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Article Info ABSTRACT

Article history: This research proposes a new transaction monitoring framework using
AIS, integrating Z-Score and Interquartile Range methods into a real-
time system for fraud detection and early warning in Rural Credit Banks.
The previous studies on fraud detection have been mainly oriented
towards analytical models and machine learning approaches. Very little
attention has been paid to integrating lightweight statistical anomaly
Keywords: detection approaches in operational Accounting Information Systems.
Unlike traditional AIS-based monitoring systems that rely on periodic
audits and manual supervision, the proposed framework enables
continuous statistical anomaly detection in a real-time AIS environment
based on computationally efficient methods. The main contribution of
this work is not the development of new statistical techniques, but the
operational integration of statistical anomaly detection methods into an
AlS-based monitoring environment. The framework was conceptually
designed using an Agile Software Development approach to classify
transactions as normal or suspicious based on Z-Score and IQR
calculations. A preliminary empirical validation was conducted on a
synthetic banking transaction dataset with 852 transactions. The
framework also achieved detection accuracy of 98.00%, precision of
92.38%, recall of100%, and F1-score of 96.04%. The findings indicate that
the incorporation of statistical anomaly detection methodologies within
AIS environments can improve internal control, boost the efficiency of
transaction monitoring, and support the prevention of fraud in Rural
Credit Banks and similar financial entities.
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1. INTRODUCTION
With the arrival of information technology, banking activities across the world have been
revolutionized by the usage of integrated banking systems and Accounting Information Systems (AIS).
Such systems increase the efficiency of transaction processing, financial data management, and
operational decision-making (Devineni et al., 2023). But the growing complexity and volume of digital
transactions have also raised fraud risk in both developed and developing countries. Poor internal
controls and ineffective transaction monitoring create opportunities for transaction manipulation,
unauthorized fund transfers, and irregular financial reporting, which increases the likelihood of
undetected fraud and reduces public trust in financial institutions (Al-Ababneh et al., 2025; Singh,
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2024). The theory of Fraud Triangle Approach argues that the chance for fraudulent activity within
organizations is created through ineffective monitoring mechanisms.

Financial institutions all over the world have used several methods of fraud detection such as
rule based systems, statistical anomaly detection, data mining and machine learning techniques.
Machine learning techniques such as neural network, decision tree and support vector machine are
powerful in prediction and can manage enormous transaction database. However, these methods
require enormous computer resources, big labeled datasets and complex model training processes. On
the other hand, statistical anomaly detection methods such as Z-Score and Interquartile Range (IQR)
are more transparent, computationally efficient, scalable, and easier to integrate into operational
financial systems, especially for small-scale financial institutions lacking technological
infrastructure(Olateju et al., 2024). However, statistical procedures are less flexible to highly dynamic
fraud patterns in comparison to sophisticated machine learning techniques. This indicates that the
choice of fraud detection techniques should include organizational competence, operational needs
and the scalability of the system.

The difficulties are especially problematic for Rural Credit Banks (BPR) in Indonesia and other
microfinance institutions in developing countries, because they often operate with minimal financial
resources, poor technology infrastructure and limited human resource capability. Some BPRs have
recently had to close down or have encountered financial difficulties because of weak internal controls,
risk management incompetence and inadequate oversight of transactions. From the standpoint of
Agency Theory, the asymmetry of information between management and stakeholders may result in
opportunistic conduct and opacity in financial reporting. Such conditions imply that traditional AIS-
based monitoring systems are still predominantly reactive as transaction supervision is still largely
dependent on periodic audits, manual inspection and post-transaction review processes as opposed to
continuous real-time monitoring mechanisms.

Much of the existing literature has focused on fraud detection models and prediction methods.
However, most of the existing research has been dedicated to developing algorithms and assessing
prediction performance, with little attention paid to the operational implementation of anomaly
detection mechanisms into AIS systems. Many financial organizations still have AIS installations that
are mostly transaction recording and reporting systems without the capability of real-time statistical
monitoring. Previous studies tend to focus on complex machine learning architectures and large-scale
banking datasets, with less attention given to simple, scalable and computationally efficient techniques
that can be used in smaller financial institutions. The research gap, therefore, is not the lack of use of
statistical approaches in fraud detection research, but the lack of integrated AIS-based monitoring
frameworks that can facilitate continuous, real-time and scalable anomaly detection in operational
financial systems.

