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Abstract 
The rapid growth of complex analytics has moved from classical statistical methods 
to the AI-based systems using large data sets for predictive and prescriptive decision 
making. Although the traditional computing systems have greatly improved decision-
making abilities, they have their limitations in the complex and large-scale data 
collection and real time processing and analysis. Quantum computing is a major step 
forward in the enhancement of computational capability with the help of principles 
such as superposition and entanglement to perform several calculations at a time. This 
paper explores the integration of quantum computing with data science and the 
prospect of quantum computing outperforming the classical computing in 
optimization, machine learning, predictive analytics and natural language processing. 
Classical and quantum analytics models are compared, quantum computing platforms 
are evaluated through experimental testing, and computational efficiency is compared 
through benchmarking. The benefits of quantum enhanced analytics however are 
illustrated through the examination of empirical case studies from the finance, 
healthcare, supply chain and AI marketing sectors. Nevertheless, there are challenges 
including hardware limitations, algorithmic constraints, and integration barrier. 
Quantum computing is expected to redefine analytics by offering enhanced 
computational speed and accuracy. This research highlights the need for more efficient 
and scalable quantum algorithms, quantum error correction, and quantum-classical 
hybrid models to make the quantum theory applicable to practical use in business 
intelligence and big data analytics. 
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1. Introduction 

The field of advanced analytics has gone through a significant change, it is no longer based on conventional statistical methods, 

but on AI-based approaches that incorporate large data for predictive and prescriptive decision making. At first, statistical 

analysis and rule-based systems were the main approaches to decision making, which provided a standard approach to data 

analysis. The development of Machine Learning (ML) and Deep Learning (DL) has extended the scope of advanced analytics 

to include complex pattern recognition, automated decision making, and real-time insights which has greatly expanded the 

application of the discipline in areas such as finance, health care and supply chain management. Due to the exponential growth 

of data, classic information systems are unable to properly analyze and optimize large data sets. 

The main problem in classical computing is to control the complexity of big data analysis in real-time decision-making systems. 

Classical systems rely on sequential or parallel processing, which has improved over time but still struggles with scalability and 

efficiency. Furthermore, combinatorial optimization problems like supply chain management, portfolio management, and risk  
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analysis is computationally intensive and even the most powerful 
classical supercomputers are not able to solve them within 
reasonable time. The increasing need for timely analysis and the 
analysis of large amounts of unstructured data calls for a different 
approach that goes beyond the classical computing.  
Quantum computing is a revolutionary approach that can change the 
way advanced analytics is executed. Classical computers use the 
binary system, where information is represented by zero and one, 
while quantum computers work with qubits, which are in a state of 
superposition and can perform several calculations at the same time. 
Entanglement and quantum parallelism are quantum principles that 
offer new computer models that can solve optimization problems, 
improve the efficiency of machine learning techniques and enhance 
the effectiveness of predictive analysis. Grover's search algorithm 
and the Quantum Approximate Optimization Algorithm (QAOA) 
improve data processing by orders of magnitude and suggest 
quantum computing as a game changer for companies dependent on 
analytics.  
This research investigates how quantum computing can integrate 
with data science, and specifically how quantum technologies can 
outperform classical systems in data science. The study will review 
current literature on quantum enhanced analytics, apply the concepts 
in practice to optimization and machine learning, and discuss the 
challenges of implementing quantum computing in real life.  
 
2. Literature Review 
In its application to learning analytics, quantum computing solves 
the problems of handling large educational data sets and, despite 
various compatibility and complexity issues, can easily integrate 
with current analytics systems [1]. It is expected to transform how 
statistics and data analysis are used while fostering collaboration 
between data scientists and quantum algorithm designers [2]. The 
benefits of computing speed and efficiency combined with those of 
machine learning open new opportunities for big data analysis, but 
the problems of scalability and integration remain. Business 
analytics offers significant benefits, but its adoption is hindered by 
high costs, limited availability, and technological constraints. [4]. 
Quantum computing improves machine learning through quantum 
walks and neural networks, which offer exponential speedups, but 
real-world implementation is challenging [5]. Since it is predicted 
that data growth will exceed the capacity of classical computing in 
2027, quantum computing can be viewed as a solution, for which 

