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INTRODUCTION

The protection of digital data is becoming increasingly critical due
to the rise in cyber threats. Particularly, image-based data is vulnerable
to unauthorized access and cyberattacks, necessitating their protection.
Today, image data is used in various fields, from credit card information
to biometric data, military satellite imagery to medical images, and the
security of this data is of great importance. Therefore, image encryption
is considered an effective method for ensuring data privacy and security.

The security of digital images is a critical issue for both individual and
corporate users. While individuals seek to protect their personal photos and
private documents, companies strive to safeguard trade secrets and custo-
mer information. Encrypting images is a widely used method to enhance
data security and prevent unauthorized access.

With the increasing use of social media, digital photography has be-
come widespread, significantly increasing the need for large storage capa-
cities. Thanks to technological advancements, storage processes are now
largely carried out through cloud systems. Cloud storage systems allow
different types of data to be stored virtually and cater to a broad user base.
However, these systems often do not apply any encryption processes to
ensure the privacy and security of stored photos (Liu & Dong, 2012).

Encryption is a protection method that transforms data into an unre-
adable format, thereby securing it. This ensures that only authorized indi-
viduals can access the data, maintaining security and privacy. Authorized
individuals can access encrypted data using specific decryption methods.
Ensuring the security of multimedia data transmitted over digital networks
has become an important topic for researchers and security experts today
(Kumari et al., 2017).

Today, ensuring data security and protecting it during transmission
has become a fundamental requirement for many sectors. Images used in
medical, military, and remote sensing fields can contain important and sen-
sitive information (Ceyhan et al., 2021). Encryption techniques are used to
ensure the integrity of such data and prevent potential security breaches.
Encryption methods vary based on criteria such as speed, processing load,
complexity, memory requirements, cost, information loss, and resistance
to attacks. Therefore, the selection of the correct encryption method plays
a crucial role in ensuring data security.

THE IMPORTANCE OF IMAGE ENCRYPTION

The protection of digital data is becoming increasingly critical due to
the rising cyber threats. Especially image-based data is vulnerable to una-
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uthorized access and cyber-attacks, necessitating their protection. Today,
image data is used in various fields ranging from credit card information
to biometric data, from military satellite images to medical images, and the
security of this data is of great importance. Therefore, image encryption is
considered an effective method to ensure data privacy and security.

Image encryption is a security method used to protect digital image
data against unauthorized access (Seval & Kasapbasi, 2022). This process
involves transforming the original form of images into a complex form
using encryption algorithms and converting them into a format that can
only be decrypted by authorized individuals.

Image encryption aims to protect the confidentiality and integrity of
data and generally includes the following steps:

1. Data Transformation: The image is converted into a digital for-
mat and prepared for the application of encryption algorithms
(Al-Maadeed et al., 2012).

2. Application of Encryption Algorithm: The encryption algorit-
hm encrypts the image data with the help of a key, making the
content of the data unreadable.

3. Storage or Transmission of Encrypted Data: The encrypted
image data can be stored or transmitted in a secure environment.
At this point, only individuals with the correct decryption key can
access the data.

4. Decryption: Authorized users can return the encrypted data to its
original form using the correct decryption key.

The security of digital images is a critical issue for both individual
and corporate users. While individuals seek to protect personal photos and
private documents, companies strive to keep trade secrets and customer
information secure. Encrypting images is a widely used method to enhance
data security and prevent unauthorized access.

The primary goal of image encryption is to prevent data from being
accessed by malicious users. This is particularly vital for medical, military,
commercial, and personal data. Encryption not only ensures data confi-
dentiality but also protects data integrity, creating a defense mechanism
against manipulation (Yasin & Saracoglu, 2020).

In recent years, the increasing cybersecurity threats have accelerated
the development of image encryption techniques. In particular, Al-powered
attacks and quantum computing technologies have raised concerns about
the adequacy of traditional encryption methods. In this context, next-ge-



4 + Muhammed Baki KARHAN, Funda AKAR

neration image encryption algorithms and innovative approaches such as
chaotic systems are gaining increasing importance.

This study examines the significance of image encryption by detailing
existing methods, security threats, and application areas. Additionally, the
advantages and limitations of current encryption techniques will be discus-
sed, along with potential future research directions.

TYPES OF IMAGE ENCRYPTION

Image encryption not only secures data but also enhances digital secu-
rity by ensuring personal privacy and the security of corporate information.
Image encryption methods can generally be explained as follows:

1. Symmetric Key Encryption: In this method, the same key is
used for both encryption and decryption. It is generally fast, but
securely storing the key is of great importance. Commonly used
symmetric algorithms for image encryption include AES (Advan-
ced Encryption Standard) and DES (Data Encryption Standard)
(Singh & Supriya, 2013). AES can encrypt image blocks in fixed
sizes. Blowfish can be optimized for small hardware resources.
RC4 operates on pixels using a stream cipher algorithm. DES/
3DES performs block encryption but is less preferred today. Sym-
metric key encryption is used in practice for direct bit-level encr-
yption of color and grayscale images.

2. Asymmetric Key Encryption: In this method, different keys are
used for encryption and decryption. This type of encryption can be
more secure, but the processing time is longer. Asymmetric met-
hods are not commonly preferred for direct image encryption due
to large data sizes. However, they play a critical role in key exc-
hange and secure channel creation. The RSA (Rivest-Shamir-Ad-
leman) algorithm is an example of asymmetric encryption metho-
ds (Rivest et al., 1978). RSA is typically used for key exchange.
ECC (Elliptic Curve Cryptography) is advantageous for devices
with low bandwidth. EIGamal can be adapted for encrypting ima-
ge parts with separate keys. Asymmetric key encryption methods
are used in practice for secure sharing of image keys or for key
encryption in hybrid systems.
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1. Chaotic Encryption: This method encrypts images by utilizing
the properties of chaotic systems. Chaotic encryption is particu-
larly suitable for large datasets and high-resolution images. It pro-
vides higher security compared to traditional encryption metho-
ds (Feng & Yun, 2016). The irregularity and sensitivity to initial
conditions of chaotic systems make them highly advantageous for
image encryption. Chaotic maps can complexly shuffle the positi-
ons and color values of pixels. Examples of methods used include
the Logistic Map for random pixel displacement, the Henon Map
for transforming pattern blocks, the Lorenz Attractor for scramb-
ling image data through three-dimensional chaotic motion, and
the Arnold Cat Map for pixel permutation (Lawnik et al., 2021).
Chaotic encryption methods are used in systems requiring real-ti-
me image encryption and low computational costs.

2. Hybrid Encryption: Hybrid methods, which combine both sy-
mmetric and asymmetric encryption techniques, can enhance se-
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curity while optimizing processing speed (Gengoglu & Yerlika-
ya, 2019). For example, symmetric encryption can be used for
data transmission, while asymmetric encryption can be used for
key exchange. Combining multiple encryption techniques crea-
tes more robust systems. This approach is ideal for the fast and
secure processing of large image files. Hybrid encryption is used
in systems requiring high security and efficiency, such as medical
imaging and satellite data.

» AES + Logistic Map: Data is encrypted using AES, and
pixel placement is shuffled using a chaotic map (El-Arsh
& Mohasseb, 2013).

» RSA + Fractal Encryption: Key exchange is performed
using RSA, followed by image encryption using fractal
structures (Guleria & Mishra, 2020).

» DES + Lorenz System: Basic encryption is performed
using DES, and additional complexity is added using the
Lorenz system (Ozkaynak & Ozer, 2010).

» JPEG2000 + AES: Compressed image data is protected
using symmetric encryption (El-Arsh & Mohasseb, 2013).

CLASSIFICATION OF IMAGE ENCRYPTION METHODS

Image encryption methods can be generally divided into the following
categories. Each category is used for secure data transmission and storage,
containing different techniques and approaches.

1. Classical Cryptographic Methods

These methods apply traditional text-based encryption algorithms to

images.

AES (Advanced Encryption Standard): It is a symmetric block
encryption algorithm. It offers 128-bit block length and 128, 192,
256-bit key options. It is based on the Rijndael algorithm and is
widely used in data encryption, network security and file encryp-
tion due to its high security (Dibas & Sabri, 2021).

