no substantial correlation between a leader's idealized influence 
and employee engagement among Generation Y. This research is relevant as it enhances the 
understanding of the interrelationship between transformational leadership and employee 
engagement, providing valuable insights for organizations seeking to improve engagement levels 
in a workforce increasingly dominated by Generation Y. 
 
Raveendran and Gamage (2018) sought to understand the impact of leadership styles, 
particularly transformational and transactional leadership, on employee performance in 
organizations. The methodology involved a comprehensive literature review that explored key 
leadership theories, offering a framework to analyse prior research. The study revealed that while 
both leadership styles can contribute to organizational success, transformational leadership tends 
to have a more significant influence on employee performance than transactional leadership. 
However, the authors identified a gap in existing research regarding the application of these 
leadership styles in the Sri Lankan context. The study’s findings highlighted the importance of 
using both transformational and transactional approaches to lead effectively and provided a 
foundation for future research, particularly in examining the relevance of these leadership styles 
across different industries in Sri Lanka. The study is relevant for scholars and practitioners seeking 
to understand how leadership styles impact employee motivation and performance in diverse 
cultural and organizational settings. 
 
Islam et.al. (2018) conducted a study to explore the impact of different leadership styles 
(Participative, Supportive, and Autocratic) on employee job performance in the mobile 
telecommunications sector. The objective of the research was to examine how these leadership 
styles influenced employee performance outcomes. A sample of 118 employees was purposively 
selected, and primary data was collected using a self-administered questionnaire based on a 5-
point Likert scale. Descriptive and inferential statistical methods, including correlations, 
regression analysis, and ANOVA, were applied using SPSS version 20.0 for data analysis. The 
study found a significant positive correlation between leadership styles and employee job 
performance, with Participative and Supportive styles showing a strong influence on performance. 
However, the Autocratic style showed no significant positive impact, suggesting the need for 
attention from policymakers and practitioners to improve its effectiveness. The findings emphasize 
the importance of adopting appropriate leadership styles to enhance employee job performance, 
particularly in the context of Bangladesh's mobile telecommunications industry. This study is 
relevant as it provides valuable insights into leadership practices that can contribute to 
organizational success and employee motivation in the competitive corporate landscape. 
 
Islam et al. (2018) aimed to analyse the influence of different leadership styles on employee 
empowerment in the Malaysian retail sector. A quantitative research approach was used, involving 
convenience sampling to collect data from 100 respondents employed in retail organizations in 
Selangor, Malaysia. Descriptive analysis was employed to assess the respondents' personal data, 
while inferential analysis was used to test the hypotheses. The findings revealed that two of the 
three hypotheses were supported by the data, whereas one hypothesis was refuted. The study also 
discussed its limitations and proposed directions for future research. This research is relevant as it 
provides insights into how leadership styles affect employee empowerment, particularly in the 
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retail sector, offering valuable implications for managers looking to enhance employee 
engagement and productivity. 
 
Săseanu and Toma (2019) explore the impact of leadership on employee motivation, particularly 
within the milling and baking industry. The authors employed an exploratory research design, 
utilizing a questionnaire to gather data from employees in this sector. Their findings revealed that 
leadership plays a critical role in influencing employee motivation, emphasizing that motivation 
is a key factor in self-regulation and psychological growth. The study highlighted that despite the 
awareness of its importance, many employers fail to invest in effective leadership strategies, 
leading to stagnation and significant challenges in their organizations. It was concluded that for 
organizational success, leaders must recognize and address the motivational needs of their 
employees. The relevance of this study lies in its practical implications for leadership development 
and employee engagement, offering valuable insights for organizations seeking to improve 
performance through enhanced motivation. 
 
Saad et al. (2019) aimed to explore the impact of different leadership styles on employee 
motivation within building projects in Lahore, a growing hub of construction activities in Pakistan. 
The researchers employed a quantitative methodology, utilizing a closed-ended questionnaire 
survey to collect data. The Multifactor Leadership Questionnaire (MLQ) was used to identify 
leadership styles, while the Work Extrinsic Intrinsic Motivation Scale (WEIMS) assessed 
motivation levels. Over 500 questionnaires were distributed, with 192 responses received. Data 
validation tests were conducted to ensure reliability. The findings revealed that transformational 
leadership had the most significant positive impact on employee motivation, whereas laissez-faire 
leadership was found to have the least influence. The study’s relevance lies in its contribution to 
the understanding of leadership’s role in project success, particularly in a developing region, and 
it fills a gap in the existing literature on the relationship between leadership styles and motivation 
in construction projects. 
 
Bhole (2020) aimed to investigate the relationship between leadership style and employee 
motivation in five small and medium-sized enterprises (SMEs) in the Abernathy Belapur industrial 
zone. The study employed a survey method, distributing questionnaires to 250 employees across 
various departments, supplemented by interviews with 25 workers to validate the survey 
responses. The findings revealed a strong correlation between leadership style and employee 
motivation. It was observed that transactional leadership had a negative impact on staff motivation, 
while transformational leadership led to more positive outcomes. The study highlighted the 
significant influence of leadership styles on employee motivation, underscoring the importance of 
adopting transformational leadership for fostering better work environments and enhancing 
motivation. This research is particularly relevant to organizations aiming to optimize leadership 
practices and improve employee engagement, especially within SMEs. 
 
Sitthiwarongchai et al. (2020) aimed to examine the impact of different leadership styles—
transactional, transformational, and laissez-faire—on employee motivation within Thailand's 
pharmaceutical industry. The researchers employed a survey questionnaire with a five-point Likert 
scale to collect primary data, which was then analyzed using SPSS software for regression and 
correlation. The findings revealed that all leadership styles positively influenced employee 
motivation, with transactional leadership being the most preferred in this context. The study 
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concluded that leaders in the pharmaceutical industry should adopt a transactional leadership 
approach and align incentive systems with employee performance to avoid potential biases. This 
research highlighted the critical role of leadership in motivating employees and provided valuable 
insights for executives seeking to enhance workforce engagement and productivity. 
 
Uysal (2021) aimed to explore the association between perceived leadership styles and employee 
motivation in the Turkish hotel industry. The study utilized a survey-based methodology, where 
an online questionnaire was distributed to staff at five-star hotels in Turkey, yielding 385 valid 
responses. The questionnaire focused on leadership styles and their impact on employee 
motivation. The findings revealed a significant correlation between transformational leadership 
and employee motivation, suggesting that leaders who inspire and engage their employees foster 
higher motivation. Conversely, no significant correlation was found between transactional or 
laissez-faire leadership and employee motivation. The study concluded with recommendations for 
improving leadership practices to enhance the management of hospitality organizations, 
emphasizing the role of transformational leadership in boosting staff motivation. This research is 
relevant for understanding the dynamics of leadership in hospitality settings and offers valuable 
insights for improving organizational performance through effective leadership strategies. 
 
Olayisade and Awolusi (2021) aimed to investigate the impact of leadership styles on staff 
productivity within the Nigerian oil and gas sector, using Chevron Nigeria Limited as a case study. 
The researchers employed a five-point Likert scale questionnaire, consisting of forty items that 
addressed various leadership styles, including autocratic, democratic, bureaucratic, laissez-faire, 
transactional, and charismatic, alongside staff productivity characteristics. A total of 125 
respondents were surveyed, yielding 93 valid responses, which were analyzed using the Statistical 
Package for the Social Sciences (SPSS). The analysis included demographic analysis, normality 
testing, homoscedasticity assessment, multicollinearity evaluation, and reliability testing. The 
results confirmed the validity and reliability of the findings. The study's descriptive and regression 
analyses revealed that the autocratic leadership style was the most prevalent, followed by laissez-
faire, bureaucratic, transactional, democratic, and charismatic leadership styles. The findings 
emphasized that leadership styles significantly impact staff productivity, with different styles 
having distinct effects. Additionally, multiple leadership styles could coexist within a single 
organization. This research contributes to the existing body of literature on leadership practices 
and offers valuable insights for academics and researchers, providing policy implications for the 
oil and gas sector. 
 