new approaches to the management of big data are necessary [6]. The 
use of quantum computers and conventional machine learning has 
recently attracted interest in hybrid models which are useful in the 
solution of complex problems [7]. However, quantum computing 
enhances data processing efficiency, and thus far, unanswered 
questions include how to achieve scalability and error correction to 
enable effective integration into industry [8]. It is important to 
continue research to fully realize the potential of quantum-enhanced 
analytics. 
Additionally, the role of Explainable AI (XAI) in quantum analytics 
is gaining attention, as interpretability remains a crucial challenge in 
complex quantum-enhanced data analysis. Recent research 
highlights how XAI techniques, such as SHAP and LIME, can 
improve transparency and trust in AI-driven decision-making by 
making model predictions more interpretable and regulatory 
compliant [9]. The integration of Industry 4.0 with quantum analytics 
has also been proposed to facilitate intelligent automation and 
efficient data-driven strategies in enterprise applications [10].  
Looking ahead, the future of quantum computing in learning 
analytics depends not only on technological breakthroughs but also 
on overcoming practical barriers such as hardware limitations and 
algorithm optimization. As advancements in quantum hardware 
continue, researchers and industry experts must collaborate to 
develop standardized frameworks that facilitate seamless integration 
with existing data analytics platforms. Moreover, investments in 
education and training will be essential to equip professionals with 
the skills required to harness the power of quantum-enhanced 
analytics. By addressing these challenges, quantum computing has 
the potential to revolutionize the field of learning analytics, paving 
the way for more efficient, accurate, and scalable data-driven 
decision-making. 
 
3. Methodology 
This study compares classical and quantum analytics, tests quantum 
computing performance on data science challenges, and analyzes 
real-world industry applications. The goal is to show how quantum 
computing enhances advanced analytics and Comparative Study of 
Classical and Quantum Analytics Models 
A comparative analysis is conducted to evaluate the fundamental 
differences between classical and quantum approaches to analytics. 
The study focuses on: 

 

 
 

Fig 1: Quantum Computing vs. Classical Computing 
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 Computational paradigms: Examining the processing 
capabilities of classical computing (Von Neumann 
architecture) versus quantum computing (qubits, 
superposition, entanglement). 

 Algorithmic efficiency: Assessing the complexity and 
performance of classical algorithms (e.g., linear 
regression, decision trees, gradient descent) versus 
quantum algorithms (e.g., Grover’s search, QAOA, 
Variational Quantum Eigensolver (VQE). 

 Optimization and learning models: Investigating how 
quantum computing accelerates combinatorial 
optimization, clustering, and deep learning tasks 
compared to classical techniques. 

 
This comparison study's findings will create a foundational 
framework to discern possible benefits of quantum 
computing in data-driven decision-making. 
 
3.1 Review of experimental results using quantum 
computing platforms 
To analyze the practical implications of quantum analytics, 
experimental results from leading quantum computing 
platforms are reviewed: 
 IBM Qiskit: A universal quantum computing framework 

that supports the execution of quantum machine learning 
and optimization algorithms. 

 Google Cirq: A quantum programming platform 
designed for near-term quantum devices, used for 
benchmarking machine learning and optimization 
models. 

 D-Wave Leap: A quantum annealing platform focused 
on solving complex optimization problems, particularly 
in logistics and financial modeling. 

 
Experimental results from published research, industry 
reports, and open-source datasets are assessed to compare 
quantum-enhanced analytics with traditional models. The 
focus is on metrics such as computational speed, accuracy, 
scalability, and feasibility for real-world deployment. 
 
3.2 Computational benchmarking for data science 
problems 
A performance benchmarking study is conducted to evaluate 
quantum computing’s effectiveness in solving critical data 
science problems. The benchmarking process includes: 
 Speed: Measuring the time required to execute various 

analytics tasks (e.g., pattern recognition, optimization) 
on quantum versus classical architectures. 

 Efficiency: Assessing resource utilization, including 
memory and processing power, across different 
computing models. 

 Scalability: Evaluating how quantum algorithms 
perform when applied to large-scale datasets, compared 
to classical counterparts. 