DES (Data Encryption Standard): It is a symmetric block encr-
yption algorithm developed for data encryption in 1977. It applies
16 rounds of encryption using 64-bit block length and 56-bit key
(Jasim et al., 2025).
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* RSA (Rivest-Shamir-Adleman): An asymmetric encryption al-
gorithm developed in 1978. It provides secure communication in
data encryption and digital signature transactions using public key
cryptography. It is based on the difficulty of mathematical factori-
zation based on large prime numbers. Its security depends on the
key length, and keys of 2048 bits or longer are generally preferred
(Rivest et al., 1978).

* Blowfish A symmetric block encryption algorithm developed by
Bruce Schneier in 1993. It offers a 64-bit block length and a key
length ranging from 32 to 448 bits (Schneier, 1994). It applies 16
rounds of encryption and stands out especially for its speed.

These algorithms perform encryption by converting image data into
bit sequences.

2. Chaotic System Based Methods

Algorithms that take advantage of the randomness and sensitivity pro-
perties of chaotic systems benefit from complex and irregular structures.

* Logistic Map: A mathematical method used to model chaotic
systems. It is widely used in fields such as chaos theory, random
number generation and image encryption because small initial dif-
ferences lead to large changes (Demirtas, 2022).

* Henon Map: It is a mathematical system that models chaotic dy-
namics. It is based on a two-variable equation and is generally
used in the fields of chaos theory and dynamical systems. Small
initial differences lead to large changes, which makes the system
chaotic (Irawan & Rachmawanto, 2022).

* Lorenz Attractor: It is an example of chaotic dynamical systems
and is defined by three differential equations. It has been used in
modeling air movements in the atmosphere. Small initial diffe-
rences lead to large changes in the progress of the system, which
makes it chaotic (Rachmawanto et al., 2024).

* Chen System: It is a mathematical model on chaotic dynamics
and chaos theory. It consists of three differential equations and is
generally used to model chaotic behaviors such as double oscilla-
tions. This system is extremely sensitive to small changes in the
initial conditions (Tuna & Fidan, 2018).

Chaotic maps in these systems provide secure encryption by changing
the positions and values of pixels.
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3. Fractal-Based Methods

Methods based on fractal geometry create complex and secure encryp-
tion schemes using self-similar structures.

Iterated Function Systems (IFS): It is a mathematical method
used to model fractal geometry. This system allows shapes to
emerge by repeatedly applying a series of functions. IFS is especi-
ally used in the creation of fractal structures and is associated with
chaotic dynamics (Murad, 2019).

Julia Set: It is an example of complex dynamic systems and is
often used in the fields of chaos theory and fractal geometry. Itis a
mathematical set that emerges through the iteration of small initial
values, each producing complex patterns and fractal structures in
different shapes (Zhou et al., 2020).

Mandelbrot Set: It is a fractal set obtained as a result of an iterati-
ve process with complex numbers. This set has an important place
in the fields of chaos theory and fractal geometry. Each point in
the set represents complex numbers that meet a certain condition,
and the patterns formed by these points contain infinite comp-
lexity and detail (Aslam et al., 2022).

These techniques create complex encryption layers on the image with
fractal algorithms.

4. Quantum Cryptography-Based Methods

These methods based on quantum mechanics provide theoretically
unbreakable encryption using the quantum states of photons. Quantum
cryptography-based methods used in image encryption aim to increase
the security of image data by using the principles of quantum mechanics.
These methods aim to provide stronger protection against potential threats
faced by classical cryptography.

Quantum Key Distribution (QKD), BB84 and E91 Protocol:
Uses quantum mechanics for secure key sharing. BB84 Protocol
(1984) provides secure key distribution using quantum bits and
detects eavesdropping. E91 Protocol (1991) provides secure key
sharing with quantum entanglement and provides higher security
(Ain et al., 2025).

One-Time Encryption (One-Time Pad): It is an encryption
method using a random and one-time key for each message.

Quantum Random Number Generators (QRNG): Generates
random numbers using quantum mechanical processes. Thanks to
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features such as quantum superposition and quantum uncertainty,
QRNGs produce completely random and unpredictable numbers.
In this way, they provide higher security and accuracy compared
to classical random number generators (Soler et al., 2024).

* Post-Quantum Cryptography (PQC): Refers to encryption te-
chniques developed against the potential of quantum computers
to break existing encryption methods. The algorithms developed
in this field include systems that will be used instead of classical
encryption methods in order to provide unbreakable security by
quantum computers. PQC is designed to be resistant to future qu-
antum technologies and is aimed at providing cryptographic secu-
rity (Basu et al., 2019).

These methods provide security mechanisms that can detect possib-
le eavesdropping during key exchange. It is a field developed against the
risk of compromising the security of classical cryptographic algorithms
with the emergence of quantum computers. Quantum cryptography offers
new and powerful tools for the security of image data. These methods are
of great importance especially in areas where sensitive and confidential
image data must be protected (military, medical, financial). With the deve-
lopment of technology, quantum cryptography is expected to become more
widespread in image encryption applications.

5. Compression-Based Encryption Methods

These techniques compress data before encryption, reducing both sto-
rage space and increasing encryption efficiency.

 JPEG2000 + AES: The image compression format is combined
with AES encryption, providing secure encryption of compressed
data. This method enables secure transmission and storage of hi-
gh-quality images (El-Arsh & Mohasseb, 2013).

e SPIHT (Set Partitioning in Hierarchical Trees) + RC4: It is a
method used for image compression and is integrated with RC4
encryption. This combination provides efficient compression and

fast encryption, especially suitable for image data (Xiang et al.,
2012).

* Fractal Compression + DES: Compressing images with mathe-
matical fractal structures, this compressed data is secured using
DES encryption. This method is used especially for protecting hi-
gh-resolution images (Ntaoulas & Drakopoulos, 2024).
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These approaches provide a more efficient layer of protection by com-
pressing the data before encryption. This approach saves storage space,
reduces encryption time as less data is processed, and increases efficiency
especially for large-sized images.

6. Hybrid Encryption Methods

Hybrid methods that combine the advantages of more than one algo-
rithm provide multi-layered security.

* AES + Logistic Map: AES encryption is combined with the cha-
otic structure of Logistic Map, thus making encryption keys more
secure and random (Ramasamy et al., 2019).

* RSA + Fractal-Based Diffie-Hellman: RSA and fractal-based
Diffie-Hellman protocols strengthen secure key exchange and
data encryption (Guleria & Mishra, 2020).

* DES + Lorenz System: : DES encryption combines with the cha-
otic properties of Lorenz System to provide more secure and ran-
dom encryption (Ozkaynak & Ozer, 2010).

These methods create more durable and flexible encryption structures
by combining different algorithms.

This classification covers a wide range of methods developed to pro-
tect image data. When selecting an encryption strategy, factors such as
security needs, computational costs, and real-time performance should be
taken into consideration.

IMAGE ENCRYPTION APPLICATION AREAS

Image encryption has many application areas that are critical to the
security of digital data. With the development of technology, storage,
transmission, and sharing of images in a digital environment has become
widespread. However, encryption has become a great necessity to ensu-
re the security of these images, protect their confidentiality, and prevent
unauthorized access. The main application areas of image encryption are
listed below:

* Medical Imaging

Medical images have high security requirements because they contain
vital data that shows the health status of patients. Image encryption plays a
critical role in ensuring the security of medical data. Medical images such
as radiological images, MRI, and CT scans should only be accessible by
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authorized healthcare professionals. Encrypting this data protects patient
privacy, ensures compliance with legal regulations, and also ensures the in-
tegrity of the data. In addition, encryption ensures the secure transmission
of data when remote sharing of medical images is required.

e Military and Defense

In military areas, military strategies and operational information are
extremely sensitive, and encrypting this data is vital. Images obtained from
UAVs, secret satellite images, maps, intelligence data and other security
information should be accessible only by authorized people. Image enc-
ryption protects the confidentiality of military operations and ensures the
security of data against possible external threats. In addition, encrypting
satellite and aerial photographs used in the military field prevents them
from being meaningful even if captured by the enemy.

* Digital Media and Entertainment

Digital media contains many creative contents such as movies, music,
and video games. These contents are valuable assets of creators and con-
tent producers and are often under the threat of digital piracy and unaut-
horized use. Image encryption helps prevent piracy and unfair distribution
by ensuring the protection of such content. Film studios, music production
companies and digital game producers encrypt their content on digital plat-
forms to ensure that only licensed users can access it.