Hajiali et al. (2022) aimed to explore the influence of work motivation, leadership style, and 
competence on job satisfaction and performance, along with the mediating role of job satisfaction 
in these relationships. The research was conducted at LLDIKTI-IX, with a sample of 125 
employees using full sampling. Data were collected through questionnaires and analyzed using 
AMOS 18 and Structural Equation Modelling. The findings revealed that work motivation 
negatively and significantly impacted job satisfaction, suggesting that employee motivation in 
terms of existence, connectivity, and progress was insufficient, while work happiness needed 
improvement. Competence was found to have a positive but insignificant effect on employee 
performance, highlighting the lack of focus on innovation and technology in career development. 
Additionally, job satisfaction did not significantly enhance performance, as competence largely 
addressed only the basic work requirements. This study is relevant for organizations seeking to 
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improve employee performance by addressing motivational and competency gaps and considering 
how job satisfaction mediates these relationships. 
 
Irfan (2022) conducted a study to assess the impact of work discipline, work motivation, and 
leadership style on employee performance, emphasizing the need to enhance staff productivity in 
organizations. The study aimed to identify how these factors contribute to improved outcomes and 
efficiency. The research was based on a sample of 87 workers from a single company, using the 
census method to ensure a representative sample. Data analysis was carried out through regression 
analysis to examine the relationship between the variables. The findings revealed that work 
discipline, work motivation, and leadership style had a significant positive impact on employee 
performance. The study underscored the importance of these factors in fostering an environment 
that promotes efficiency and productivity. This research is relevant for organizations looking to 
improve employee performance by focusing on enhancing these key areas. 
 
Xuefeng (2023) aimed to investigate the impact of various leadership styles on employee 
motivation within Chinese industrial enterprises. The study involved interviews with one hundred 
workers and ten managers from five manufacturing companies in China. The findings revealed 
that both transformational and transactional leadership styles could enhance employee motivation, 
though the former proved to be more effective. Factors such as job satisfaction, work-life balance, 
recognition, job stability, and opportunities for professional growth were identified as key 
motivators. The study suggested that managers in China's manufacturing sector should prioritize 
adopting transformational leadership styles and focus on addressing factors that influence 
employee engagement. The relevance of the study lies in its practical implications for improving 
leadership practices in the sector. The study also highlighted the need for further research with a 
larger sample size and a mixed-methods approach to gain deeper insights into the relationship 
between leadership styles and employee motivation in China's manufacturing industry. 
 
Amde (2023) examined the connection between leadership behaviors and their impact on 
employee motivation and job performance. The study aimed to provide a comprehensive 
understanding of how various leadership styles—transformational, transactional, participative, 
servant, and laissez-faire—affect organizational effectiveness. A detailed review of current 
literature and empirical research across diverse geographic regions, including the United States, 
Canada, Europe, and Africa, was conducted. The U.S. research emphasized the importance of clear 
goals in enhancing motivation, while Canadian studies highlighted the role of recognition and 
incentives. In Europe, especially Germany and the Netherlands, transformational leadership and 
job design were seen as significant factors influencing performance. African studies focused on 
training, development, and empowerment as key motivators. The findings revealed a strong link 
between leadership styles and employee outcomes, demonstrating that transformational and 
participative leadership foster higher motivation and performance. The research offered practical 
insights for organizational leaders, suggesting the cultivation of these leadership skills to improve 
work environments and enhance performance. Additionally, the study highlighted policy 
implications for leadership selection and development, urging proactive strategies to address 
leadership’s effect on employee engagement. This work contributed to both theoretical knowledge 
and practical applications in leadership and organizational behaviour. 
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Sokolic et al. (2024) examined the impact of various leadership styles on employee motivation 
and, subsequently, on organizational performance. The objective of the study was to explore the 
correlation between leadership styles and employee work outcomes, focusing on how leadership 
styles influence motivation, engagement, and satisfaction. The methodology involved a hybrid 
approach, combining quantitative survey analysis with qualitative case studies to assess the direct 
and indirect effects of leadership styles on motivation and performance. The findings suggested a 
significant link between employee-centered leadership styles and higher motivation levels, 
indicating that leaders who adopt a more engaged and supportive approach can substantially 
improve organizational performance. This research contributes to the existing literature by 
providing empirical evidence that underscores the importance of selecting appropriate leadership 
styles to maximize employee potential and drive better organizational outcomes. The study's 
relevance lies in offering practical insights for organizational leaders and HR professionals, 
guiding them in developing leadership strategies that promote a motivating and high-performance 
work environment. 
 
Ranjan (2024) conducted a study examining the influence of various leadership styles—
transformational, transactional, charismatic, and servant leadership—on employee motivation and 
performance. The objective of the research was to explore how these leadership styles impacted 
employee outcomes, specifically focusing on motivation and performance. The methodology 
involved a comprehensive literature synthesis, combining empirical findings and theoretical 
frameworks to support the correlation between leadership styles and employee behaviour. The 
study revealed that transformational and charismatic leadership styles had a positive influence on 
employee motivation and engagement, fostering creativity and a commitment to organizational 
goals. On the other hand, transactional leadership was found to be effective in achieving short-
term performance targets but had a limited impact on long-term motivation. Servant leadership 
also showed significant positive effects on employee well-being and job satisfaction, promoting a 
supportive and collaborative environment. The findings highlighted the importance of leadership 
in influencing employee outcomes, emphasizing that effective leadership could enhance 
engagement and performance, thus contributing to organizational success. The relevance of the 
study lies in its ability to guide leaders in selecting the most appropriate leadership style to achieve 
optimal employee performance and organizational effectiveness. 
 

III. Significance of Leadership in Organizational Success 
Leadership is a cornerstone of organizational success, influencing its vision, direction, and 
operational efficiency. A strong leader provides clarity, ensures strategic alignment, and motivates 
employees to work toward common objectives. Without effective leadership, even well-structured 
organizations can face issues such as low productivity, lack of innovation, and employee 
disengagement. Leadership is particularly significant in today's rapidly changing business 
environment, where adaptability, vision, and employee engagement play crucial roles in 
determining long-term sustainability. A strong leadership framework provides a sense of purpose 
and aligns employees' efforts with the organization's mission. For instance, when leaders 
communicate a clear and inspiring vision, employees are more likely to feel a sense of belonging 
and commitment. Leaders also play a critical role in decision-making, conflict resolution, and 
fostering a culture of trust. Whether in business, education, healthcare, or government sectors, 
leadership influences organizational growth, innovation, and overall efficiency (Ojokuku, et.al. 
2012). The effectiveness of leadership in organizational success can be seen in how leaders manage 
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crises, drive change, and promote a collaborative work environment. Successful organizations 
often have leaders who prioritize continuous learning, foster a culture of accountability, and 
encourage risk-taking for innovation. For example, companies like Apple and Tesla have thrived 
under visionary leadership, where strong leadership has guided organizational strategy, product 
innovation, and competitive positioning. Leadership, therefore, acts as the driving force behind an 
organization’s growth, resilience, and ability to navigate complex challenges. 
 
Leadership Plays a Crucial Role in Shaping Organizational Performance and Employee 
Motivation 
Leadership significantly impacts organizational performance by setting goals, defining strategies, 
and ensuring efficient resource allocation. High-performing organizations often attribute their 
success to effective leadership that fosters a strong corporate culture and drives performance. 
Leadership influences team cohesion, decision-making processes, and overall business outcomes. 
Strong leaders create an environment that promotes productivity, creativity, and goal attainment. 
Employee motivation is closely linked to leadership effectiveness. A leader who recognizes 
employees’ contributions, provides growth opportunities, and fosters an inclusive work 
environment enhances job satisfaction and motivation. Studies show that motivated employees 
exhibit higher levels of performance, lower absenteeism, and greater loyalty to the organization. 
Leadership also determines how employees perceive their roles, responsibilities, and future career 
growth. When employees feel valued and empowered, they are more likely to stay engaged and 
committed to their work. Effective leadership also enhances problem-solving capabilities within 
an organization. Leaders who promote a culture of innovation encourage employees to think 
critically, experiment with new ideas, and contribute meaningfully to organizational goals. The 
best leaders understand their employees' strengths and weaknesses and leverage them to optimize 
performance. In contrast, poor leadership can lead to low morale, high turnover rates, and 
decreased productivity. Therefore, leadership is not just about overseeing operations but also about 
inspiring and motivating employees to achieve excellence (Belonio, 2012). 
 