 
The benchmarking study will help quantify the computational 
benefits of quantum analytics and identify areas where 
classical computing remains more practical. 
 
3.3 Case study analysis from industries leveraging 
quantum computing in analytics 
To understand the real-world impact of quantum analytics, 
case studies from industries adopting quantum computing are 
analyzed. The study includes: 
 Finance: Examining quantum-driven portfolio 

optimization and risk assessment models used by 
financial institutions. 

 Healthcare: Investigating applications in drug discovery, 
genomics, and quantum-enhanced medical diagnostics. 

 Supply Chain & Logistics: Evaluating quantum 
optimization for route planning, inventory management, 
and demand forecasting. 

 Marketing & AI: Analyzing the use of quantum 
computing in customer segmentation, recommendation 
systems, and natural language processing. 

 
4. Applications of quantum computing in advanced 
analytics 
The integration of quantum computing into advanced 
analytics is a paradigm shift in data management, problem 
solving and data fusion. Current computational approaches 
are very efficient but are limited coping with large, high 
dimensional and complex data sets. Quantum computing, 
based on principles such as superposition and entanglement, 
offers exponential speedup in many applications of machine 
learning, optimization, predictive analytics, and natural 
language processing. These are critical applications where 
quantum computing is enabling improved performance in 
sophisticated analytics. 
 
4.1 Quantum machine learning (QML) 
Machine learning is at the core of modern analytics, powering 
applications in AI, pattern recognition, and automated 
decision-making. However, training complex models on 
classical architectures often requires substantial 
computational resources, leading to scalability challenges. 
Quantum machine learning (QML) offers novel approaches 
to enhance both supervised and unsupervised learning 
models. 
 
4.1.1 Quantum-enhanced supervised and unsupervised 
learning 
Quantum computing provides a speed advantage for machine 
learning tasks by accelerating matrix operations and feature 
space transformations. In supervised learning, quantum 
algorithms such as the Quantum Support Vector Machine 
(QSVM) enable faster classification tasks, particularly in 
high-dimensional feature spaces. For unsupervised learning, 
quantum clustering techniques (e.g., Quantum k-Means) 
allow for more efficient pattern discovery in massive 
datasets. 
 
4.1.2 Hybrid quantum-classical neural networks for ai 
applications 
Due to current hardware limitations, hybrid quantum-
classical models have emerged as a practical approach to 
integrating quantum capabilities with classical deep learning 
architectures. Quantum Boltzmann Machines (QBMs) and 
Quantum Restricted Boltzmann Machines (QRBMs) have 
shown promise in enhancing neural network training, 
reducing computational complexity, and improving 
generalization in AI applications such as image recognition, 
fraud detection, and personalized recommendations. 
 
4.2 Quantum optimization in big data analytics 
Optimization is a crucial aspect of data analysis, especially in 
areas that require real-time decision-making under 
constraints. Complex problems like portfolio management, 
supply chain optimization, and resource allocation often 
involve vast amounts of data and intricate variables, making 
them difficult to solve efficiently with classical methods. 
Quantum computing, with its ability to process multiple 
possibilities simultaneously, presents a promising approach 
to tackling these challenges more effectively and efficiently 
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than traditional computing. 
 

 
 

Fig 2: Quantum Computing in Data Analytics 
 

4.2.1 Solving complex optimization problems in finance, 
supply chain and healthcare 
Quantum optimization techniques are well suited for 
combinatorial problems which classical approaches solve 
heuristically. Quantum computing improves portfolio 
management in financial engineering by determining all the 
assets that are likely to produce the highest returns with the 
least risk in a short time. Quantum algorithms improve 
demand forecasting, inventory management, and real-time 
transportation scheduling in supply chain management which 
in turn reduces the costs and improves the timeliness of 
deliveries. Quantum optimization is applied in healthcare for 
personalized treatment planning and drug discovery, thus 
greatly accelerating the computational biology. 
 
4.2.2 Quantum combinatorial optimization for logistics 
and resource management 
The QAOA and the VQE have been successful in solving 
complex combinatorial problems such as those found in 
logistics. Applications include:  
 Route optimization for global shipping networks 
 Real-time scheduling in manufacturing 
 Smart energy grid distribution for sustainable resource 

management 
 
Quantum optimization is expected to play a crucial role in 
advancing automation, efficiency, and cost-effectiveness 
across multiple industries. 
 