This gap leads to the presentation of a conceptual AIS-based transaction monitoring framework
in this work, which integrates Z-Score and Interquartile Range (IQR) approaches in a real-time fraud
monitoring and early warning setting. The main contribution of this study is not the development of
new statistical methods or a standalone prototype application, but the conceptual integration of the
three elements of Accounting Information Systems, statistical anomaly detection mechanisms and
automated monitoring processes into a unified fraud monitoring architecture.The proposed
framework is designed to facilitate the continuous monitoring of transactions, detection of suspicious
transaction patterns and enhancement of internal control mechanism in the Rural Credit Banks and
similar financial institutions.

The author of the study bases the research questions on the literature of fraud detection in
accounting information systems, statistical anomaly detection, and the fraud detection systems:

RQu1. In what ways does the accounting information system in rural credit banks enable the detection
of fraud and the monitoring of transactions?

RQ2. In what ways is it possible to apply Z-Score, Interquartile Range methods, and other statistical
anomaly detection techniques to the fraud detection and monitoring systems?
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RQ3. In what ways does fraud detection and monitoring integrate Z-Score and Interquartile range to
the fraud detection and monitoring systems?

RQ4. In what ways does the rural credit banks integrated accounting systems and fraud monitoring
systems provide the rural credit banks with internal controls and fraud detection?

In the banking sector, fraud could be in the form of tampered transactions, illegal money
transfers, or falsified banking records. Fraud is a crime. It causes financial loss and diminishes the
confidence of the public, which underlines the importance of strong fraud detection and prevention
systems and counter measures (Rojan, 2024). Technological advancement has led to the Automation
of the Accounting Information Systems (AIS). With the Automation of the AIS, recording, processing
and storage of financial transactions has supported and improved management decision processes.
Furthermore, the Advancement of technology has allowed the Automation of the AIS to aid continuous
transaction monitoring and transactions evaluations, thereby helping organizations in the early
detection of unusual or anomalous financial transactions and/or activities (Devineni et al., 2023; Rojan,
2024). The Improvement of the Automation of the AIS improves operational control and clarity in
Rural Credit Banks by the Improvement of a well organized Process of transactional record
management. Furthermore, Automation of the AIS can serve as a tool or means of enhancing Managing
the processes of Fraud Detection and/or Prevention.

Detecting fraud is an analytical process and technique of identifying data that is significantly
different from what is considered normal. In the context of financial transactions, anomalies may
suggest an operational mistake or, in the worst case, fraud (Karshiyev, 2025). The Z-Score method is
one of the most commonly used methods. It shows how far a transaction value is from the mean of the
dataset in terms of standard deviation. In other words, transactions that have a very high or very low
Z-Score, deviate from the norm, and in that sense, may become an anomaly. The other well-known
method is the Interquartile Range (IQR). It shows the spread of data using the difference between the
first (Q1) and third (Q3) quartiles as the range of the data. Any transaction that falls out of the IQR
limits is considered an outlier. Z-Score and IQR methods help one another. When used together, they
enhance fraud anomaly analysis. It is due to the reason that they have different ways of looking at the
distribution of data (Ma'muriyah et al., 2025). The more unusual financial transaction, the more data
distribution fraud is in the system.

The development of Information Technology (IT) encourages institutions to develop automated
systems for real time tracking of financial dealings. These systems streamline analysis of enormous
amounts of transaction data and recognize unusual behavior more efficiently than manual tracking
(Hu, 2025; Udeh et al., 2024). The addition of analytical tools to Accounting Information Systems
augments the efficacy of their monitoring capabilities. These tools assist the systems in the analysis of
transaction data, identification of outlier transactions, and construction of detection systems that may
even signal fraudulent behavior before it occurs. Thus, the addition of statistical anomaly detection
systems such as Z-Score and IQR will allow transaction monitoring systems to automatically identify
unusual transactions, and allow financial institutions to approach data analysis in a more
comprehensive manner (Herreros-Martinez et al., 2025).