* Finance and Banking

The financial sector processes large amounts of sensitive data every
day. Digital banking transactions, credit card information, ID card data,
bank statements and other financial information are among the important
data that must be secured. Image encryption is widely used to secure such
data. For example, digital identity verification systems verify user iden-
tity using encrypted images, while banking information is also encrypted
during payment transactions. In addition, digital banking systems protect
customers’ financial security by protecting against malicious attacks.

*  Cloud Storage

Cloud storage allows individuals and businesses to store their data
in a virtual environment. However, the security of data stored in cloud
environments requires encryption. Image encryption protects the privacy
of photos, videos and other multimedia content stored in the cloud. Cloud
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providers protect data from unauthorized access by encrypting user data.
This is especially critical for large-scale companies that host sensitive per-
sonal information or commercial data.

¢ Forensic Medicine

Forensic science security aims to ensure the protection and integrity
of sensitive data used in criminal investigations. This data is critical for
personal privacy, legal validity and fair trial processes. Forensic science
data contains highly sensitive information such as individuals’ genetic in-
formation, medical history, and crime scene photographs. Protecting this
information from unauthorized access is vital to prevent violations of per-
sonal privacy. Data privacy affects not only the privacy of individuals but
also the reliability of judicial processes.

* Digital Copyright Management

Encryption should be provided to prevent unauthorized copying and
distribution of film and television content. In the field of photography,
encryption is also important for protecting the copyrights of professional
photographers’ works.

* Industrial Applications

Encryption can be used in the field of quality control to protect sen-
sitive industrial images, securely transmit images used in remote monito-
ring applications, and for the protection of patented design and engineering
images in terms of confidential design and engineering data.

* Legal and Official Documents

Legal and official documents should only be accessed by authorized
persons as they contain important decisions and data. Image encryption
can be used to ensure the security of legal documents. For example, court
documents, contracts and other official documents are encrypted in a digi-
tal environment and made accessible only to the relevant parties. This pro-
vides legal security in both government institutions and the private sector.

¢ Education and Academic Research

The security of research data, students’ projects and academic docu-
ments is important in the education and academic world. Image encryption
can be used to ensure the security of digital materials used in academic
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research and to prevent copyright violations. In addition, encrypting stu-
dents’ images and personal information on online education platforms pro-
tects students’ privacy.

EFFECT OF IMAGE ENCRYPTION ON SECURITY

Image encryption plays a critical role in ensuring the security of digi-
tal data. Under this heading, we will examine the effects of image encryp-
tion on individual, institutional and societal security. Protection of images
not only protects individual privacy but is also used to meet information
security requirements in various sectors. We can discuss the contributions
of image encryption to security under the following headings:

* Providing Privacy

Image encryption plays an important role, especially in protecting
personal data and sensitive information. Data such as personal photos, bi-
ometric data, and health information are encrypted and only accessible by
authorized users. This protects personal privacy and prevents misuse of
data.

* Protecting Data Integrity

Encryption ensures that data remains in its original form without being
manipulated. Encrypting images protects the integrity of data by preven-
ting unauthorized individuals from changing the data. Especially in mi-
litary and medical images, data integrity is critical for making the right
decisions.

* Resistant to Cyber Attacks

Image encryption helps protect data from malicious attacks. Since
data can only be decrypted with the correct key, attackers cannot access
the data. This prevents cybercriminals from trying to intercept or misuse
digital data.

¢ Secure Data Transmission

Image encryption ensures that data is transmitted securely. Especially
when data is sent over the internet, encryption ensures that data is trans-
mitted in a secure environment. This prevents unauthorized eavesdropping
and data theft over the internet.
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* Legal and Regulatory Compliance

Many industries are subject to specific regulations and laws regarding
data security. Companies in healthcare, finance and other sectors must take
certain security measures. Image encryption offers an effective solution to
ensure compliance with such regulations. Encrypted data is used to avoid
legal liability and prevent security breaches.

e Industrial Security

In the business world, the protection of trade secrets is of great impor-
tance. Image encryption protects valuable data, customer information and
internal information of businesses. This not only provides a competitive
advantage but also increases brand security and builds customer trust.

Image encryption is an important defense mechanism against increa-
sing data breaches and cyber-attacks in the digital world. The protection of
sensitive and confidential image data is critical to the security of individu-
als, institutions and societies. The continuous development and dissemina-
tion of image encryption technologies play an important role in ensuring
digital security.

CHALLENGES AND FUTURE RESEARCH

Image encryption is a critical field for ensuring cybersecurity; howe-
ver, it presents various technical and practical challenges. Overcoming
these challenges is essential for developing more secure, efficient, and hi-
gh-performance encryption methods.

e Computational Costs and Processing Efficiency

Since images contain a large amount of data, encryption processes
often require significant computational power. In real-time applications,
both encryption and decryption processes must be efficient. Traditional
encryption algorithms (such as AES and RSA) can lead to high computati-
onal costs due to the large size of image data. Therefore, ongoing research
focuses on developing lightweight yet robust encryption algorithms.

e Quantum Resistance

Many widely used cryptographic algorithms are becoming vulnerable
due to advancements in quantum computing. Techniques such as Shor’s
algorithm have the potential to break traditional encryption methods. As
a result, quantum-resistant encryption techniques (post-quantum cryptog-
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raphy) and quantum-based encryption systems have emerged as key areas
of research. Chaotic systems and encryption techniques based on quantum
mechanics appear to be promising alternatives in this context.

* Balance Between Speed and Security

Stronger encryption algorithms generally provide higher security but
can be computationally expensive. The demand for optimized encryption
methods is increasing, especially for low-power devices such as [oT sys-
tems and mobile devices. Future research may focus on lightweight enc-
ryption techniques and GPU/FPGA-accelerated encryption algorithms to
enhance both security and processing efficiency.

CONCLUSION AND RECOMMENDATIONS

Image encryption is an important method for protecting the security
and privacy of digital data. In today’s rapidly digitalizing world, data pro-
tection has become more critical than ever, especially when it comes to
image-based data. Image encryption offers an effective solution for ensu-
ring personal and corporate security and has a wide range of applications
in various sectors, from medical data to military images.

The security advantages provided by image encryption not only prote-
ct the confidentiality of data but also fulfill important functions such as en-
suring the integrity of data, increasing resistance to cyber-attacks and en-
suring secure data transmission. In this way, it becomes possible to protect
data from malicious access and ensure its security against manipulation.

However, there are some difficulties and limitations in the implemen-
tation of image encryption. Factors such as processing speed, memory
requirements, costs and complexities of encryption algorithms play an im-
portant role in determining the encryption methods to be selected. In addi-
tion, issues such as the security of encryption keys, accuracy of decryption
processes and data loss are also elements that need to be carefully mana-
ged. Therefore, it is of great importance to choose the most appropriate
encryption technique and method for each application area.

In this regard, the following topics can be listed as suggestions for the
issues that those who do research and work in this field can focus on:

1. Developing New and Strong Algorithms: The effectiveness of
image encryption directly depends on the strength of the algorithms used.
Therefore, more secure and fast encryption algorithms need to be develo-
ped. In particular, research should be conducted on the applicability of new
generation techniques such as chaotic encryption in a wider range. For this
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purpose, the use of more complex and high-dimensional chaotic systems
(e.g. hyperchaotic systems) in image encryption algorithms can be inves-
tigated. Adaptive encryption systems can be developed by dynamically
adjusting the parameters of chaotic systems. Studies can be conducted on
hardware-based applications of chaotic systems.

2. Integration of Artificial Intelligence: Using artificial intelligence
and machine learning in image encryption processes can enable faster and
more effective detection of security threats. In addition, optimizing encr-
yption algorithms and adapting them to new threats can respond to future
security needs. Research can be conducted on the use of deep learning mo-
dels (especially convolutional neural networks) in image encryption and
decryption processes. Deep learning-based attack and defense mechanisms
can be developed to increase the security of image encryption algorithms.
In addition, adaptive and context-sensitive encryption systems can be cre-
ated by combining deep learning and image encryption.

3. Development of Industrial Security Standards: Image encryption
is subject to different regulations and laws in various industries. Therefore,
encryption techniques need to be harmonized with industry standards and
encryption methods need to be developed in line with universal security
standards. International standards can be developed for image encryption
algorithms. Test and evaluation methods can also be considered for the
certification of image encryption systems.