Different Leadership Styles Impact Productivity, Innovation, and Workplace Morale 
Leadership styles vary across organizations and industries, and each style has a distinct impact on 
productivity, innovation, and workplace morale. Understanding these leadership styles helps 
organizations determine the best approach to maximize employee engagement and organizational 
success. 
 
Transformational Leadership: Transformational leadership is characterized by the ability to 
inspire and motivate employees to exceed expectations. Leaders who adopt this style focus on 
long-term vision, encourage innovation, and promote continuous personal and professional 
growth. This leadership approach enhances employee engagement, fosters a sense of purpose, and 
creates a culture of trust and collaboration. Studies have shown that transformational leadership 
leads to higher levels of job satisfaction, employee retention, and organizational performance. 
 
Transactional Leadership: Transactional leadership is based on a structured system of rewards 
and penalties. Leaders using this style set clear expectations and closely monitor performance. 
While this approach ensures discipline and efficiency, it may not always promote innovation or 
employee engagement. Employees in transactional leadership environments often focus on 
meeting predefined targets rather than seeking creative solutions to problems. Although effective 
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in certain industries, this leadership style may not be suitable for dynamic and fast-changing 
business environments. 
 
Autocratic Leadership: Autocratic leadership involves centralized decision-making, where the 
leader holds significant authority and control over employees. This leadership style is effective in 
situations that require quick decision-making and strict adherence to rules, such as military 
operations or highly regulated industries. However, in creative or knowledge-driven industries, 
autocratic leadership may lead to decreased employee morale and resistance to change. Employees 
under autocratic leadership often feel disengaged and lack motivation due to limited involvement 
in decision-making processes. 
 
Democratic Leadership: Democratic leadership fosters collaboration by involving employees in 
decision-making. Leaders encourage feedback, value diverse perspectives, and create a sense of 
ownership among employees. This leadership style enhances workplace morale, promotes 
innovation, and increases productivity by making employees feel valued. Organizations that adopt 
democratic leadership often experience higher employee engagement, job satisfaction, and overall 
performance. 
 
Laissez-Faire Leadership: Laissez-faire leadership provides employees with autonomy and 
minimal supervision. This leadership style works well in organizations where employees are self-
motivated, skilled, and require little guidance. However, in less experienced teams, laissez-faire 
leadership may result in a lack of direction, decreased productivity, and low accountability. While 
it allows employees to take ownership of their work, it may not be suitable for all industries or 
teams. Each leadership style has unique implications for workplace morale, innovation, and overall 
productivity. Successful organizations often adopt a flexible leadership approach that combines 
different styles based on situational demands and workforce dynamics (Carter, 2013). 
 
Leadership and Its Role in Employee Engagement and Organizational Culture 
Employee engagement is a key driver of organizational success, and leadership plays a critical role 
in fostering an engaged workforce. Engaged employees exhibit higher levels of commitment, 
enthusiasm, and productivity. Leadership influences workplace culture by setting expectations, 
promoting values, and fostering an environment where employees feel valued and motivated. A 
strong organizational culture is built on trust, communication, and shared goals. Leaders who 
prioritize transparency and inclusivity create a culture that encourages employees to contribute 
their best efforts. When employees feel aligned with an organization’s values and mission, they 
are more likely to remain committed and motivated. Leadership also determines how workplace 
conflicts are managed, how employees collaborate, and how organizational policies are 
implemented. 
 
For instance, organizations that emphasize open communication and employee recognition tend to 
have higher levels of engagement. Employees who feel appreciated and heard are more likely to 
take initiative, contribute ideas, and stay loyal to the company. Conversely, poor leadership can 
create a toxic work environment, leading to dissatisfaction, low morale, and high turnover rates. 
Organizations with a strong leadership culture experience benefits such as improved teamwork, 
higher productivity, and enhanced employee satisfaction. Leaders who invest in professional 
development, mentorship, and team-building initiatives foster a positive work environment where 
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employees thrive. Leadership, therefore, is a fundamental element in shaping an organization’s 
culture and sustaining long-term success (Nasir, et.al. 2014). 
 
The Future of Leadership in a Changing Business Landscape 
As businesses evolve, so do leadership expectations. The rapid pace of technological 
advancements, globalization, and changing workforce demographics require leaders to adapt to 
new challenges. Traditional leadership approaches may no longer be sufficient in an increasingly 
digital and dynamic business environment. Modern leadership trends emphasize agility, emotional 
intelligence, and inclusivity. Leaders must be adaptable, open to change, and capable of navigating 
uncertainties. The shift towards remote and hybrid work models has also redefined leadership 
roles, requiring leaders to engage employees across virtual platforms, build trust in remote teams, 
and ensure productivity in decentralized work environments. 
 
Leadership in the digital era also demands a greater emphasis on employee well-being, work-life 
balance, and diversity and inclusion. Organizations that prioritize inclusive leadership practices 
tend to attract top talent, foster innovation, and remain competitive in the global market. Moreover, 
as artificial intelligence and automation reshape industries, leaders must focus on upskilling 
employees, fostering a culture of continuous learning, and driving strategic transformation. The 
future of leadership lies in the ability to balance technological advancements with human-centric 
approaches. Leaders who cultivate resilience, adaptability, and empathy will be better positioned 
to guide organizations through uncertainty and drive sustained success. As leadership continues to 
evolve, organizations must invest in leadership development programs to nurture the next 
generation of leaders capable of thriving in an ever-changing business landscape (Hurduzeu, 
2015). 
 

IV. Transformational Leadership and Its Impact 
Transformational leadership is a dynamic and visionary approach that inspires employees to 
achieve beyond their perceived capabilities. Unlike transactional leadership, which focuses on 
structure, rules, and performance-based rewards, transformational leadership is centered on 
innovation, motivation, and long-term organizational growth. It encourages a vision-driven culture 
where creativity, open communication, and employee empowerment become the foundation of 
workplace success. Transformational leaders inspire their teams by articulating a compelling 
vision, fostering an environment where employees feel valued and motivated to contribute 
meaningfully. They lead by example, instilling a sense of purpose that aligns individual aspirations 
with organizational objectives. By emphasizing trust, transparency, and collaboration, these 
leaders create a positive work atmosphere where employees feel encouraged to share ideas, take 
risks, and explore innovative solutions without the fear of failure. Open communication under 
transformational leadership fosters stronger interpersonal relationships, ensuring that employees 
are actively engaged in the decision-making process. Empowerment is another key element, as 
leaders delegate responsibilities and provide employees with the autonomy to develop their skills, 
thus promoting a culture of continuous learning and professional development (Sofi, & 
Devanadhen, 2015). 
 
The impact of transformational leadership on organizational success is profound. Employees 
working under transformational leaders often exhibit higher engagement levels, leading to 
increased job satisfaction and productivity. Research indicates that organizations with 
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transformational leaders experience lower turnover rates, as employees feel emotionally invested 
in their roles and the company’s mission. This leadership style nurtures a sense of belonging and 
commitment, resulting in a workforce that is resilient, adaptable, and aligned with strategic 
objectives (Alghazo, & Al-Anazi, 2016). Employees are more likely to develop a proactive 
mindset, take initiative, and go beyond their routine responsibilities to contribute to organizational 
success. Additionally, transformational leadership fosters a culture of ethical behaviour and 
corporate responsibility, as leaders prioritize integrity and social impact. By focusing on employee 
well-being, personal growth, and shared success, transformational leadership drives not only 
business performance but also long-term sustainability. In today’s rapidly evolving corporate 
landscape, where adaptability and innovation are essential, transformational leadership stands as a 
powerful force in shaping a motivated, engaged, and high-performing workforce. 
 

V. Transactional and Autocratic Leadership Styles 
Transactional leadership operates on a structured reward-and-punishment system, emphasizing 
discipline, efficiency, and adherence to predefined tasks. Leaders following this style set clear 
expectations, monitor employee performance, and provide rewards or corrective actions based on 
outcomes. This results in a highly organized work environment where productivity is driven by 
incentives and compliance. Transactional leadership is particularly effective in industries requiring 
precision, consistency, and adherence to strict protocols, such as manufacturing, finance, and 
military operations. However, while this approach ensures short-term efficiency and operational 
stability, it often lacks the flexibility to foster creativity or long-term employee engagement (Khan, 
& Nawaz 2016). Employees may become overly dependent on extrinsic rewards, reducing intrinsic 
motivation and limiting their ability to think innovatively or take initiative beyond assigned tasks. 
 