Systems for monitoring activities using technology are able to analyze data from numerous
monetary transactions and are able to analyze this data for the instance of fraudulent activities on an
ongoing basis. Techniques that are automated allow organizations to identify actions that are
suspicious much more rapidly than a human auditor would be able to do. Previous research, for
instance, Antwi et al. (2024), have posited that strengthening the internal control structures and
improving the monitoring capabilities of a control system can be achieved when accounting
information systems are integrated with some form of analytical approach. The system, upon
automatically identifying an anomalous transaction, has the capability to create notifications to be
sent to management and auditors so that they can conduct additional inquiries. Applying monitoring
systems that can detect fraud in advance can be beneficial to Rural Credit Banks and decrease the
possibility of financial loss from fraud.
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2. RESEARCH METHOD
The purpose of this research is to develop a Transaction Monitoring Framework on an Accounting
Information System (AIS) to detect the Fraud in Rural Credit Banks (BPR) utilizing the Research and
Development (R&D) technique in the conceptual design phase (Hansen et al., 2022).

The R & D method is useful because it can provide a mental picture of the system that can be
used, tried, and improved in further study (Aulia & Putra, 2025; Pefia & Castro, 2024). The project is
mainly focused on designing the system architecture, framework for identifying anomalies, and
monitoring systems for early detection of fraud in AIS environments (Abbasi et al., 2012; Waldner et
al., 2017). Apart from conceptual modeling, the research also adopts a simulated banking transaction
dataset for simulation based evaluation, thereby offering some initial empirical support for the
suggested technique. We need to know what Rural Credit Banks are looking for in their transaction
monitoring systems in order to start the study. This includes the presentation of financial transaction
data, what management and internal auditors want from these systems and the role of AIS in
transaction surveillance. AIS facilitates in tracking, capturing and storing financial transactions
(Romney, M. B., Steinbart, 2020). It also assists in internal control, and in monitoring of a firm. The
results of this step form the basis of the conceptual monitoring framework (Devineni et al., 2023). The
second phase is to design the overall structure of the monitoring system. The design incorporates
modules for transaction processing, problem detection, and monitoring approaches, and management
and internal auditor systems that issue reports or warnings of problems. With this stage we will build
a tracking model that can examine financial transactions in a planned way to discover strange
tendencies that could indicate fraud. In the field of information systems, conceptual system modeling
is often used to explain how the different parts of the system work together before being put into
operation (Laudon,K C., & Laudon, 2020). A third stage is to model and mimic, conceptually, statistical
anomaly detection approaches such as the Z-Score and Interquartile Range (IQR) methodologies. In
this study, the proposed methodology was tested on a simulated financial transaction dataset of 852
transactions. The collection comprised regular transaction patterns, high-value transaction situations,
duplicate transactions, and purposely aberrant transactions that could point to fraud. Simulation
dataset was generated to simulate the usual banking transactions taking place at the Rural Credit
Banks. This encompasses payments, withdrawals, transfers and transaction spikes. The suggested AIS
based monitoring system was used to handle these transaction scenarios in order to evaluate the
capability of the system in detecting the abnormal transactions under the varied operational situations.

Standard deviation and the Z-Score technique were used to calculate the number of
transactions that deviated from the dataset mean. Transactions with |Z| > 3 (absolute value of Z-Score
larger than 3) were studied. These transactions were not normal, hence in normally distributed
datasets, values more than three standard deviations from the mean are considered statistically
extreme deviations (George et al., 2024). This level was set to minimize the rate of false alarms while
being sensitive to unusual transaction patterns.

The Outlier agreements were identified based on the Interquartile Range (IQR) method using
the quartile distribution boundaries (George et al., 2024). The lower and upper bounds were obtained
using the standard IQR method: Lower Bound = Question 1 - (1.5 * IQR) and Lower Bound = Q1 - (1.5
* IQR). Transactions outside these constraints were regarded with suspicion. For detecting statistical
anomalies, the IQR threshold of 1.5 was chosen as it is commonly used in research to identify extreme
outliers and is able to capture the skewed distribution of financial transactions (Ma'muriyah et al.,
2025). Our methodology can detect both statistically different transactions and trends that do not
follow the distribution by using Z-Score and IQR together.