4. Education and Awareness Raising: Awareness of digital security
is a critical element for all users. Increasing training on image encryption
and digital security at both individual and institutional levels will increase
users’ data security awareness. This may include training for both technical
experts and activities aimed at increasing the awareness of general users.
General users need to be made aware of in order to protect personal data
and ensure digital security.

5. Strong Encryption Applications in Cloud Storage Systems:
Cloud storage is an important technology that allows for the secure storage
of large amounts of data. However, it is important to apply more sophis-
ticated encryption techniques to strengthen data security in cloud envi-
ronments. Encryption of stored images is of vital importance in terms of
preventing unauthorized access.

6. Image Encryption with Quantum Cryptography: Studies can be
conducted on the integration of quantum key distribution (QKD) protocols
(BB84, E91, etc.) with image encryption algorithms. The use of quantum
random number generators (QRNG) in image encryption algorithms can
be investigated. The performance of post-quantum cryptography (PQC)
algorithms in image encryption applications can be evaluated.
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7. Security and Performance Analysis: Studies can be conducted
on identifying and eliminating security vulnerabilities in existing image
encryption algorithms. Studies can be conducted on improving the perfor-
mance (speed, efficiency, resource usage) of image encryption algorithms.
Studies can be conducted on increasing the resistance of image encryption
algorithms to different types of attacks (e.g. statistical attacks, differential
attacks).

8. New Encryption Techniques: The development of fractal-based
encryption methods can be considered. Studies can be conducted on the
use of DNA-based encryption methods in image encryption. The integra-
tion of image encryption algorithms with blockchain technology can be
provided.

As a result, image encryption is an important tool for ensuring the
security of the digital world. The continuous improvement of technologies
in this area and their adaptation to security threats will continue to increase
the security of digital data. In the future, the development of stronger and
more user-friendly encryption methods will further increase the security
of data.
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1. Introduction

The rapid evolution of digital technologies has significantly altered
the landscape of business management. Organizations across industries
are increasingly leveraging machine learning (ML) to optimize their ope-
rations, enhance decision-making processes, and maintain a competitive
edge in a data-driven economy. The ability of ML models to analyze vast
amounts of structured and unstructured data has revolutionized how busi-
nesses strategize, predict market trends, and respond to consumer behavi-
or. As a result, the integration of machine learning in business management
is no longer a futuristic concept but a present-day reality that is reshaping
corporate strategies and business models.

Machine learning, a subset of artificial intelligence, enables compu-
ter systems to learn from data patterns and make decisions with minimal
human intervention. Unlike traditional programming, where explicit rules
dictate system responses, ML algorithms develop predictive capabilities
by identifying trends within large datasets. This has profound implications
for businesses seeking to automate routine tasks, uncover hidden insigh-
ts, and make data-driven decisions that were previously unattainable with
conventional analytics. From financial forecasting to customer relations-
hip management (CRM) and supply chain optimization, ML applications
span various aspects of business operations, enabling firms to increase ef-
ficiency and agility in an increasingly volatile marketplace.

One of the most compelling advantages of machine learning in bu-
siness management is its ability to process and interpret complex data in
real-time. Companies can now leverage ML algorithms to detect fraud,
predict consumer purchasing patterns, optimize pricing strategies, and im-
prove risk management frameworks. Additionally, advancements in deep
learning and natural language processing (NLP) have enhanced the ability
of businesses to engage with customers through chatbots, virtual assistants,
and personalized recommendations, further transforming customer expe-
rience and operational workflows.

Despite its numerous benefits, the adoption of machine learning in
business management presents several challenges. Issues such as data pri-
vacy, algorithmic bias, model interpretability, and ethical considerations
must be carefully managed to ensure responsible Al deployment. Addi-
tionally, small and medium-sized enterprises (SMEs) often struggle with
the high costs and technical complexities associated with implementing
ML-driven solutions, limiting their ability to harness the full potential of
these technologies. The disparity between large corporations with access
to sophisticated ML tools and smaller businesses that lack the necessary
resources remains a critical area of concern.
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This study aims to explore the role of machine learning in modern
business management by reviewing existing literature and analyzing emer-
ging trends in the field. It will examine the theoretical foundations, practi-
cal applications, and challenges associated with ML adoption in business
environments. By identifying key benefits, limitations, and future directi-
ons, this research seeks to contribute to the growing body of knowledge on
how machine learning is reshaping decision-making processes and stra-
tegic management practices. Furthermore, the study will provide insights
into how businesses can overcome barriers to ML implementation and de-
velop more sustainable, ethical, and scalable Al-driven solutions.

As the business world continues to evolve, machine learning is ex-
pected to play an even greater role in shaping the future of management.
By understanding its impact and addressing its challenges, organizations
can position themselves at the forefront of innovation, ensuring long-term
growth and success in the digital economy. This paper will explore how
businesses are adapting to this new era, the methodologies they employ,
and the transformative effects of ML on various aspects of management,
including financial analytics, human resource optimization, and operatio-
nal efficiency. Through a structured evaluation of relevant research, this
study will provide a comprehensive understanding of the interplay betwe-
en machine learning and business management, shedding light on both op-
portunities and obstacles in this dynamic field.

2. Business Management and Literature

Business management has undergone significant transformations over
time, evolving from traditional hierarchical structures to more flexible and
technology-driven approaches. As organisations adapt to rapid technologi-
cal advancements and global market shifts, business management theories
and practices have continuously evolved to meet changing demands.

In the academic literature, business management is widely studied
through different perspectives, including classical management theories,
behavioural approaches, strategic management, and data-driven decisi-
on-making. These approaches help businesses optimise their processes,
improve efficiency, and maintain competitiveness in dynamic markets.

The literature on business management explores various aspects of
organisational behaviour, leadership, decision-making, and technological
integration. Traditional management theories, such as Taylor’s scientific
management and Fayol’s administrative principles, laid the foundation for
structured business operations. However, modern businesses rely increa-
singly on agility, innovation, and digital transformation to stay relevant in
a fast-paced environment.
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This section reviews the fundamental theories and methodologies that
shape business management practices. It highlights the transition from
classical to modern approaches and examines the role of data analytics,
artificial intelligence, and machine learning in shaping contemporary ma-
nagement strategies.

2.1. Methods and Approaches Used in Business Management

With the advancement of technology and data science, the methods
used in business

management have also been transformed. A wide range of methods
are being developed from traditional management approaches to modern
data analytics and machine learning supported decision-making processes
(Drucker, 1999). In the aforementioned section of the study, methods and
approaches frequently used in business management will be discussed.

Traditional management approaches are based on theories such as Fre-
derick Taylor’s Scientific Management Theory and Henry Fayol’s Classi-
cal Management Theory (Taylor, 1911; Fayol, 1949). Taylor’s scientific
management approach adopted systematic analysis and optimisation te-
chniques to increase employee productivity. Fayol, on the other hand, put
forward basic principles such as planning, organising, directing, coordina-
ting and controlling by identifying business functions.

Modern management approaches offer more flexible and innovati-
ve strategies. In the management approach put forward by Peter Drucker
(1993), the importance of transparency and innovation in organisational
structures in accordance with the requirements of the information age is
emphasised. In addition, Peter Senge (1990) developed the concept of le-
arning organisation and argued that businesses should increase their lear-
ning and adaptation capabilities in order to be successful in dynamic en-
vironments. This approach is based on elements such as systems thinking,
personal mastery, mental models, shared vision and team learning (Senge,
1990).

Today, machine learning and data analytics have become critical tools
that support decision-making processes in business management (Brynjol-
fsson & McAfee, 2014). Especially through big data analysis, firms can
predict consumer behaviour and optimise their marketing strategies based
on this data (Chen, Chiang, & Storey, 2012). Machine learning algorit-
hms provide solutions in areas such as financial management, risk assess-
ment and supply chain optimisation by creating prediction models (Witten,
Frank, Hall, & Pal, 2016).
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Agile and Lean management approaches, which have gained popula-
rity in recent years, enable companies to make faster and more flexible de-
cisions. Lean management was developed based on the Toyota Production
System and focuses on minimising waste and creating value (Womack &
Jones, 1996). Agile management is an iterative and customer-oriented ap-
proach that has spread from software development processes to the business
world (Rigby, Sutherland, & Takeuchi, 2016).