4.3 Quantum-accelerated predictive  
Predictive modeling uses the process of exploring large 
datasets, looking for patterns, and predicting future behavior. 
Classical predictive models may often be quite computational 
when used in areas such as financial forecasting, climate 
modeling, and risk analysis. Quantum computing represents 
a disruptive change that enhances model training and 
simulation. 

 
4.3.1 Enhancing time series forecasting with quantum 
algorithms 
Quantum algorithms improve the time series forecasting by 
improving the performance of linear algebra operations using 
quantum enhanced operations. The Quantum Fourier 
Transform (QFT) improves the decomposition of time-series 
data, for faster detection of trends and anomalies in stock 
markets, weather patterns and economic indicators. 
 
4.3.2 Quantum Monte Carlo for risk assessment and 
scenario analysis 
The Monte Carlo simulations which are widely used in risk 
analysis require several billions of iterations to determine the 
probability of various results. Quantum computing, with the 
help of Quantum Monte Carlo (QMC) significantly reduces 
the computational time by generating probability samples at 
an exponential rate than the classical methods. Applications 
include:  
 Financial risk modeling for pricing derivatives and 

portfolio risk assessment 
 Insurance claim predictions and fraud detection 
 Disaster impact analysis for better preparedness and 

response strategies 
 
These innovations allow organizations to make real-time, 
data driven decisions with higher accuracy and speed. 
 
4.4 Quantum natural language processing (QNLP) 
Natural Language Processing (NLP) is crucial in the context 
of modern AI applications such as chatbots, sentiment 
analysis, and automated customer interactions. Traditional 
NLP models require large computer resources to process 
unstructured text data, understand the meaning of the data, 
and generate a response. Quantum Natural Language 
Processing (QNLP) brings new and innovative ways of 
representing and analyzing the structures of a language. 
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4.4.1 Quantum-enhanced text and sentiment analysis 
Quantum computing is a good way of modeling complex 
linguistic relationships by representing them as tensors. 
Quantum embeddings can be used by QNLP to enhance the 
performance of sentiment analysis, topic modeling, and 
context understanding, which can lead to a better 
understanding of consumer feedback, social media trends, 
and public opinion analysis. 
 
4.4.2 Application to ai-enabled chatbots, marketing 
analytics, and decision-making systems 
In the next generation of conversational AI, QNLP improves 
the effectiveness of chatbots for customer service, 
personalized marketing, and automated business intelligence. 
Some key advancements are:  
 Faster and more context-aware response generation in AI 

assistants 
 Improved ad targeting and customer segmentation 

through quantum-enhanced sentiment analysis 
 Legal and compliance text analytics for contract review 

and regulatory compliance monitoring 
 
5. Challenges and Limitations 
Quantum computing is still in the developmental stage and 
has several challenges and limitations that must be solved 
before it can be adopted for business intelligence purposes. 
These barriers include the hardware, the development of 
algorithms, the integration with the classical systems, and the 
general concerns regarding the ethics and security of 
quantum technology in analytics.  
 
5.1 Hardware limitations: Decoherence, noise, and qubit 
instability.  
A major challenge in realizing the full potential of quantum 
computing is the issues with the hardware. Quantum 
computers are very sensitive to their environment including 
temperature, electromagnetic radiation, mechanical vibration 
and hence suffer from decoherence and noise in their qubits 
which are the basic building blocks of quantum computing. 
Decoherence is a process in which a quantum state loses its 
ability to exist in both the particle and the wave forms at the 
same time i.e. the qubit behaves like a classical bit and the 
quantum advantage is gone. Noise is the stochastic process of 
variations in the qubits which lead to errors in computation. 
Furthermore, qubit instability is a big problem because qubits 
are sensitive and prone to errors due to their fragile state and 
the need for precise control of qubits [11].  
 Decoherence and quantum error correction are still areas 

of active research. Efforts to improve qubit fidelity and 
mitigate noise have led to the development of error-
correcting codes, but the scale and reliability of error-
free quantum computations are still limited. 