The numerical performance metrics, such as accuracy, precision, recall and Fi-score, were used
to evaluate the performance of the anomaly identification. The Fi-score, accuracy, precision, and recall
to find odd transactions of the proposed model were 96.04%, 99.00%, 92.38%, and 100%
correspondingly. The results suggest that the integration of Z-Score and IQR in the AIS-based
monitoring framework was effective in identifying aberrant transaction trends and issuing timely fraud
alerts in the simulated banking environment.
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The second to last part is the study of the suggested tracking system and the simulation results. This
review studies the synergy between AIS transaction processing and statistical anomaly detection and
the extent to which the framework may be applied to real time transaction tracking and alerts on fishy
transactions. Antwi et al. (2024). contend that the incorporation of analytical approaches into tracking
systems can lead to enhancement of internal controls and ease in identification of fraud. The analysis
of the simulations and the proposed architecture seems to make it plausible to incorporate statistical
anomaly detection methods in AIS based transaction monitoring systems for Rural Credit Banks.

3.  RESULTS AND DISCUSSIONS
In this section, it is explained the results of research and at the same time is given the comprehensive
discussion. Results can be presented in figures, graphs, tables and others that make the reader
understand easily (Bayraksan & Love, 2015)(Jiang & Guan, 2016). The discussion can be made in several
sub-chapters.

3. 1. Results

3.1.1 Transaction monitoring results based on simulation

The work has been simulated with a banking transaction dataset of 852 transactions that
includes both typical and aberrant transaction patterns to give a preliminary empirical validation. The
simulated dataset was run through the proposed AIS based transaction monitoring system integrating
Z-Score and Interquartile Range (IQR) methodologies.

The confusion matrix of the proposed model is presented as follows:

Table 1 The confusion matrix of the proposed model

Actual Condition Predicted Normal Predicted Anomaly
Normal Transaction 629 (TN) 17 (FP)
Anomalous Transaction o (FN) 206 (TP)

The simulation results suggest that the proposed framework successfully identified:

Table 2. Simulation-Based Transaction Monitoring Results

Classification Category Description Total Transactions
True Positive (TP) Anomalous transactions correctly detected 206

True Negative (TN) Normal transactions correctly classified 629

False Positive (FP) Normal transactions incorrectly classified as anomalies 17

False Negative (FN) Anomalous transactions not detected o

Based on the examination of confusion matrix, the proposed framework achieved:

Table 3. Performance Metric Description Outcome

Performance Metric Description Result
Accuracy Opverall correctness of anomaly detection classification 98.00%
Precision Percentage of detected anomalies that were truly anomalous 92.38%
Recall Percentage of anomalous transactions successfully detected 100%
F1-Score Harmonic mean of precision and recall 96.04%

The performance metrics indicate that the proposed AIS-based anomaly detection framework
has successfully detected suspicious transaction patterns in the simulated banking environment.
Performance Metrics of Proposed AIS Based Fraud Detection Framework
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Figure 1. Results of simulation based evaluation using 852 banking transactions.

® Performance (%) 98%

3.1.2 Evaluation of Scenarios

To assess the capabilities of the proposed framework under various transaction settings, three
transaction scenarios were simulated:

Table 4. Evaluation of scenarios

Scenario Description Detection Result
. Transactions within normal statistical .
Normal Transactions c Correctly classified as normal
distribution
. . Transactions significantly above average Detected as anomalous usin;
High-Value Transactions g Y 8 J
values Z-Score
. . . . . . Detected as anomalous usin;
Extreme Outlier Transactions Transactions outside quartile boundaries IQR g

The scenario-based evaluation showed that the suggested framework was able to detect both
of statistically deviated transactions and extreme outlier transactions. The Z-Score approach efficiently
recognized the transactions with substantial deviations from the mean of the dataset, while the IQR
method successfully identified the transactions outside the usual quartile distribution range.

3.1.3 Results of the Monitoring Architecture Based on AIS

(OE : Management / Internal Auditor

Monitoring Reports

Fraud Analysis Result

H Teller / Staff AIS TRANSACTION MONITORING SYSTEM , Bank Core System
. Transaction Input A = Transction Recors [lf=— DitRie
(Transaction Operator) « Transaction Processing Module == e
« Statistical Analysis Engine (Z-Score & IQR)

« Anomaly Detection Module
» Monitoring & Reporting Module

raud Alert / Suspicious Flag
Notification

Figure 2. AIS-Based transaction monitoring system

The conceptual architecture of the AIS-based transaction monitoring system is illustrated in
Figure 1. The design incorporates transaction processing modules, anomaly detection engines,
monitoring mechanisms and fraud alert systems inside a single AIS environment. The architecture
presented enables constant monitoring of transactions and automatic issuance of alerts on fraud to
management and internal auditors.