From traditional management theories to modern data-driven and
flexible management approaches, business management has undergone va-
rious transformations. Today’s companies gain competitive advantage by
adopting innovative methods such as data analytics and machine learning.

2.2. Literature Review on Business Management

Business management has undergone significant changes over the ye-
ars and is now supported by technology, data analytics and sustainability.
In the literature, there are various studies addressing different areas of
business management. In this section, trends in the field of business mana-
gement will be analysed by considering both past and current studies.

Business management was shaped by classical management theories
in the early 20th century. Frederick Taylor’s (1911) scientific management
theory aimed to increase productivity by standardising work processes.
Taylor’s approach aimed to maximise productivity through division of la-
bour and time-effect analyses.

Henry Fayol (1916) explained how organisational structures could be
made more effective by determining the basic principles of management.
Fayol, who defined management functions as planning, organising, direc-
ting, coordinating and controlling, presented a framework that is still valid
today.

Max Weber’s model of bureaucracy (1947) proposed how hierarchical
structures and rules can provide order in organisational management. This
model has become a fundamental reference point in the management of
modern large organisations.

Since the mid-20th century, business management has continued to
develop with behavioural approaches and systems theory. Peter Drucker
(1954) emphasised the importance of effective leadership and decision-ma-
king processes by focusing on management practices. Drucker argued that
with the rise of the knowledge economy, businesses should evolve into a
structure focused on continuous learning and innovation.
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The Hawthorne studies conducted by Elton Mayo (1933) showed that
the productivity of workers is affected not only by physical conditions but
also by social factors. This study became one of the cornerstones of human
relations management.

Mintzberg (1973) analysed the roles of managers and revealed the dy-
namic nature of decision-making processes in business management. The
roles of managers in information gathering, communication and decisi-
on-making processes are still valid today.

The adoption of digital transformation by businesses has led to radi-
cal changes in management processes. Davenport and Harris (2007) stated
that analytics-driven decision- making plays a critical role in increasing the
efficiency of businesses.

Senge (1990), another important study, examined how digitalisation
facilitates the transition of businesses to the learning organisation model.
The research shows that the effective execution of information sharing and
data management contributes to the sustainable growth of enterprises.

Agile methodologies have become especially important for busines-
ses that want to adapt to rapidly changing market conditions. Brown and
Eisenhardt (1998) emphasised the importance of flexible strategies in bu-
siness management. Rigby, Sutherland and Takeuchi (2016) analysed how
agile management practices create a transformation in innovation proces-
ses and emphasised that these methodologies increase the competitive ad-
vantage of organisations.

Inspired by the Toyota Production System, Lean management appro-
ach helps businesses to minimise waste and make their processes more
efficient (Womack & Jones, 1996). The combination of Agile and Lean
methods is widely applied especially in software development and produ-
ction sectors.

Big data analytics is used to improve decision-making processes in
many areas of business management. Chen, Chiang and Storey (2012) sta-
ted that by using big data customer behaviour can be better analysed and
marketing strategies can be optimised.

Today, sustainability has become an integral part of business manage-
ment. Corporate social responsibility strategies increase sensitivity to both
environmental and social impacts and strengthen the reputation of brands
(Porter & Kramer, 2011).

Another important study, Elkington (1997), discussed how businesses
can adopt sustainable growth strategies and analysed the contribution of
green economy models to corporate performance.
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Business management has undergone a significant evolution from clas-
sical management theories to digital and data-driven approaches. Factors
such as artificial intelligence, big data analytics, agile management and
sustainability have become the main factors shaping the management stra-
tegies of modern businesses. In the future, it is expected that these trends
will become more widespread and more innovative models of business
management will be adopted. Academic studies, research methods, promi-
nent findings and current research gaps in the field of business management
are presented in Table 1

Table 1. Academic Studies in the Field of Business Management

Author(s) Year of [ Research | Key Findings Research Gap
Publi- | Methodo-
cation |logy

Frederick 1911 Theore- Maximising productivity Limited empirical testing of

Taylor tical through division of labour | time analysis and division of
and time analysis. labour.

Henry Fayol | 1916 Theore- Defining management Lack of modern organisational

tical functions and principles: theory updates in classical
planning, organising, principles.
directing, coordinating,
controlling.

Elton Mayo | 1933 Empirical | Productivity is affected More research on specific
by social factors, not just | social factors affecting produ-
physical conditions. ctivity.

Max Weber | 1947 Theore- Hierarchical structures and | Limited application of the

tical rules create order in orga- | bureaucratic model in modern
nisations. startups.

Peter Dru- 1954 Theore- Effective leadership and No focus on how leadership

cker tical decision-making proces- | styles evolve in a digital age.
ses are crucial for inno-
vation.

Mintzberg 1973 Empirical | Managers’ roles in decisi- | Current relevance of manage-
on-making processes are | rial roles in decision-making
dynamic. processes.

Senge 1990 Empirical | Digitalisation supports Limited research on integrating
businesses’ transition to digital tools into learning orga-
learning organisations. nisation models.

Womack & | 1996 Theore- Minimising waste and More research needed on

Jones tical improving efficiency in Lean practices outside of the
production systems. manufacturing industry.

Elkington 1997 Theore- Green economy models Green economy’s impact on

tical contribute to corporate non-environmental business
sustainable growth. sectors is under-researched.

Brown & 1998 Empirical | Flexible strategies are Limited exploration of flexible

Eisenhardt essential for adapting to strategies in non-tech indust-
rapid market changes. ries.

Davenport & | 2007 Theore- Analytics-driven decisi- Lack of understanding on pra-

Harris tical on-making improves busi- | ctical application of analytics

ness efficiency.

in SMEs.
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Porter & 2011 Theore- Sustainability strengthens [ Limited research on sustaina-
Kramer tical brand reputation and bility practices in SMEs.
social/environmental sen-
sitivity.
Chen, Chi- (2012 Theore- Big data helps analyse Limited studies on the impact
ang & Storey tical customer behavior and of big data analytics on small
optimises marketing stra- | businesses.
tegies.
Rigby, Sut- |2016 Empirical | Agile methodologies trans- | Gap in exploring the applica-
herland & form innovation processes | tion of Agile and Lean metho-
Takeuchi and improve competitive [ dologies together.
advantage.

3. Machine Learning and Literature

Machine learning is a sub-branch of artificial intelligence that enables
computers to learn without being explicitly programmed (Mitchell, 1997).
Algorithms identify patterns by analysing data and use this information
for future predictions or decisions (Russell & Norvig, 2020). Machine le-
arning has revolutionised data-driven decision-making processes and has
been widely adopted in many sectors (Bishop, 2006). The study provides
an in-depth literature review by examining the historical development, cur-
rent application areas and future directions of machine learning.

Machine learning is a sub-branch of artificial intelligence that enables
computers to learn without being explicitly programmed (Mitchell, 1997).
Algorithms identify patterns by analysing data and use this information
for future predictions or decisions (Russell & Norvig, 2020). Machine le-
arning has revolutionised data-driven decision-making processes and has
been widely adopted in many sectors (Bishop, 2006). The study provides
an in-depth literature review by examining the historical development, cur-
rent application areas and future directions of machine learning.

3.1. Machine Learning and its Development

The concept of machine learning dates back to the 1950s. Alan Tu-
ring’s question ‘Can machines think?’ is one of the most important scien-
tific studies that laid the foundation of this field (Turing, 1950). Turing
developed the Turing Test to assess whether machines have intelligence. In
1952, Arthur Samuel developed a computer programme that played che-
ckers, one of the early applications of machine learning.This programme
improved its performance by learning from the games it played (Samuel,
1959). This is regarded as an important study showing for the first time that
computers can learn from their experiences.

In 1957, Frank Rosenblatt laid the foundation of artificial neural
networks by developing the perceptron algorithm (Rosenblatt, 1958).




Research and Evaluations in the Field of Management Information Systems - 2025 March - 29

However, Minsky and Papert’s (1969) criticism of perceptrons halted neu-
ral network research for many years. In the 1980s and 1990s, new algo-
rithms such as decision trees, support vector machines (SVM) and hidden
Markov models (HMM) were developed, giving a new direction to mac-
hine learning (Quinlan, 1986; Vapnik, 1995). During this period, the deve-
lopment of algorithms that allow working with large data sets has contri-
buted to making machine learning models more powerful.

