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ABSTRACT

In the dynamic environment of the Metaverse, where virtual interactions and transac-
tions thrive, detecting data anomalies becomes imperative for maintaining integrity 
and security. This paper explores the application of Pythonbased anomaly detection 
models, including Inter Quartile Range (IQR), Median Absolute Deviation (MAD), 
and Local Outlier Factor (LOF), in identifying anomalies within NYC Taxi data. 
Through comprehensive analysis and experimentation, we investigate the effective-
ness and comparative performance of these models in detecting outliers amidst the 
complex and diverse data landscape of the Metaverse. In the NYC Taxi Data, which 
contains 10320 data, it was analyzed with the mentioned algorithms and 2 anomalies 
(0.019%) were found with IQR. In the same data set, 1 anomaly (0.009%) was found 
with MAD model and 1032 anomalies (10%) were found with LOF
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1. INTRODUCTION

The Metaverse is an evolving digital realm where virtual interactions and trans-
actions are becoming increasingly prevalent. As individuals continue to immerse 
themselves in this dynamic environment, the need for maintaining data integrity and 
security has become paramount. One of the key challenges in this rapidly changing 
landscape is the detection of data anomalies, which can have significant implications 
for the reliability and trustworthiness of virtual interactions.

Anomalies in data can arise due to various factors, such as errors, fraud, or un-
usual patterns that deviate from the norm. Detecting and addressing these anomalies 
in a timely manner is crucial for ensuring the quality and accuracy of data within 
the Metaverse. In this paper, we focus on the application of Python-​based anomaly 
detection models to identify anomalies within NYC Taxi data, a dataset that captures 
a wide range of interactions and transactions in the virtual realm.

Python has emerged as a powerful tool for data analysis and machine learning, 
offering a wide range of libraries and frameworks that facilitate the development 
of sophisticated anomaly detection algorithms. In this study, we explore the use 
of three popular anomaly detection models -​ Inter Quartile Range (IQR), Median 
Absolute Deviation (MAD), and Local Outlier Factor (LOF) -​ to detect anomalies 
within NYC Taxi data. By leveraging these models, we aim to showcase the effec-
tiveness of Python-​based anomaly detection techniques in uncovering anomalous 
patterns within complex datasets.

Through this research, we seek to contribute to the growing body of knowledge 
on anomaly detection in the Metaverse, highlighting the importance of data integrity 
and security in virtual environments. By gaining insights into the detection of anom-
alies within NYC Taxi data, we aim to provide valuable guidance for developers, 
researchers, and stakeholders working within the virtual realm.

2. RELATED WORK

In 2019, the book “Multivariate Data Analysis” by Hair Jr. et al., published by 
Cengage Learning, became widely used in academic settings to teach multivariate 
data analysis. It covers various multivariate techniques and their applications, pro-
viding a comprehensive introduction to the subject. The book's strength lies in its 
practical approach, making complex statistical methods accessible to students and 
practitioners.

Another popular textbook in the field of multivariate statistics is “Using Mul-
tivariate Statistics” by Tabachnick and Fidell. This book offers comprehensive 
coverage of multivariate techniques, including their theoretical underpinnings and 
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