3.1.4 Results of Early Warning and Fraud Alert
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The simulation findings further showed that transactions identified as abnormal immediately
triggered fraud alerts and risk notifications within the monitoring system. The early warning
mechanism enables the reporting of questionable transactions in real time via the monitoring
dashboard, hence aiding speedier management reaction and fraud investigation processes.

Based on the transaction simulation results:

Table 5. Detected Anomalies

Anomaly Detection Category Description Total Transactions
WARNING ML TransacFlons detected as anomalous by the ML-based detection 162
mechanism
WARNING IQR & ML TransacFlons detected simultaneously by both IQR and ML 4
mechanisms
WARNING IQR Transactions detected as anomalous by the IQR method 17
Total Detected Anomalies Total anomalous transactions identified by the framework 223
Therefore:

Detected Anomalies = 162 + 44 + 17 = 223
Since all anomalous transactions in the dataset were successfully identified, then:

Total Actual Anomalies = 223
The Detection Rate calculation is:

Detection Rate (%) = Detected Anomalies < 100 A
etection rnate 0) = Total Actual Anomalies .......................................................................

=223/223 x 100

=1x100
=100%
Table 6 Detected Anomalies
Metric Value
Detected Anomalies 223
Total Actual Anomalies 223
Detection Rate 100%

The suggested AlS-based anomaly detection system could detect all the anomalous
transactions present in the simulated dataset of banking transactions. It can be observed that the
integrated Z-Score and IQR monitoring algorithms successfully discovered all the 223 actual
anomalous transactions, resulting in a detection rate of 100% . This result demonstrates that the
proposed framework has shown high ability of discovering suspicious transaction patterns without
missing anomalous cases in the simulation process.

3.2 Discussion

The simulation results indicate that the use of statistical anomaly detection methods with an
AlS-based transaction monitoring framework can improve the fraud monitoring capability of small-
scale financial institutions like Rural Credit Banks(Tiwari, 2025). In contrast to prior work that focused
primarily on conceptual system design or the construction of analytical models, this work presents
initial empirical evidence through simulation-based evaluation and quantitative performance
analysis(Al-Ababneh et al., 2025). The suggested framework is able to identify anomalous transaction
pattern in the simulated banking dataset with 98.00% accuracy, 92.38% precision, 100% recall and
96.04% Fi-score.

The 100 % recall result is of special interest as it implies that no aberrant transactions were
missed in the review process. In fraud detection systems, unnoticed anomalies may lead to financial
losses, inefficient internal control mechanisms and diminished institutional credibility. The high
values of accuracy and precision also show that the framework was able to distinguish between routine
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and suspicious transactions with relatively low rates of false detection. These results imply that very
simple statistical methods can nevertheless give high anomaly detection capacity in structured
financial transaction contexts(Gkegkas et al., 2025).

This study also presents an analytical comparison between statistical anomaly detection
methods and machine learning methods. Machine learning techniques such as neural networks,
random forest and support vector machines are well known for their powerful predictive ability and
flexibility to complicated fraud patterns(Tieu & Tran, 2026). However, these methods often demand
huge labeled datasets, significant computer resources, extensive training processes, and specialist
technical knowledge. On the other hand, the Z-Score and IQR approaches employed in this work are
simpler, more clear, computationally efficient and easier to be integrated in operational Accounting
Information Systems. Hence, statistical methods may be more suitable for small-scale financial
organizations with limited technology infrastructure and constrained human resources.

The scenario-based evaluation also highlights the complimentary capacity of Z-Score and IQR
approaches. The Z-Score technique was successful in identifying transactions with considerable
deviations from the average of the dataset, particularly for large-value transactions. Meanwhile the
IQR technique was more effective to identify extreme outlier transactions outside the quartile
distribution bounds. Therefore, the combination of both methodologies enhanced the coverage of
anomaly identification by fusing deviation-based and distribution-based anomaly analysis. This
combination reduced the likelihood of detecting suspicious transactions in the simulated monitoring
environment.

From the standpoint of Fraud Triangle Theory, the suggested monitoring system decreases
the potential of fraud by boosting transaction supervision and raising the possibility of detecting
abnormalities in operational banking activities(Tieu & Tran, 2026)(Kramer, 2015)(Julian et al.,
2022)(Rizani & Respati, 2018)(Saleh et al., 2021). Automated monitoring techniques may lower the
opportunity factor of fraud, as suspicious transactions may be recognized more immediately using
continuous monitoring processes(Jarugula, 2025)(Jones & Free, 2026) . Besides, the implementation of
anomaly detection methods in AIS systems is also in favor of Agency Theory since the real-time
monitoring of transactions can lessen the information asymmetry between management and
stakeholders by enhancing transparency of transactions and efficacy of internal controls(Alfawareh et
al., 2025).