 Current quantum computers, such as those built by IBM, 
Google, and Rigetti face constraints in the number of 
qubits they can reliably operate with. As a result, 
quantum computing is still primarily in the noisy 
intermediate-scale quantum (NISQ) era, where the 
devices cannot yet perform fault-tolerant quantum 
computations on large datasets [12]. 

 
5.2 Algorithmic limitations: Need for hybrid quantum-
classical approaches 
While the development of quantum algorithms capable of 
exponentially enhancing analytical tasks is still ongoing, 
practical applications where they outperform classical 
algorithms remain rare. Many real-world problems require 
hybrid quantum-classical frameworks, as current quantum 

processors alone are not yet capable of handling large-scale 
computations efficiently [13]. 
Quantum algorithms like Grover’s search and QAOA show 
potential but still rely on classical methods for essential steps 
like pre-processing, data organization, and post-processing. 
Similarly, quantum machine learning models, such as 
Quantum Support Vector Machines, require data to be 
encoded in a classical format, which can limit their 
effectiveness. Moreover, quantum algorithms are still 
evolving, and new approaches are needed for broader 
commercial applications. Most existing quantum algorithms 
focus on specific tasks like optimization and linear algebra 
but are not yet well-suited for areas such as unstructured data 
analysis or predictive modeling [14]. 
 
5.3 Integration challenges with existing business 
intelligence and analytics solutions 
 The integration of quantum computing with the existing 
business intelligence (BI) and analytics solutions is a major 
issue. Classical Business Intelligence solutions are developed 
to work with structured data and are based on statistical and 
heuristic models developed for traditional computing 
systems. Quantum computing is based on completely 
different principles of computation, such as superposition and 
entanglement, which are not easily integrable with the current 
BI tools or data models [15].  
In addition, integration of quantum technologies with the 
current business management information systems (BMIS), 
ERP, CRM, and data visualization tools requires special 
knowledge and infrastructure. Many quantum computing 
platforms, for instance IBM Qiskit, Google Cirq, and D-
Wave Leap often require cloud-based quantum services, 
which force companies to develop and nurture secure 
channels and pipelines for hybrid computing. In addition, 
firms need to train their staff on how to use quantum 
algorithms and develop specific applications to enable 
quantum-classical communication [16]. 
 
5.4 Moral and safety concerns in quantum-enhanced 
analytics 
The use of quantum-based analytics is still in the 
developmental stage and therefore comes with a set of ethical 
and security concerns that will be discussed as the technology 
advances. Quantum computing is a major threat to data 
security especially encryption. Most of the current encryption 
methods used in storing sensitive information such as the 
RSA and ECC are vulnerable to Shor’s algorithm. This form 
can be used to find the factor of large numbers, which is a 
threat to the security of public key cryptography used in 
securing financial transactions, private information, and 
intellectual properties LevelBlue, S. B. [17]. 
The development of quantum secure cryptography is crucial 
to solving these problems. Research on quantum secure 
techniques is ongoing and lattice-based cryptography is 
considered as one of the candidate techniques for securing 
information in a quantum computing environment. The use 
of quantum safe encryption techniques on a large scale may 
take some time and the collaboration of many companies and 
agencies. 
The ethical implications of quantum computing in analytics 
include bias in decision making and violation of privacy. The 
ability of quantum computers to comprehend and work with 
large amounts of personal and business data may raise 
questions on surveillance, data usage, and discrimination 
based on the algorithms’ prejudices. These issues demand 
strong ethical guidelines and legal frameworks to ensure 
proper quantum technology governance CybersecAdmin. [18]. 



International Journal of Multidisciplinary Research and Growth Evaluation www.allmultidisciplinaryjournal.com  

 
    592 | P a g e  

 

6. Future Research Directions 
As quantum computing continues to develop, further work 
needs to be done in several key areas to integrate quantum 
computing into real-life analytics scenarios. These potential 
research tracks are intended to extend the current quantum 
capabilities towards their application in business analytics. 
 