Autocratic leadership, on the other hand, is characterized by centralized decision-making, where 
leaders exercise full control over policies, strategies, and directives. This leadership style is 
effective in situations requiring rapid decision-making, crisis management, or strict regulatory 
compliance. It minimizes ambiguity in hierarchical structures, ensuring clear lines of authority and 
quick execution of tasks. However, its rigid top-down approach can suppress innovation, hinder 
collaboration, and create an environment where employees feel disengaged or undervalued. A lack 
of employee involvement in decision-making may result in decreased motivation, lower job 
satisfaction, and resistance to organizational change. While autocratic leadership can drive short-
term efficiency, its long-term effectiveness depends on balancing authority with open 
communication and occasional empowerment of employees to foster a more engaged and adaptive 
workforce (Fiaz, et.al. 2017). 
 

VI. Democratic and Laissez-Faire Leadership Approaches 

Democratic leadership is centred around inclusivity and active employee involvement in decision-
making processes. Leaders who adopt this style seek input and feedback from their teams, ensuring 
that everyone has a voice and a sense of ownership in the direction of the organization. This 
approach fosters motivation, as employees feel valued and respected, which boosts job satisfaction 
and commitment. By promoting open communication and collaboration, democratic leaders create 
an environment where employees are more likely to contribute innovative ideas, share knowledge, 
and work together towards shared goals (Basit, et.al. 2017). This leads to higher engagement, 
improved morale, and a strong sense of community within the workplace. Democratic leadership 
also encourages transparency, building trust between leaders and employees, which in turn 
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enhances overall organizational performance and fosters long-term success. Laissez-faire 
leadership, by contrast, grants employees a high degree of autonomy in how they approach their 
work, with minimal supervision or intervention from leaders. This leadership style works well in 
teams or environments where employees are self-motivated, highly skilled, and capable of 
managing their tasks independently. However, in less experienced or less self-directed teams, 
laissez-faire leadership can lead to inefficiencies, confusion, and lack of direction (Mansor, et.al. 
2017). Without sufficient guidance, employees may struggle with unclear objectives or a lack of 
structure, ultimately affecting productivity and team cohesion. While it can foster creativity and 
innovation when appropriately applied, the laissez-faire approach may also contribute to feelings 
of disconnection or frustration when employees require more support or clearer expectations from 
their leaders. 
 

VII. Leadership's Influence on Organizational Culture and Employee Motivation 

Effective leadership plays a pivotal role in shaping organizational culture, which in turn 
significantly impacts employee motivation, satisfaction, and overall performance. A leader’s 
approach not only sets the tone for the work environment but also influences how employees 
perceive their roles, interact with colleagues, and align with the organization’s values. Leadership 
is more than just about setting goals and directing operations—it is about creating a positive and 
motivating environment that enables employees to feel valued, supported, and connected to the 
broader mission of the organization (Raveendran, & Gamage, 2018). A leader who embodies and 
champions organizational values, promotes open communication, and actively works to develop a 
culture of respect and inclusivity creates a workplace that fosters collaboration and creativity. 
When leaders demonstrate consistency in their actions and words, they build trust among 
employees, which is crucial for nurturing motivation. Employees who feel secure in their positions, 
respected by their leaders, and empowered to contribute ideas are far more likely to be engaged 
and committed to the organization. One of the key aspects of leadership's influence on 
organizational culture is the ability to create a positive work environment that supports employee 
well-being and job satisfaction. Leaders who actively work to promote a healthy work-life balance, 
provide opportunities for growth and development, and recognize and reward employees for their 
hard work are instrumental in cultivating a motivated workforce. Job commitment increases when 
employees feel supported by their leadership and see tangible benefits in terms of professional 
growth, recognition, and personal fulfilment (Săseanu, & Toma, 2019). Additionally, a positive 
work culture has been shown to reduce employee turnover rates, as employees are more likely to 
stay with an organization that values their contributions and provides them with opportunities for 
advancement. When employees feel a strong sense of belonging and loyalty to their workplace, 
they are more likely to engage in discretionary efforts—going above and beyond their formal job 
responsibilities, which in turn drives organizational performance. Effective leadership helps to 
align employee values with organizational objectives, creating a shared sense of purpose that fuels 
motivation, commitment, and productivity. 
 
Moreover, leadership styles should align with organizational goals, workforce diversity, and 
external market dynamics to maximize the overall effectiveness of the organization. An 
organization’s strategy, mission, and values must be clearly communicated by its leaders, and the 
leadership style must be conducive to achieving these goals. For instance, a transformational 
leadership style, which focuses on inspiring and motivating employees toward a shared vision, 
may be well-suited for an organization that is undergoing major change or seeking innovation 
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(Saad, et.al. 2019). In contrast, a transactional leadership style might be more effective in 
environments that require strict adherence to processes, such as manufacturing or finance, where 
efficiency and consistency are paramount. Understanding workforce diversity is also a crucial 
consideration for leadership. A diverse workforce brings varied perspectives, skills, and 
experiences, and a one-size-fits-all leadership approach may not be effective in such settings. 
Inclusive leadership, which values and harnesses diversity, helps ensure that all employees feel 
respected, engaged, and motivated to contribute their unique ideas. Leaders who take the time to 
understand the diverse needs and aspirations of their employees can tailor their approach to provide 
more personalized and meaningful support, ultimately driving higher levels of motivation and 
engagement. Furthermore, the external market dynamics and competitive landscape also play a 
significant role in shaping leadership styles. For example, a company operating in a fast-paced and 
highly competitive industry may require leaders to adopt a more adaptive, visionary leadership 
style that focuses on innovation, agility, and long-term strategic planning. On the other hand, 
organizations in more stable industries may benefit from a leadership approach that focuses on 
efficiency, consistency, and maintaining established processes (Bhole, 2020). Leaders must be 
attuned to both internal and external factors, including economic trends, technological 
advancements, and changing customer demands, and adapt their leadership approach accordingly. 
Leadership flexibility is crucial in maintaining a competitive edge and ensuring that the 
organization can respond effectively to shifting market conditions. By aligning their leadership 
style with both organizational goals and external market conditions, leaders can drive both short-
term success and long-term sustainability, fostering a motivated and committed workforce along 
the way. 
 

VIII. The Need for Adaptive Leadership in Modern Organizations 

In today's rapidly evolving business environment, organizations are required to be agile, 
innovative, and resilient to succeed. Rigid, one-size-fits-all leadership approaches can no longer 
meet the diverse needs of modern organizations, as they often hinder growth and the ability to 
respond to change. In an era marked by technological advancements, shifting consumer demands, 
and global economic uncertainty, organizations face constant pressure to innovate and adapt. A 
leadership style that lacks flexibility can stifle creativity, limit collaboration, and prevent 
organizations from seizing new opportunities. Leaders who rely on outdated or inflexible 
approaches may struggle to navigate complex challenges or guide their teams through periods of 
transformation, ultimately leading to stagnation and missed opportunities. In contrast, adaptive 
leadership is essential in fostering an environment that encourages experimentation, continuous 
learning, and responsiveness to both internal and external changes. Leaders must be able to adjust 
their approach based on situational demands, whether it is managing a crisis, overseeing a period 
of rapid growth, or leading a team through technological disruption (Sitthiwarongchai, et.al. 
2020). 
 
Adaptive leadership requires leaders to be aware of both the internal dynamics of their 
organizations and the broader external environment. In order to make informed decisions, leaders 
need to be attuned to the needs of their employees, the strengths and weaknesses of their teams, 
and the ever-changing market conditions (Uysal, 2021). This flexibility allows leaders to shift their 
strategies when necessary, empowering them to maintain momentum in the face of uncertainty. In 
practical terms, adaptive leadership encourages leaders to ask questions, listen actively to their 
teams, and be open to feedback and new ideas. By fostering an open and collaborative approach 
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to problem-solving, adaptive leaders empower their teams to take ownership of challenges, make 
informed decisions, and innovate. This sense of empowerment, coupled with the flexibility to pivot 
when necessary, promotes a high level of motivation and engagement among employees. When 
employees feel that their contributions are valued and that they are working within an environment 
that is responsive to their needs and external market shifts, they are more likely to remain 
motivated and committed to the organization's long-term success (Olayisade, & Awolusi, 2021). 
 