In the 2000s, machine learning became popular again with the de-
velopment of deep learning techniques. In 2012, the AlexNet model de-
monstrated the power of deep learning by winning the ImageNet image
recognition competition (Krizhevsky, Sutskever, & Hinton, 2012). With
the increase in the computational power of deep neural networks, it has
become widespread in health, finance, education and many other sectors
(Goodfellow, Bengio, & Courville, 2016).

Machine learning is now widely applied in many sectors such as he-
alth, finance, marketing and autonomous systems. In healthcare, it plays
an important role in processes such as early diagnosis of diseases, drug
discovery and medical image analysis, increasing diagnostic accuracy and
optimising treatment planning (Esteva et al., 2017). In the financial sector,
applications such as credit risk analyses, fraud detection and algorithmic
trading are used to increase security and make financial processes more
efficient (Bishop, 2006). In the field of marketing, it helps businesses de-
velop more targeted strategies with techniques such as customer segmen-
tation, personalised advertising and demand forecasting (Nguyen, Dinh,
& Tran, 2021). In autonomous systems, it is used in a wide range of areas
from driverless vehicles to robotic process automation, and machine lear-
ning-supported systems automate decision-making processes by analysing
environmental data and provide safe autonomous mobility (Bojarski et al.,
2016). Developments in these areas show that machine learning is beco-
ming an increasingly important technology and will have wider application
areas in the future.

Machine learning research continues to progress rapidly. The integra-
tion of quantum computing and machine learning can increase the ability
to process large data sets (Schuld & Petruccione, 2018). In addition, pri-
vacy-oriented techniques such as federated learning are becoming increa-
singly important (McMahan et al., 2017).

3.2. Literature Review on Machine Learning

Machine learning offers groundbreaking innovations in many fields
and provides solutions that increase productivity in various sectors. Re-
cent studies reveal that machine learning algorithms have a wide range of
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applications from industrial automation to financial analyses, from envi-
ronmental forecasting to smart city applications. This chapter presents a
comprehensive review of the existing literature by discussing important
studies on the applications of machine learning in different fields.

Machine learning transforms production and maintenance processes.
Predicting and preventing failures in industrial systems plays an important
role in ensuring production continuity. Especially in predictive maintenan-
ce applications, it becomes possible to monitor equipment health and cal-
culate failure probabilities by using machine learning algorithms (Zonta
et al., 2020). Studies have shown that methods such as deep learning and
decision trees are successfully used in predictive maintenance and greatly
reduce costs (Lei et al., 2018).

The financial sector is one of the areas where machine learning algorit-
hms are used most intensively. In financial applications such as credit risk
analysis, fraud detection, and stock price prediction, accuracy rates have
been significantly increased thanks to machine learning models (Patel et al.,
2021). In addition, deep learning techniques are used in areas such as stock
market prediction and the development of investment strategies, providing
more accurate market analyses (McNally, Roche, & Caton, 2018).

Machine learning also offers important innovations in the health se-
ctor. Especially in areas such as disease diagnosis, drug development and
medical image analysis, the processing of large data sets helps to diagnose
patients faster and more accurately (Esteva et al., 2017). Machine learning,
which has a wide range of applications from cancer diagnosis to gene-
tic analysis, also contributes to the development of personalised treatment
methods (Libbrecht & Noble, 2015).

Analysing large volumes of data generated on social media platforms
is of great importance in understanding user behaviour. Machine learning
is used in areas such as sentiment analysis, topic modelling and user seg-
mentation, enabling the creation of targeted marketing strategies (Nguyen,
Dinh, & Tran, 2021). Especially deep learning-based models have been
shown to provide high success in social media analysis (Saif et al., 2016).

Machine learning is used in applications such as urban planning, opti-
misation of transportation networks, estimation of energy consumption and
air quality monitoring. In smart city systems, it is used together with big
data analytics in areas such as traffic management, security analyses and
waste management, contributing to more efficient management of cities
(Batty et al., 2012). Artificial intelligence-based solutions for improving
transportation networks and reducing traffic congestion optimise urban
mobility (Zhang et al., 2021).
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Machine learning is increasingly used in monitoring environmental
changes and making climate predictions. In particular, predictions on is-
sues such as air quality, water pollution and climate change are becoming
more accurate thanks to machine learning models (Jones et al., 2018). Deep
learning models show significant success in predicting possible ecological
risks by analysing environmental factors (Fan, Xiao, & Zhang, 2019). In
another study conducted in Basaksehir district, concentrations of pollutants
such as PM10, CO, SO2, NO2 and O3 were predicted using machine lear-
ning methods such as Multiple Linear Regression, Support Vector Machi-
nes, K-Nearest Neighbour, Decision Trees, Random Forest and Multilayer
Perceptron Neural Network (Unald1 & Yal¢in, 2022). The results revealed
that the Random Forest method showed the best performance in the predi-
ction of some pollutants.

Machine learning models are used to increase efficiency in energy
consumption and optimise the supply-demand balance. In areas such as
production forecasting of renewable energy sources and management of
electricity grids, significant improvements are achieved through data-dri-
ven analyses (Wang et al., 2018). These methods contribute to sustainable
energy solutions by enabling more efficient use of energy resources (Ah-
mad et al., 2017).

Machine learning is widely used in the retail and e-commerce sectors
to analyse customer behaviour, improve product recommendation systems,
and forecast demand (Gomez- Uribe & Hunt, 2015). In particular, behavi-
our-based recommendation systems that use customers’ natural behaviour
(e.g. browsing and click-through data) on e-commerce platforms aim to
overcome the limitations of traditional user ratings-based systems. In this
context, Nozari et al. (2024) developed a new recommendation system
that provides more accurate and personalised product recommendations
by analysing customers’ behaviours. Algorithms that analyse user prefe-
rences increase sales by providing specific product recommendations to
customers. In addition, in a study by Haque (2024), machine learning algo-
rithms such as Gaussian Naive Bayes, Random Forest, Logistic Regression
and Decision Tree were used for product recommendations on e-commerce
platforms. In this study, the Random Forest algorithm showed the highest
performance with an accuracy rate of 99.6%. As for demand forecasting,
Aci and Dogansoy (2021) developed demand forecasting models with
algorithms such as Deep Learning and Artificial Neural Networks using
e-commerce data of a local supermarket. These models contribute to the
supply of products in the right quantities and the improvement of marketing
strategies.

Research in the field of education is increasing the use of machine
learning algorithms to predict student achievement and improve educati-
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onal processes. The research study on educational achievement prediction
analyses the impact of class imbalance on the performance of machine lear-
ning algorithms in categorical data (Diinder & Diinder, 2023). The research
in question reveals how class imbalance problems affect prediction models
for student achievement and which machine learning techniques work more
efficiently to overcome this problem. In particular, it is discussed how un-
balanced class distributions, which are frequently encountered in educatio-
nal data, affect prediction accuracy and which model optimisations can be
applied to overcome this problem. Systematic reviews in the field of edu-
cational research reveal the importance of machine learning in educational
sciences. The research by Sinap (2024) focuses on identifying trends in this
field by analysing academic studies on machine learning in education. The
study systematically maps how machine learning methods used in the field
of educational technologies and learning analytics have developed, which
algorithms are prominent, and which topics are most frequently addressed
in research. Such scientific mapping studies are important in determining
the direction of future research on machine learning in the academic
world. Academic studies, research methods, prominent findings and cur-
rent research gaps in the field of machine learning are presented in Table 2.

Table 2. Academic Studies in the Field of Machine Learning

Author(s) Year of | Research Met- | Key Findings Research Gap
Publi- | hodology
cation
Batty et al. 2012 City Planning Data analytics is The level of social acceptance
Study important in smart | of smart city applications should
city applications. be investigated.

Libbrecht & 2015 Genetic Analysis | The use of machine | Ethical and confidentiality issues

Noble learning in genetic | in genetic analyses should be
analyses is beco- investigated.
ming widespread.

Saif et al. 2016 Emotion Analysis | Sentiment analysis | The impact of cultural differen-
accuracy rates may [ ces on sentiment analysis accu-
be affected by cul- | racy should be further analysed.
tural differences.

Ahmadetal. |2017 Renewable Ener- | Machine learning The scalability of machine

gy Management | contributes to learning-supported energy ma-
renewable energy nagement systems should be
management. analysed.