The suggested paradigm is especially crucial for practical implications for Rural Credit Banks
(BPR) and comparable small-scale financial institutions. Unlike sophisticated machine learning
algorithms that are expensive to deploy due to the need for costly infrastructure, specialized expertise,
and high implementation costs, the Z-Score and IQR methods utilized in this framework are
reasonably inexpensive and easy to implement in existing AIS setups. This issue is especially critical
for BPRs that generally operate with inadequate technological infrastructure, limited financial
resources, and limited IT professionals. Financial firms can do real-time transaction monitoring with
light statistical methods without having to spend heavily in Al infrastructure or advanced analytical
systems. The suggested architecture thus provides a viable and scalable strategy for fraud monitoring
that is appropriate for smaller financial institutions.

The framework also exhibits concrete advantages in terms of simplicity of implementation and
operational integration. The Z-Score and IQR approaches are based on fairly simple statistical
computations, therefore the monitoring mechanism can be embedded into existing AIS platforms
without requiring large modifications to banks operational systems. This simplicity may aid in
deployment, maintenance expenses of the system, and training of internal auditors and management
professionals(Dongre et al., 2025). Thus, the framework can help in quicker deployment of automated
fraud monitoring methods in Rural Credit Banks and comparable institutions.

Theoretically, this work adds to the progression of Accounting Information Systems (AIS)
from traditional transaction processing and reporting systems to intelligent and proactive monitoring
systems. Typically, traditional AIS are meant to assist transaction recording, financial reporting, and
post-audit control activities. However, the integration of statistical anomaly detection mechanisms
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and automated early warning systems into AIS environments shows the potential transformation of
AIS into continuous real-time monitoring platforms able to support predictive fraud detection and
dynamic internal control functions. Therefore, this paper broadens the theoretical function of AIS from
administrative and reporting tasks to emphasizing the integration of analytical monitoring activities
into operational financial systems.

Compared with earlier work that has mostly been concerned with algorithm design or
prediction performance of models, this work complements that by a conceptual integration of
statistical anomaly detection mechanisms into practical AIS-based monitoring systems. Therefore, the
contribution of this study is not in the development of new statistical methods, but in demonstrating
how simple statistical approaches such as Z-Score and IQR can be operatively integrated into real-time
transaction monitoring architectures to support fraud prevention and internal control mechanisms in
small-scale financial institutions.

4. CONCLUSION

This research proposes a conceptual transaction monitoring framework based on AIS which combines
Z-Score and Interquartile Range (IQR) methods in a real-time fraud monitoring and early warning
system for Rural Credit Banks (BPR). The main contribution of this study is the integration of
Accounting Information Systems, statistical anomaly detection and automated monitoring in a unified
fraud monitoring framework. The study shows how simple and computationally efficient statistical
methods, when combined, can support continuous transaction monitoring and fraud detection in AIS
environments, rather than developing new statistical methods. The study also proposes a conceptual
framework and a prototype model based on simulation for an AlIS-based fraud monitoring system.
The simulation results show that the proposed framework obtained 98.00% accuracy, 92.38%
precision, 100% recall and 96.04% Fi1-score in detecting anomalous transactions. These results indicate
that the combination of Z-Score and IQR methods in AIS-based monitoring systems can be useful in
detecting suspicious transaction patterns and facilitating early warning systems for fraud detection.
Theoretically, this research advances the development of Accounting Information Systems from
conventional transaction recording systems to intelligent and proactive monitoring systems that
facilitate real-time anomaly detection. In practice, the proposed framework provides a low-cost,
transparent and scalable monitoring solution for small financial institutions that have limited
technological resources. However, this study is limited to a conceptual design and simulation-based
evaluation using simulated transaction datasets and has not been tested in real banking environments.
Therefore, future work should be addressed on the implementation of the framework using real
transaction datasets and the integration of machine learning or artificial intelligence techniques for
improving the fraud detection capability, scalability and real-time monitoring performance in large-
scale and big-data transaction environments.
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