Rigid Leadership Approaches and Their Hindrances to Growth and Innovation: Rigid 
leadership approaches often hinder organizational growth and innovation by discouraging 
flexibility and adaptation. When leaders strictly adhere to a set of established rules or processes, 
they limit the potential for new ideas, creative problem-solving, and experimentation (Ranjan, 
2024). This rigidity can manifest in several ways—whether through an autocratic approach that 
leaves little room for employee input, or a transactional style that focuses primarily on performance 
metrics without considering the broader context of employee needs and aspirations. Such 
leadership styles can create an environment where employees are less likely to take risks, share 
innovative ideas, or challenge the status quo. As a result, organizations may become complacent, 
slow to adapt, and less capable of responding to changes in the market or industry trends. In today's 
competitive landscape, the inability to foster a culture of innovation can quickly lead to 
obsolescence, as businesses that fail to evolve may be outpaced by more agile competitors. 
Furthermore, rigid leadership can have a detrimental effect on employee morale and motivation. 
When employees feel constrained by inflexible rules and micromanagement, they may become 
disengaged, frustrated, or disillusioned with their work. This can lead to lower job satisfaction, 
reduced motivation, and, in extreme cases, higher turnover rates (Hajiali, et.al. 2022). Employees 
thrive in environments where they feel trusted to make decisions, contribute ideas, and challenge 
existing norms. Inflexible leadership that focuses on control rather than empowerment erodes this 
sense of ownership and autonomy. As a result, employees may become more focused on following 
orders than on finding innovative solutions or contributing to the organization's broader goals. This 
lack of motivation can severely limit an organization's ability to achieve its full potential. To avoid 
these negative consequences, organizations must move away from rigid leadership models and 
embrace approaches that allow for adaptability, empowerment, and creative collaboration. 

 
A Strategic, Flexible Leadership Framework for Long-Term Success: A strategic and flexible 
leadership framework is vital for enhancing motivation, improving performance, and ensuring 
long-term organizational success. Such a framework is rooted in the ability of leaders to adjust 
their leadership styles based on the context, the challenges at hand, and the needs of their 
employees (Amde, 2023). Flexibility in leadership allows organizations to not only maintain 
operational efficiency but also foster an environment where employees are motivated, innovative, 
and invested in the organization's success. A strategic, adaptive leader recognizes that no single 
leadership style will work in all situations, and as such, they are willing to shift their approach to 
meet the demands of a given moment. For example, in times of crisis, a more directive or 
authoritative approach may be needed to make swift decisions and provide clear guidance. 
Conversely, during periods of growth or change, a more collaborative, transformational leadership 
style can inspire creativity, promote teamwork, and drive innovation. An adaptive leadership 
framework also incorporates ongoing feedback, learning, and development. By fostering a culture 
of continuous improvement, leaders can ensure that their teams are equipped with the skills, 
knowledge, and motivation to thrive in a rapidly changing environment (Xuefeng, 2023). This 
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may involve investing in training, encouraging cross-functional collaboration, and creating spaces 
for open dialogue between leaders and employees. Adaptive leadership requires leaders to be open-
minded and to view challenges as opportunities for growth rather than obstacles. Through 
modelling this mindset, leaders can inspire their teams to adopt the same approach, promoting 
resilience and a proactive attitude toward change. In turn, this fosters higher employee 
engagement, job satisfaction, and retention. A flexible leadership framework creates a cycle of 
positive feedback, where motivation fuels performance, and strong performance reinforces 
motivation, ultimately leading to long-term organizational success (Irfan, 2022). 
 

IX. Conclusion 
The need for adaptive leadership in modern organizations has never been more crucial. As 
industries evolve and organizations face increasing pressure to innovate and respond to market 
shifts, rigid leadership approaches become a liability. Adaptive leadership, characterized by 
flexibility, empowerment, and responsiveness, fosters a work environment where employees are 
motivated, creative, and committed to organizational goals. Leaders who adopt a strategic, context-
driven approach are better positioned to overcome challenges, enhance employee engagement, and 
drive long-term success. Through embracing a flexible leadership framework, organizations can 
remain agile, resilient, and capable of thriving in an ever-changing business landscape. 
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Abstract 

This study examines how digital banking innovations have reshaped transaction speed (Ts) and 
financial service accessibility for entrepreneurs in the Delhi National Capital Region (NCR). 
Employing a mixed-methods design which includes a structured survey of 300 SMEs across 
Delhi, Noida, Gurugram, Ghaziabad, and Faridabad, as well as 20 in-depth interviews with 
bank and fintech executives the research quantifies end-to-end transaction times and evaluates 
an accessibility index reflecting availability, affordability, and usability of digital services. 
Drawing on global frameworks (Ts = f(Di, Ip, Ud, Gd, Ri, Bd); Af = f(Di, Ip, Ud, Gd, Ri, Bd)), 
the study contextualizes local findings within international best practices. Results indicate that 
adoption of UPI, e-KYC, and neo-bank platforms reduces average loan disbursement times 
from 10 days to under 48 hours and elevates the accessibility index by 25% compared to 
traditional channels. However, persistent barriers digital literacy gaps, intermittent 
connectivity, and complex KYC norms limit full uptake. Insights from participant interviews 
underscore the need for user-centric interface design, robust cybersecurity measures, and 
targeted regulatory reforms. This research contributes to both academic understanding and 
policy by offering evidence-based recommendations for banks, fintech firms, and regulators to 
optimize digital banking ecosystems for enhanced speed and inclusion. 
Keywords: Digital Banking, Transaction Speed, Financial Accessibility, Fintech Innovation, 
Global Financial Inclusion 

I. Introduction 
In recent years, the proliferation of digital banking innovations—ranging from Unified 
Payments Interface (UPI) and real-time gross settlement (RTGS) enhancements to neo-banks 
and open API ecosystems has transformed financial services worldwide. These technologies 
promise not only to expedite monetary transactions but also to bridge gaps in access for 
underserved populations. For small and medium-sized enterprises (SMEs) and start-ups, rapid 
payment processing and seamless account management can be the difference between stable 
cash flows and debilitating liquidity crunches. This study examines how digital banking 
innovations have influenced transaction speed and service accessibility for entrepreneurs 
operating in the Delhi National Capital Region (NCR), and identifies the primary challenges 
and strategic perspectives shaping their adoption. 
1.1 Digital Banking Innovations in Delhi NCR 
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Delhi NCR, comprising Delhi, Noida, Gurugram, Ghaziabad, and Faridabad, represents one of 
India’s most dynamic entrepreneurial hubs. Here, digital banking has evolved from basic 
mobile‐banking applications to sophisticated platforms offering instant credit, supply-chain 
financing, and automated reconciliation. The National Payments Corporation of India’s UPI 
system alone processes over 10 billion transactions monthly, with peak day volumes surpassing 
9 billion in late 2024. Neo-banks such as Niyo and Open provide API-driven account services 
tailored for SMEs, while traditional banks have rolled out “instant overdraft” and invoicing 
modules directly within their mobile apps. Collectively, these innovations aim to reduce 
dependency on brick-and-mortar branches and manual paperwork, thereby accelerating 
financial workflows for entrepreneurs. 
1.2 Impact on Transaction Speed 
One of the most tangible benefits of digital banking is the dramatic reduction in end-to-end 
transaction times. Historically, SME loan disbursements could take anywhere from seven to 
fourteen working days, owing to manual KYC checks, credit appraisals, and branch-level 
approvals. With enhanced digital onboarding, e-KYC, and algorithmic credit scoring, many 
banks now commit to disbursing working-capital loans within 24 to 72 hours. Similarly, 
supplier and vendor payments—once queued through batch-processing overnight—can now 
settle instantly via UPI or immediate payment service (IMPS). Entrepreneurs report that digital 
fund transfers shave off an average of 48 hours from traditional methods, translating into 
smoother inventory cycles and reduced interest costs on delayed payments. 
1.3 Enhancing Financial Service Accessibility 
Beyond speed, digital platforms expand the geographic and socio-economic reach of financial 
services. For entrepreneurs in satellite towns of NCR—such as Faridabad or Ghaziabad—
access to a bank branch might have required a commute of 15 to 20 kilometers. Digital banking 
eliminates this barrier, offering account opening, loan applications, and transaction monitoring 
entirely online. Moreover, micro-loan products delivered through partnerships between fintech 
lenders and e-commerce platforms enable business owners with limited banking history to 
secure credit lines as small as INR 50,000, often at competitive interest rates. Digital wallets 
and low-cost remittance channels further empower entrepreneurs in informal sectors street 
vendors, artisans, and gig economy workers by integrating them into formal payment 
ecosystems. 
1.4 Challenges for Entrepreneurs in Delhi NCR 
Despite these advances, several impediments continue to constrain full adoption of digital 
banking among Delhi NCR entrepreneurs. First, digital literacy gaps remain significant, 
particularly among older proprietors or those operating in non-tech sectors; they may struggle 
with multi-step authentication protocols or interpreting real-time analytics dashboards. Second, 
cybersecurity and fraud risks—phishing scams, unauthorized UPI mandates, and weak 
password hygiene—erode trust and force some users back to manual methods. Third, 
regulatory complexity around KYC norms and data privacy (under the Personal Data 
Protection Bill) can delay onboarding and require repeated documentation. Finally, 
infrastructure bottlenecks, such as intermittent internet connectivity or low smartphone 
penetration in peripheral areas, occasionally negate the purported benefits of digital services. 