Esteva et al. 2017 Health Analytics | Machine learning Evaluate the clinical implications
enables high ac- of machine learning applications
curacy in disease in medical diagnostic systems.
diagnosis.

Lei et al. 2018 Decision Trees Deep learning and Long-term effects of decision

Analysis decision trees redu- | trees and deep learning are
ce costs. uncertain.

McNally, Roc- 2018 Stock Market Deep learning im- Accuracy rates of stock market

he, & Caton Forecast proves accuracy in | prediction models may vary on a
stock market fore- | sectoral basis.
casting.
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Wang et al. 2018 Energy Demand | Energy consump- Investigate the effectiveness of
Forecast tion forecasts are renewable energy forecasting
becoming more models to reduce uncertainties.
data-driven.
Jones et al. 2018 Climate Predicti- | Climate forecast Accuracy rates of climate chan-
on Models accuracy varies ge prediction models should be
across different compared in different regions.
geographies.
Fan, Xiao, & 2019 Ecological Risk Ecological risk Machine learning-based eco-
Zhang Analysis analyses can be logical risk analyses require field
improved with mac- | tests.
hine learning.
Zonta et al. 2020 Experimental Machine learning is | The effectiveness of predictive
Study successful in predi- | maintenance in different sectors
ctive maintenance. [ should be investigated.
Nguyen, Dinh, | 2021 Social Media Machine learning Artificial intelligence in social
& Tran Data Mining models are succes- | media analysis may risk bias.
sful in social media
analysis.
Patel et al. 2021 Financial Mo- Machine lear- Machine learning models should
delling ning-based credit be analysed against market
risk analyses are fluctuations.
reliable.
Aci & Dogan- | 2021 Experimental Developed e-com- | Long-term effects of deep
soy Study merce demand fore- | learning-based e-commerce
casting with deep prediction models should be
learning. investigated.
Zhang et al. 2021 Transport Optimi- | Al-powered Analyse the long-term economic
sation transport systems impacts of the use of artificial
increase efficiency. | intelligence in transport.
Unaldi & Yal- | 2022 Regression Several ML metho- | A comparative analysis of new
cin Analysis ds have been tested | ML algorithms for air pollution
for air pollution forecasting is needed.
forecasting.
Diinder & 2023 Experimental The use of machine | The impact of machine learning
Diinder Study learning in educati- | models on training success in
on and the problem [ education has not been suffi-
of class imbalance | ciently analysed.
are analysed.
Sinap 2024 Systematic Re- Systematic map- More work should be done on
view ping of machine the long-term pedagogical impli-
learning research in | cations of machine learning and
education. educational technologies.

Machine learning, as a rapidly developing technology, leads to sig-
nificant changes in many sectors. In particular, studies in areas such as
finance, health, smart cities and environmental forecasting are leading to
wider adoption of machine learning-based solutions. In the future, it will be
possible to analyse much larger data sets with the integration of emerging
technologies such as quantum computing and federated learning into ma-
chine learning (Schuld & Petruccione, 2018). It is predicted that machine
learning will have a profound impact on many areas from the business

world to daily life.




34 * Damla AYDIN, Nuray GIRGINER

4. Machine Learning Applications in Business Management

Machine learning improves decision-making mechanisms in business
management processes and accelerates the transition of organisations to a
data-driven management approach (McAfee & Brynjolfsson, 2017). Espe-
cially in areas such as financial forecasting, customer relationship mana-
gement, demand forecasting and process optimisation, the use of machine
learning algorithms is becoming widespread (Patel et al., 2021).

In financial management, machine learning-based algorithms have
been used in areas such as stock forecasting, risk analysis, and fraud de-
tection (McNally, Roche, & Caton, 2018). For example, studies predicting
stock market with deep learning models have achieved higher accuracy
rates compared to traditional methods (Bishop, 2006).

In customer relationship management, applications such as personali-
sed recommendation systems, sentiment analysis and customer behaviour
prediction help businesses increase customer satisfaction (Nguyen, Dinh,
& Tran, 2021). Recommendation systems offer more accurate product re-
commendations by analysing consumer preferences and thus increase sales
rates (Gomez-Uribe & Hunt, 2015).

In operational processes, machine learning-supported prediction mo-
dels and optimisation algorithms have led to major improvements in areas
such as supply chain management, inventory control and logistics plan-
ning. For example, predicting supply chain disruptions using artificial neu-
ral networks and optimising inventory management accordingly reduces
costs and increases customer satisfaction (Wang et al., 2018).

However, with the widespread use of machine learning-based business
management applications, some challenges also arise. Data quality, model
generalisation capability and ethical issues are among the factors that bu-
sinesses should consider when implementing these technologies (Boudre-
au & Ramstad, 2007). For example, model bias and wrong decisions can
negatively affect business processes and damage customer relationships
(Meyer & Maltin, 2010).

In conclusion, machine learning leads to revolutionary changes in both
human resources management and business management. In order for busi-
nesses to successfully implement these technologies, they need to integrate
data science with business strategies, consider ethical responsibilities and
continuous model optimisation.
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4.1. Literature Review on Machine Learning in Business
Management

Machine learning (ML) is widely used in business management to im-
prove decision- making processes, analyse customer behaviour and incre-
ase operational efficiency. Businesses aim to gain competitive advantage
by utilising big data and analytical techniques, and in this context, ML has
been applied in many areas from decision support systems to marketing
strategies (Brynjolfsson & McAfee, 2017). This study examines the litera-
ture on machine learning applications in business management in a narrati-
ve framework and reveals important trends that can guide future research.

Machine learning is a subfield of artificial intelligence that extracts
meaningful information from big data through algorithms and automates
decision processes. It has a great impact on business management, espe-
cially in areas such as customer relationship management (CRM), supply
chain management and financial forecasting (Jordan & Mitchell, 2015).
ML algorithms have the ability to predict future trends by learning from
historical data and this allows businesses to make strategic decisions in a
more informed way.

Machine learning techniques used in businesses include supervised
learning, unsupervised learning and reinforcement learning. For example,
regression analyses and classification models are used for risk assessment
in the financial sector, while clustering algorithms are used for customer
segmentation (Sharma & Goyal, 2021). Reinforcement learning is used in
areas such as dynamic pricing and inventory management.

Machine learning helps businesses better understand customer beha-
viour and provide more personalised services. For example, recommenda-
tion systems on e-commerce platforms increase sales by making product
recommendations based on user history (Gursoy et al., 2019). Similarly,
anomaly detection algorithms used to detect fraud in the banking industry
play an important role in increasing financial security (Zhang & Zhou,
2020).

Machine learning is also transforming supply chain management. De-
mand forecasting algorithms optimise inventory management and help bu-
sinesses avoid unnecessary costs. In addition, deep learning models used
in logistics and route optimisation make transport processes more efficient
(Ivanov & Dolgui, 2020).

Human resources management is one of the areas that benefit from
machine learning. Algorithms that analyse the data of candidates in recruit-
ment processes make the recruitment process more efficient by identifying
the most suitable candidates. At the same time, information obtained from
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sentiment analysis and survey data is used to increase employee satisfacti-
on and loyalty (Berkelaar & Buzzanell, 2018).

In recent years, the applications of machine learning in business ma-
nagement have become more diversified. Especially studies conducted in
2024 and 2025 show that the integration of ML into business processes is
deepening. For example, in an article published in 2024, it was stated that
artificial intelligence and machine learning techniques provide innovative
approaches in engineering and make significant contributions to product
development and process improvement activities of enterprises (Ersdz &
Orhan, 2024).

Furthermore, a study published in 2025 highlighted that machine le-
arning software platforms range from comprehensive end-to-end solutions
to specialised tools for specific industries or tasks, empowering businesses
to apply machine learning capabilities for general data analysis or specific
applications such as accounting (Unite.Al, 2025).

Although machine learning provides many benefits in business ma-
nagement, it also poses some challenges. In particular, data privacy, ethical
concerns and model transparency are among the main problems encounte-
red in the application of these technologies (Davenport & Ronanki, 2018).
Data privacy is an important issue, especially in sensitive areas such as the
financial and healthcare sectors.