Improvement of scalable quantum algorithms for 
realistic analytical tasks 
The following is a way of improving the large-scale quantum 
algorithms that can be used in real life for analytical purposes. 
Although Grover's search algorithm and QAOA are some of 
the quantum algorithms that have been developed, they have 
some constraints in terms of scalability and generality. 
 
The need for large-scale quantum algorithms 
Large quantum algorithms are vital for managing large data 
and complex models to make quantum computing useful in 
business intelligence. These algorithms must be developed 
for quantum technology and to be applicable to various 
industries, including financial services, healthcare, and 
logistics [19]. Also, the QML techniques must develop to 
include various data forms and should have seamless 
integration with the classical computing systems to form a 
good quantum-classical hybrid. 
 
Challenges in quantum error correction (QEC) 
QEC remains a significant issue that slows down the real-
world application of quantum computing. Due to the fragile 
nature of the qubits, they are very sensitive to noise and 
decoherence that can greatly reduce the accuracy of 
computation. Future work should focus on improving the 
current QEC techniques to enhance the reliability of quantum 
computations. 
Today's techniques, including surface codes, are effective at 
small scales; however, they require enhancement for large 
and complex quantum systems. Combining QEC with 
quantum fault-tolerant protocols may lead to large 
computations that may be better than the classical systems in 
various areas, including optimization, simulation, and 
machine learning [20]. This means that improving the quantum 
error correction techniques will be crucial for reducing 
quantum errors and making quantum computations useful in 
business and data science. 
 
Quantum cloud computing and its role in business 
applications 
Quantum cloud computing seems to be a good way to 
accelerate the integration of quantum technologies into 
practical applications. Cloud based quantum computing 
services like IBM Q, Google Cirq, and Amazon Braket 
allows organizations to utilize quantum computing without 
having to know how the quantum hardware works. 
In this area of research, the security, scalability, and 
economic feasibility of cloud-based quantum computing 
systems are enhanced. The future of quantum cloud 
computing may involve a more intense coupling with 
classical systems to facilitate the development of hybrid 
quantum-classical processes that add value to business 
intelligence applications [21]. 
 
The intersection of quantum computing, ai and big data  
The integration of quantum computing, AI and big data can 
greatly change the fields of data analysis. This area of 
research focuses on the creation of new strategies for 
quantum enhanced AI and quantum big data analytics. 
Quantumen algorithms are capable of handling a large 

amount of data at the same time thus improving features like 
pattern recognition, anomaly detection and predictive 
analysis [22]. Quantumen computer scientists, AI researchers, 
and data scientists will have to work together to create new 
models that incorporate quantum features into the current 
data structures. 
Also, quantum algorithms for AI may lead to better 
performing and more efficient DL models that would reduce 
computational costs when used in NLP, image classification, 
and other tasks [23]. 
 
7. Conclusion 
Quantum computing has been proposed as a new and 
improved way to solve complex problems in data analytics. 
Quantum computing is based on quantum mechanics 
concepts such as quantum superposition, quantum 
entanglement, and quantum parallelism to accelerate the 
solution of optimization, learning, prediction and language 
processing tasks. From the results of this research, it can be 
concluded that the integration of quantum techniques into the 
analytical process can significantly enhance the decision-
making process in various areas, such as banking, healthcare, 
supply chain, and AI.  
However, just like any other new technology, quantum 
computing is not without its challenges that must be solved 
before it can be widely adopted. Some of the hardware issues 
that include decoherence, qubit degradation, and noise are 
major challenges in the construction of fault-tolerant 
quantum computers. The development of quantum safe 
algorithms and the quantum-classical hybrid approaches are 
still actual and important problems. The integration of 
quantum technology into current business intelligence and 
analytics systems requires substantial investment in 
infrastructure and training of employees.  
Future research should aim at improving quantum error 
correction, developing quantum cloud computing, and 
developing quantum AI for real-life use. Thus, with the 
development of quantum computing technology, it can be 
expected that its application in the analysis of complex data 
will increase, including the online analysis of high-
dimensional data that is impossible using classical tools. It is 
crucial for organizations and researchers to work together to 
align the theoretical progress in quantum computing with its 
practical application in industry and science. Thus, the 
development of quantum computing will continue to affect 
data analytics and uncover new ways of solving complex 
problems and making strategic decisions. 
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