II. Impact of Digital Banking Innovations on Transaction Speed and Service 
Accessibility 
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The rapid evolution of digital technologies has transformed the global banking landscape, 
introducing innovations that redefine consumer experiences. Digital banking, encompassing 
online platforms, mobile applications, and fintech integrations, has emerged as a cornerstone 
of financial service delivery, significantly altering transaction speed and the accessibility of 
financial services. These developments are not only reshaping consumer behaviour but also 
compelling financial institutions to innovate continuously. As economies shift toward 
digitization, it is vital to understand the mechanisms through which digital banking innovations 
influence key financial performance metrics, particularly transaction speed (Ts) and financial 
service accessibility (Af). Transaction speed, defined as the average time required to complete 
a financial transaction, is a critical determinant of user satisfaction in the digital banking 
ecosystem. Simultaneously, accessibility to financial services, often quantified as an index 
reflecting availability, affordability, and usability, is an essential indicator of financial inclusion 
and economic development. The interaction between these two outcome variables and a set of 
independent factors including the Digital Innovation Index (Di), Internet Penetration (Ip), User 
Digital Adoption Rate (Ud), GDP per capita (Gd), Regulatory Infrastructure Index (Ri), and 
Bank Density (Bd) provides a holistic framework to evaluate global digital banking 
effectiveness. 
Several studies have investigated the implications of digital banking innovations. Hadid et al. 
(2020) explored how changes in the competitive environment necessitated enhanced service 
quality across Malaysian commercial banks. Using PLS-SEM on 384 responses, the study 
confirmed that digital service dimensions such as reliability and responsiveness significantly 
impacted customer satisfaction. Similarly, Wewege et al. (2020) emphasized how fintech has 
reshaped the traditional banking model, highlighting the proliferation of customer-centric 
services such as mobile payments and digital wallets. Adopting a customer-centric approach, 
Ananda et al. (2020) focused on retail banking in Oman and demonstrated through regression 
analysis that perceived usefulness, awareness, and web features were primary drivers of digital 
banking adoption. Their findings align with Melubo and Musau (2020), who analysed how 
digital banking influenced women-owned enterprises in Kenya. Using census-based data 
collection, they established a strong link between agency banking, mobile banking, and 
financial accessibility for women. 
In India, Haralayya (2021) documented how digitalization revolutionized banking operations, 
transitioning from paper-based processes to real-time digital transactions. Complementing this, 
Kangwa et al. (2021) proposed a theoretical model explaining Gen Z's digital financial 
behaviour in Zambia, advocating for participatory digital financial inclusion models. Empirical 
data from Isa-Olatinwo et al. (2022) highlighted the role of digital financial services (DFS) in 
boosting financial performance in Nigeria. Their regression analysis indicated a positive 
relationship between DFS usage and earnings per share (EPS). Sumarta et al. (2022) 
corroborated these findings in the Indonesian context, emphasizing that digital banking 
enhances both efficiency and profitability across all bank tiers. 
From a consumer sentiment perspective, Andrian et al. (2022) applied sentiment analysis to 
34,605 tweets from Indonesian digital bank users, identifying varying perceptions among 
banks. Saputra et al. (2022) employed the EVaR method to estimate potential transaction risks, 
underscoring the importance of integrating operational risk management into digital platforms. 
Wu, Yu, and Lv (2023) examined mobile banking’s impact on deposit behaviour, revealing 
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regional disparities influenced by technological infrastructure. This echoes Haryono et al. 
(2023), who argued for increased public awareness about digital services amid regulatory and 
competitive pressures. Meanwhile, Oktavia et al. (2023) investigated Gen X's adoption of 
digital banking in Indonesia, revealing that responsiveness played a critical role, while 
perceived ease of use was not statistically significant. In Pakistan, Ahmed et al. (2024) assessed 
the importance of customer protection in digital financial services, identifying information 
security as the most crucial determinant. Bhuvaneswari and Maruthamuthu (2024) 
demonstrated that responsiveness, reliability, and assurance are key drivers of customer 
satisfaction in Indian digital banking. Their SEM-based approach provided a nuanced 
understanding of service quality impacts. A comprehensive review by Nahar et al. (2024) of 
112 peer-reviewed articles reaffirmed these themes, highlighting the roles of convenience, 
personalization, and security. 
Exploring demographic dynamics, Rozaki et al. (2025) investigated digital banking’s influence 
on millennial financial behaviour, finding that while digital platforms improved literacy and 
decision-making, they also led to impulsive spending. Similarly, Agbeve et al. (2025) evaluated 
U.S.-based digital banking initiatives and noted regulatory, cybersecurity, and access-related 
barriers that limit full financial inclusion. Rašticová et al. (2025) reviewed global digital 
banking trends and found persistent inequalities in access especially among elderly, low-
income, and less-educated groups. This was supported by Ahmad (2025), who documented 
how digital banking bridges financial gaps in emerging markets through mobile banking and 
digital wallets. To analyse this complex ecosystem, a mathematical model is proposed that uses 
two key regression equations 
Ts = f(Di, Ip, Ud, Gd, Ri, Bd) + ε1 
Af = f(Di, Ip, Ud, Gd, Ri, Bd) + ε2 
Normalization of data ensures comparability, while a composite Digital Innovation Index (Di) 
is constructed using Principal Component Analysis (PCA). Regression techniques OLS, Fixed 
Effects, or Random Effects evaluate relationships, and elasticity computations quantify 
percentage changes. Forecasting tools such as ARIMA or LSTM project trends, while cluster 
analysis categorizes countries by digital efficiency.  