In addition, the explainability and interpretability of machine learning
models is a critical factor in increasing managers’ confidence in these sys-
tems. Understanding how Al decisions are made is also crucial for ensuring
regulatory compliance (Lipton, 2018). Therefore, future research is expec-
ted to focus on developing transparent and reliable machine learning mo-
dels.

In the coming years, machine learning and big data analytics will be in-
tegrated into more business processes and create new opportunities in the
business world. In particular, quantum computing and advanced natural
language processing (NLP) techniques are among the innovative techno-
logies that can revolutionise the decision-making processes of businesses
(Arrieta et al., 2020). By using quantum machine learning to increase their
data processing capacity, businesses will be able to perform complex cal-
culations much faster and more efficiently (Unite.Al, 2025).

However, one of the biggest challenges faced by businesses for the
adaptation of machine learning models is the lack of competent human re-
sources for these technologies. Studies conducted in 2024 and 2025 show
that the demand of enterprises for employees specialised in data science
and artificial intelligence is increasing (Ersoz & Orhan, 2024). Especially



Research and Evaluations in the Field of Management Information Systems - 2025 March - 37

small and medium-sized enterprises (SMEs) may have difficulty in adop-
ting machine learning applications compared to large companies. The re-
asons for this include high costs, lack of data, and the need for specialised
personnel (Davenport & Ronanki, 2018).

In addition, issues such as ethical issues and the bias of Al decisions
remain one of the biggest barriers to the widespread adoption of machine
learning models in businesses . For example, there are examples of machi-
ne learning algorithms used in recruitment processes excluding certain de-
mographic groups (Berkelaar & Buzzanell, 2018). In order to prevent such
prejudices, businesses need to create transparent and ethical Al policies.

“Green AI” approaches, which have recently been developed to inc-
rease the sustainability of machine learning models, aim at environmental
sustainability. These approaches aim to develop algorithms that achieve si-
milar results using fewer resources instead of models that consume high
energy (Arrieta et al., 2020). Especially for businesses working with large
data sets, such green approaches can reduce operational costs and minimi-
se environmental impacts in the long term.

Machine learning is transforming the field of business management
and finding wide application areas in many different sectors. ML models
used in areas such as customer experience, supply chain management, fi-
nancial analysis and human resources enable businesses to make more in-
formed and data-driven decisions. In particular, studies conducted in 2024
and 2025 reveal that machine learning plays a critical role in the strategic
planning of businesses and provides competitive advantage (Erséz & Or-
han, 2024; Unite.Al, 2025).

However, issues such as data privacy and model explainability are im-
portant issues that need to be addressed in order to implement these tech-
nologies in a sustainable manner. Businesses should develop transparent
algorithms and data protection policies to use machine learning in an ethi-
cal and reliable manner. In addition, Al-enabled systems need to be conti-
nuously updated and audited (Lipton, 2018).

Future research should examine machine learning applications in the
context of business management in more depth and focus on developing
innovative solutions with ethical concerns. Thus, businesses can gain com-
petitive advantage and improve their decision-making processes by using
machine learning more effectively. Academic studies, research methods,
prominent findings and current research gaps in the field of machine lear-
ning in business management are presented in Table 3.



38 * Damla AYDIN, Nuray GIRGINER

Table 3. Academic Studies in the Field of Machine Learning in Business

Management
Author(s) Year of Research Key Findings Research Gap
Publica- | Methodo-
tion logy

Jordan & 2015 Theoretical Machine learning impa- | Lack of research on the

Mitchell cts business areas such | full integration of ML in
as CRM, supply chain, | all business management
and forecasting. processes.

Brynjolfsson | 2017 Narrative Machine learning is Future research should fo-

& McAfee Framework used to gain competitive | cus on ML applications in
advantage in business diverse business sectors.
management.

Berkelaar & | 2018 Empirical Machine learning is Ethical implications of ML

Buzzanell used for more efficient in recruitment processes
recruitment and incre- should be more explored.
asing employee satis-
faction.

Davenport & | 2018 Theoretical Data privacy, ethics, and | Need to address the data

Ronanki model transparency are | privacy and transparency
challenges in ML imple- | issues in ML.
mentation.

Lipton 2018 Theoretical Explainability of ML mo- | Studies on improving the
dels is key to manager | explainability and interpre-
confidence and regula- | tability of ML models are
tory compliance. needed.

Davenport & | 2018 Empirical SMEs face challenges SMEs’ challenges in

Ronanki adopting ML due to adopting ML need more
high costs and lack of detailed research.
resources.

Berkelaar & | 2018 Empirical Ethical concerns in ML, | Ethical Al policies and

Buzzanell such as algorithmic overcoming algorithmic
bias, need attention. biases need further re-

search.

Gursoy et 2019 Empirical Recommendation sys- | Examine how recommen-

al. tems increase sales in dation systems can im-
e-commerce platforms. | pact long-term customer

loyalty.

Zhang & 2020 Empirical Anomaly detection Research needed on how

Zhou algorithms play a key anomaly detection can
role in fraud detection in | be improved in specific
banking. industries.

Ivanov & 2020 Empirical Deep learning models Further studies on deep

Dolgui optimise transport pro- | learning applications in
cesses in logistics. logistics and route opti-

misation.

Arrieta et al. | 2020 Empirical Quantum computing More research on the
can enhance data pro- | practical applications of
cessing for ML appli- quantum computing in
cations. ML.

Arrieta et al. | 2020 Theoretical Green Al approaches Long-term impact of
aim to make ML models | Green Al on operational
more sustainable. costs and environmental

sustainability.

Sharma & 2021 Empirical ML techniques like reg- | Further investigation on

Goyal ression and clustering the long-term impact of
are used for financial clustering and regression
and customer analysis. | techniques.
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Ersoz & 2024 Theoretical ML techniques provide | More studies on the app-

Orhan innovative solutions in lication of ML in product
product development. development and process

improvement.

Erséz & 2024 Theoretical ML can help address Research on addressing

Orhan the human resources the human resources gap
gap in data science in AI/ML for businesses.
and Al.

Unite.Al 2025 Theoretical ML software platforms Further investigation of
offer comprehensive how specialized ML to-
solutions across indust- | ols can improve specific
ries. industries.

5. Evaluation

The integration of machine learning into business management has
revolutionized decision-making processes, offering data-driven insights
that enhance efficiency, innovation, and strategic planning. The literature
reviewed in this study highlights the transformative role of ML in financial
analysis, customer relationship management, and supply chain optimizati-
on. The adoption of ML-driven solutions has enabled businesses to impro-
ve forecasting accuracy, automate routine operations, and create persona-
lized customer experiences.

One of the key findings of this research is that ML models provide
substantial benefits in predictive analytics, allowing organizations to anti-
cipate market trends, detect anomalies, and mitigate risks effectively. The
ability to process large datasets in real-time enables companies to adapt
swiftly to changing market dynamics, making data-driven strategies a ne-
cessity rather than an option. However, despite these advantages, challen-
ges remain in terms of data security, algorithmic bias, and model transpa-
rency.

A critical aspect that emerges from this study is the ethical implica-
tions of machine learning in business. The deployment of ML algorithms
must be carefully managed to prevent biased decision-making and ensure
fairness in hiring, pricing, and credit assessment processes. Additionally,
the need for explainable Al (XAI) has gained prominence, as businesses
seek greater transparency in automated decision-making systems. Ensuring
that ML models align with ethical standards and regulatory frameworks is
crucial for fostering trust and accountability in their implementation.

Another important observation is that while large corporations are
increasingly integrating ML into their business operations, small and me-
dium-sized enterprises (SMEs) face barriers such as high implementation
costs, lack of technical expertise, and limited access to high quality data.
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Future research should explore scalable and cost-effective ML solutions
tailored for SMEs to enable broader adoption of these technologies.

Looking ahead, the role of machine learning in business management
is expected to expand further with advancements in deep learning, reinfor-
cement learning, and quantum computing. Organizations must invest in
continuous learning and adaptation to harness the full potential of ML-dri-
ven business strategies. By addressing the existing challenges and refining
ML models to be more interpretable and ethical, businesses can ensure
sustainable growth and innovation in the evolving digital landscape.

This study underscores the importance of interdisciplinary collabora-
tion between business leaders, data scientists, and policymakers to deve-
lop responsible Al-driven business management practices. Future research
should focus on refining ML methodologies, improving regulatory comp-
liance, and exploring the long-term impact of Al on business sustainability
and workforce transformation.
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