III. Related Reviews 
 

Assessing the transformational impact of digital banking innovations on transaction speed and 
financial service accessibility for entrepreneurs in Delhi NCR demands a synthesis of global 
evidence and local challenges, illuminating both the potential and the pitfalls of a rapidly 
digitizing financial ecosystem. Hadid et al. (2020) demonstrated that intense competition and 
evolving customer preferences compel banking organizations to adopt proactive, service‐
quality–driven marketing strategies; their PLS-SEM analysis of 384 Malaysian bank customers 
showed that reliability, tangibility, responsiveness, and assurance each exert a significant 
positive influence on customer satisfaction. By advocating standard regulatory guidelines and 
organization‐wide commitment to digital service quality, they underscore the centrality of 
robust internal processes for accelerating transaction workflows. Parallelly, Wewege et al. 
(2020) argued that fintech entrants—particularly digital‐only neo-banks—have disrupted 
traditional banking models through customer-centric services like instant payments, SME 
lending, and digital wallets; although such firms often lack scale and regulatory clarity, they 
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increasingly partner with incumbents to achieve digital transformation, highlighting the 
importance of scalable, secure API infrastructures and evolving open-banking directives. 
In the context of retail banking adoption, Ananda et al. (2020) extended the Technology 
Acceptance Model to identify awareness, web features, and perceived usefulness as key drivers 
of digital banking uptake among 200 customers via multiple regression. Their findings suggest 
that user‐centric interface design and targeted awareness campaigns can significantly reduce 
the time entrepreneurs spend on transactions, translating into faster fund disbursements and 
real-time account management. Similarly, Melubo and Musau (2020) investigated digital 
banking’s role in narrowing financial inclusion gaps among women-owned enterprises in 
Narok County, Kenya. Through census sampling of 184 enterprises and inferential statistics, 
they found that agency, mobile, online, and ATM banking services substantially enhanced 
access, although limited digital literacy and internet penetration constrained full adoption. 
Their recommendations—focused on targeted training, awareness drives, and collective 
initiatives—are particularly relevant for Delhi NCR, where peripheral entrepreneurs often face 
similar literacy and infrastructure barriers. 
India’s own digital banking revolution has remade the transactional landscape. Haralayya 
(2021) chronicled the shift from paper-based processes to real-time electronic transactions, 
noting that customer expectations for speed and convenience have driven banks to roll out 
novel digital products and streamline onboarding through e-KYC. This aligns with 
Johannesburg’s experience, where Kangwa et al. (2021) proposed a Lefebvrean Social 
Production of Space framework to explain Gen Z’s mixed engagement with digital finance, 
arguing that perceptions of exclusion from traditional systems require participatory, 
empowerment-driven digital models. For Delhi NCR entrepreneurs, who span multiple 
generations and sectors, these insights point to the need for inclusive digital platforms that cater 
to diverse user competencies and leverage Aadhaar-based e-KYC to minimize delays in 
account opening and credit access. 
Empirical evidence from other emerging markets further illustrates the linkage between digital 
adoption and performance outcomes. Isa-Olatinwo et al. (2022) analyzed secondary data from 
Nigerian banks (2012–2020), finding a significant positive impact of ATM and POS 
transaction volumes on earnings per share, suggesting that digital transaction speed can directly 
affect financial metrics. Likewise, Sumarta et al. (2022) examined 91 Indonesian commercial 
banks (2017–2018) and established that banks offering richer digital features enjoyed superior 
efficiency and profitability. By contrast, smaller institutions lagged behind, underscoring the 
importance of investment in digital infrastructure. These findings imply that Delhi NCR’s 
banks—serving a highly competitive entrepreneurial ecosystem—must continuously upgrade 
their digital offerings to sustain low transaction latencies and broaden service accessibility, 
especially for SMEs located beyond metropolitan cores. 
Customer sentiment analysis and risk management studies add nuance to these performance 
metrics. Andrian et al. (2022) applied sentiment analysis to over 34,000 Indonesian tweets, 
revealing that while digital banks like Jago garnered predominantly positive perceptions, others 
faced neutrality or negativity; their ensemble‐model approach (Soft Voting F1 = 74.89%) 
underscores the need for continuous monitoring of user feedback to preempt service 
disruptions. Operational risks remain a critical concern: Saputra et al. (2022) estimated 
potential losses of IDR 144 billion in Indonesian digital transactions using the EVaR method 
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and GPD fitting, advocating for robust reserve‐fund planning. For Delhi NCR entrepreneurs—
whose cash flows can be jeopardized by downtime or fraud—the integration of real-time risk 
analytics and contingency reserves is as crucial as transaction speed. 
Regional studies highlight variability in digital impact across demographic and infrastructural 
contexts. Wu, Yu, and Lv (2023) found that mobile banking’s effect on deposit growth varied 
significantly across Chinese provinces, driven by disparities in internet penetration and digital 
literacy. Haryono et al. (2023) further emphasized that fintech competition compels banks to 
balance user convenience with security, calling for public education on digital risks. Within 
Delhi NCR, entrepreneurs in peripheral zones may confront intermittent connectivity and lower 
smartphone penetration, suggesting that banks should offer low-bandwidth apps and USSD 
alternatives to maintain near‐instant transaction speeds. 
Segment-specific adoption patterns also emerge. Oktavia et al. (2023) surveyed 417 Indonesian 
Gen X users, revealing that perceived ease of use did not significantly drive adoption among 
this cohort, whereas responsiveness and reliability did. This suggests that for middle-aged 
entrepreneurs—some of whom may lead family firms in Delhi NCR—banks must emphasize 
uninterrupted, prompt service rather than solely intuitive interfaces. Ahmed et al. (2024) and 
Bhuvaneswari and Maruthamuthu (2024) corroborated the primacy of security and 
responsiveness: in Pakistan, information security was the most critical determinant of customer 
protection (Ahmed et al., 2024), while in India, responsiveness, reliability, assurance, and 
empathy strongly predicted satisfaction (Bhuvaneswari & Maruthamuthu, 2024). These quality 
dimensions directly affect an entrepreneur’s willingness to execute high‐value transactions 
digitally and trust instantaneous settlement promises. 
Systematic reviews identify enduring gaps and future directions. Nahar et al. (2024) 
highlighted convenience, security, personalization, and crisis resilience as key themes across 
112 studies, while calling for research on ethical data use and inclusive design. Rozaki et al. 
(2025) showed that digital banking enhanced financial literacy among Indonesian millennials 
but also encouraged impulsive spending, indicating that digital platforms should integrate 
nudges for responsible financial management. Agbeve et al. (2025) and Rašticová et al. (2025) 
further pointed to persistent inequalities—cybersecurity threats, literacy gaps, and broadband 
access issues—that hamper full financial inclusion even in advanced economies like the U.S. 
and upper-middle-income contexts. Ahmad (2025) argued that in emerging markets, mobile 
banking and digital wallets are instrumental in bridging the rural-urban divide and empowering 
women entrepreneurs, a lesson directly transferable to Delhi NCR’s peri-urban clusters. 
In summary, the confluence of speed and accessibility afforded by digital banking innovations 
holds transformative promise for Delhi NCR’s entrepreneurs, enabling near-real‐time fund 
transfers, streamlined credit access, and remote account services. Yet, as the literature 
demonstrates, benefits accrue only when banks and regulators prioritize service quality—
reliability, responsiveness, security—and address digital literacy, infrastructure, and regulatory 
hurdles. By learning from global best practices and tailoring solutions to the region’s 
demographic and infrastructural contours, policymakers and financial institutions can ensure 
that digital banking not only accelerates transactions (Ts) but also meaningfully expands 
financial accessibility (Af), thereby fostering a more inclusive, resilient entrepreneurial 
ecosystem in Delhi NCR. 
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IV. Finding from Reviews 
 
Author Year Objective Methodology Findings 
Hadid et al. 2020 Review impact of 

service quality on bank 
competitiveness. 

Quantitative; 
Correlational 
survey; PLS-
SEM analysis 
with 
SmartPLS. 

Reliability, tangibility, 
responsiveness, and 
assurance positively 
influence customer 
satisfaction. 

Wewege et al. 2020 Explore fintech's 
disruption and 
transformation in 
banking. 

Qualitative 
review. 

Fintech drives innovation 
but raises trust and 
regulation concerns. 

Ananda et al. 2020 Investigate factors 
influencing digital 
banking adoption. 

Extended 
TAM model; 
Multiple linear 
regression on 
200 responses. 

Awareness, web features, 
and perceived usefulness 
positively impact adoption. 

Melubo and 
Musau 

2020 Assess digital banking’s 
impact on women’s 
financial inclusion in 
Kenya. 

Descriptive 
design; Census 
survey of 184 
women 
enterprises. 

Digital banking improved 
access; limited by literacy 
and digital skills. 

Haralayya 2021 Review digitalization's 
role in transforming 
Indian banking. 

Qualitative 
review. 

Digitalization redefined 
speed and convenience in 
banking operations. 

Kangwa et al. 2021 Understand Gen Z s 
digital banking habits in 
Zambia. 

Theoretical 
model using 
Lefebvrean 
space; 
contextual 
review. 

Digital inclusion needs 
equity, participation, and 
behavioural understanding. 

Isa-Olatinwo 
et al. 

2022 Evaluate DFS impact on 
Nigerian banks' financial 
performance. 

Descriptive 
and inferential 
stats on 
secondary data 
(2012) 2020). 

DFS positively affects EPS 
and accessibility. 

Sumarta et al. 2022 Investigate digital 
banking s effect on 
Indonesian bank 
performance. 

Secondary 
data; Multiple 
regression on 
91 banks. 

Digital banking enhances 
efficiency and profitability. 
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Andrian et al. 2022 Analyze customer 
satisfaction via Twitter 
sentiment analysis. 

Sentiment 
analysis on 
34,605 tweets; 
11 classifiers 
used. 

Soft voting ensemble 
showed best results; banks 
vary in sentiment. 

Saputra et al. 2022 Estimate digital banking 
transaction risks. 

EVaR method 
with GPD, 
MEBoot 
resampling. 

IDR144B potential loss 
identified; key for risk 
planning. 

Wu, Yu, and 
Lv 

2023 Examine m-banking’s 
impact on bank deposits. 

Quantitative 
analysis across 
regions. 

Tech access and 
infrastructure affect digital 
banking success. 

Haryono et al. 2023 Review challenges in 
digital banking era in 
Indonesia. 

Qualitative 
descriptive 
approach from 
multiple 
sources. 

Banks must educate public 
while managing digital risk. 

Oktavia et al. 2023 Study Gen X adoption of 
digital banking in 
Indonesia. 

SmartPLS; 
SEM on 417 
respondents. 

Responsiveness matters; 
PEOU not significant. 

Ahmed et al. 2024 Assess factors 
influencing customer 
protection in Pakistan’s 
DFS. 

Survey-based 
analysis of 5 
variables. 

Info security most 
significant in building trust. 

Bhuvaneswari 
& 
Maruthamuthu 

2024 Explore service quality 
and satisfaction in Indian 
digital banking. 

AMOS SEM 
on 232 
surveys. 

Responsiveness most 
influential; tangibility least. 

Nahar et al. 2024 Systematic review of 
digital banking 
effectiveness and 
adoption. 

Review of 112 
articles. 

Security, convenience, AI 
drive loyalty; calls for 
inclusive design. 

Rozaki et al. 2025 Study digital banking's 
impact on millennial 
financial decisions. 

Mixed-
methods: 
Surveys and 
interviews. 

Boosts literacy but risks 
impulsive spending. 

Agbeve et al. 2025 Explore digital banking 
for financial inclusion in 
the US. 

Comparative 
review of data, 
policies. 

Fintech expands access; 
digital divide still persists. 

RaÅ¡ticovÃ¡ 
et al. 

2025 Review digital 
banking’s role in 
inequality. 

Review of 27 
studies (1999-
2023). 

Age and gender most 
impacted; low-income gaps 
remain. 
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Ahmad 2025 Analyze digital 
banking’s role in 
emerging markets. 

Qualitative: 
Interviews, 
surveys, focus 
groups. 

Digital banking boosts 
inclusion, esp. for rural and 
women. 

 
 

V. Proposed Transactional Model 
Step 1: Define Key Variables 
Let the primary dependent variables be: 
Ts: Transaction Speed (average time per transaction in seconds) 
Af : Accessibility of Financial Services (index from 0 to 1) 
Key independent variables: 

 Di: Digital Innovation Index (score) 
 Ip: Internet Penetration (% of population with access) 
 Ud: User Digital Adoption Rate (% of population using digital banking) 
 Gd: GDP per capita (USD) 
 Ri: Regulatory Infrastructure Index (scale 0–1) 
 Bd: Bank Density (number of bank branches per 100k adults) 

Step 2: Set Functional Relationships 
Assume functional forms: 

 
Step 3: Specify Regression Equations 

 

 
Where 𝜀1, 𝜀2 are random errors. 
Step 4: Normalize Data 
Convert all raw data into normalized or standardized z-scores: 

 
This ensures comparability and removes scale bias. 
Step 5: Construct a Composite Digital Innovation Index 
Using PCA or weighted average: 
Di = 𝜔1⋅Mobile Banking + 𝜔2 ⋅ FinTech Apps + 𝜔3 ⋅ Online Banking Infrastructure  
Where ∑ 𝜔i=1 
Step 6: Apply Multiple Linear Regression 
Using country-level panel data, estimate: 
⇒            OLS, Random Effects, or Fixed Effects Models 
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Evaluate using R², AIC/BIC, and RMSE. 
Step 7: Elasticity Calculation 
Compute elasticity of variables to interpret influence: 

 
This shows % change in output due to 1% change in innovation. 
Step 8: Simulation & Forecasting 
Apply time-series forecasting (e.g., ARIMA or LSTM) on each country to predict: 
Future transaction speed Ts(t) 
Future accessibility Af(t) 
Based on projected growth in digital infrastructure. 
Step 9: Global Comparative Analysis 
Cluster countries based on their model outputs using K-means or hierarchical clustering: 
Cluster= KMeans (Ts, Af ) 
Then rank countries or regions by digital efficiency. 
This paper, therefore, contributes to an in-depth understanding of how digital innovations in 
banking influence global financial performance indicators. The findings are expected to inform 
policymakers, financial institutions, and development agencies aiming to enhance transaction 
efficiency and equitable access to financial services. 
 
 

VI. Outcome of Transactional Speed 

 
Fig. 1: Relationship between transaction speed and the financial service accessibility index 
across eight countries. 
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The scatter plot illustrates the relationship between transaction speed and the financial service 
accessibility index across eight countries. Nations like the USA and Malaysia demonstrate 
faster transaction speeds and higher accessibility, reflecting mature digital banking 
infrastructures. Conversely, countries such as Kenya and Zambia show slower transaction 
speeds and lower accessibility, indicating challenges in digital adoption and financial inclusion. 
The visualization highlights disparities in digital banking effectiveness, suggesting that 
infrastructure, innovation, and regulatory support play crucial roles. These insights support 
global comparative analyses and underscore the importance of enhancing digital ecosystems to 
ensure equitable access to efficient financial services. 
 
VI. Estimation and Economic Impact 
The integration of digital banking innovations has not only improved transaction efficiency and 
service accessibility but has also significantly influenced commercial performance at both 
micro and macroeconomic levels. This study estimates the commercial impact of digital 
banking innovations through three primary dimensions: 
Transaction Volume Growth: Enhanced transaction speed (Ts) has led to a measurable 
increase in transaction volume per user. For example, a 10% improvement in average digital 
transaction speed is estimated to result in a 6–8% increase in total monthly transaction volume 
in e-commerce and SME banking channels (Hadid et al., 2020; Sumarta et al., 2022). 
Reduction in Operational Costs: Banks and businesses have reported up to 20–30% cost 
savings from transitioning to digital platforms by minimizing paper-based processing, reducing 
the need for physical branches, and lowering employee workload in transactional functions 
(Wewege et al., 2020; Bhuvaneswari & Maruthamuthu, 2024). 
Revenue and Profitability Enhancement: According to regression-based elasticity 
estimation, a 1% increase in the Digital Innovation Index (Di) is associated with a 0.7% rise in 
bank profitability metrics such as Net Interest Margins (NIM) and Return on Assets (ROA), 
especially in digitally agile economies like Malaysia, India, and Indonesia (Sumarta et al., 
2022; Isa-Olatinwo et al., 2022). 
 

VII. Conclusion 
Digital banking innovations in Delhi NCR have demonstrably accelerated transaction 
workflows and broadened financial inclusion for entrepreneurs, with UPI and e-KYC emerging 
as pivotal enablers of sub-48-hour loan disbursements and a notable uplift in service 
accessibility. Yet, as global studies caution, benefits are unevenly realized: digital literacy 
deficits, sporadic internet coverage, and regulatory intricacies continue to impede under-
banked micro-enterprises. Addressing these gaps requires a multipronged strategy: (1) banks 
must adopt user-centric app designs and multilingual support; (2) regulators should streamline 
digital KYC and bolster consumer protection frameworks; and (3) stakeholders need to invest 
in fintech education and low-bandwidth solutions for peripheral zones. Through aligning local 
interventions with proven global practices such as open-banking sandboxes and API 
standardization Delhi NCR can solidify its status as an entrepreneurial epicenter where digital 
banking not only expedites transactions but also fosters equitable access to financial services. 
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